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Laboratory of Harvard University as part of Project 7060 of the Aeronautical Re­

search Laboratory's Program, at the request of the Aero-Medical Laboratory. 
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by the Mathematics Division of the National Physical Laboratory, Teddington, Eng­

land, and are reproduced by permission of the Editors of the "Journal of Physiol­

ogy" • 

The table of the correction-function in Section X was prepared on the 1103 

Computer by 1st. Lt H. Pucci, USAF, of the Computation Branch. 

The author also wishes to express his thanks to the following: 

Mrs. Helen Hartmann, formerly of the System Dynamics Analysis Branch, and now 

of the Biophysics Branch, Aero-Medical Laboratory, who programmed and accomplished 

on the IBM Card-programmed calculator a wide range of essential computations ­

Fourier Analysis, the calculation of reflection - coefficients, and a first tabula­

tion of the quantities later recomputed by the Harvard Computation Laboratory. 

Mrs. Hartmann's willing and interested cooperation, and her unfailing industry and 

competence, are most gratefully and warmly acknowledged. 

William K. Shilling III, who prepared the majority of the diagrams for repro­

duction, and eomputed the values for about one-third of them. 

Mrs. Cheryle Smith and Donald Geis, who prepared a generalized program for 

Fourier Analysis on the 1103 computer which saved many hours of hard computation. 

1st Lt Thomas A. Brown, U.S.A.F of the Computation Branch, for his rigorous 

proof-reading of the manuscript, also Mr. Henry Fettis of the Applied Mathematics 

Branch, who checked the integrations in Section IX. 

John R. Womersley 
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ABSTRACT 

This work devel.ops the concept of a thin walled elas tic .tube as a rough work­

ing model of an artery, and from a solution of the equations of motion of such a 

tube, filled with viscous liquid, a number of relationships are deduced that can be 

tested experimentally. The theory of pulse-wave transmission, and the relation­

ships between pulse pressure, rate of flow, and radial expansion, are demonstrated 

as parts of a single logical structure. Some comparisons with experimental results 

are made, and new experiments are proposed, as tests of the adequacy of the theory. 
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SECTION I 

INTRODUCTION 

The study of the propagation of pressure waves in a viscous fluid contained 

in an elastic tube has a long history, going back at least as far as the work of 

Witzig. (1914) He derived an approximate solution of the equations of viscous 

fluid motion, neglecting the non-linear terms, and deduced a "frequency equation" 

from which he derived an approximate formula for the wave-velocity in terms of 

the thickness and radius of the tube, its elastic constants, the viscosity of the 

liquid, and the frequency. Karreman, in 1952, extended Witzig's analysis to in­

clude the flexural rigidity of the tube, and gave (without explanation of the way 

in which it was derived) an approximate formula for the variation of pulse velocity 

in a given tube with frequency and viscosity. 

In 1954, Morgan and Kiely reviewed this work, and also publications by Lambossy 

(1951) and Branson (1945). They pointed out a number of errors, the main one being 

a neglect of the surface-traction exerted on the inner wall of the tube by the vis­

cous drag, and derived a frequency equation identical (except for notation) with 

that derived by the author at about the same time (Womersley 1955a). They also 

gave two approximate formulae for the wave-velocity, characterized by them as so­

lutions for "large" and "small" viscosity. These are more precisely described as 

solutions for large ahd small values of the important non-dimensional parameter 

characterizes the motion of the liquid. 

a = R J ~ 

where R is the radius of the tube, n is the circular frequency (i.e. the fre­

quency in cycles per second multiplied by 2rr) and v is the kinemetic viscosity 

of the liquid. In their concluding paragraph they extended their approximate 

formulae to take account of internal damping in the wall of the tube by replacing 

its elastic constants by complex quantities whose imaginary parts were proportional 

to the frequency. 

All this earlier work was focussed on the problem of deriving approximate ana­

lytical formulae for the velocity of propagation. Morgan and Kiely also gave 

approximate formulae for the damping coeffici.en t for large and small a. I t is, 

however, the results for values of a which lie between these limits that are of 

the greatest interest in studying the conditions in the larger arteries. The pulse 

velocity is reduced by reason of the liquid being viscous, and the amount by which 

it is reduced depends, not on the viscosity alone, but on a. 
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In none of this earlier work Was any attempt made to study the motion of the 

liquid itself. 

The present work, which began with the study of the motion of the liquid as 

its main object, now stands as the first reasonably complete theory of flow in the 

larger arteries, in the sense that the consequences of assuming a simple elastic 

tube model have been fairly well explored. This is the first time that the theory 

of the velocity of wave-propagation, the pressure-flow relationships for the 

motion of the liquid, and the pressure-diameter relationship have all been exhibited 

explicitly as parts of a single logical structure. The whole of this work isorig­

inal, in the sense that it was all derived independently by the author, but two 

of the results are not "new". The formula for oscillatory flow in a rigid tube 

has been published several times, from 1929 onwards. The correct form of the 

"frequency equation" was published by Morgan and Kiely some six or eight months 

before it was published by the author in 1955. The rest of the work is both ori­

ginal and "new", except for a trifling anticipation by Morgan and Kiely in a sug­

gested use of complex elastic constants for a tube with internal damping, and by 

Morgan and Ferrante in respect of the modification of the equations when the tube 

has "added mass". 

The main value of this work lies, it is believed, in its endeavor to show 

that the thin-walled elastic tube can be used as a rough working model of the 

artery, and that from this model can be deduced a number of relationships between 

observable quantities that can be tested experimentall~. One broad general result 

is of prime importance to the physiologist who may wish to make use of it. 

The relationships which are susceptible to experimental verification show only 

marginal differences for a wide variation in the parameters representing added mass 

and longitudinal constraint. The variations for changes in the Poisson's Ratio 

of the wall are somewhat greater, but this is not a disposable constant, since its 

value for arterial tissue is known to be one-half. The relationship between pres­

sure and diameter,does, however, provide a critical test for the presence of inter­

nal damping. If variation in diameter shows a phase-lag behind variation in pres­

sure, internal damping is present. Furthermore, if it follows the simple law used 

here, the phase-lag will be proportional to the frequency. It seems very pYobable 

that the best model to use, in practice, will be the limiting condition of heavy 

loading and stiff longitudinal constraint, with some internal damping in the wall, 

should it be indicated by experimental measurements of pressure and diameter vari­

ations.For such a model,all the observable relationships take their simplest form. 
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There is another aspect of this problem which deserves mention, in view of 

its importance in the study of the circulation in the smaller vessels. Blood is a 

suspension of particles of finite size, and the question naturally arises; how far 

is it reasonable to treat it as a liquid of uniform composition with constant vis­

cosity? Verbal discussion with a number of physiologists (McDonald, Pappenheimer, 

Bayliss, Edholm) indicated some divergence of opinion, but there seemed to be 

agreement that in the major arteries the effect of the finite size of the corpus­

cles might well be small, though Pappenheimer mentioned some unpublished work by 

Coulter and himself that seemed to indicate that for oscillatory motion the vis­

cosity of blood increa3ed with frequency. This may well have been an erroneous 

impression. Recent experiments by stacy, soon to be published, indicate that the 

viscosity of blood is reasonably constant in oscillatory motion in a glass tube. 

There is, however, a firm opinion, widely held by physiologists, that the red 

cells in the blood are drawn towards the centre-line of the artery. Since the 

Viscosity of the blood varies markedly with the concentration of red cells (from 

0.0156 for plasma to an upper limit of 0.04) it was suggested to the author that 

this study should include the condition in which there is a thin layer of liquid 

of lower viscosity than the rest in contact with the inner wall of the tube, i.e., 

in which ~ ~o, say, from the centre of the tube to some radius r1' and ~=~1 

when r > r 1 , with a discontinuous change in Viscosity, ~1 being less that ~o. 

The analysis is included here (in Section V) being completed only for the limiting 

condition when the layer is of infinitesimal thickness. For this limiting condi­

tion the effect is very small. It seems reasonable to classify this as one of the 

possible refinements of the theory that must await further progress in experimental 

techniques. 

In presenting this work, it seemed best not to attempt to maintain a rigid 

dichotomy between the mathematical theory and the phySiological problem which has 

been both its incentive and its justification. To do so would destroy the essen­

tial unity of the work and would give a false impression of the way in which it 

was done. 
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SECTION II 

OSCILLATORY FLOW OF A VISCOUS LIQUID
 
IN A STRAIGHT,. RIGID, CIRCULAR TUBE
 

The flow of a viscous liquid in a long, straight, circular tube under the in­

fluence of a periodic pressure gradient seems to have been first investigated by 

Richardson and Tyler (1929) and by Sexl (1930). If the tube is sufficiently long 

in relation to its diameter, there will be no radial motion of the liquid, and the 

velocity along the tube (w) will be independent of the distance (z) along the tube. 
The exact equation will then be 

iliL =_1 Q.E + ,/02 W + ! ow)
ot p 0 z \0 r 2 r 0 r 2.1 

in which ~~ must be independent of z, since w is so. We now assume an ap­

plied pressure gradient 

Op 
Ae 1nt ·2.2 

oz 
Writing w w e 1nt the equation becomes 

1 ' 
2d· w1 1 dW1 in A- + --- - w1 2.3d r 2 r dr v l.J. 

We now throw this into non-dimensional form by writing y r/R, R being the 

radius of the tube. Equation 2.3 may then be written 

2.4 

2 R2\n which a has been written for n/v. The quantity a is a non-dimensional 

parameter which characterizes the form of the motion. The solution of 2.4 appro­

priate to the boundary conditions is 

2.5 

and therefore 

1 n tw e 2.6 
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2.7 

or, inserting the value o~ a ,the simpler ~orm 

w 
A 

inp 
in t 

A formula essentially the same as the real part o~ 2.7 when A is real was 

published by Egami (1944) and again by LarnQossy (1953). Lambossy also gave a ~or­

mula for the viscous drag. He and Thurston (1952) who studied the problem at about 

the same time, were concerned with the ef~ect of ~luid resistance on the ~requency­

response of measuring instruments. 

The limiting forms o~ this solution, for both large and small a, are well 

known, (Richardson and Tyler 1929). Let the pressure gradient, in real ~orm, be 

Mcos(nt-~) For small a 

w 

For large a, 

_1/2 -a(l-y)/.f2 }] 
w = sin(nt-~) - y e sin {nt-~-~ (l-y)[ 

Richardson and Tyler (1929) were interested in the asymptotic form of the 

motion at very large values o~ a, i.e., at sonjc frequencies in air. They meas­

ured the mean square velocity at various distances ~rom the centre o~ the tube, 

found the position o~ the maximum (which is near the wall in these conditions) and 

compared it with that predicted with the theory, ~inding good agreement. 

If 2.7 is to be used to calculate the velocity-distribution across the tube, 

the conventional method o~ separating the Bessel Functions into their real and 

imaginary parts leads to very clumsy ~ormulae. A simpler mental picture of the 

motion is provided by using them in modulus and phase ~orm. Tables are available 

(McLachlan, 1941, Dwight, 1941, Jahnke and Emde 1938) of Mo and 80 , where 

3/2
J o (Xi ) = Mo (x) eiOo (x) 

and there~ore 2.6 may be written 

w = AR 2 

o 
[ 1 - hoe-'o o } e int 

i\J.a 

where 00 = 80 (a) - 80 (ay) and h o = Mo (ay) I /Mo (a) • 

I~ we wri te 
M I - ,....---------­

o - ..J 1 + h o - 2hocosOo
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2.8 

then 

, 1 (nt+EO> 
w Mo'e 

so that for an applied pressure gradient Mcos(nt-~) the corresponding velocity 

distribution across the tube will be given by 

M~ w ~ sin (nt - ~ + Eo) 2.9 

A group of representativ~ velocity-profiles of this type of motion is shown 

in Fig. 1. The values of a for the four sets of profiles (each set covers half 

a cycle) are 3.34 for A, 4.72 for B, 5.78 for C, and 6.67 for D. The decrease 

in overall velocity with increasing a, and the flattening of the profile, can be 

clearly seen. An experimental verification of the velocity-profile in a rigid tube 

has been published by Muiler, who measured the velocity with a Pitot tube in a 

large-scale model at a = 6.43. His curves are very similar to Fig. 1.D. 

The rate of flow, Q, is given by 

Q = 27TR 
~ 

f 
1 

wydy 2.10 
o 

and integration of 2.6 gives at once 

2.11 

so that the average velocity across the tube is 

W 
A 

=~ 
inp 

{ 1­ 2J 1 

aJ 0 

3/2(ai' 
(ai 3(2) 

} 1 n te 2.12 

and for a pressure-gradient Mcos(nt-~) the volume of flow is 

Q • sin(nt - ~ + E~o 2.13 

J-. 
inp 

M~o= J1 + h 10 - 2h 1ocos6 1o 

h 1 osin6 1o
Tan E~o= 

WADe TR 56-614 
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Fig.l. Velocity profiles, at intervals of 15°, of the flow arising 
from a sinusoidal pressure gradient in a straight rigid tube. 

A, a = 3.34, B, a = 4.72, C, a = 5.78. D, a = 6.67. 



, I / 2 IThe quantities M10 , MiG a and c10 have been tabulated by the Mathematics 

Division of the National Physical Laboratory, for the ranges a 0,(0.05)10. 

These are reproduced here as Tables I and II. For values of a greater than 10 

there are simple asymptotic expressions which can be derived from the asymptotic 

expansions for the Bessel Functions. These are 

2 1+Mi 0 1 -
2 2.14 

~ IX 

2 1 19I 
2.15c10 + + j 

~ 7 24 a J2 

The way in which the rate of flow falls off as a increases is best shown by 

a graph of the ratio of the maximum flow during the cycle to the Poiseuille flow 

which would result from the same pressure-gradient, if constant. We have 

2.16 

and this ratio is plotted, against a in Fig. 2, together with a graph of the 

phase-lag, 900 - E~o' 

If, instead of Qmax/Qsteady, its reciprocal, J /8M~0 is plotted against a2 
, 

this may be regarded ~y electrical analogy) as a plot of the modulus of the fluid 

impedance against frequency, since a 2 is proportional to the frequency. Such a 

plot is shown in Fig. 3, in which the upper curve shows the variation of a 2 / 8M~0 

with a 2 • The lower curve will be described in Section VI. 

2 

Pressing the analogy further, one may take the quantity ~e' and separate
8M~0 10 

it into its real and imaginary parts, 

·2 
sin c~o + i a cos c~o 2.17 

8M~0 

The real part of 2.17 may be regarded as a non-dimensional fluid resistance, 

and its imaginary part as the fluid reactance, so that cosc'1o/8M~0 may be regarded 

as a non-dimensional fluid inductance. Graphs of fluid resistance and inductance 

are given in Figs. 4 and 5. Here again the upper curves are those for the rigid 

tube. The fluid resistance rises almost linearly with frequency. The change in 

inductance with frequency is small. It is substantially constant for large values 

of a. 
WADe TR 56-614 9 



TABLE I 

I

M10 0<. M,~ 0( 

.00 0 

.05 .0003 

.10 .0012 

.15 .0028 

.20 .0050 

.25 .0078 
.30 .0112 
.35 .0153 
.40 .0200 
.45 .0253 

.50 .0312 

.55 .0378 

.60 .0449 

.65 .0527 

.70 .0610 

.75 .0700
 

.80 .0795
 

.85 .0896
 

.90 .1003
 

.95 .1115
 

1.00 .1232
 
1.05 .1354
 
1.10 .1481
 
1.15 .1612
 
1.20 .1747
 

1.25 .1886
 
1.30 .2029
 
1035 .2174
 
1.40 .2322
 
1.45 .2472
 

1.50 .2624
 
1.55 .2776
 
1.60 .2930
 
1.65 .3083
 
1070 .3237
 

1.75 .3389
 
1.80 .3540
 
1.85 .3690
 
1.90 .3837
 
1.95 .3982
 

2.00 .4125
 

2.00 
2.05 
2.10 
2.15 
2.20 

2.25 
2.30 
2.35 
2.40 
2.45 

2.50 
2.55 
2.60 
2.65 
2.70 

2.75 
2.80 
2.85 
2.90 
2.95 

3.00 
3.05 
3.10 
3.15 
3.20 

3.25 
3.30 
3.35 
3.40 
3.45 

3.50 
3.55 
3.60 
3.65 
3.70 

3.75 
3.80 
3.85 
3.90 
3.95 

4.00 

.4125
 

.4264
 

.4400
 

.4532
 

.4660
 

.4784
 

.4905
 

.5021
 

.5133
 

.5241
 

.5344
 

.5444
 

.5539
 

.5631
 

.5718
 

.5802
 

.5882
 

.5959
 

.6032
 

.6102
 

.6169
 

.6233
 

.6294
 

.6353
 

.6409
 

.6463
 

.6514
 

.6563
 

.6611
 

.6656
 

.6700
 

.6742
 

.6783
 

.6822
 

.6860
 

.6896
 

.6931
 

.6965
 

.6999
 

.7031
 

.7062
 

4.00 
4.05 
4.10 
4.15 
4.20 

4.25 
4.30 
4.35 
4.40 
4.45 

4.50 
4.55 
4.60 
4.65 
4.70 

4.75 
4.80 
4.85 
4.90 
4.95 

5.00 
5.05 
5.10 
5.15 
5.20 

5.25 
5.30 
5.35 
5.40 
5.45 

5.50 
5.55 
5.60 
5.65 
5.70 

5.75 
5.80 
5.85 
5.90 
5.95 

6.00 

.7062
 

.7092
 

.7122
 

.7151
 

.7179
 

.7206
 

.7233
 

.7259
 

.7285
 

.7310
 

.7334
 

.7358
 

.7382
 

.7405
 

.7428
 

.7450
 

.7472
 

.7493
 

.7515
 

.7536
 

.7556
 

.7576
 

.7596
 

.7616
 

.7635
 

.7654
 

.7673
 

.7691
 

.7709
 

.7727
 

.7745
 
~7762 

.7780
 

.7796
 

.7813
 

.7830
 

.7846
 

.7862
 

.7878
 

.7893
 

.7909
 

6.00 
6.05 
6.10 
6.15 
6.20 

6.25 
6.30 
6.35 
6.40 
6.45 

6.50 
6.55 
6.60 
6.65 
6.70 

6.75 
6.80 
6.85 
6.90 
6.95 

7.00 
7.05 
7.10 
7.15 
7.20 

7.25 
7.30 
7.35 
7.40 
7.45 

7.50 
7.55 
7.60 
7.65 
7.70 

7.75 
7.80 
7.85 
7.90 
7.95 

8.00 

.7909
 

.7924
 

.7939
 

.7953
 

.7968
 

.7982
 

.7997
 

.8010
 

.8024
 

.8038
 

.8051
 

.8065
 

.8078
 

.8090
 

.8103
 

.8116
 

.8128
 

.8140
 

.8152
 

.8164
 

.8176
 

.8188
 

.8199
 

.8211
 

.8222
 

.8233
 

.8244
 

.8255
 

.8265
 

.8276
 

.8286
 

.8297
 

.8307
 

.8317
 

.8327
 

.8336
 

.8346
 

.8356
 

.8365
 

.8375
 

.8384
 

8.00 .8384
 
8.05 .8393
 
e.lO .8402
 
8.15 .8411
 
8.20 .8420
 

8.25 .8429
 
8.30 .8437
 
8.35 .8446
 
8.40 .8454
 
8.45 .8463
 

8.50 .8471
 
8.55 .8479
 
8.60 .8487
 
8.65 .8495
 
8.70 .8503
 

8.75 .8511
 
8.80 .8519
 
8.85 .8526
 
8.90 .8534
 
8.95 .8541
 

9.00 .8549
 
9.05 .8556
 
9.10 .8564
 
9.15 .8571
 
9.20 .8578
 

9.25 .8585
 
9.30 .8592
 
9.35 .8599
 
9.40 .8606
 
9.45 .8613
 

9.50 .8620
 
9.55 .8626
 
9.60 .8633
 
9.65 .8639
 
9.70 .8646
 

9.75 .8652
 
9.80 .8659
 
9.85 .8665
 
9.90 .8671
 
9.95 .8677
 

10.00 .8684
 

Linear interpolation produces an error not exceeding 1 unit in the last figure.
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Tables 2 and 3 (Combined) • 

• 
()oOO 

-06 

MlJ·· 
001260 

·1260 

TULJ: 3. 

fll 

90-00 
89-98 

11;'';(1,· and fl1 tabulated for valileB of tI. from 0 to 10. 

• JI~';«. fll « 11~';«· ·11 IX 

2·60 0008M ..·93 6000 ()00302 18·66 7·60 
2·M 00837 .a·88 6006 -0297 18·43 7·06 

Mi".·
0001.7 

00146 

... 
11·87 
11·78 

·10 ·1260 89-90 2·60 00819 .2·86 lHO ·0292 18·23 7·60 001" il·70 
·16 ·1260 88-79 2-66 00802 .1·86 6·16 00287 18002 7·66 001~ 11·61 
·20 ·1260 89-62 2·70 o07M ~90 6·20 00282 17·83 7·70 001~ 11·63 

0026 001260 8HO 2·76 000767 89-96 6·26 000278 17·63 7·76 000189 II'~ 

·10••
~ 

·1260 
·1260 
-1260 

88-1. 
88-83 
88·.7 

2'80 
2·86 
2·80 

o07M 
o07U 
00717 

39006 
38·17 
37·32 

6·10 
6·36 
6'~ 

·0273 
·0269 
o02M 

17," 
17·26 
17008 

7·80 
7·86 
7·90 

00137 
00136 
oOlU 

IHI7 
11·29 
11·21 

~ '1~9 88007 2·96 00701 I6·M 6'~ 0()260 16-90 7·96 00133 11-14 

OoM 001:uB 87-ti1 1-00 000686 36'70 6-60 ()0()266 16·73 HoOO 000131 11006 
'M ·IUS 87·11 loOti 00670 34·93 6·M 00262 16-66 800ti 00110 10098 
-eo -I~ 86-67 1·10 -0666 U·18 6080 ~ 16-89 8-10 .o128 10091 
066 ·IM7 86-97 I-U~ ~ 33·46 6·M o()2U 16·23 8·16 00127 100M 
·70 ·1246 86-33 I·to . 0()626 12·77 6·70 o()2.W 16007 8·20 .o126 10077 

0076 001M& MoM 1'26 000612 12009 6·76 000237 16·91 8·26 OoOIU 10070 
·80 
·86 

·IW 
·IUG 

83·91 
83·1. 

1·10I·. 00698 
-0686 

II'~ 
10-82 

6·80 
6·86 

·0233 
0()23() 

16·76 
16·61 

8·30 
8·36 

0()I22 
00121 

10063 
10066 

'90 ·1238 82·12 .~ 00672 3()022 6-90 00226 16·46 8'~ 00120 1O·.D 
·96 ·1216 81~ H6 -OM9 29-M 6-96 00223 16·32 8'~ 00119 lOo~ 

}o()O CH212 8O-M .00 000M7 29008 6000 tHJ220 16·18 H·50 000117 10036 
1006 ·1_ 7tHO .M ~ 28·63 80M oO',.n6 1600f 8·50 00116 10029 
1·10 ·IIM 78-61 .-eo 00623 28001 tHO 00213 1.·90 8·60 .o116 10022 
1-16 
I·to 

·}JUt 
·1211 

77-lW 
76-63 

1-eG

"70 
00612 
oOlSOl 

27·61 
2700'l 

6·16 
6·20 

00210 
-0207 

1.'77 
1.063 

8·65 
8·70 

.oil. 

.o112 
10016 
10010 

1·26 001207 76-« a'76 0·(M90 26-M 6·26 00()2()i I.·M 8·76 000111 10·(M 
1·10 ·liOO 7.·11 1·80 o()f8O 26·10 6·30 00201 1.·38 8·80 00110 9'97 
I,. ·11. 71·16 1·86 oOf70 26066 6·36 0019D 1.·25 8·85 00109 9·91 
1~ ·1186 71·98 .90 o(N4J() 26·U 6'~ ·0196 1.·13 8·90 00IOS 9·86 
1~ ·1176 700'17 .96 oCMtil ~'83 6'~ 00193 IHI 8·96 .o107 9-79 

I·M 001186 890M .000 (H)Ul ~.'3 6·60 000191 13·89 9000 000106 9·73­
I·M 
1060 
1-66 

·1166 
'11" 
-1133 

68010 
8700t 
86-'16 

.006 

.10 

.·16 

oOf32 
oOfU 
~16 

~006 
23·68 
23·32 

6'5/? 
6000 
6·65 

·0188 
00186 
00183 

13·77 
13·66 
13·M 

DoOti 
9·10 
lH6 

·01(M 
.o103 
oOlO'l 

9·68 
1),62 
9-66 

1''10 ·1120 M"'1 .to -owl 22-98 6·70 00181 13·'3 0·20 -0101 lMI 

1·76 001107 83·18 .·26 (H)899 22·M 6-75 000178 13·32 D·26 0·0100 D·46 
1·80 ·1091 81·89 .·10 00391 22·32 6·80 oOl76 13·21 l)'30 oOO9U l).~ 

1·86 ·1078 8005D .·16 ~ :l2000 6-86 oOl71 13·11 9·36 ·0008 D'" 
1·90 ·1083 69-10 .~ 00376 21·70 6-90 ·0171 13·00 D·40 ·0007 D·29 
IoN ·1(M7 68002 ~ 00369 21'~ 6·96 00169 12·90 9'~ -0000 l)·U 

2000 00IGal 66-'1. .-00 000182 21-11 7000 000167 12-80 9-M 000096 9-18 
2-06 ·1016 6H7 .-M o03M 2()oM 7006 00IM 12·70 9-M 00096 9·13 
2-10 00998 M·22 .060 ~g 20-66 7·10 00163 12·60 9·60 ~ 9008 
2·16 00980 62'98 .-66 ~2 20-10 7·16 00161 12·60 9·M 00093 9003 
2'to 00961 61'7'1 .-70 -0116 ~ 7·20 ·0159 12·.1 9·70 ·0092 8-98 

2·26 o-c»&6 60-57 .·76 ()00330 ID'~ 7·26 0-0157 12·31 l)'76 000091 H·93 
2·10 o09'l'l .9·3tJ • ·80 -032• IlI·M 7·30 'Oll)lj 12·22 0·80 ·0090 8·88 
2·16 -0909 "-U .·86 00319 19·32 7·36 ·0163 12·13 9·85 ·0089 8·84 
2~ 00891 .'1·11 .·90 00311 19009 7'~ 00161 12·(M 9·00 ·0088 8·79 
2~ 008'13 ~I .·95 00308 18·86 '1.~ '01.~ 11·95 9·96 ·0088 8·7. 

2-GO ()00866 ..·93 6000 000302 18·66 7·60 0001.7 11·87 10000 000087 8-60 
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Fig. 2 

Q.ax/ QsteadY and Phase-lag (900 - E~o) against ~. for a 
rigid tube. 
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The wide variation in maximum rate of flow with a raises the question of 

how much a is likely to vary in different animals. At corresponding points it 

is very much the same in man, cat, dog, and rabbit. This indicates a rough kin­

ematical similarity in flow in all these, and shows that the fluctuatirig flow in 

the great arteries in these animals and man has the same form, and differs only 

in scale. 

Application of 2.13 to the computation of flow from an observed pressure gra­

dient is best made in an alternative form. Let the Fourier Series representing 

the pressure gradient be 

Ao + L (Am cosmnt + B. sinmnt) 2.18 
•

and let this, when written in modulus and phase form, be 

2.19 

Then the contribution to the flow made by the mth harmonic will be 

(from 2.13) 

2.20 

in which am will be the value of a appropriate to the mth harmonic, i.e., 

a a1JID where a1 is that value appropriate to the pulse frequency. If 2.20 

is expanded it may be written 

Q. ;:; : inn t [ A" {"to (a.) cos e;o (a.>} + B. {,,;o (a.> sin e; 0 <a.>} ] 

+ :p cosnt [ A.!";0(a.) sin ':0 (a.} - B.t:o <a.> cos ':0 (a.J}] 

Since, however, M~o cos 8 10 and M~o sin 8~0 are the real and imaginary 

parts of 

1 ­

the practical calculation of flow from the pressure gradient is best done from a 

table of the real and imaginary parts of this function. Write 

WADe TR 56-614 14 



Then 

1 -

2.21 

The quantities Cm and DID are given in Table 4. at intervals of 0.05 in a, 
from a = 0 to a = 10. 

McDonald (1955) made measurements of pressure gradient and flow in the femoral 

artery of the dog, the rate of flow being obtained from the average velocity across 

the tube, which was measured by following the motion of a gas-bubble in the artery 

by means of high speed cinematography. A comparison of the observed rate of flow 

with that calculated from 2.20 is shown in .Fig. 6. The pulse-frequency was 3 cy­

cles per second. The assumed values for the other quantities were: 

Radius of artery 0.15 cm 

Viscosity of bloOd O.04.·poise 

Density of blood 1.05 gm./(cm) 
3 

These gave a value of a of 3.34 for the fundamental. The agreement between 

theory and experiment is good, when one recalls the drastic nature of the assump­

tion that the artery is a rigid tube, and that the formula contains no disposable 

constants. 

If no assumptions are made about the viscosity of the blood, or the radius 

of the artery, the average velocity across the artery can be calculated from 2.20, 

if the density, the frequency, and the value of a, are known. Treating a, 
therefore, as a disposable constant, a better fit to the observations can be ob­

tained, as is shown in Fig. 7, which gives the comparison between observed and 

calculated rates of flow for a = 2.7. This value of a was chosen by making the 

two curves fit exactly at the point of reversal of flow - a point which is partic­

ularly well-determined by the method. 

In the same investigation McDonald also made use of a suggestion made by the 
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TABLE 4
 

~
 
("') 

..., 
;:0 

c.n 
Ol
 

Ol
 
I-' 
~ 

I-' 

Ol 

0( 

I-Flo (oq 
0( 

1- Flo ( O() 
0( 

I-Flo ( O() 

0( 

1-Flo ( O() 

0( 

I-Flo (0() 

REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY 

0.00 
0·05 
0.10 
0.15 
0.20 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0003 
0.0012 
0.0028 
0·0050 

2.00 
2·05 
2.10 
2.15 
2.20 

0.2262 
0.2417 
0.2572 
0.2728 
0.2884 

0.3449 
0·3513 
0.3569 
0.3618 
0·3660 

~.OO 
4.05 
~.lO 
4.15 
4.20 

0.64~ 
0.6477 
0.6522 
0.6566 
0.6609 

0.2921 
0.2890 
0.2860 
0.2831 
0.2802 

6.00 
6·05 
6.10 
6.15 
6.20 

0.7633 
0.7652 
0·7672 
0.7691 
0.7710 

0.2070 
0·2056 
0.2041 
0.2027 
0.2013 

8.00 
8.a, 
8.10 
8.15 
8.20 

0.8228 
0.8239 
0.8250 
0.8261 
0.8272 

o.l6OB 
0.1599 
0.1590 
0.1582 
0.15D 

0·25 
0.30 
0.35 
0.40 
0.~5 

0.0001 
0.0002 
0.0003 
0.0005 
0·0009 

0.0078 
0.0112 
0.0153 
0.0200 
0·0253 

2·25 
2.~ 

2.35 
2.40 
2.45 

0.3039 
0·3192 
0.3344 
0.~94 
0.,ci40 

0·,ci95 
0·3723 
0.3745 
0.3761 
0.3770 

4.25 
4.~ 
4.35 
~.40 

~.~5 

0.6651 
0.6691 
0.67~ 
0.67(1) 
0.6806 

0.2774 
0.2747 
0.2720 
0.2693 
0.2667 

6·25 
6.~ 
6.35 
6.40 
6.45 

0·7728 
0.7746 
0.7764 
0.7782 
0·7799 

0.1999 
0.1985 
0.1972 
0.1959 
0.1945 

8.25 
8.~ 
8.35 
8.40 
8.45 

0.8282 
0.8292 
0.8~3 
0.8313 
0.8323 

0.1564 
0.1556 
0.1547 
0.1539 
0.1531 

0.50 
0.55 
0.60 
0.65 
0.70 

0.0013 
0.0019 
0·0021 
0.00'7 
0·0050 

0.0312 
0.0377 
0.0448 
0·0525 
0.0606 

2.50 
2.55 
2.60 
2.65 
2.70 

0.3784 
0.3924 
0.4061 
0.4193 
0.4322 

0.3774 
0.3773 
0.'768 
0.3758 
0.37" 

~.5O 
~.55 
~.60 
~.65 
~.70 

0.6842 
0.6877 
O.fI)11 
0.6945 
0.6978 

0.2642 
0.2617 
0.259' 
0·2569 
0.2546 

6·50 
6.55 
6.60 
6.65 
6.70 

0.7816 
0.78" 
0.7849 
0.7866 
0.7882 

0.1932 
0.1920 
0.1907 
0.1894 
0.1882 

8.50 
8.55 
8.60 
8.6, 
8.70 

0.8"3 
0.8~3 
0.8'52 
0.8,ci2 
0.8371 

0.1523 
0.1515 
0.1507 
0.1499 
0.1491 

0.1' 
0.80 
0.85 
0.90 
O.~ 

0·0065 
0.0084 
0.0107 
0.01~ 
0.0166 

0.0697 
0.0791 
0.0890 
O.~ 
O.ll~ 

2·75 
2.80 
2.85 
2.90 
2.95 

0.4447 
0.~568 
0.4684 
0.4797 
0.4905 

"\ 
0·3726 
0·3706 
0.3683 
0·,ci57 
0·,ci29 

~.75 
~.80 
~.85 
4.90 
4.95 

0.7010 
0.7041 
0·7072 
0·7101 
0.7131 

0·2523 
0.2501 
0.2479 
0.2458 
0.24'7 

6.1' 
6.80 
6.85 
6.90 
6.~ 

0.7897 
0.7913 
0.7928 
0.7943 
0.7958 

0.1870 
0.1858 
0.1846 
0.18~ 
0.182, 

8.75 
8.80 
8.85 
8.90 
8.~ 

0.8381 
0.8390 
0.8399 
0.8408 
0.8417 

0.1483 
0.1475 
0.1468 
0.1460 
0.1453 

1.00 
1.a, 
1.lO 
1.15 
1.20 

o.~ 

0.02" 
0.<Xi!92 
0.0346 
O.~ 

0.l2J.5 
0.13}2 
0.1~52 
0.1574 
0.l699 

3.00 
'.05 
3.10 
3.15 
3·20 

0.5OlO 
0.5ll0 
0.5207 
0.5300 
0.5389 

0.3600 
0·'569 
0·'536 
0.3503 
0.~68 

5.00 
5.05 
5·10 
5.15 
5.20 

0.7159 
0.7188 
0.7215 
0.7242 
0.72(1) 

0.2416 
0.2396 
0.2376 
0.2'56 
0.2337 

7.00 
7·05 
7.10 
7.15 
7.20 

0.7973 
0.7988 
0.8002 
0.8016 
0.8030 

0.1811 
O.l8oo 
0.1789 
0.1778 
0.1767 

9.00 
9.05 
9.10 
9.1, 
9.20 

0.8426 
0.84'5 
0.8443 
0.8452 
0.8460 

0.1"6 
0.1438 
0.1431 
0.1424 
0.1417 

1.25 
1·30 
1.'5 
1.40 
1.45 

0.047~ 
0.~9 
0.06~ 
0.0718 
0.0814 

0.1826 
0.1953 
0.2081 
0.2208 
0.23~ 

3·25 
3.~ 

3·35 
3.40 
3.45 

0.5475 
0·5557 
0.5636 
0·5712 
0.5785 

o.~~ 
0·3398 
0·3,ci3 
0·3327 
0.3292 

5.25 
5.30 
5·35 
5.40 
5.45 

0.7294 
0·D20 
0.7~5 
0.7369 
0.7'94 

0.2318 
0.2300 
0.2282 
0.2264 
0.2246 

7·25 
7.30 
7.35 
7.40 
7.45 

0.8044 
0.8057 
0.8070 
0.808, 
0.8096 

0.1756 
0.1745 
0.1735 
0.1724 
0.1714 

9·25 
9.30 
9.'5 
9.40 
9.45 

o.84(1) 
0.8477 
0.8485 
0.8493 
0.8501 

0.1410 
0.1403 
0.1396 
0.1389 
0.1362 

1.50 
1.55 
1.60 
1.65 
1.70 

0.0917 
0.1027 
0.1143 
0.1266 
0.1395 

0.2458 
0·2580 
0.2698 
0.2811 
0.2921 

'.50 
3.55 
3.60 
3.65 
'.70 

0.5856 
0.592' 
0.5988 
0·6051 
0.6111 

0.3256 
0.)221 
0.3185 
0·3151 
0.3116 

5.50 
5·55 
5.60 
5.65 
5.70 

0.7417 
0.7441 
0.7463 
0.7486 
0.7508 

0.2229 
0.2212 
0.2195 
0.2179 
0.216, 

7·50 
7·55 
7.60 
7.65 
7·70 

0.8109 
0.8122 
0.81~ 

0.8147 
0.8159 

0.1704 
0.1694 
0.1684 
0.1674 
0.1664 

9.50 
9.55 
9.60 
9.65 
9.70 

0.8509 
0.8517 
0.8525 
0.8532 
0.8540 

0.1376 
0.1369 
0.1363 
0.1356 
0.1350 

1.75 
1.80 
1.85 
1.90 
1.95 

0.1529 
0.1668 
0.1812 
0.1959 
0.2109 

0·3025 
0.3123 
0.3215 
0·3300 
0.3'78 

'.75 
3.80 
,.85 
'.90 
'·95 

0.6169 
0.6225 
0.6279 
0.6331 
0.6381 

0.3082 
0·3049 
0.~16 

0.2984 
0.2952 

5·75 
5·80 
5.85 
5·90 
5.95 

0.7530 
0.7551 
0·7572 
0.759' 
0.761' 

0.2147 
0.2131 
0.2115 
0.2100 
0.2085 

7·75 
7.80 
7.85 
7.90 
7.95 

0.8171 
0.8182 
0.8194 
0.8206 
0.8217 

0.1655 
0.1645 
0.16,6 
0.1627 
0.1617 

9.75 
9.80 
9.85 
9.90 
9.95 

0.8547 
0.8555 
0.8562 
0.8569 
0.8577 

0.1~3 
0.1"7 
0.1331 
0.1,25
0.1319 

2.00 0.2262 0.3449 4.00 0.6430 0.2921 6.00 0.76" 0.2070 8.00 0.8228 0.1608 10.00 0.8584 0.1312 
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(Upper) Rate of flow over one pulse cycle in 

the femoral artery of the dog. 
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240· 270· 300· 330· 

Comparison of calculated and observed flow 

artery of the dog. 

Broken curve - observed (McDonald 1955). 

Continuous curve - calculated from 

pressure-gradient, a· 2.7 

. . . . 

author, (Womersley 1955b) that the rate of flow might be calculated from the time­

derivative of the pressure. It is well-known that ~~ravelling 

without distortion at a velocity c, 
----------~------~-----

[~--~-;--~-~-p-J
 

and therefore if c is known, the Fourier Series for the time-derivative can be 

used to calculate the rate of flow. The experimental technique is simpler than 

that required for the measurement of pressure-gradient, since a single pressure­

measuring device may be used, fitted with a time-differentiating input to the am­

plifier. This method measures the amplitudes of the oscillatory terms only, and 

noes not enable the steady flow to be checked against the constant term in the 

pressure gradient. If there is any perceptible reflection of the pulse wave, 2.21 . 
is no longer true, and the consequences of this are considered in Section VII. 

It is shown later (in Section VI) that this simple rigid tube formula applies 

to an elastic tube under limiting conditions of stiff constraint, and the good 

agreement between the rigid tube formula and McDonald's results is admissible as 

evidence in considering whether such conditions of constraint apply to the artery. 

in the femoral 

observed 

360·o· 120 150 180 210 
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SECTION III
 

THE EQUATIONS OF MOTION OF THE FREELY-MOVING ELASTIC TUBE
 

AND THE
 

DERIVATION OF THE PULSE-VELOCITY
 

In Lamb's paper (1898) "On the Velocity of Sound in an Elastic Tube as Influ­

enced by the. Elasticity of the Walls", he considered a compressible inviscid fluid 

in a thin-walled elastic tube, took a wave-equation for the pressure inside, and 

obtained a "frequency-equation" for the velocity in terms of the dimensions of the 

tube and the elastic constants of the material. For a gas in a metal tube the cor­

rection is negligible, but he remarks 

"for the other extreme, e.g., water 7n an india r'tb'J'er tube, we 
have two values for c, (hE-/2apo) 1 2 and (B/P) 1 2 • 

In these expressions h is the thickness of the tube, a its radius and P 
its density. E is Young's Modulus and B is E/(l-a 2). where a is Poisson's 

Ratio. Po is the density of the liquid. 

Lamb adds that the former value of c is the same as the velocity of the 

pulse-wave as deduced theoretically by Resal (quoted by Korteweg in Liouville's 

Journal in 1876). It is apparent from Lamb's results that if the wavelen th is 

long compared with the circumference of -the tube, t~e velocit is independent of 

frequency. We show below that this does not hold if the viscosity of the liquid

is taken into account. Let R be the radius of the tube, h its thickness, P 
~density of the material, Po the density of the liqUid. Take the axis of z 

along the tube, and let ~ be the displacement along the axis, e be the radial 
2displacement. For the elastic constants take B to be E/(l-a) as above, where 

"-­
E is Young's modulus and a Poisson's Ratio. Then the extensions are 

~ along z, and radial. 

The tensions are P along z, and Q radial, so that 

P Bh { o~ 3.1+ 0 ,~}
oz 

Bh {_e_ oat}Q + 3.2
R oz 
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Lamb gives the equations of motion 

ph ~:~ = ~ 3.3 

ph g:~ = p - -} 3.4 

where p is the excess pressure on the inner surface, but if the liquid is vis­

cous there will be a surface traction on the inner surface of the tube due to vis­

cous drag, and eqn. 3.3 must be modified. If w is the longitudinal component of 

the velocity of the liqUid and u its radial component, t,e surface traction per 

unit area will be 

OW auIJ.--+--) 3.5( or oz 
r=R 

where IJ. is the Viscosity of the liquid. Making this modification to eqn. 3.3 

and inserting the values of P and Q from 3.1 and 3.2 the equations of motion 

of the tube become 

Po _V_ + ROu \( OW +!L (U + Q.. QL)
P hR oy oz J P OZ2 R oz 

Y=l 

-!-,., _ ~ ( ~ ol: +-!:-) 
u t' p R oz R 2 

together with the boundary conditions for the motion of the liquid 

Or. 
u at y 1, 3.8 

at 

w = ~£ at y = 1. 3.9 

In the usual notation the equations of motion of the liqUid are
 

au au au 0 2 1 au 02U
+ u-- + w-­ + V[ or~ +;-fu + OZ2 - 3.10at or OZ 

fuL +uiliL + wow = .J. QL + V [02W + 1 QL + ~J2 3.11 
paz or r or OZ2at or OZ 
0 

together with the equatIon of continuity 

au u ow 3.12 
+ + 0 

or r oz 
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If a trial solution is taken in which all the variables vary as exp[in(t-z/c)], 

we shall be concerned with the type of motion in which u/c,w/c and nR/c are all 

small. It is clear from the equation of continuity that u, the radial component 

of velocity, will be of order nR/c compared with w, the velocity along the tube. 

It follows that the non-linear terms are in general of order l/C compared with the 

main linear terms, and we therefore neglect the inertia terms in the first approx­

imation. Let 

P Pi exp [in (t-z/c) ] , 

U u 1 exp[in (t-z/c)] , 

w Wi exp[in (t-z/c) ] , 

Equations 3.10 and 3.11 reduce to 

d
2

U1 1 dU1 3 2 U1 1 R
2 

+ -- + i =	 3.13 
y dy 

a U1 -7~	 R IJ. 

3.14 
Pi 

where the terms in have been omitted, since 

small (see below) 

The equation of continuity is 

1 d inR	 3015 
(u y) = -- Wi 

Y dy c 

If now it is assumed that Pi AJo(ky), where k is to be determined, the 

equations of motion can be integrated to give 

3/ 2
J 0 (ai y) inR 2 

Ai 
Wi C1 3 2 2 Jo(ky),	 3.16 

J o (ai 3/ 2 
) CIJ. i a k 

J 1 (ai 3/ 2 y) R
U1 C2 k • Ai	 3.17 

(ai 3T2)- 3 2 2 J dky)J o IJ. i a - k 

where C1 and C2 are arbitrary constants, and the constant J o (ai 3/ 2 
) has 

been introduced (by analogy with the simple theory for the rigid tube) for con­

venience. If these values of U1 and Wi are inserted in the equation of 

continuity it should reduce to an identity. From 3.16 and 3.17 
3/ 2 2 2 R3inR inR Jo(ai y) i n A 

-C-W1 = --c-C1 Jo(ai37 2) 3.18 

A 
3.19 

WADC	 TR 
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For the equation of continuity to be	 Sitisfied these must be identical, and there­
3

fore k = inR/c and e2/~1 = inR/cai 2, so that Jo(ky) becomes 10 (nR/c) and 

J 1 (ky) becomes ill (nR/c) • 

At the highest frequencies likely to be of interest in the pulse-wave, n 2R2/c 2 

is small compared with a2 
• As an example, for the sixth harmonic of the pulse 

frequency of the dog, n2R2/c2~ 6 x 10-; and the ratio of this to the corresponding 
2 _6	 :I 2 2

value of a is about 9 x 10 It is therefore justifiable to replace i 2a -k in 

3.16 and 3.17 by i3a2, and in view of the smallness of nR/c to use the approxima­

tions 10 (nR/c) =1 and 1 1 (nRy/c)=nRY/2c. This is the same degree of approximation 

that is implici t in omi tting the terms Cl 2 w jO Z 2 and Cl 2 ujOx:2 from the equations of 

motion. Inserting these approximations in the expressions for the velocity-compo­

nents, 

3.20 

3.21 

At the inner surface of the tube, i.e., when y 1, 

3.22 

u = ~ • inR.	 e • F (a) + ~:inR A­ 3.231 2 c	 1 10 2 c Poc 

where F10 (a) has been written for 2J 1 (ai3/2)/ai3/:2Jo(ai3/~), the f'unc tion of a 

which appears in the expression for the rate of flow in the simple theory. The 

value of Clw 1/Cly at y = 1 is also needed, to substitute in the equations of motion 

of the tube. Making the same approximations, this is 

2 :2 
3 :2 1 n R

•	 i a F10 (a) + ---2­

2 c 

If it is now assumed that 

l D1exp[in(t-2/c)J, 

t E1exp[in t-2/c ], 

where D1 and E1 are arbitrary constants, the boundary conditions for Ul and w1 

become 
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in E 1 C 
1 

A 1 
+--PoC 3.~5 

in D 1 = ! !nR {F (a)'2 c 10 
C1 + 

A,}
Poc 3.26 

and the equations of motion of the tube become 

-n
2

D1 --A _~ {~ (_ i:E, ) + ~:} • 3.27 

{ 
hp 

2 
~I Po 'II C1 ." () 1 A, iillt'\. l.aF 10 a +---·2n }(1 

P hR 2 2 Poc c 

B n 2 
+ -E1 3.28+ ;5"(_i: ) D,}

2
P { c 

In 3.28 the term in oujOz in 3.6 has been omitted, since it is of order 

n 2 R2 /c 2 
• 

Equations 3.25-3.28 are four homogeneous equations in the arbitrary constants 

A1 , C1 , D1 , E 1 • Eliminating them will give a'frequency equation' which will de­

termine the wave-velocity c in terms of the elastic properties of the tube and 

the non-dimensional parameter a. The result of the elimination is 

o = l/Poc 1 0 -in 

(r;/~J) 
inR/2Poc 2 

inR/2c -in 0 

3.29
l/hp 0 n2 _B/pR 2 

inoB/c.Rp 

1 Po V 1 n
2

R
2 i Po va 2 in a B - -"2 n 2 (1 - :c 2)- FlO 

2 P hR fbc 2 P hR c R P 
The first step in the evaluation of this determinant is to make all the ele­

ments non-dimensional. The term - iPova 2 F1o /2PhR is replaced by its equivalent 

-inPoRF 1o/2ph, since va 2 = nR 2 
• If now the first column is divided by Poc, the 

second column by inR/c, fourth column by -in, and the fourth row by in, the deter­



2nRc a 

and'--_.......-...~ 

At this stage the following fUrther approximations have been made. In the 
2 2 2

third row, third term, n R /c has been neglected- in comparison with B/pc 2 
• This 

is justified, since (B/P)~ is the velocity of shear-waves in the material of the 
• 2 

tube, and this will be greater than the pulse-velocity, so that B/pc >1, and 
2 2/nRc 2 can be neglected in comparison with it. The first term of the fourth row 

2/ 2 2 and can therefore be neglected. If now we write k=hp/RPQ, 

reduce the order of the determinant by replacing the second row by 

third row by (Row 1 - Row 3) the equation becomes 

o = 1 - F 10 2 1 

1 x 

which reduces to -ax (k-x) 

3.31 

In this equation k« 1 since the tube is assumed to be thin-walled, and in the 

application to the- arteries p = Po. 

When a oo,i.e •• as the Viscosity of the liquid ~O, F10~ 0 and the roots of 

this equation tend to equality with those of the corresponding equation which can 

be deduced from Lamb's equation for the compressible fluid. An equation which is 

essentially the same as 3.31 has been given by Morgan and Kiely (1954) in a some­

what different notation. They give two approximate solutions, one for "small vis­

cosity", by using the asymptotic expansions of the Bessel Functions, and the other 

for "large Viscosity", by using the power series, but do not seem to have appreci­

ated the dependence of the wave-velocity on the single non-dimensional parameter, 

a. 

The roots of 3.31 are given by 

where 

G 
1 + tr- a 

+ (k/2+a-tr) , 
3.33 

H = (1 +2k)/(1-F10)-1. 3.34 

In terms of the notation used in 2.13 above, 1/(1-F10 )= exp(-iE:)/M1~ S0 that 
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3.35 

the quantities required to compute the roots are already available. SinceF10 (a) 

is complex, x is always complex, and the motion is either damped or unstable. The 

sign of arg x is determined by that of arg G, and since arg G is always negative, 

the motion is damped. If we write 

{(1 - a 2 )x/2}1 / 2 = X - iY. 

and denote by Co the velocity for the perfect fluid, i.e., write Co=(hE/2RPo)~, 
then if c 1 is the wave-velocity, colc 1 = X and over a distance of one wave­

length the amplitude will be reduced in the ratio exp(-2rrY/X). The quantities 

of practical interest are, therefore, l/X, which gives the ratio of the velocity 

to that for the perfect fluid, and exp (-~/X) • 

The tables in Appendix I, which were computed by the Computation Laboratory 

of Harvard University, give these quantities, together with those required for the 

calculation of the motion of the wall, for a range of values a = 1(0.05)10; 

k 0, 0.1, 0.2, 0.3, 0.4; a = 0, 1/4, 1/2. They al so con tain tables for a '= 1/2. 

k -1, -2. -5, -10; which are discusserl in Section IV. Table 4 gives their val­

ues, together with the reduction in amplitude over a distances of 10 cm, for the 

first four harmonics of the pulse of the pulse of the dog, in the femoral artery. 

They have been calculated for k = 0.1, i.e., for a wall-thickness of one-tenth 

of the radius, for a = 1/2 and a = O. In this table, f 1 = exp(-2rrY/X) and
12 = exp(-2rrYz/X~), with z = 10 cm. 

Table 5 

a = 1/2 a = 0 

a c/co 1'1 1'2 c/c o 1'1 1'2 

3.34 0.914 0.274 0.946 0.842 0.132 0.917 

4.72 0.924 0.472 0.938 0.876 0.294 0.900 
5.78 0.936 0.565 0.929 0.894 0.381 0.883 
6.67 0.942 0.636 0.925 0.906 0.442 0.870 

The amount of damping seems rather large. A diminution in amplitude of 5-6~ over 

so short a length of 10 cm one would expect to have been observed and remarked 

upon, but until more accurate observations are available it is not possible to say 

with certainty that this degree of damping is greater than that which exists in 
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the arterial system. In practical observation it might well be masked by the 

change in shape of the pulse as it travels. Figure 9, which shows the relation­

ship between a and exp(-2rrY/X), illustrates how much greater the damping is for 

the smaller values of 0'. Figure 8, which shows 1/X = c/co against a, demon­

s tra tes that 
1·0 
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Fig.S	 Ratio of wave-velocity to that for an inviscid fluid as a 

function of a, for a wall-thickness ratio of 0.1 and 

Poisson's Ratios of 0.5, 0.25, O. 

for values of a greater than 3, which are those of greatest practical interest, 

the change in velocity with a is quite small, being somewhat larger the smaller 

is the value of o. Since the wave-velocity varies with frequency, energy will be 

transmitted with the group-velocity, and it is the group-velocity that will be ob­

served when the pulse-velocity is measured. If a wave-motion is described by the 

form exp[i(nt-mz»), the group velocity c is given by c dn/dm. In terms of a 
g	 g 

and X this may be written 

(1Co a dX)- 2X da •c 1 

The analytical form for dX/da is unsuitable for computation. Figure 8 

shows a graph of log X against log a, and since 
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L~ d(log X)
 
X da d(log a)
 

it is possible from this to estimate its magnitude. It will be seen from the 

graph that for those values of a which apply to the femoral artery (3<a<7) , 

d(log X)/d(log a) is about - 0.045, so that for these conditions cg/c is about
1 

0.98, so that the difference is only 2%, and over the range a 3 to a = 4 

is certainly never more than 2~%. Until accurate measurements of pulse-velocity 

are made over short lengths of artery, this effect is not likely to be worth 

taking into account. 
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SECTION IV 

THE MODIFICATION OF THE EQUATIONS OF MOTION 

FOR 

ADDITIONAL MASS, ELASTIC CONSTRAINT, AND INTERNAL VISCOUS DAMPING 

As a model of the mammalian arteries, the freely-moving elastic tube is inade­

quate in a number of ways. As will be seen later, when the motion of the liquid 

and the pressure-diameter equation is discussed in detail, it predicts a longitu­

dinal motion of the wall which is almost certainly too large to be practicable, and 

has, in fact, never been observed. It is known that the arteries are attached to, 

and supported by, other tissues. It is also known that the material of the wall 

is not perfectly elastic. Lawton (1954) has demonstrated that it has considerable 

internal damping. 

No very drastic change in the equations is needed to take account of these 

factors in a simple manner. Morgan and Ferrante (1955) showed that if the tube 

has additional mass attached to it which takes no part in the elastic deformation 

the form of the equations is unchanged. It was assumed by them that this addition­

al mass is uniformly distributed and is cylindrical in shape. The only modifica­

tion required is that the thickness of the tube, h, be replaced by 

= h (1 + hi Pi Ri )H h pR 

where hi, Pi' R i are the thickness, density, and mean radius of the added mass. 

If, together with this additional mass we now introduce an elastic constraint 

of natural frequency m/2IT to reduce the longitudinal motion of the wall, the 

equation of motion for the longitudinal displacement becomes 

•• 2 P V 
(+me=--Q.· + + ~) 4.2P hR R OZ 

If this equation is used instead of its counterpart in the freely-moving tube, 

the form of the frequency equation is unchanged. The only modification reqUired. 

is a change in the definition of k, the wall-thickness ratio, which is replaced 

by 

Thus if the frequency of the oscillation is the same as the natural frequency 

of the constraint, k' = 0 and the tube behaves as though it had no mass. If m>n, 

k' is negative, and if m»n, i.e., if the constraint is very stiff, and the a.dded 
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mass large, k - - 00 and the frequency equation reduces to 

- x + o 4.4 

2
k 1 - 0 

so that (1 - ( 2
) - 4.5 

2 1 -Fi0 

or l 
c ~ 

1 - a 
= ~i0 

X 
2 

.L::.....Q 
Mi~ 

Y, 

cos 
E i0 

2 
4.6 

y 
2

1 - a 
I 

Mi0 

Y, 

sin 
E i c 

2 
4.7 

4.8 

Graphs of these quantities are shown in Figs. 11 and 12. The curves for k = 0, 

o = 1/2 and k = 0.2, 0 = 1/2, are shown for comparison. Although the asymp­

totic value of c, for the constrained tube is 1.15 co, this value is attained 

very slowly, and for moderate values of a, c i = co, approximately for all a > 4. 

All three curves coincide for a < 2, and that for the constrained tube is 

higher than the other two when a > 2. For small k, the variation of c/co with 

a is not sensitive to variations in k. 

Turning now to the modification of the equations to take account of internal 

damping in the wall of the tube, a simple way of doing this was proposed by Morgan 

and Kiely (1954). They replaced the elastic constants of the material by 

E - in E' 4.11 

o - in (J 4.12 

And, substituting these immediately into their approximate formulae for the wave­

velocity, demonstrated the effect to be expected from these modifications - an 

increase in damping, and a reduction in velocity. 
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It would seem that there is some difference in sign-convention between this 

present account and Morgan and Kiely's paper, for the author is of the opinion 

i..hat the imaginary parts of the above expressions should be positive. For example, 

consider longitudinal waves in an elastic bar. The equation is 

where a 2 E 
and a typical solution is 

P 

u 

If now we replace E by E ' where E is complex, the imaginary part of c c 

E must be positive if the motion is to be damped. We therefore writec 

E (1 + in 6E) 4.13 

o (1 + in 60) 4014o 
c 

As a question of principle, since the Poisson's Hatio for arterial tissue is 

known to be almost exactly one-half, the theoretical maximum, it might be object­

ed that the second of these two expressions gives loci> 1/2, and perhaps it 

ought to be put in the form 

In what follows, 3.11 will be used. The change to the alternative form is a 

simple matter, should it be necessary. We now wish to find the effect of these 

changes on the roots of the frequency-equation. First consider the limiting con­

dition of stiff constraint. This gives 

(~- ~\ ~ 
= 2R !:.)

Co
 

c
 

(:R·~ y 
4.15 
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If nL'lE and nlJ.a are small, this may be written 

2-{Co 1 - 4.16 
( f1 _ in (IJ.E- + ~lJ.a)l 

c 1 ­ ~10r 1 2 1 -0
2 f 

and when a 1/2 this reduces to 

c 

4.17 

so that the damping of the pulse-wave in transmission is increased, and its veloci­

ty is reduced. 

The effect of internal damping on the general form of the frequency equation 

is more complicated. However, if nlJ.a is small, so that second and higher powers 

can be neglected, it can be shown that the quantity (1 - ( 2 )x) is replaced by 

5/3 (-~ - l' + 4/3 -~ }
2 x 1/2 + 1-F i G i-F ' G(1 - a)- - inlJ.a 

2 { _ I 2 2 4.18
·V G - (l-a ) H 

I 

showing that damping is increased, and the velocity reduced. 
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SECTION V
 

MODIFICATIONS OF THE EQUATIONS OF MOTION FOR A
 

THIN BOUNDARY LAYER OF LOWER VISCOSITY.
 

Physiologists who have studied the flow of blood in the smaller vessels have 

drawn attention to the existence of a region near the wall which is substantially 

free from red cells. Such a boundary layer of plasma will have a viscosity less 

than half that of the rest of the blood in the artery. In the larger vessels, With 

which the present theory is concerned, the layer, if it exists, will have a thick­

ness very small compared with the radius of the tube. Whilst it might seem at 

first sight that the introduction of an extra parameter (the thickness of the 

bounding layer) would make the theory completely formless, and enable any desired 

result to be obtained at will, it is Shown below that, if the thickness of the 

boundary-layer is allowed to tend to zero, the basic equations are only slightly 

modified, and, in particular, for the limiting condition of heavy loading and stiff 

constraint, reduce to those of the previous section. At the other extreme, if the 

tube is free to move, and of negligible mass, the presence of the infinitesinal 

layer causes a marked reduction, both in pulse-velocity and in damping. 

The Viscosity of plasma will be denoted by ~o' so that if the non-dimensional 

parameter of the motion of the blood is a, that of the motion of the plasma layer 

~ 
will be f3, where f3 = a (;L/~o) • We assume that the liquid Within the tube is blood 

when 0 ~ y S Yo and plasma when Yo S y S 1, so that the thickness of the boundary 

layer is l-yo. 

When 0 S y ~ Yo; we have from equation 3.20, 

J (ayi 3 /2)o 
+ c 

1J 0 (ay 0 i 3/ 2 

at y = Yo"let W wo. Then Wo is unknown, but is determined later from the con­E 

dition that the velocity must be continuous across the boundary y = Yo. C1 can be 

determined in terms of W ando 

J (ayi 3 /2)
+ o 

J (ay i 3 /2)o o 

The velocity gradient at y = Yo is 
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3 2 
i a 

2 

where FlO has the same meaning as in 3.23. In the boundary layer ~ ~ y < 1 the 
velocity will be 

J 0 (/3yi 31 2) 
w .. . 5.4. 

c 2 J (/3i 31 2)o 

The extra term has to be included, since the condition that w is finite at 

y=O no longer applies, and boundary conditions have to be fitted at y=Yo and at 

y=l. At y=l, 3.22 is replaced by 

and at y=Yo. 

Also at y"'Yo 

and at y=l 

••• 5.8.( ~)dy y=l 

Wo and c~ can now be determined in terms of c 2 by equating the two values of 

~ Wo - ,i.e., by making the velocity continuous at y=Yo and by equating the two 
Poc 

values of the viscous drag at y=Yo. 

Introducing the notation 

2J 1 (/3i 3/ 2 ) J 0 (/3y 0 i 3 1 2) 
= FlO (/3){3i 3/2J (/3i 3/2 ) c FlO (/3) J (/3i 3/ 2)o o 

2K) (/3iY..) Ko (/3y 0 i Y..) 

{3iY..Ko (/3tY..) Ko (/3i Y..) 
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equations 5.6, 5.7 and 5.8 may be written 

.. - ••• 5.10. 

Equating the two values of the viscous drag at y=Yo' and making use of 

/-L-f-L o = (/3/a o) 2 gives 

( w0 - P:~) FlO (ay0) = c 2 F l 0 (/3) •F ° (/3y 0) + c 3 G 1 0 (f3y 0) G 1 0 (/3y 0) 

and therefore, substituting from 5.9 above 

and therefore 

The boundary conditions for the motion of the elastic tube can now be re­

written in terms of c • Equation 5.5 (which replaces 3.22) becomes
2 

••• 5.12. 

and 5.11 becomes 

c 2 r 
2 i 3f3 2 lFlO (/3) + G1 0 (/3) 

y=l 

If yo~l this becomes 

as it should. If also yo~~ in 5.12 it becomes 
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If now we write 

FlO (,8) -G 10 (/3)
 

FlO (a.) -G 1 0 (/3)
 

equations 3.25 - 3.28 remain the same, except that in 3.28, a. 2F 10 (a.} is to be re­

placed by 

G1 a (/3) 
1­,82 FlO (a.) 

where L (a. ,,8) 
a. 1 G1 a (/3)

1­
FlO (/3) 

The frequency equation becomes 

I I o2G x + H 

in which 

I (1_u/2)+L(1/4_u/2) k u 
G + - + + L(~-<7} 

1-F 10 (a) 2 2 

1 2k 
H' = L 

1-F10 (a.) 1-F10 (a.)( 

In the limiting conditions of heavy loading and stiff constraint (k ~ - ~) 

the terms in L(a 
1
,8} will have no effect, and the presence of the low viscosity 

layer will affect neither the pulse velocity nor the damping in transmission. 

\\~en a=~, G' is the same as G in equation 3.33 and the effect of L(a. ,8} on the
1

I 

roots of the equation will be confined to its effect on H. This will be greatest 

when k=O, i.e., when 

H --1 - 1)
( 1-F10 

Fig. 13 shows c/c against a for keO, u=O.5, ,81a.=1.6, which is very close too 
the correct value if the layer is assumed to be pure plasma. The ratio c / is 

co 
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reduced very considerably by the presence of the boundary layer, and the form of 

the relationship between clc o and a is changed completely. It would seem, there­

fore, that if the simple theory which assumes conditions of limiting constraint 

should prove to be inadequate, the consequences of the assumption of a boundary 

layer of low viscosity will have to be explored further. 
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SECTION VI
 

THE MOTION OF THE LIQUID
 

In this section the details of the motion of the liquid at a particular value 

of z, i.e., over a short length of artery, will be studied. If the origin of z 7­
is taken at the mid-point of this short length, the longitudinal velocity will be 

~ J a (ay i 3/ 2)} 
int 6-1W fOc + 0 1 J (ai 3/2 ) e{ o 

where the value of C1 is to be determined from the boundary-conditions. From 

3.15, 3.16 and 3.17, D1 and E1 can be eliminated. If in the resulting equa­
e;z.. s- 2-(' 1-1 '1~ #., -­tion ~ is written for the ratio of Ci to Ai /poc, the value of ~ is 

2 (1 - 20) 6.2 

where x is the root of equation 

Ai w 6.3 
Pac 

This shows that for a given applied pressure-function the velocity of the 

liquid is inversely proportional to the wave velocity. 

We may split up the constant Ai/Pac into factors: ­

and therefore if A~ is the quantity that would result from Fourier Analysis of 
the pressure gradient, we have 

A~ = - (-i: ) Ai 

and therefore 

= 6.4 
Pac 

This establishes the identity of the constant in 6.3 with that in the simple 

theory of the rigid tube. The average velocity across the tube is 

6.5 
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6.6 

and this can be wri tten 

w 

Yu
for a presure gradien"t Ycos (n t - Ql ) , and the values of 10 and € ~o Gompared 

with those of M~oand E:~ for the rigid tube. We note that 

Tables of these quantities are given in the Appendix. 

Q
Figs. 14 and 15 show graphs of	 ~ and of the phase-lag against a for 

QsteadY
k = 0, 0 = 1/2, 0 = 1/4, 0 = o· The curves of Fig. 3 for the rigid 

tube are not superimposed on these, but in Fig. 3 are shown curves for 0 = 1/2, 

k = -10 for comparison with those of the rigid tube. If in 6.2 we insert 

2 x 
1 -Fi0 

it reduces to 

= 
1 - Fi0 __L- 20 - 1. 
Fi0 -20 Fi0 -20 

so that for the tube in the limiting condition of stiff constraint the motion of 

the liquid is the same as for the rigid tube: Figs 16, 17 and 18 give comparative 

plots of the modulus of the complex impedance, fluid resistance, and inductance, 

for the same conditions as those of Figs 14 and 15. 
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Table #6 

a=~ a=O 

a 
Amplitude 

ratio 

Phase-

difference 

Amplitude 

ratio 

Phase-

difference 

3.34 
4.72 
5.78 
6.67 

0.122 
0.166 
0.190 
0.257 

74.0° 
52.9° 
38.0° 
28.6° 

0.527 
0.226 
0.145 
0.104 

26.2° 
16.2° 
12.6° 
10.5° 

It is also of interest to calculate the longitudinal velocity at the wall. 

This is 

so that its ratio to the average velocity is (1+~)/(1+~Fl0)' If the modulus 
and phase of this are calculated, they will demonstrate the ratio of the 
magnitude of the velocity at the wall to that of the average velocity, and 
the phase-difference between the two. Table 6 shows these quantities, for 
a = ~, and a = 0 F =0.1 for the values, of a for the first four harmonics 
of the pulse in the dog'S femoral artery. 

These figures emphasize the critical role of Poisson's Ratio in deter­
mining the details of the motion. The phase-differences in the above table 
are Shown with their correct sign in relation to the amplitude ratio, and 
therefore ShoW that the velocity at the wall 'leads' the average velocity 
across the tube. The most striking point about this effect is its magnitude, 
which is greater than might be expected. 
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If 6.7 is integrated with respect to the time, it will give the longitudinal 

distance traversed by a point on the wall. This will be 

Al 
-- (l +'Yl) e i D tinp '/ 

and if expressed in terms of the pressure gradient it will be 
I 

Al in t(l+YJ) e .. . 6.8. 
n 2p 

The Fourier - Series for the pressure gradient in McDonald's experiment was 

taken, and the movement of the wall calculated, assuming K=O.l, u .. ~. The maxi­

mum value of ~ during the cycle was 3. 2 mm, which is greater than the diameter 

of the artery. It is reasonable to suppose that a longibudinal excursion of 

this magnitude would have been remarked upon, had it ever been observed. The 

above calculation may seem unrealistic, since it is known the artery is not, in 

practice, completely free, but it does show that the elastic constraint is not 

likely to be in resonance with the pulse frequency. 

From the point of view of the physical principles involved, the motion of 

the liquid is most directly appreciated in terms of the dependence of flow on the 

pressure gradient, which may aptly be regarded as the driVing force of the motion. 

It is also desirable that direct measurements of pressure-gradient be made at the 

same time as flow measurements, since in comparing the theory With experiment, 

the pulse-velocity is eliminated from the formula connecting the two, and the 

complication of the variation of pulse-velocity With frequency does not arise. 

Some recent results obtained by Spencer, (1956), in which both pressure-gradient 

and pressure were measured, are considered in Section XI. However, as has 

~lready been noted, if the pressure gradient is created by a travelling wave, 

there is a simple relationship between the pressure gradient and the pressure it ­

self. From 6.5 above, 

P
Vi .. -- M /I eH'Io

II 
e int 

I poc IO • 

c 
in which c is complex. Since -..:J) = X- i Y, 

c 

W .. p-7 (X-iY). 
o 0 

So that the effect of the damping of the wave in transmission is to reduce the
 

phase-advance of flow over pressure. In the limiting condition of stiff
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constraint, 

- -L J3M~0 . ••• 6.11w -
Poco 2 

so that in these circumstances the maximum phase-lead of flow over pressure will 

be 45 0 • The value of Co is not directly measurable. Measurement of the pulse­

velocity over a short length of artery one would expect to give c 1- co/X. In 

terms of measured pulse-velocity these two formulae become 

iY /I 
/I 10t-p-	 . e ••• 6.12.w • (1--)M e 1~0X 10 pac 1 

/I- • -E.- (cos e0 ). J3M~0	 
10tand	 w e 1HE 10. e ••• 6.13.2P oc 1 

In considering how these formulae might be tested experimentally, it would 

seem that the best method would be, having available Fourier Analyses of all 

three Quantities, pressure, pressure-gradient, and flow, to abandon all pre­

conceived ideas of what the internal radius of the artery or the viscosity of the 

blood, might be, and determine the value of u that gives the best fit between 

pressure-gradient and flow. This can be done without introducing the pulse­

velocity. 

It might then be supposed that, taking the same value of u, the fit of 

6.11. to the observed flow curve could be tested, with the same value of Co for 

all	 harmonics. It must be remembered, however, that in equations 6.5 - 6.13 the 
z 

primary assumption has been made that p = A1e 1D (t- Ic)i.e. that there is no re­

flected wave. This assumption is almost certainly not here, except, possibly, at 

one or two exceptional places. If a reflected wave is included in the expression 

for the pressure, then 

•••6.14.
 

and	 op 
••• 6. 15 •- --.oz 

so that 6.9 now becomes 
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p K 1£ 'it-2- e 10 • e n ••• 6.16 • 
/2 

An attempt to rit 6.9 to a set of observations containing a refleoted wave 

would therefore require an "apparent" velocity 

Al +A 2 ••• 6.17. 
A1-A 2 

whose ratio to the true velocity would depend on the amplitude and phase or the 

reflected wave. It would seem therefore, that the best use to be made of an 

analysis of simultaneous recordings of pressure and pressure gradient would be to 

give information about any reflected wave that may be present, the theory being 

assumed to be correct. To test the theory itself, some means would have to be 

found of suppressing the reflected wave. One method might be to apply a matching 

terminal impedance at the next junction on the distal side of the point of meas­

uremen t. 

Another experimental test of the theory can be devised which is free from 

this difficulty, using the relationship between pressure and radial expansion. 

First, for the simpler condition when there is no reflected wave, from 3.26 

••• 6.18. 

2~ ••• 6.19.and therefore 
R 

for each harmonic. This is a remarkably simple relationship between expansion 

and flow. It can be deduced directly from the equation of continuity 

1 0 ow 
(ru) +-- 0r or oz
 

r

writing y= - and integrating from y" 0 to y=1,

R 

2ydy •.• 6.20.
[ u ] y=l oz •:f{- ~) 

0 

o~ R 0 
i.e. -- w ••• 6.21. 

ot 2 dz 
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Since ow 1 oW .. ­oz c ot 
integrating 6.21 with respect to the time gives 

~ w 
R c 

If the expression for the pressure contains a reflected wave, i.e., if 

z 
p = A e ln (t. /8} + A e lD (t+z/ c > 

1 2 

then w .. 
• 

MI/ elf10 
10 

and therefore 

so that 2~ P /I 1 
/I 

- flO ••• 6.22.
2 M10 e 

R P o c 

~ P 
/I 

MI/ eif10or •• - 6.23.
2 10Ce"),R PoCo 

which may be written 

2!; x 
(1-a 2) (1+T)Fto) ••• 6.24. 

R 2 

and the form of this is the same whether a'reflected wave is present or not. For 

all finite values of k, the phase of the complex Quantity ~X(1+T)F10) is positive, 

so that variation in diameter aJways Jeads pressure, though never by more than a 
x 

few degrees, as is shown in Fig. 19, which is a plot of ph { (l-a 2) ­ (l+T)F 10)}
2 

against a for k=O, a"~. 
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In the limiting condition of heavy loading and stiff constraint, (k ->-(0) 

6.15 reduces to the very simple form: 

2t = (1_0-2) '. _p_ ••• 6.25. 
R p. c 2 

o 0 

and therefore the pressure and expansion will be in phase at all frequencies. In 

view of the fact that for other conditions of constraint the phase difference is 

always small, this equation does not provide a critical means of distinguishing 

between them. It ~oes, however, provide a test of the presence of internal damp­

ing in the wall of the tube. 

The formula 
p 

"p~' o 0 

becomes, on inserting the value of colc from 3.14, 

:a; 
••• 6.26 • 

R 

so that if radial expansion lags behind pressure, internal damping must be 

present, and if it is of the simple nature assumed above, the amount of phase-lag 

in any harmonic will be roughly proportional to the frequency. If the phase-lag 

is large, 6.17 will not be sufficiently accurate, and the exact form 

(nlio-) -i 
213nlio-)3 

••• 6.27.
4 l+in fill 

must be used. The phase-lag is, therefore, 

2nfu­
tan· l n.6E + tan- 1 ----- ••• 6.28. 

3+4 (nfu)2 

and from this estimates of fill and fu- could be obtained by combining the results 

from several harmonics. 

Lawton (1955) has succeeded in obtaining measurements of variation in diam­


eter throughout the pulse-cycle by filming the motion of very small beads sewn
 

to the abdominal aorta of the dog. Two typical results, together with the corre­


sponding variation in pressure, are shown in Figs. 20 and 21. The results of
 

Fourier Analysis up to the fourth harmonic are shown in Table 4. They are given
 

in modulus and phase form, i.e. in the form Mmcos(mnt-~m)' in being the order
 

WADe TR 56-614 
50 



of the harmonic. These results show no steady increase in phase-lag with fre­

quency. Those of curve #1 seem to show an opposite effect. This may be illusory. 

The fourth harmonic is small in amplitude, and this estimate of phase-lag cannot 

be expected to be very accurate. It seems reasonable, therefore, to conclude from 

these results that, although there are irregular variations in phase between pres­

sure and diameter, these are not inconsistent with the assumption that there is no 

damping in the wall, and therefore the simple theory is adequate. Finer distinc­

tions will have little meaning until more accurate measurements can be made. 
\ 

TABLE 7 

Harmonic Pressure Diameter Phase-lag 

M M x10· 3m <P~ m <Pm 

Curve #1 

1 18.74 75.67 12.17 86.31 10.6 

2 6.80 128.67 4.05 133.55 4.9 

3 3.14 154.45 2.14 149.68 -4.8 

4 1.56 156.75 0.50 110.03 -46.5 

Constant Term 69.73 1.31823 

Curve #2 Phase-lag 

1 62.35 56.85 5.5 0 

2 116.50 117.05 -0.5° 

3 152.85 136.98 15.87 

4 124.50 122.60 1.9 
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CI1. Observations of cyclic variations in pressure 

and diametp.r 1n the abdominal aorta of the dog.
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SECTION VII
 

THE CALCULATION OF REFLECTION - COEFFICIENTS
 
AT JUNCTIONS AND DISCONTINUITIES
 

One of the obstacles to the acceptance of the theory developed in the preced­

ing pages is the amount of damping of the pulse wave predicted by it. Far from 

diminishing, the peak of the pulse-pressure rises in transmission, as may be seen 

from Fig. 22 which shows simultaneous recordings of the aortic and femoral pulse. 

A state of affairs in which the theory predicts a 50/0 - 10% reduction in the 

amplitude of the main harmonics for each 10cm. of travel is at first sight hard to 

reconcile with the observed rise in peak pressure, or even with the simple clinical 
I 

observation that the human pulse can be felt in the foot. 

A reconciliation of this apparent contradiction ~ay very well be found in the 

study of changes in phase and amplitude of the harmonic terms at changes in arte­

rial dimensions, and at junctions in the arterial system. Many observations have 

been made in the past of the form of the pUlse-pressure on both the proximal and 

distal sides of important branching-points, but these cannot be used as a rigorous 

test of the theory unless they are accompanied by measurements of pulse-velocity 

over short distances on both sides of the junction, and by measurements of the in 

ternal diameters of the arteries. Detailed calculations are made be10w for some 

simple discontinuities and for a bifurcation into two equal branches, a few sets 

of conditions being chosen out of the many possibilities. An attempt is also made 

at a rough calculation of the reflection-coefficients at the celiac and iliac junc­

tions in the dog. The method used is the simple one given in Lord Rayleigh's 

"Theory of Sound." In this method no attempt is made to study the details of the 

motion of the liquid at the junction •. Two equations are written down, expressing 

the conditions of continuity of pressure and rate of flow across the junction, and 

these are solved to give the reflection and transmission c06fficients. 

Some calculations of reflection coefficients using this method were made by 

Karreman (1952), 1953, 1954) for sudden changes in arterial dimensions and for a 

division of an artery into two branches. Unfortunately, Karreman took no account 

of the viscosity of the liquid in the equation for continuity of flow, so that his 

results will only be true for very large a. Instead of the correct formula for 

the pressure-flow relation 

w 
II 

••• 7.1. 
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Aortic and femoral pulse 1n the dog. 
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he used A/pocw • i.e. in all his calculations he assumed 
1/ II 

MIOzl, c 10 =0. As an example of the kind of error that can arise from the use of 

this approximation, consider a sudden reduction in the size of an artery from 

radius R to radius r. Let the value of a in the larger tube be aI' and that in 

the smaller tube be a 2• Then a 2<a 1, since a2/~ c rlR. Let the incident pressure-

wave be 
zA e 1D(t- Ie )

I 1 

and the reflected wave be 

the transmitted wave in the smaller tube being 
Z/A e 1n(t- c 2) 

2 

where c i 1s the wave-velocity in the larger tube, c that in the smaller. For con­
2 

tinuity of pressure across the discontinuity, 

If we use the formula for flow in the constrained tube, the equation for con­

tinuity of flow will be 
tCIO(a,)2 A,-A 47TR e 2

Poco {M~o (a l r I 

, 
% d£'o(a 2 )~ 

I 
••• 7.3.7Tr 2 . {M~0(a2)} e 2 

Po Co 

I 

in which co' Co are the limiting velocities in the two tubes for a ~ 00. Retaining 

Karreman's assumption that these are inversely proportional to the square-root of 

the radius, (Karreman quotes this as being correct for an elastomeric tube) i.e. 

assuming that the mass-loading on th~. two tubes is the same, this equation becomes 
% II I I 

= (~2'~{M/O (a 2 )} e %1 (IO(a2) - c lO (ci1)} 

MIO (a )
l 

and if we write A for the right-hand side of this equation, 

1-A 
l+A 

for the reflection-coefficient. The modulus of this complex quantity will be the 

amplitude ratio,its phase will be the phase-change on reflection. Karreman's 

formula for the reflection coefficient has 

_(_r)2. 5 
- R • 
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we may therefore regard the factor 

1 

M (a)J % 
10 2 

e 
{ M~ 0 (a l ) 

as a "throttling~ effect due to viscosity. It will be clear from this that for 

Karreman's formula to be even approximately correct, both a 
2 

and a l must be very 

large, and when studying the problem of reflection at a coarctation, (one of the 

main purposes of Karreman's work) this can be very far from the truth. 

The same formula can be used for a division of an artery into a number of 

branches of equal size. All that is necessary is to multiply the right-hand side 

of 10.4 by the number of branches. Thus for a division into two equal branches, 

••• 7.7. 

For the unconstrained tube with equal velocities on both sides of the junction, 

••• 7.8. 

r 2 
The quantity 2 (-=7 , which is the ratio of the combined area of the branches 

R 
to the area of the original tube, will be called the area-ratio of the junction. 

Numerical values of amplitude ratio and phase-lag have been computed for this di­

vision into two equal branches, using both the above formulae. 

In Fig. 23 the modulus of the reflection coefficient is plotted against the 

area ratio, for four values of a l0, 8, 6, 5. with A as given in 10.7. i.e. forl 

the tube with stiff constraint, and equal mass-loading on the original artery and 

branches. Fig. 24 gives the corresponding curves for the phase-lag on reflection. 

Figs. 25 and 26 are a similar set of curves With A as given by 10.8. i.e. for an 

unconstrained tube With K=O and ~= 1/2 , the wave-velocities in the original tube 

and the branches being assumed to be equal. In Figs. 27 and 28 the mass-loading 

on the branches has been increased, the assumption being made that the wave­

velocity is inverely proportional to the radius of the tube, i.e. 
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Amplitude Ratio (percentage) of reflected and incident 

waves at a division into two equal branches (tube in the 

30\ condition of limiting constraint) plotted against area­

ratio for four values of a in the incident tube. 
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As Fig. 23, but with greater change in pulse-velocity 

between incident Artery' and branches. 
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When each of the branches is the same size as the original artery, the re­

flection coefficient is the same for all these conditions, having a modulus of 1/3 

and a phase-lag of 1800 • 

All the curves are similar, showing a minimum at an area-ratio slightly 

greater than 1.0- this minimum being at a higher value of the area ratio the 

greater the disparity in velocity between the original artery and the branches. 

It will also be noticed that as this disparity increases, this minimum is sharper 

and lower. In Fig. 23 it is always less than 3%, whatever the value of a. Al­

though the minimum is higher for the unconstrained tube, it is less critical. 

Some enhancement of the harmonic terms in the pressure is, therefore, to be 

expected at each reflection, so long as the increase in total area is not too 

great. If the area-ratio of the junction is greater than about 1·3 or 1·4, the 

phase-lag will be more than 900 , and this would be expected to cause "spreading" 

rather than "peaking" of the pulse-wave. 

C=350 
C-450 

0.3=\\\:s\yO.5"-....._----- ­
--------~ 

\j7(~85 
\ 

\
\ 

1.150.9 

fC84500.45 

0.35 

FIG. 29 
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As an example of the extension of the method to more complex junctions, the 

celiac and iliac junctions in the dog will be taken. In Fig. 29 is shown a rough diagr 

diagram of part of the arterial system of the dog, with estimates of diameter of 

the arteries, in em. and of the pulse-velocityyin em/sec. The velocities were not 

measured in the same animal, but were suggested by Dr. D.A. McDonald, who has made 

measurements of the pulse-velocity 1n dogs using the microsecond counter chronom­

eter. (Hale, McDonald, Taylor and Womersley, 1955). In the calculations it is not 

necessary for these values to be exact, so long as their ratios are reasonably 

correct. Consider first the celiac junction, shown in Fig. 30. With the same 

notation as before, i.e., Al for the amplitude of the incident wave, A2 for that of 

the transmitted wave, and A4 for that of the reflected wave, 

R2 
/I
 

A1-A4 250 2 M10 (a 2)

A. .. • . - . 

Al +A 4 
450 R2 

/I 

M10 (a 1)1 

/I 

R2 M10 (aa)250 a 
+ -- - /I450 R2 M10 (at)1 

2 II 

2x250 R4 Ml0(a4).+ • ----z­450 /I 

RI Mto (a 
1

) 

II 

R
2 

M (a )250 5 10 5-- .+ ii350 R2 M
1 10 (a 1) 

t t 
.S 

Aa 

••• 7.13. 

.85 

Diagram of celiac junction 

Fig. 30 
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A table for the calculation of ~ can be set out as shown below: 
1/ 

1/ M10(an ) 
Branch a 1/ 

M10(a l ) 

1 0.8835 

2 0.7956 18.83 0.9005 0.2803 

0.8127 16.37 0.9199 7.81° 0.34603 

4 0.7462 27.16 0.8446 18.60 ° 0.1696 

5 0.8608 10.78 0.9743 2.22 ° 0.6782 

From this table the four separate terms which make up ~ can be calculated, 

first in modulus and phase form, then in real and imaginary parts. 

Term Modulus Phase Real Imaginary 

1 0.1402 10~27° 0.1380 0.0250 

2 0.1768 7.81° 0.1752 0.0240 

3 0.1592 18.60° 0.1509 0.0508 

4 0.4729 2.22° 0.4716 0.0183 

~ 0.9754 + ix 0.1181 

so that 

A 1-~ 0.0243-0.11811
-L. 

1.9757+0.118111+~Ai 

IA41
The amplitude ratio is 0.0690 and the phase-lag is 

IAll 

0.1181 0.1181 
tan- 1	 ----- + tan- l ---­

0.0243 1.9757 

so that the reflected wave has 7% of the amplitude of the incident wave, and is 

almost 90° behind it in phase. 

If the iliac junction is treated as a division into three eoual branches, as 

in Fig. 31, then 
2 

350 
3x (0.4)

0.65 450 
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which reduces to ~=0.791Q+0.145i 

giving A 
1-·_4_ 1 = 0.1418 and a phase-lag of 39.53 0 

At 

.65 .4 Aa --­

Diagram of iliac junction 

Fig. 31 

These results show that for a wide range of conditions, reflection will cause 

a moderate increase in amplitude of the transmitted pressure-wave, for a corres­

pondingly moderate increase in total cross-sectional area at the junction. They 

also show that there is a value of the area-ratio at which reflection is a minimum. 

From the point of view of transmission of energy through the junction, this condi­

tion of minimum reflection is, of course, an optimum. In electrical jargon, it is 

the condition of optimum impedance-matching at the junction. An analogous situation 

arises, at much higher frequencies, in the problem of transmission of electro­

magnetic energy in wave-guides. 

In view of what has been said in the past about standing waves in the arterial 

system, (Hamilton and Dow, 1939) the relationship of the standing wave concept to 

the above results ought to be considered. Whether one uses the idea of standing 
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waves or not is largely a matter of choice of terminology. As a simple example, 

consider a junction or discontinuity at which the reflec·tion-coefficient has an 

amplitude of 10% and there is no phase-lag, and, for simplicity, assume that the 

wave-velocity is independent of frequency or the size of the tube. Let the inc i­

dent wave-form be 

AelDct-z/e) 

The reflected wave will be 

_1_ Ae 1 n Ct +Z Ie) 
10 

and the resultant of these two may be equally well described as 

A e 1 D Ct +Z Ie) ••• 7.14.
1. 

9 Ae 1n Ct - z Ie) + ~ {AelDct-z/e)or as ••• 7.15. 
10 10 

which latter may be written 

9 1 nzAe 1n Ct - z Ie) + Ae 1nt cos-­ ••• 7.16. 
10 5 c 

7.14 is the sum of the incident wave and a wave of one-tenth of its amplitude 

travelling in the opposite direction. 7.16 is the sum of a wave nine-tenths of the 

amplitude of the incident wave and a standing wave of one-fifth of its amplitude. 

In wave-guide technology, this latter method of describing conditions has be­

come standard practice, and a method of indicating the efficiency of energy-trans­

fer has been devised, the standing-wave-ratio. Since the voltage is measured, it 

is called the v.s.w.r. (voltage standing-wave-ratio). The corresponding quantity 

in oscillatory fluid flow will be the pswr ( the pressure-standing-wave ratio) 

measured as follows: 

If there were no reflection, measurements of amplitude of pressure variation 

would show the same amplitude at all distances from the junction. However, if 

there is reflection, 7.16 above shows that at points half a wave-length apart, 
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there will be minima and maxima of amplitude. (In the extreme case of total re­

flection these become nodes and antinodes) The ratio 

Maximum Amplitude 

Minimum Amplitude 

is the standing-wave-ratio, and is a measure of the efficiency of energy-transfer 
11 

through the junction. In the example given in 7.16 the pswr is --- = 1.22. If 
9 

there is total reflection, with no transmission of energy, the pswr is infinite. 

The method of measurement. of the pswr described above is useless in the arterial 

system, since it would be impossible anywhere to find a length of artery in which 

there would be a distance of half a wave-length free from other junctions. There 

is another approach to the measurement of the pswr which can be used if simulta­

neous measurements of pressure and pressure-gradient are available. 

Let the Fourier Series for the pressure and the pressure-gradient be 

p = l' + L (C cos mnt + D sin mnt)o III III m 

op 
A 

o
+ L (Am cos mnt + Bm sin mnt)nZ m 

A + L Mm cos (mnt-~III)o 
m 

If there is no reflected wave, 

mn 

••• 7.17.
 

and these may be regarded as simultaneous equations 

modulus and phase they may be written 

Mm Co 
IX -iY I = III III P mn 

III 

for X. and Ym• In terms of 

••• 7.18. 

••• 7.19. 
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If there is a reflected wave the relationship
 

op = in
 
poz c 

no longer holds. If the origin of Z is taken at the point of reflection, and the 
tnplace of measurement is a distance from this, i.e. at za_t, then the m

harmonic of the pressure will be of the form 

so that at the point of measurement, 

••• 7.21.
 

and 

The ratio 
mn 

••• 7.22. 

now depends on the reflection-coefficient at the junc-

II 

p~e.-1t/!m-1I11n t/c m 

+Pmmn 

I 

i 

divided by 7.22, we have 

tion, and the distance of the point of measurement from it. If equation 7.21 is 

m mWrite ~ M M
e 1 <t/!m-CPm) .. K 

imn Pm Pill 

II 1t/! 'I 
P e III 1-K

III e- 2imn t/cThen , lIl ••• 7.23. 
1 +1(P' - 1t/!me m 

/I 1/ 

P e- 1t/!m
m 

The quantity -,----,- is the reflection coefficient of the junction in com­
-1t/!P me m 

plex form, i.e., it is the same as the of equations 7.5 and 7.13. We have 

therefore, 
1-A 1-K 

e~imn t/c m •• ".7.24. " 
1i-A 1+K 

If, therefore, the geometry of the junction is known, the theory can be tested 

by calculating A and K, and attempting to find a Co which is consistent for all 

harmonics. 
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There is another type of simple discontinuity which has the opposite effect 

from that of a junction or a constriction, and which has an important practical 

application. Some types of electromagnetic flowmeter require the insertion in-the 

artery of a short length of rigid tube, or may confine the artery by means of a 

cuff. The effect of such an artifact on steady flow is negligible, but if the flow 

has large oscillatory components distortion is introduced. Consider a tube, 

elastic for the most part, which has in it a stationary rigid portion of length ~. 

As in previous calculations, let the incident pressure function be Aleinct-Z/c) 

and let A einCt+Z/c) be the reflected wave. Take z:O at the incident end of the 
int intrigid portion and let A2e , A3e be the pressures at its two ends - i.e. at z=O, 

z =~, respectively. This is correct, since the transmission velocity in the rigid 

portion is infinite. For continuity of pressure, the transmitted wave must be 

A einct-z/c) and also3 , 

••• 7.25. 

For continuity of flow, since the pressure gradient in the rigid part is(A2-A3)/~' 

••• 7.26. 

The value of a is the same at all points, since the tube is assumed to be of 

the same diameter throughout, and therefore 
I 

2 M

/I
lO I /I}

A = A = 1-" ~ • • elCElo-EIO) ••• 7.27. 
1 4 { in~ 

M1 0 

For the limiting condition of stiff constraint, this will simplify, and the 

ratio of the transmitted wave to the incident wave will be 

A A5 4 ••• 7.28.
11-­

Al A 1+in L ~ l 
2c co 

The pressure-gradient in the tube may also be found in terms of Al • We have, in 

fact 

A
2
-A

3 
A

l 1 ••• 7.29 
inp L pc 1 tinJ. ~ 

2c o c 

so that the rate of fl ow is reduced by the insertion of the rigid tube in this same 

ratio. It should therefore be possible to calculate from the observed flow pattern 
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produced by an electromagnetic flowmeter what the flow would have been had it not 

been distorted by the insertion. 

As a practical example, in the flowmeter used by Inouye (1954), the artery 

was confined in a cuff 15mm. long. In the femoral artery of the dog, taking 

c=450 em/sec (McDonald) and a pulse-frequency of 3 cycles per second, i.e. n=6". 

1A
5 

c	 ••• 7.30. 
1 + inZr. 

100 

where m is the order of the harmonic. The ratio co~ has been neglected, since 

the calculation 1s only intended to show the order of magnitude of the effect. 

For the fourth harmonic the reduction in amplitude is about 1% and the phase-lag 

about 7°, so that for this instrument the effect of the cuff is negligible. It 

is not unknown, however, for electromagnetic flowmeters to be used, with flexible 

plastic tubes leading from a severed artery, in which the effective length of the 

rigid insert is ten times as long as this, or more. Consider a rigid insert 
A 

15 em. long. A	 table of 1~land the phase-lag 1s given below for the first four 
t 

harmonics 

Harmonic IA 5/ A l -phase A /At	 5 t 
1	 0.946 190 

2	 0.847 32.15 0 

3	 0.728 43.3 0 

4	 0.643 51.5 0 

This table shows that results from an electromagnetic flowmeter with a rigid in­

sert of this length cannot represent normal conditions in the artery. Any rigid 

insert or cuff which confines the artery acts as a low-pass filter and introduces 

both phase and amplitude distortion. It is of the greatest importance, therefore, 

that inserts of this kind should be kept as short as possible. For the benefit 

of those who may wish to correct observations of flow which have been made with 

an electromagnetic flowmeter with a rigid insert, the details are given below: 

Let the Fourier	 Series fitting the observed flow be
 

Ao + I Am cosmnt + Bmsinmnt)
 
m 

I I 

Then if f, is the pulse-frequency, n=2ITf, and if Am' Bm are the Fourier Coeffi ­

cients for the corrected flow, 
I 

Am Am + B .2ITfml/cm
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\ 
In another type of electromagnetic flowmeter used by Spencer (1956), the 

artery is pressed between the poles of the magnet, its diameter across the gap 

being reduced by about ·20%, but left free to expand in the perpendicular direction. 

Spencer claims that this will have a trivial effect on th~ rate of flow, since the 

cross-sectional area is reduced by only 6%. Whilst the present theory does not 

take into account any effect produced by the change in shape, it is of some inter­

est to calculate the reflection produced by this order of change in area. Let the 

width of the pole-pieces of the magnet be ~cm. It will be assumed that the veloc­

ity of wave-propagation is unchanged by the lateral compression of the artery. 

Since ~ is small, it will be necessary to take into account repeated reflections 

at the two ends. Let the pressure in the absence of constriction be Alein(t-Z!c) 

and take the origin of z at the point of constriction i.e., at the proximal end of 

the narrower portion. The value of A (see 7.4 and 7.5 above) for the reflection 

at this point is 

, I 

E: (11 )-t: (al' ••• 7.31.
10 2 10 

and at the distal end it will be the reciprocal of this. 

If A4 is the amplitude of the reflected wave at the proximal end,
 
A
ot 

Al 

and Aa is the amplitude of the transmitted wave, 

Aa 2 

Al 1tA 

when this reaches the distal end, its amplitude will be 

2 

ItA 

and at this point it will give rise to a reflected wave of amplitude 

which, in travelling back to the proximal end of the constriction will have its 

amplitude reduced to 
2 A-I ., 

e- 21n ·!cA • • 
I 1tA Atl 
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At this point it will be transmitted back into the larger tube with amplitude 

A.-I 2A.. e-21nL/c
 

A.+1 1+A.
 

It will be seen that, for the higher orders of reflection, each time the wave 

traverses the constriction in both directions it reappears at the proximal end as a 

reflected wave with its amplitude reduced in the ratio 

2\. (A.-\ e - 21 n L/ c ••• 7.31. 
(1+>1.) 

Adding together all the reflected waves except the first, we have a geometrical 

progression whose first term is 

2 2 A.(A. -1 ) _ 21n L/ 
e c

A l 1+>1. (1+A.) 2 

and whose common ratio is	 given by 7.31 above. The sum of this series is 

2 2A. (A -1) e - 2 1n L/ c 

A l I+A (1+A.)2 -2A.(A.-l) e-21nLlc 

In calculating the flow (see 7.4 above) the sum of all the reflected terms 

must be subtracted from AI' The ratio of the flow in the tube With the constric­

tion in place to that when there is no constriction will be 

I-A. 2 2 
1 

1+A. 1+A. . 1 +A (1+A.)2 _ 2A.(A._l)e- 21n L!e 

which reduces to 
2A. 

{ ••• 7.32.1 ­
1+A. 

If the flowmeter constricts the tube u~ only a small fraction of its total area, 

7.32 may be approximated by writing A ~ 1-8, and neglecting higher powers of 8. 

7.32	 then reduces to 

(1-8) 8 
e - 21 n Lie{>+	 }(1-8/ 22 

8 
(l_e-2inL/e)1 - ••• 7.33. 

2 

so that for a slight constriction of short length, the effect is very small indeed. 

For Spencer's instrument, assuming that the poles of the magnet are lem Wide, 
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2n l "-' 67T 
= < 0.1 

c 250 

21nl /cand the modulus of e- will be given by 

- 27Ty. n l 
e - x c 

so that for values of a~3 the modulus of 

will be less than 0.005, and the effect on the flow will be very small. 

It would seem from these calculations that the distortion of the normal flow 

introduced by this type of flowmeter is negligible, so far as constriction is con­

cerned. The effect of the change in shape caused by the lateral compression of the 

artery is not amenable to simple mathematical treatment. 
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SECTION VIII 

FIRST-ORDER PERTURBATION CORRECTION FOR FINITE VARIATION IN DIAMETER. 

Up to this point, the rate of flow and the average velocity have been used 

indiscriminately as indicators of "flow", it being assumed that Q= 7TR2w• But this 

is approximately only, since at any time the radius is not R, but R+~, and ~ varies 

with the time. A better approximation would be 

Q ~ · . . 8.1. 
Poc 

~ 
and inserting the value of this becomes 

R 

• •• 8.2 

Even 8.2 is not fully corrected for the oscillatory variation in radius. In 

the original equations, R has been regarded as the boundary from the point of view 

of the motion of the liquid. In fact the boundary of the liquid is at R+~. If we 

replace R by R+~ in 3.11 and assume that w is still essentially a function of y, 

i.e., that the lines of laminar flow expand and contract with the tube, it may be 

written 
1 ow 

• •• 8.3.oyY 

d 2w 
the inertia terms and the term in ---2 being omitted. If we seek a solution of 8.3 

dz 
which is of the same form as that for a constant radius, we can imagine 0P/oz 

represen~ed by a Fourier Series in n(t-z/c ), and corresponding Fourier Series for 

w and ~ sUbstituted in the equation. The products of the Fourier Series can be 
K 

multiplied out, and a set of equations for the velocity components obtained by 

collecting up corresponding terms. The wave-velocity is not the same at all fre­

quencies, however, and on multiplying two periodic terms together there will be 

some exponential t3rms "left over" as it were, which would disappear (being equal 

to unity) in a system with constant wave-velocity. A typical term is 

e 1 n ( t - z Ie ) x e 1 n ( t - z Ie)
1 1 

which has to be compared with 

n 
where c 

1 
is the wave-velocity for a frequency and c 

2 
is the wave-velocity for 

27T 
twice this frequency. The question is, therefore, how far does 
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--

e2iin(I/Cl-I/C2) 

differ from unity? If four harmonics are taken in the Fourier Series, the quanti ­

ties to be considered are 

3 2 1 
c 3 c 2 c 1 

4 3 1 
c 4 3 c Ic 

where c 1 ' c 2 ' c 3 ' c 4 are the wave-velocities for the four harmonics. The largest 

1 1 
of these is -c- - -c-, and for a=2 the wavelength of this is approximately four 

2 I 

times that of the fundamental. For a=5 the ratio is greater than 10;1. It is 

reasonable, therefore, to use a simple perturbation method, along the lines de­

scribed, to solve equation 8.3. It might well be thought that this correction for 

radial expansion is less important in principle than the correction for the 

quadratic terms in the equation of motion. This is not necessarily so, for both 

corrections are concerned with terms of the order of w/c' and could be of equal 

importance. It will, in fact, be shown that they are, at moderate values of a, of 

the same order of magnitude. 

Since 8.3 is non-linear, we may no longer write the pressure-gradient as 

2int+ A e +
2 

and take the real part, or half the interaction terms will be lost. It is neces­

sary to start from the pressure gradient in real form and write down its exact 

complex equivalent. Assume that 

op 
.. . 8.4. 

oz 
If we define A ' AI' A	 •••• by

o	 2
 

A M
 
a a 

A 
1 

and so on, then 

op 
= A + A e int + A* -lnt + A e 2int + .~~~ ••• 8.5.

1 Ie 2oz a 

using a standard notation for conjugate complex quantities. Also assume 

w = w + w e int + •••••	 ... 8.6. 
a 1 
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. int .;: -int
and ~ ~le + ~le + •••• • •• 8.7.

G.-\q
 
Equation 6.13 will be true for each harmonic and therefore
t- -).~

~/ w w
2~ 1 int 1 -intluv': (; e + --r- e + ••• • •• 8.8. 
R C 1 c·;

lV~ 
.~ thin which c is the complex wave-velocity for the m harmonic. Taking the values m 

bf the W already obtained as an adequate approximation to use in substituting form
 

2~/R in 8.8 we have
 

2~ 1 -int
f.:{ in t + ere1 + -. 1 + C e + ...} • •• 8.9. 
R Co 1 1 

in which m 
Cm (Xm-iY m) +7]F ••• 8.10. 

A R2 

{I (a m) .. oJij.La; 1o 

X and Y have the same meaning as in Section III, i.e., 

c Ic = X -iYo m m m 

For the limiting condition of stiff constraint this reduces to 

••• 8.11. 

If the above expressions for ep/oz and 1 + 2~ 
are inserted into the right­

R 
hand side of 8.3 we have, omitting the constant factor R21 and changing sign,

jJ. 

2~ op .. 
- (1+ --) A + A e int + A~e·int + A e 2int 

o 1 J 2 + •••
R 02 

A .'.o int + C"'e- int C e 2int C':'e- 2int )+ C e + + 
Co 1 1 2 2 

1 
A e int + int ) C e int C'~e-int+ <e- + + ·.. )Co 1 1 1 

. 
+ 

1 
A e 2int + A:e- 2int ) (C e in t + C"'e- int + ... )2 1 1

Co 

+ ••• 8-12. 

2~
We now consider the term in 1 + ---- on the left-hand side of 8.3. This 

R
becomes 
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~w 

at 

2int+ -- (cie int + c* -int + C e + ••• )1e 2 

2ia 2 
+ __ ( 2int ':: -2int)w e -w

2Co 2 e 

••• 8.13. 
+ 

If now 8.12 and 8.13 are inserted in 8.3, and corresponding powers of e int 

are collected, a set of equations for w ' wi' w~ ••••• can be written down. The o
 

terms independent of e int give the equation
 

d 2 w dw A R2 
0 1 o 0 R 2 

+ -- (A 1e': + A'~e + .... )1 1d y 2 Y dy }.L }.Lc o 

e w':: 2 (e'~+ 
ia 2 

{C~WI + w - e w* ) + ••• 8.14.1 1 2 2 2 2 .. }
Co 

1 
An approximate solution, co,rect to order c' can be obtained by inserting 

.'. 0 
the Irnown forms for wi' w·~ •••• on the right-hand side of this equation. If this 

is done, the integration can be carried through, and the result 0xpressed in terms 

of functions already Irnown. The first term on the right-hand side gives the usual 

Poiseuille solution. Since 8.14 is linear in the unlrnown w ' we may consider the o 

contribution to the solution from each term separately. The general term for the 
thm harmonic gives the equation 

ima 2 
+ ­ ••• 8. 15.Y dy 

thThe value of a appropriate to the m harmonic is am = a m, so that 

a 2 = m~. The values of w ' w: to be inserted in 8.15 will be (expressing 6.3 inm m 

terms of the pressure gradient,) 
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A R2 
m {	 J, (a.y' 3/2 ) ] wm	 1 + TJ

i,u1na 2 m J (ami 3 /2)o 

and	 A* R2 
II	 .. J, (a.y'· 3/, ) J 

w* 
II { 1 • TJ;

-i,u1na 2 
J 

o 
(amr 3/2 ) 

Inserting these in 8.15, this becomes 

d 2w
0 1 dw o 1 R2 J 0 (amyi 3/2 )
 

-- - A C* .

dy 2 

+	 
II m . TJ m 3/,uY dy	 Co J (a.mi 2) 

J 0 (amyi 3/2 )1 R 
A*C TJ*+ -	 • •• 8. 16.m m II

Co ,u J (a i 3/2 )o m 

the constant terms cancelling. Since for any Bessel Function of order zero, 

2 
( d -1 - d ) J (ky) = -k

2
J (ky) ••• 8.17.d 2 + dy	 oy "1 0 

the solution of 8.16 which is zero at y=l is 

R2 J o (a yi 3 /2)1	 m
• AmC; (TJ m1 3a;,u 

) {I	 }Co	 J o (a mi 3/2 ) 

1 R2	 J 0 (am i - 3/2 ) 

+ A;C. ("/:) {I	 ) • •• 8.18. 
1 3a 3,uCo II	 J a (am i - 3/2 ) 

and this may be written 

J, (a,y' • 3/, ) } 
+ 

1 If . AC'(-"/ ) { 1­m m m 
Co ia;,u	 J (a i- 3 /2)o m

R2 J (a i - 3/2 )1	 o m ••• 8.18.-- A'C (- '){ 1 m m TJ m 
Co ja~,u	 J (a i - 3/2 )o m 

and therefore the contribution of this pair of terms to the average velocity is 

A*R 2 ,
1 m 1	 I 

+	 C* (-TJ ) . MIO (am) e 1 £10(a m) 
,ua2 mm

Co
 

A*R 2
 
1 m 1 I 

I	 · •• 8.20.e- 1E lo(a m). -- . C: (-TJ:» M10 (a )
,ua2Co i m
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Inserting the expressions for em and C: this becomes, after some obvious re­

ductions, 

For the limiting condition of stiff constraint this reduces to 

~ 3/21 1 
••• 8.21.(::p)' M~ 0 (am)J cos{2 2 

It is possible, therefore, to prepare a table of standard correction functions 

by calculating 
I 

E(m,-m) = 
[i 
-­

4 
{M ' (a '}10 m 

3/2 . cos 
E 10 (am l 

2 
••• 8.22. 

for the full range of values 

steady term will be 

of a. For any given pulse

1 .(M
m 

) 2 

form the correction to the 

- L - E(m,-m) ••• 8.23. 
00 m mnp 

and this will be in the same direction as the main term. 

We now turn to the construction of the corresponding standard correction 
thfunctions E(Z,m) and E(Z-m), being the effect of the Zth and m harmonics on the 

(Z+m)th and (Z_m)th harmonics respectively. The equation for the former is 

d 2w 1 dw 2 
+ - i(Ztm)a2w = - -l- ~ (A CZ+ AZC m)

dy 2 Y dy c 0 J.L II 

+ ••• 8.24. 

Inserting the values of w and we this becomes m 

J 0 (allyi 3/2 )
d 2w 1 dw 1 R2 

+ -i(Zt m)a 2w CZAm'TJm
dy 2 Y dy Co J (a i 3/2 )P- o m 

J (azyi 3 /2)o 
••• 8.25. 

J (a Zi a/2)o 

and this can be integrated by using the well-known result: 
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If 

+ 
d y 2 Y dy 

then the integral of this which vanishes at y = 1 is 

_ J 0 (kY)} k 
••• 8.26. 

J 0 (k) 

The solution of 8.25 is, therefore, 

1 1 

i 3 (~+m-m) a 2 

together with the same expression with ~ and m interchanged. The corresponding 

average velocity will be 

together with the same expression with and m interchanged. 

~e may, therefore, write the above correction in the form 

~ 
Co 

( AR2) (A R2)~ _L_ 
2j..Lma j..L ~a 

• E(l,m) 

where 

E(~,m) (-l]m).F(~,m) + (-l]~).F(m,~) ••• 8.27. 

W In imposing the condition that all the correction terms vanish at y=l, a 
further approximation is being made. Physically, it enforces the condition that 
the motion of the wall is due to the main terms only and the correction ~erms have 
no effect. Since the correction terms are small, this approximation may be ade­
quate. For complete consistency, the arbitrary constants in the expressions for 
average velocity which are substituted in the equation should be left 'floating' 
and the fully corrected solution substituted back in the equations of motion of the 
tube. The 'frequency-equation' would then be non-linear, and the pUlse-velocity 
would depend on the particular form of the pressure function. The same situation 
will arise if a similar method is used to calculate the inertia-term correction. 
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and 

We now consider the actual form of the (~+rn)th harmonic. For a pressure­

gradient in real form it will be necessary to combine the two terms 

The correction term will be therefore, in real form, 

1 
- c (:~) • ( ~~p) IE (I,m) Icos { (l+m) nt +~ 1+~m +phE (! ,m) } ••• 8 .28. 

0 

and it will be convenient to have a table of E(l,m) in modulus and phase form. For 

the limiting condition of stiff constraint the formula for E(l,m) simplifies con­

siderably. E(l,m) then becomes 

E (l,m) = FO,m) + F(m,~) 

and F 0 , m). ~ {-43 .Ml' 0 (a, l} ~ ,.' e 1, ~ € 1 0 ( a ~ ) • {M~ 0 < ~ ~,m) e iCt € ,10 ( am 1 

, iE (a )1
10

M10(am)e m J ... 8.29. 

The formula for F(l,-m) can be written down at once by substituting -m for m in the 

above. Thus 

F(l,-m) 
m {3 }~ ,.- -M ' (a) • e 1 • III € (a ~ )
l 4 10 l 10 

- M' (a )e-l€~o(am)} ••• 8.30~
10 III 

The above formulae do not apply when ,lor ill = O. For the effect on the roth 

harmonic of its own interaction we have 

••. 8.31. 

and since the right-hand side is constant the solution of this is 

A R 2 Jo(alllyi3/2)1 
~--w . .C . {1 - }Co ifLma 2 III J (a i 3 1 2 )

o III 
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and therefore the correction term is 

1 (~p) (~p). E(m,O) .COS[mnt+~,+PhE(m,O)] 

in which 
/I I 

E(m,O) .. (XII-:1YII).M:o(am).eif:lo(am)·M 

and for the limiting condition of stiff constraint this reduces to 

E(m,O) ••• B.32..1 {M;o(O,)} 3/ 20 '-3/2 .';0( •• 1 

We now consider the practical application of these formulae. In the applica­

tion to arterial flow, four harmonics in the pressure gradient are usually suffi­

cient. The formulae for the components of the corrected average velocity are 

written out in full below: 

M R2 4 2 

W = 
0 

+ L . E(m,-m) ••• 8.33. 
Co

1 

m=1 
(~)-8f-L 

MI /I /I 

WI M10 sin (nt-q> 
1
+ E 10) 

npo 

1 ( M
o

)- c: npo • .IE(1,O) \cos {nt-q>l+PhE(l,O)}
(n;:) 

-~ (2) .(~) IE(2,-1) Icos{nt-(q>2-q>I)+PhE(2'-1~ 
Co 2npo np 'J 

o 

••• 8.34. 
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- _1_(~_). (~~)IE(3,-1)lcoS{2nt-(q> )+PhE(3,-11_q> 
c 3np· np 3 1 
000 

1 (~) • (2-) IE (4,-2) Icos {2nt- (q> 4-q>2) +phE (4, -2») ••• 8.35. 
Co 4npo 2npo 1 

W 
3 

- 2- (~) (2). IE (3,0) Icos {3n t-q>3 +phE (3,0») 
Co 3np 0 • 3np 0 ~ 

IE(2,1) leas {3nt-(qJ1+q>2)+PhE(2,1~ 

IE (4,-1) Icos { 3nt- (q>4-q>1) +phE (4,-3} .•• 8.36. 

- 2- (~) (~) IE(4,0)lcos {4nt-q>4+PhE(4,0)} 
Co r4np o 4npo 

2
1 ( M ) 2 { }- - ----- IE(2,2)!cos 4nt-2q>2+phE(2,2) ••• 8-37. 

Co 2npo 

As an example of the magnitude of a typical set of corrections, a complete 

calculation has been done for one of McDonald's experiments on the femoral artery 

of the dog. Fourier Analysis of his pressure gradient record gave 
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op 
.. 0.159 + 0.774 cos (nt+Oo39' )oz , 

:j: 1.317 cos(2nt-82045 ) 

- 0.743 cos (3nt+26030') 

- 0.414 cos (4nt-16039 
I 

These coefficients are in mm. of mercury per centimetre. The conversion con­

stant to bring them to absolute units was included in the common factor l/ •np o 
It is not possible to make an accurate estimate of Co until accurate measurements 

have been made over short lengths of artery. The author was permitted to examine 

the film record of this experiment, and made a rough measurement of the maximum 

arterial expansion on the projected image. This gave a maxjmum ~/R of about 6%. 

Since 

IX-iYl 

and the maximum average velocity was 88 m/sec ' which suggests 

600 < c < 700 cm/o sec. 

The pulse velocity, estimated from records of other ~xperiments, suggested a 

value of c of about 850 em/sec. Two sets of corrections have, therefore, been o 

calculated, for c "1000 cm/ ec and for c =500 cm/sec • These have been carried 
·0 s 0 

out for the limiting condition of stiff constraint only. As may be seen from Fig. 

32, the effect is not very marked, even for C =500. The curve for c =1000 is not o o 

shown. In table 7 the Fourier Coefficients are shown for the uncorrected average 

velocity and the two sets of corrections. 

These results indicate that, particularly during systolic flow, the main effect 

of the finite expansion on the rate of flow is the factor 1 + ~ when multiplying 
R 

the average velocity by the cross-sectional area. 
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Table 7A 

Uncorrected c .. 
0 1000 c 

0 
.. 500 

100 

Variation in average velocity over one cycle in the femoral 

artery of the dog, calculated from the observed pressure80 

gradient of Fig. 6. 

Full line, Without expansion correction. 
80 Broken line, with expansion correction for Co • ~oo em-per sec. 

40 

20 

/::.--­oL.!-----+-~~- .........--#.:::::::;:;;;~~:::::::s:!!.-+--
PHASE 

FIG. 32 
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Coefficient Coefficient 

of of 

m cos mnt sin mnt 

1 +19.08 +33.14 

2 -31.78 +14.89 

3 - 8.79 -10.58 

4 - 0.44 - 5.86 

Coefficient
 

of
 

cos mnt
 

20.01 

-32.57 

- 8.47 

- 0.15 

Coefficient
 

of
 

sin mnt
 

32.44 

15.57 

-10.69 

- 5.73 

Coefficient
 

of
 

cos mnt
 

20.94 

-33.37 

- 8.16 

0.14 

Coefficient
 

of
 

sin mnt
 

31.75 

16.25 

-10.79 

- 5.47 



SECTION IX
 

THE FIRST-ORDER PERTURBATION CORRECTION FOR
 

THE QUADRATIC TERMS IN THE EQUATIONS OF VISCOUS FLUID MOTION
 

The correction for the quadratic terms in the Navier-Stokes equations follows 

the same pattern as the correction for finite expansion, with one important dif ­

ference. If the same forms for p and ware substituted in the equation for the 

longitudinal velocity, 
3:2}l R:2 3p R Ow Ow1 3w 

+ u - + w ­3 :21y y 3y lJ. 3z v oy v 3z 9.1 

and a solution is sought along the same lines as in the previous section, it is 

found that the functions on the right-hand side of the resulting equations are 

(since they contain quadratic terms in the velocity components) products of three 

Bessel Functions, and when an attempt is made to solve these by the method of 

Variation of Parameters, the resulting quadratures involve products of three Bes­

sel Functions, which do not reduce to known forms. To find the average velocity 

across the tube requires a further quadrature, and the amount of numerical inte­

gration required is, at first sight, quite formidable. 

As the main objective is to find the effect of these terms on the average 

velocity, there is an obvious advantage in seeking a method that will give the 

average velocity directly, without the calculation of the velocity profile across 

the tube. This can be done by using the quantity 

q = f 
Y

w • 2y . dy 9.2 
o 

which is, in effect, the Stokes stream function of the motion. Before deriving 

the detailed equations from 8.1 we prove a general result which will be required 

for their solution. Consider the equation 

d:2 w 1 dw 3 :2 
-:2 + ......... - + i a w = f (y)
dy Y dy 9.3 

in which f(y) is a known function of y. The corresponding equation for q is 

d 2 q 1 dq 
+ 1 3 a:2 q = g (y)

dy2 y dy 9.4 

in which g(y) = fY f(y) . 2y • dy 
o 
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The solution of 9.4 which is zero at y = 0 is 

- AyJ (a i 3/2 3/21 y dy Y 3/2iq - 1 Y ) . + yJ 1 (ayi) [ 3/'2 )} 2 g (y) .J 1 (ayi ) dy
Y J 1 (ayi 

o 0 

Since w = 0 at y = 1 the equation to determine A is Qg- = 0 at y 1 9.6
dy 

Differentiating 9.5 and inserting y = 1, the equation for A is 

31~ ( 3/2) 3/ 2 3/2 i1 dy . fa Yo = Aai .J 0 ai + ai J 0 (ai ) y [J ("yi"31 2)).2 3i.2)
1 0 1 ~ 0 g(y)J 1 (ayi dy 

9.7
3 

+ J, ~"1' I '). fa g (y) • J, ("y1 / , ) • dy 

so that { y 
q YJ 1 (ayi 3/2 ) y dy 21 g(Y)J 1 (ayi

3
/ 2 

) dy
J 1 (ayi 3/ 

2 
) 

9.83/2
YJ 1 (aYi ) fo g (y)J 1 (ayi 3/2) dy

ai3/2Jo(ai3!2)'J1(ai3T2j 0 

and when y = 1 this reduces to 

1 ~1 ((3 12)- g (y) J 1 ay i dy[ ] 9.9 
q y=1 = ai3/2Jo(ai3/7) 0 

This can be put into a more convenient form by a single integration by 

parts. It then becomes 

_1­ J1{1[q] y = 1 9.10 
1

3 a2 

o 
The determination of the correction to the averag~ velocity is therefore re­

duced to a single quadrature. Moreover the function which multiplies f(y) is 

that which has already been calculated in finding the velocity profile for the 

rigid tube. 

Returning to 9.1 and inserting the following expressions for op--, w and 
oz 

op 
Ao + A1 exp {in (t-Z/C1) } + A~ exp { -in (t-z/c~ )} + ..... 

Oz 

+ A.exp [imn(t-z/c m)} + AmexpI~ { * +imn(t-z/cm) ) 
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w = Wo + w1exp [in (t-z/c 1)}+ w:eXP[-in(t-z/c:)} ••• 

•• + w.exp iimn (t-z/c.)} + 'l>'\w.:exp {-imn (t-z/c: )} 

u u 1exp { in(t-z/c 1) j + u:exp {-in(t-z/c: )}+ ••• 

••• + ullexp {imn(t-z/c.)} + u:exp {-imn(t-z/c:)j+ 

where c is the complex wave-velocity of the mth harmonic, the equations for m 
the wo, w1 •••• become, after collecting up powers of e 1nt , 

2 
~o 

dy 
+ ~ dw o 

Y dy 
= 

A R
2 
~ 

IJ. 
+ 

1 

c 
0 

R2 

v 
~ 
II 

{co;. '" dWJL 
dy 

+ '" cou. 
R 

dw. } 
dy 

2
d W1 
dy2 

1
+ ~ 

Y 

dW1 
dy 

+ 1
3 a 2 w1 

2
A1R 

IJ. 
+ 

2 
1 R 

Co " 
~ 
• {7 '" ~w.-l 

dy 
*+ ,coU•. 1 

R 

dW1dy 

ia
2 

Co 
~ 
m 
{~ 

. C II 

(m=i) co} 
ell 

* wllw._ 1 

and similarly for the other harmonics. 

As with the expansion correction, if the known forms for w and u are 
il m 

inserted on the right-hand sides of these equations, they have become linear, and 

the effects of the interactions between the harmonics can be treated separately. 

We now write down the equations for these individual interactions. There are 

four different forms to be considered. 
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1. The effect of the mth harmonic on the steady flow. The equation for this 

is 

in which 

.! ~(y ~) 
Y dy dy 

~ 
R 

= .! R2 [~RU 
Co" 

~ 
imnp 

imn 

2cIII 

dw: 
dy 

{ y 

*+ COu lII 

R 

+ ~. 

. ~ylll_) 9.13 

u*
.:::'!L 

R 

A*-=..:I!L­

-imriP 

d w* ll
_ 

dy 
* ~ 

-imnp 

If now we define the standard correction function as being such that the 

e ffec t of the mth harmonic on the steady flow is 
2 

- 1 ( --=:JLM ) W (m, -I'n) 
Co mnp 

Then 

W(m,-m) = -1(1 w • 2y • dy 9.144)0 
in which w is the solution of the eauation 

1 ~ (ydw ) = la~ Co
 
y dy dy 2 c*
 

2
 
_ ~all Co
 

2 c 
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Multiplying 9.15 by Y	 and integrating from zero to y, 

2 ( 3/2	 -3/2
dw iex. Co 2 J 2 alii y) iex 2 

II Co >l: 2 J 2 (allli y)
 
y- . n y ---~- y


dy 2 c* II Jo(alli 3 2)	 
n 

J o (a i- 3/ 2 )•	 2 c 
ll 

- 3/2 
d {J (ai,l, ~ y [i Jo(ex.i y)	 OilY-+ 2ci: ( ~~ In: /. -2ia~' Jo(a.i-3/2) dy J 0 (a 13! 2 )

ll 

i 31 2) d ·3/' ]J 0 (a.i	 J 0 (alii y) 
+ -	 9016 

3/ §) {Jo(a_i .37'l}Jo (a.i dy 

From the recurrence relation for Bessel Functions, 

2J 1 (ky) Y J o (ky)Y _J-,2~(k.:..y.:....) = 

J 0 (I() k J o(k) J 0 (k) 

and therefore 9.16 can be in~egrated, giving 

w = 
2 

~ 
2 

+ y • J 1 (a. 13/ 2Y,} 

exll1312- J 0 (am i 3/2 ) 

together with its complex conjugate and 

+ ~ . In: I . 
re 

} 9.17 

Integrating again to obtain the avera~e velocity, 

1 '	 ·2 
1 J o (a1 3/2 

). Co ' ei €1o ia (CO)W(m,-Di) = -(-'7\) - M 0 +----n
c* 1 2 2 

ia2
Co 1 J 2 (ai 3/ 2) 

4	 8 c* 7 Jo(ai 3 / ) 

.- -~'n
4 c* 1 3 ci 2 J 0 (ai 3/ 2) 

togethe~ with its conjugate and 

9.18{i -:;J~~:'(:~" 'J} re 
re 

This last result follows from the example given in Mclachlan's "Bessel 

Functions for Engineers" Ch VII, Page 146 (Second Edition, 1955). 
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We have, therefore, 

W(m,-m) 
1

-(-1)) 
2 

Co. ­
c~ 

. M~o 
iE~o e + 

1 
-
2 

(-1)0) Co I

-M i o
C 

-iE' 
e 10 

+-!.(~Q) I 1) 2 
1 

4 C r e 
. M~ocosE~o 

·2 
+ ia (CO ) ll~' -.!: (1 , i~, 0 )

- M10e 9.19
8 C 2 

ia 1--
2 

~.Q. . 1)* • - MI -iE~O) 
10e

8 c 2 (1 

In the limiting condition of stiff constraint this reduces to 

E I

W(m,-m) 13 (U / )! 3E~0 v3( )~I ... - 11110 cos-- + - M102 2 8 I 

+ (~:). 13 {(Ml0)~ sin 
E i o 

8M 10 2 2 

0.6 

cos ~cos 

0.5 

0.2 

0.1 

Combined correction to steftdy flow, T(m,-m). 

-0.1 L...__.....__.....__..&...__.......__.......__........__.......__-01.......__&.­

o 2 3 4 Q. 5 6 7 8 9 

FIG. 33 

__ 

10 
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As written, this is in the same direction as the steady stream. The combined 

effect of this correction and that due to finite expansion is 

3, 1 , 8~0 1, 8~ 0T (m,-m) [ cos -8 10 + - cos 8 10COS- + -M10cos 
2 4 2 2 2 

8~0 , 38 1 0 9.21+ 
( sin 2- M10 sin 2 ')] 

A graph of T(m,-m) as a function of a is shown in Fig. 33. It will be 

seen from this that the steady flow is augmented for all values of a less than 

10, but that as a increases further the effect of inertia is ~inant and the 

steady flow is hindere<l1l;Y~he presence of the ~scillatory terms. The amount of 

this combined correction for the results of McDonald already quoted, is given 

below: c is taken to be 10 metres/sec.
0 0 -Il,­

)2 -­m l ( M T Contribution to WoCo mnp 

1 2.696 0.537 1.448 

2 0.488 0.539 0.263 

3 0.031 0.455 0.014 

4 0.00003 

10 725 cm/sec-

In McDonald's experiment the measured steady term was 15 cm/sec, so that 

this correction is about 12%, and by no means negligible. 

1\, r; ef· 
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9.22 

2. The effect on the mtb harmonic of its own interaction with the steady flow. 
The equation for this interaction is 

2	 . dwd w 1 dw	 cou. o
1 3 = -l. !C 

+ - + a w 
dy2 Y dy • c V R dy

0 

so that the equation for the standard correction function is 

d2w 1 dw	 ( 3/2)3a2 ·2 Co 2 2yJ 1. a.yi+ - + 1 w	 y + 1\a III	 a i S/2Jdy2 y dy •	 III ( i3/~{	 }c. • 0 a. I

')} (1_y2)_ a2 ~.Q	 J 0 (a.yi " 
III + 1'\111 

c.	 Jo(a.i 3/2){l	 
9.23 

Solving this by 9.10, the standard correction function is
 

J ( i 3/ 2)
 2yJ 1 a yl ,1	 ( "') 1o a.y	 llli	 { y2 + 1\. 2ydy
J 0 (a.i 3/2)	 ami3/2Jo(allli3/2):: Hl 

t 
9.24 

3/2)}1 + J 0 (alii i 
1\ Jo(a. i 372 ) 

All the terms in these two integrals can be expressed in terms of J 0 (ai S/2) 

and J 1 (ai3
/

2) • 

The necessary reduction formulae can be found in Watson: "Theory of Bessel Func­

tions" Ch. V. It is, however, simpler and qUicker to evaluate them by direct 

numerical integration. 

For the pressure gradient in real form, this W(m,o) must be combined with 
its conjugate, in the same manner as was done for the expansion correction. Thus, 

the complete interaction term will be, for the mth harmonic. 

~~ (M~:2) ( ':::e )1 W(m,o) Icos {mn t - ~. + phW (m, 0») 
9.25 

k tb3.	 The effect on the (k-m) tb harmonic of the interaction between the and 
thm harmonics. 

The equation for this is. 
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9.26 

d W 1 dw dw: cou.:I 2
 
2 -" ~' {e.u, + 

# 

dW'}+ + 1 ak_mW o 

dy2 y dy cov R dy R dy 

~' {ke. me.}- -.- wkw.Co c
~ 

c k il 

so that in the equation for the standard correction f'unction the right-hand side 
is 

2 c-ia ..::JL .. cr 

and the standard correction function is obtained f'rom this by the use of' 9.10. 
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::e 
~ 
C':l 

~ For the limiting condition of stiff constraint the result is 
~ 

01 
m
I W(k,-m) 
m 
~ e-iE~O (a k) ~ 

1 

J 1 (a k i S/2y ) _} J (a .-S/2) JO(ak ••YiS/2) }a 1- S 12 1 .1 Y""' k 3J II • --;-I---~ • 1 - 2ydy
k-m 4 M~o (a k ) o {~ a ki S/ 2 JO(akiS/2) JO(ak_lIIiS/2) { J o (ak_. i S/2 ) 

e+iE~O(all) ~ 
1 

S / 2 )( J ( ~s/2)y J 1 (all;_sl 2 y ) ,} . +3/Z • J 1 aki y • 1 _ 0 a k _ mYl 
m 3 2ydy 

+ k-m 
J"4 M' 10 ((X) { 2 - allli sr2Jo (a 

ll 
i 312 a k l JO(akiS/2) { JO(ak_.i S2) 

o 

1~ 

(; _E'10 (ak)) ( iE'10 (a ) S/2 -3/2 S/2
e') 1Tf1_Jo(".l y)l[ _ Jo(~l y)\ [, _Jo("._.i I YJ} 

~ + k~ { k \~ eM~o'(ak) - m ~ • 1 }Vol JO(akiS/2)!t J o(a.i-s/2 )-J t JO(ak_.iS 2 ) 
2ydy 



When the W(k,m) are known, the expressions for the corrected components of 

the average velocity can be written down, being similar in form to equations 8.34 ­

8.37 with the W(k,m) taking the place of the E(k,m). The coefficients multiplying 

the W(k,m) in these expressions will be the same as those multiplying the E(k,m) in 

equations 8.34 - 8.37, except for the W(m,o) which will be as shown in 9.25. Except 

for the interaction with the steady flow, therefore, the E(k,m) and the W(k,m) can 

be combined into a single standard.correction-function T(k,m). The question of 

the preparation of tables of T(k,m) over a full range of values of a up to the 

fourth harmonic is at present being considered. 

In order to make an estimate of the magnitude of the correction for the same 

experimental results as in Section VIII, the values of the W(k,m) for a = 3.34, 

k and m ~ 4 were calculated by numerical quadrature. The computations were per­

formed on the 1103 computer in the Computation Branch, Aeronautical Research Lab­

oratory, being programmed and supervised by Lt L. O'Dell, USAF. 

Table 7B 

Values of W(k,m) for a 3.34 

W W Iwi phWk,m re im 

1,0 0.6745 -0.4100 0.7893 -31°.29 

2,0 0.4986 -0.6424 0.8132 -52°'18 

3,0 0.3961 -0.7106 0.8135 -60°.86 

4,0 0.3369 -0.7423 0.8152 -65°.59 

1,1 0.0966 0.3030 0.3180 72°.32 

2,1 0.3130 0.6453 0.7172 64°.12 

3,1 0.3110 0.6575 0.7273 64°.69 

2,-1 0.2495 0.9197 0.9529 74°.82 

3,-1 0.2782 0.4594 0.5371 58°.80 

4,-1 0.2870 0.2381 0.3729 39°.68 

3,-2 0·1450 1.4288 1.4361 84°.20 

4,.,2 0.3032 0.9189 0.9676 71°.74 

4,-3 0.0261 1.7606 1-7608 90°.85 

2, 2 0.2392 0.2256 0.3288 43°.32 
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The trapezoidal rule was used for integration, one hundred ordinates being 

taken in the range 0 ~ y ~ 1. The values of the W(k,m) are given in Table 7A. 

These values of the W(k,m) were substituted in the expressions for the veloc­

ity components (i.e. those corresponding to 8.34 - 8.37 above) together with 

the components of McDonald's observed pressure gradient. The resulting values for 

the coefficients in the Fourier Series for the average velocity are given in Table 

7B together with the values of 'the coefficients when this correction, and that for 

finite expansion, are combined. 

Table 7C 

Harmonic Quadratic Term Combined Correction 

Correction only. 

Coefft of Coefft of 

cos mnt sin mnt cos mnt sin mnt 

1 22,,51 33.94 24.37 32.55 

2 - 31.56 13.92 - 33.15 15.28 

3 7.35 - 10.15 6.72 - 10.36 

4 0.94 5·34 0·36 4.95 

r;~X- ~ 
The average velocity, with the combined correction, is shown in Fig. 34. The 

full line shows the uncorrected average velocity, and the discrete points are the 

values of the corrected average velocity, plotted at intervals of 150 • The cor­

rection increases the predicted value of the systolic peak by about 5%, and pre­

dicts greater backflow. The differences between the corrected and uncorrected 

values are small, never being more than 7 cm. per second, and since these correc­

tions are exaggerated, the value of c o ( 500 cm/sec.) taken being about two-thirds 

of its value, these non-linear corrections would seem to be an unnecessary 

refinement. 
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FIG 34 

Variation in average velocity over one cycle in the femoral artery of the dog, 
calculated from the observed pressure gradient of Fig. 6. Full line - without non­
linear corrections. Isolated points, with combined correction for Co = 500 em/sec. 
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SECTION X 

THE "EXACT" SOLUTION FOR OSCILLATORY MOTION 

IN THE PRESENCE OF A STEADY STREAM 

~ilst the perturbation method is the obvious first step toward taking 

account of de¥iations from linearity in a system which is approximately linear, it 

is always desirable to have an exact solution, if one can be obtained,in a practical 

and usable form. It is shown below that the exact solution for the interaction be­

tween a sinusoidal oscillation and a steady stream can be derived in terms of a 

Confluent Hypergeometric Function of complex argument. This fUnction has never 

been tabUlated) and to study the implications of this exact solution on the motion 

of the liquid, the wave-velocity, and on the perturbation formulae of the previous 

section, requires an elaborate program of computation which is at present under 

consideration. It is possible, however, to derive some close approximations in 

terms of Bessel Functions when the velocity of the steady stream is small compared 

with the wave-velocity, and these are discussed in some detail. 

An approximate solution of this problem, when the amplitude of the oscilla­

tion is small compared with the steady stream, has been given by Morgan and Fer­

rante(1955), who by a close-reasoned physical argument, based on a critical study 

of the magnitudes of the quanti ties involved, derived simple formulae for the wave­

velocity which they compared with some experimental results obtained by Muller. 

As in the earlier paper (Morgan and Kiely 1954) the motion of the liquid is not 

discussed at all. 

In the great arteries, however, the oscillatory terms are at least as large 

as, and very often considerably larger than, the steady stream, and the assumptions 

made by Morgan and Ferrante do not apply. It is very desirable, therefore, that 

the "exact" solution be studied. The solution given bel~w is called "exact" in 

quotation marks because it omits the generation of higher harmonics, assuming that 

they can be accounted for by perturbation theory. The approximations in terms of 

Bessel Functions which are given depend for their validity only on the smallness of 

the steady stream velocity in relation to the velocity of wave-propagation, and not 

on the relative magnitudes of the velocities of the steady and oscillatory streams. 

We assume 
Op in(t-z/c)

Ao + A1e 10·1oz 
in(t-z/c) 

w Wo + w1e 10.2 

in(t-z/c) 10.3
 
u Uo + U1 e
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10.4 

From the equation of continuity 

where ql has the same meaning as in the previous section, i.e., 

y
f W 1 • 2y . dy 
o 

Now 

and 

Substituting these in the equation for the longitudinal velocity, 9.1, we have 

d
2

Wl 1 dW l 3 2 A1 R
2 

2 2wo 2 2wO 2 
--2 + - -- + i a Wl = - -- -ia . -- ql - ia -(1-y )w 1
dy Y dy I-L c c 10.8 

-
b

2
Now write = 2w o/c, the ratio of the axial velocity of the steady motion to
 

the wave-velocity. The equation then becomes
 
2 y

d Wl 1 dWl 
2 

2 A1 R 22 J 2 2 2 10.9~ + + i 3 a w1 = -~- ia b w1 2ydy - ia b w1 (1-y)
dy y dy I-L 0 

If the second term on the right-hand side of 10.9 is integrated by parts the 

equation becomes 
2

d w 1 dW l 3 2 2 b 2 dW 1d--2 + - --- + i a (1-b 2 )W 1 + i 3 a -y 10.10dy y dy dy 
o. 

A Particular Integral of this equation is 

A1 R
2 

iI-La 2 (1_b 2 
) 

and the complete solution of 10.10 will be the sum of this and the solution of 

10.10 with the right-hand side zero. Changing the independent variable to 

~ 2 
X = baiy
 

and defining y as
 

~ 1 
Y = bai (02- 1) 
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this becomes 

d dW idW1)
4 dx x -dx - yw 1 dx o-Ix

x

( dx 10.11 o 

dW 1
If 10.11 is differentiated throughout, and v written for x-­ it becomes 

dx 

2 
10·12:x; + {- ~ - :x} v 0= 

which is Whittaker's form of the equation for the Confluent Hypergeometric Function. 

The solution is 

10.13 

and therefore 

10.14 

The second solution of 10.12 is not required, since o at y o. 

The solution of 10.11 will therefore be 

-x/2 y 
e iF 1 (1 + 4"' 2, x ) dx 10.15 

and the value of C2 must be determined by substitution in 10.11. If this is 
4 

done, it is found that C2 = Cre If, therefore, Zo (y,x) be defined by
y 

Zo(y,x) 
4 

Y 
10.16 

the solution of 10.10 which satisfies the boundary- condition Wi o at y 
is 

10.17 

The average velocity is given by 

1 I 
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and therefore 

Zo(Y,X) } 
ZO(y,bai'b)dX 

An integration by parts gives the alternative form 

Z1(y, bai~ ) 10.19 
Zo (y, baC~ 

in which X 

Z1 (y,x) = b~i; j[ 
When b = 1, i.e., when the axial velocity of the steady stream is equal to 

the wave-velocity, these expressions cannot be used. Equation 10.10 reduces to 

d 2 w1 1 dw, ,,~., dw, A1R2 

--2 + - -- + i a y -- dy 10.20dy Y dy 0 dy IJ. 

and a constant value of w1 is no longer a Particular Integral of this equation. 
d2~ 2 ai:

If, however, instead of x bai y we write x = -_. y2 in 10.20, it:0: 

2 
becomes 

x 
A1 R

2 
dW1 

x ax dx - • 3/!2
2al IJ. 10.21 

dV
Writing ~ this becomes 

tl" 

10.22 

dV 
with the initial conditions V = o at x = O. the solution of which is 

dx 

A R2 

V 1 
3/2 

(1 - cosx) 10.23 
2ai 1J. 

and therefore 

(l-cosx) 
10.24x 

Integrating this to give the average velocity, 
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ai 3/2 }
sin----­ 10.25 

2 

This remarkably simple result is not likely to have any practical application 

to arterial flow. The only place where the steady stream velocity could approach 

half the pUlse-velocity would be in the thoracic aorta, where inlet conditions,and 

possible turbulence, might well nullify the entire theory. Moreover; since c is 

always complex, the condition b = 1 can never exist, except as an approximation 

when the damping is very small. 

It is also desirable to check the limiting form of the solution of 10.12 for 

b --> 0, i.e., for y --> OC. When y is large, 10.12 reduces to the Normal Form 

of Bessel's Equation 

d
2 v yv 

o 10.26 
dx 2 

4x 

with the solution J
x Rewriting this in terms of y as an independ­.oJ, (t/ O). 

ent variable, 

10.27 

which reduces to the solution already known for b = o. The s implic tty of 10.27 

suggests that it may be worth while to examine the range of b over which it 
y »would be a reasonable approximation, i.e., for what values of y, 1. The'IX 

maximum value of x is bai~ and therefore this inequality may be replaced by 

i.e., by 

In the femoral artery McDonald's results give w = 15 em/sec. The pulse-
a 

velocity is not less than 450 cm/sec. so that for these conditions wo/c is 

about 1/30. Nearer the heart it is to be expected that Wo would be greater, and 

the pulse-velocity less, so that practical conditions seem, at best, to be beyond 

the range of usefulness of the approximation. This is unduly pessimistic, for a 

closer approximation may be obtained very simply by applying the method used in 

Section IX. If equation 10.10 is written in the form 

2 2 Y 2dw 1d Wi 1 dW1 A1R+ . 3~2 dy 10.28+ l. W1 -i3b2a2So Y 
2 d J' dy Y dy \.L 
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in which the )}
) 10.29 

is obtained at once by dropping the second term on the right-hand side. The first 

impression is, therefore, that for a small steady stream flowing in the direction 

of travel of the pulse-wave, the amount of oscillatory flow is increased, and is 

reduced if the steady stream flows in the opposite direction. 

b
2

Since < 1, the accuracy of this first approximation can be improved by 

substituting 

on the right-hand side of 10.28. If we write w2 for the correction to w1 

arising from this, 

d
?

Wn 1 dWn 3 n n 
~ + ~ + i Ww; 

dy2 Y dy 

it is not necessary to solve this equation for w2 , since by 9.10, w can be2 
obtained at once. 

1 

13~2 

10.32 
)j2 A R

2 
2 J 3 (~i 3/ 2) 

1_b2 lJ.i3~2 ~i 37 2 J a (~i 37 2) 

b 2 
---" 

1_bt 

AR 2 

lJ.i3~2 

1 

~ 
J2y3 (~i3/2) J (~i3/2)2 Y ." () y

{J o (~i37 2)y-­
dy 

10.33 

From Watson: "Theory of Bessel Functions" Chapter V, 

Z 
4 

{ J,(,) J,(z} + J,(z) J'(Z~ 
6 
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and, 

w = 2 

using 

b 2 

1_b 2 

21 J 2 ((3i :31 2) 1 J 1 ((3i 3/ ) • J 3((31 :3 i 2)}
3I j3" J o ((3i 3 ,J 0 ((3i 3/2) J 0 ((3i 3/ 2) 

10'34 

Expressing J:3 in terms of J',2 and J 1 by means of the recurrence formula the 

expression within the bracket becomes 

10.35 

and thls may be fUrther reduced to 

i€~o {8 2 / iE~o 
- M1

I 
0e ~ + - M10 e

i 3 (3 3 

If there were no damping of the pulse-wave in transmission, c would be real, 

and the effect of substituting (3 for a in the Bessel Functions could be cal­

culated from the available tables. Since c is complex, the Bessel Functions are 

i 3 2no longer functions of / , but of a general complex argument. When 2W o/ c is 

small, it is possible to derive an approximation in terms of known functions by 

using the well-known formula 

co m 
[ 1-A 2

J (AZ) = An f I n +m(Z) -2 10'37n m=o j 
If c 1 is the measured velocity, then 

2w o 2w o 
.'-"­ {l i~lc c 1 

and if (30 is written for then~1 2w o 
c 1 

10.36 

y 

X 

2w o y 
to first order, and if we write 1 + i-­ in 10.27 above, writing 

c 1 X 
n = 0, n = 1, in turn, we find that 

2 J 1 ((31 3
/ 

2
) 2 J 1 ((3oi:3 / '.2 ) W Y 

+ 2i-o­
1 - Si 3 72 J 0 ((3i 1~ = 1 - (3oi:J1 2J O((3oi 37"2) X [­c 1 
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These two expressions, 10.36 and 10.38, can now be brought together to give 

the average velocity correct to first order in 2W o/ c ' Since 10.36 is itself a 

first-order correction, it will be sufficiently accurate to write ~o for ~ in 

it. Combining 10.36 and 10.38 the corrected average velocity is 

10.39 

Table 8 is a table of S10(~O) for 0 ~ ~o ~ 10 at intervals of 0.05. The 

first four columns give the real and imaginary parts, and the modulus and phase, 

of S10(~O)' in that order. The last two columns are the real and imaginary parts 

of
 

3/2
 
1 - 2J 1 Woi )
 

f3oJo(Roi3/2)
 

i.e., the quantities C and D of Section II. m m 

For the experimental results of McDonald which have been previously used as 

an example, the steady component of the average velocity is 15 cm/sec. Only part 

of this, however, is generated by the steady component of the pressure gradient. 

As was shown above, in Section IX, 1.7 cm/sec. of this is caused by interactions 

between the harmonic terms, leaving 13.3 cm/sec. generated by the pressure-gradi­

ent. 

Taking the pulse velocity to be 450 em/sec. this gives 2WO/c 1 0.06 , 
-----.l..- _1_ 

I_b 2 0.94 • 

From a succession of trial values of ~o, therefore, we calculate the real
 

and imaginary parts of
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3 

'] 
• 

10.40 
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_1_fl - Fl0(~O) + 0'06S10(~10)} 
0.94 t 

from Table 8, for each of the four harmonics. Using these as our values of C m 
and Dm in 2.21, and find the value of ~o for which the combined oscillatory 

terms will give equal and opposite to the steady velocity at the observed point 

of flow reversal, which in this experiment was 1250 • The best fit at this point 

was given by ~o = 2.5, corresponding to a = 2.58. The coefficients of the 

Fourier Series for Ware given in Table 10 below. 

Harmonic Coeff. of cos nt Coeff. of sin nt 

1 21.81 20.74 

2 - 25.97 18.81 

3 --9.73 - 8.66 

4 - 0.28 - 3.18 

A graph of this is shown in Fig. 34, where it is compared with McDonald's 

observed values. The ordinates in Fig. 34are in flow units, obtained by multi ­

plying the coefficients in Table 9 by the cross- sectional area, the value of R 

taken being the same as that assumed by McDonald, i.e., 1.5 mm. The fit to 

the observations is not improved much by using the "exact" solution. Except for 

a slight increase in diastolic flow, as good a fit can be obtained by using the 

simple theory with a = 2.7. (Fig. 34). 

If the approximate solution for w given in 10.40 were to be substituted in 

the "frequency equation" 3.31, the reduced determinant would become 

2 1 o 
x 1 + ox 

-ox k-x+irJ' 

10.43in which 1 ­

10.44 

this term representing the viscous drag due to the steady stream. It will be 

noted that ~iS small over the range of values of a which are of interest. For 
A 1 

a2rv 7,example, in the femoral artery, J!?:rv -8 'and wo/e. rv .03 so that 
1 Ao Q...J'< 1/450. Even in the thoracic aorta, assuming = 1, wo/c = 1/4, ~ < 0.01, 

~ 
sinee 100.
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Applying the same method of reduction of the determinant as was used in 

Section III, it reduces to the quadratic equation 

22" " ­(1-0- ) X - 2G x + H - 0 

in which 

+ iJ­1Gil 1 + *- 0 - i ,:r (i -0) 

4 21 - '1'10 

1 + 2k 
and 8" - 1. 

1 - '1'10 

For 0 = 1/2, the effec t of the term ..i.dt in Gil (leaving 
2 

aside the substitution of 'l'10(~O) for F 10 (a), which is discussed below) will 

be to reduce the imaginary part of G", and therefore to reduce the damping of 

the wave in transmission, if the steady stream is in the same direction as the 

velocity of propagation. If it is in the opposite direction, damping will be 

increased. In the limiting condition of heavy loading and stiff constraint, 

(k ~ - CO) the viscous drag of the steady stream will have no effect, as might 

be expected. 

The effect of the substitution of 'l'10(~) for F 10 (a) can be studied very 

simply for this limiting condition. When k ~ - co 
x =_.;.;;2__ 

1-'1'10 

so that 
_ 0 2 ) (1 _ 2wo(1 

(1 - 0
2

) ....K.. ~ 10.45 
2Wo2 1 - F10(~6) + ~ S10 (~o) 

c 1 -2rr.Y/ x c 1and from this and e may be calculated. A plot of fo) 0 ~, 
Co Co 

k = - co, = 0.06 ( as in McDonald's experiment) is shown in Figure 35, 

with the corresponding plot for 0 =~, k = - co with no steady component for 

comparison. It will be seen that the presence of the steady stream raises the 
-2lU: 

wave-velocity,by 6 - 8%. A plot of e x is shown in Fig. 36. It will be 

seen that the damping of the wave in transmission is practically unchanged by 

the presence of the steady stream. It appears to be very slightly increased. 

This effect is opposite from that predicted by Morgan and Ferrante (1955) but 
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in view of the widely different conditions, is not in conflict with their conclu­
sions. 

For larger values of 2wo/c this very simple approximation breaks down, and 

there would seem to be no alternative to a full scale tabulation of the required 

solutions of the Confluent Hypergeometric Equation, and an attack on the problem 

in full generality. 

parative magnitudes 

arteries are needed, 

short distances, to 

7 

6 

5 

4 
c 
z 
0 
<.) 3l.LI 
en 
a:: 
l.LI 

f2Cl. 

-I 
~ 

0 f 
0 
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··-1 
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30· 60- go-
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Before this can be contemplated, measurements of the com­

of the steady and oscillatory components of flow in the major 

together with accurate measurements of pulse-velocity over 

delimit the ranges of the parameters. 

FIG. 35 

107 



• • • 

Comp&rison of v&ri&tion 
for a steady stream 
of the wave-velocity 

__

1.0 

0.9 

o. 
Clc• 
0.7 

0.6 

__--------K.--. ~.0.061.1 
-------- K· -eo, ~. 0 

in wave-velocity with a 
of axial velocity 6 per cent 
with that for no steady stream. 

0.5 

0.4 

0.3 

0 It 4 5 7 10
 
Ot
 

FIG 36 

0.' 

Comparison of amount of damping in transmission 
0.' in presence and absence of a steady stream. 

0.7 

0.1 
-nrv;e X 

0.5 

0.4 

0.3 

0.2 

0.1 

o 

WADe TR 56-614 
FIG. 37 

l07A 



TABLE 8.
 

X 5 10 (PO) FOR K= -00 1- Flo ( O() 

REAL IMAGINARY MODULUS 
PHASE 

DEGREES REAL IMAGINARY 

0.00 0.0000 0.0000 0.0000 -45.0000 0.0000 0.0000 
0.05 -O.OOO~ 0.0002 0.0004 -~.5857 0.0000 O.OOO~ 
0.10 -0.0012 0.0001 0.0012 - 2.4966 0.0000 0.0012 
0.15 -0.0028 0.0000 0.0028 - 0.7242 0.0000 0.0028 
0.20 -0·0050 0.0001 0·0050 - 0.8~79 0.0000 0·0050 

0·25 -0.0077 0.0002 0.0077 - 1.2479 0.0001 0.0078 
0.~0 -0.01ll O.OOO~ 0.01ll - 1.75~ 0.0002 0.0112 
0·~5 
0.40 

-0.0150 
-0.0195 

0.0006 
0.0010 

0.0150 
0.0195 

- 2·~5~0 
- ~.0666 

O.OOO~ 

0·0005 
0.015~ 

0.0200 
0.45 -0.0245 0.0017 0.0245 - ~.8691 0.0009 0.025~ 

0.50 -0.0300 0·0025 0.0301 - 4.7758 0.001~ 0.0~12 

0.55 
0.60 

-o.0~59 
-0.0422 

o.oo~ 
0·0051 

0.0~1 
0.0a.26 

- 5.77" 
- 6.8697 

0.0019 
0.0027 

0.0~77 
0.0448 

0.65 -o.~9 0.0069 O.oa.~ - 8.~ 0.00~7 0.0525 
0.70 -0.0559 0·0092 0·0567 - 9.~ 0.0050 0.0608 

0.75 -0.06~1 0.0119 o.~ -10.7150 0.0065 0.0697 
0.80 -0.0705 0.0152 0.0721 -12.1Bo5 0.0084 0.0791 
0.85 -0.0779 0.0190 0.0802 -1~. 7358 0.0107 0.0890 
0.90 -0.085~ ()·02~5 0.0885 -15.~797 0.01~ 0.0994 
0·95 -0.0926 0.0285 0.0968 -17.1101 0.0166 0.1l02 

1.00 -0.0996 O.O~ 0.105~ -J.8.9252 0.0202 0.1215 
1.05 -o.~ O.oa.oa. 0.1l38 -20.8222 0.0244 0.1~32 
1.10 -0.1127 0.oa.1~ 0.1222 -22.7981 0.0292 0.1452 
1.15 -o.~ O.~ 0.1305 -2~.8512 0.0}46 0.1574 
1.20 -0.12~ 0.0629 0.1386 -26.9766 0.0407 0.1699 

1.25 -0.1280 0.0714 0.lA65 -29.1708 0.~74 0.1826 
1·30 -0.1~15 O.ow. 0.1542 -~1.4297 0.0549 0.195~ 

1.~5 -0.1~ 0.0897 0.1614 -~~.7487 0.06~0 0.2081 
1.40 -0.1~59 0.0992 0.168} -}6.12~1 O.071B 0.2208 
1.45 -0.1~6 0.1089 0.1747 -38.5476 0.0814 0.2~~ 

1·50 -0.1~~ 0.1186 o.l806 -41.0167 0.0917 0.2458 
1.55 -0.1~9 0.1281 0.1861 -4~.5247 0.1027 0.2580 
1.60 -0.1~5 0.1}15 0.1909 -46.0659 0.1l4~ 0.2698 
1.65 -0.1290 0.1465 0.195} -48.6~1 0.1266 0.2811 
1.70 -0.1246 0.1551 0.1990 -51.22~ 0.1~95 0.'2921 

1.75 -0.1l9~ 0.16~ 0.2022 -5~.8272 0.1529 0·~025 
1.80 -O.ll~ 0.1706 0.2047 -56.4~98 0.1668 0.~123 

1.85 
1.90 

-0.1063 
-0.0988 

0.1773
o.lS}} 

0.2067 
0.2082 

-59.0551 
-61.667} 

0.1812 
0.1959 

0.3215 
0·3~ 

1.95 -0.Q908 0.1B84 0.2091 -64.2706 0.2109 0.3378 

2.00 -0.082} 0.1927 0.209") -66·8596 0.2262 0.3449 
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TABLE 8. CONTINUED
 

l{ 5 10 (,90) FOR K= -00 1- F,o ( O() 

REAL IMAGINARY MODULUS 
PHASE 

DEGREES REAL IMAGINARY 

2.00 
2·05 
2.10 
2.15 
2.20 

-0.0823 
-0.0736 
-0.0647 
-0.0556 
-0.0466 

0.1927 
0.1961 
0.1987 
0.2005 
0.2015 

0.2095 
0.2095 
0.2090 
0.2081 
0.2068 

-66.8596 
-69.4293 
-71.9748 
-74.4917 
-76.9760 

0.2262 
0.2417 
0.2572 
0.2728 
0.2884 

0.3449 
0.3513 
0.3569 
0.361£ 
0.3660 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0377 
-0.0289 
-0.0203 
-0.0121 
-0.0041 

0.2017 
0.2013 
0.2002 
0.1985 
0.1963 

0.2052 
0.2033 
0.2012 
0.1989 
0.1963 

-79.4241 
-81.8328 
-84.1992 
-86·5211 
-88.7964 

0.3039 
0·3192 
0.3344 
0.3494 
0.3640 

0.}695 
0·3723 
0.3745 
0.3761 
0.3770 

2·50 
2.55 
2.60 
2.65 
2.70 

0.0035 
0.0107 
0.0175 
0.0239 
0.0299 

0.1936 
0.1906 
0.1872 
0.1£}6 
0.1797 

0.1937 
0.1909 
0.1B81 
0.1£51 
0.l.822 

88.9765 
86.7988 
84.6713 
82.5946 
80.5690 

0.3784 
0·3924 
0.4061 
0.4193 
0.4322 

0.3774 
0·3773 
0.3768 
0.3758 
0.3744 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0354 
0.0406 
0.04'5 
0.0499 
0.Q540 

0.1757 
0.1715 
0.1673 
0.1630 
0.1587 

0.1792 
0.1763 
0.17}4 
0.1705 
0.1676 

78.5944 
76.6706 
74.7971 
72·9732 
7l.• 1982 

0.4447 
0.4568 
0.4684 
0.4797 
0.4905 

0.3726 
0.3706 
0.3683 
0.3657 
0.3629 

3.00 
3.05 
3.10 
3.15 
3.20 

0·0578 
0.0613 
0.0645 
0.0674 
0·0701 

0.1544 
0.1501 
0.1459 
0.1417 
0.1376 

0.1649 
0.1621 
0.1595 
0.1569 
0.1544 

69.4710 
67.7906 
66.1557 
64.5651 
63.0175 

0.5010 
0.5110 
0.5207 
0.5300 
0.5389 

0.3600 
0.3569 
0.3536 
0·3503 
0.}468 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0725 
0.0747 
0.0768 
0.0786 
0.0803 

0.1336 
0.1297 
0.1259 
0.1221 
0.1185 

0.1520 
0.1497 
0.1474 
0.1453 
0.1432 

61.5116 
60.0458 
58.6189 
57.2293 
55.8758 

0.5475 
0·5557 
0.5636 
0·5712 
0.5785 

0.}4}4 
0.3398 
0.3}63 
0·3327 
0·3292 

3.50 
3.55 
3.60 
3.65 
3.70 

0.0819 
0.0833 
0.0846 
0.0658 
0.0868 

0.1150 
0.1ll6 
0.1083 
0.1051 
0.1020 

0.1412 
0.1393 
0.1374 
0.1357 
0.1340 

54.5567 
53.2709 
52.0169 
50.79}4 
~9.5991 

0.5856 
0.5923 
0.5988 
0.6051 
0.6111 

0.3256 
0·3221 
0·3185 
0·3151 
0.3116 

3.75 
3.80 
3.85 
3.90 
3.95 

0.0878 
0.0887 
0.0895 
0·0903 
0·0910 

0.0990 
0.0961 
0.0933 
0.0906 
0.0879 

0.1323 
0.1308 
0.1293 
0.1279 
0.1265 

48.4328 
47.2933 
46.1794 
4,.0900 
4 .0241 

0.6169 
0.6225 
0.6279 
0.6~1
0.6 1 

0.3082 
0.3049 
0.3016 
0.2984 
0.2952 

4.00 0.0916 0.0853 0.1252 42·9807 0.6430 0.2921 
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TABLE 8. CONTINUED
 

~ 
5 10 (Po) FOR K= -00 1- Flo ( 0( ) 

REAL IMAGINARY MODULUS 
PHASE 

DEGREES REAL IMAGINARY 

4.00 
4.05 
4.10 
4.15 
4.20 

4.25 
4.~ 
4.~5 

. 4.40 
4.45 

4.50 
4.55 
4.60 
4.65 
4.10 

4.15 
4.80 
4.85 
4.90 
4.95 

5.00 
5·05 
5.10 
5.15 
5·20 

5·25 
5.30 
5·35 
5.40 
5.45 

5.50 
5·55 
5.60 
5.65 
5.70 

5.75 
5.80 
5.85 
5·90 
5.95 

6.00 

0.0916 
0.0921 
0.0921 
0.09~1 

0.09~ 

0.0940 
0.0943 
0.0946 
0.0949 
0.0952 

0.0954 
0.0956 
0.0958 
0.0959 
0.0960 

0.0961 
0.0962 
0.096~ 
0.0963 
0.096~ 

0.096~ 
0.0963 
0.096~ 
0.0962 
0.0961 

0.0960 
0.0959 
0.0958 
0.0951 
0.0955 

0.0954 
0.0952 
0.0950 
0.0948 
0.0946 

0.0943 
0.0941 
0.0939 
0.09,6 
0.0934 

0.0931 

0·085~ 
0.0829 
0.0804 
0.0181 
0.0158 

0.0136 
0.0114 
0.069~ 
0.0613 
0.065~ 

0.0634 
0.0615 
0.0596 
0·0518 
0.0561 

0.0544 
0·0521 
0:0510 
0.0494 
0.0419 

0.046~ 
0.cAA8 
0.0434 
0.0419 
0.0405 

0.0391 
0.0318 
0.0365 
0.0352 
0.0339 

0.0321 
0.0314 
0.0302 
0.0291 
0.0279 

0.0268 
0.0257 
0.0247 
0.02,6 
0.0226 

0.0216 

0.1252 
0.12'9 
0.1221 
0.1215 
0.1204 

0.1194 
0.1183 
0.111' 
0.ll64 
0.1154 

0.1145 
0.11~7 
0.1128 
0.1]20 
0.1ll2 

0.1104 
0.1091 
0.1090 
0.1082 
0.1016 

0.1069 
0.1062 
0.1056 
0.1049 
0.104~ 

0.1031 
0.1031 
0.1025 
0.1019 
0.1014 

0.1008 
0.1002 
0.0997 
0.0991 
0.0986 

0.0981 
0.0976 
0.0911 
0.0966 
0.0960 

0.0956 

42.9801 
41.9581 
40.9513 
'9.9751 
~9.0129 

38.068~ 
~1.1412 
~6.2308 
~5.~~65 
34.4518 

33.5941 
32.1449 
~1·9097 
31.0880 
30.2196 

29.4840 
28.1008 
21.9298 
21.1106 
26.42~0 

25.6861 
24.9614 
24.2411 
23·5434 
22.8502 

22.1613 
21.4946 
20.8318 
20.1189 
19·5'58 

18.9022 
18.2180 
11.6632 
11.0516 
16.4612 

15.8737 
15·2951 
14.7253 
14.1642 
13.6116 

13.0675 

0.64~0 
0.6411 
0.6522 
0.6566 
0.6609 

0.6651 
0.6691 
0.61}o 
0.6169 
0.6806 

0.6842 
0.6811 
0.6911 
0.6945 
0.6918 

0.1010 
0.1041 
0·1012 
0·1101 
0.11~1 

0.1159 
0.1100 
0.1215 
0.1242 
0.1269 

0.1294 
0·1320 
0.1345 
0.1369 
0.1'94 

0.1411 
0.1441 
0.1463 
0.1486 
0.7508 

0.7530 
0.7551 
0.7572 
0.7593 
0.1613 

0.1633 

0.2921 
0.2890 
0.2860 
0.28'1 
0.2802 

0.2114 
0.2141 
0.2120 
0.2693 
0.2661 

0.2642 
0.2611 
0.259~ 
0.2569 
0.2546 

0.2523 
0.2501 
0.2419 
0.2458 
0.24~1 

0.2416 
0.2~96 
0.2~16 
0.2356 
0.2331 

0.2~18 
0.2300 
0.2282 
0.2264 
0.2246 

0.2229 
0.2212 
0.219' 
0.2119 
0.2163 

0.2147 
0.2131 
0.2115 
0.2100 
0.2085 

0.2010 
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TABLE 8. CONTINUED
 

2( 510 ( flo) FOR K= -00 I-FtO(OC) 
REAL IMAGINARY MODULUS PHAR 

DEGREES REAL IMAGINARY 

6.00 
6.05 
6.10 
6.15 
6.20 

6.25 
6·30 
6.35 
6.40 
6.4, 

6.,0 
6·55 
6.60 
6.65 
6.10 

6.1' 
6.80 
6.85 
6.90 
6.95 

7.00 
7·05 
7.10 
1.15 
1.20 

1·25 
7·30 
1.'" 
1.40 
7.45 

7.,0 
1·'5
1.60 
7.65 
1·70 

7·75 
7.80 
7.85 
7.90 
7.95 

·8.00 

0.0931 
0.0928 
0.0925 
0.0922 
0.0919 

0.0916 
0·0913 
0.0910 
0·0907 
0·0903 

0.0900 
0.0897 
0.0893 
0.0890 
0.0886 

0.0883 
0.0819 
0.0816 
0.0872 
0.0869 

0.086, 
0.0861 
0.0858 

. 0.0854 
0.0851 

0.0847 
0.0843 
0.0840 
0.0836 
0.08}2 

0.0829 
0.0825 
0.0822 
0.0818 
0.0815 

0.0811 
0.0807 
0.0804 
0.0800 
0.0791 

0.0793 

0.0216 
0.0206 
0.0197 
0.0187 
0.01'78 

0.0169 
0.0161 
0.0152 
0.0144 
0.0136 

0.0128 
0.0120 
0.0112 
o.o~ 

0·0091 

0·0090 
0.0083 
0.0017 
0.0010 
0.0064 

0·0057 
0·0051 
0.0045 
0.0039 
0.0034 

o.~ 
0.0022 
0.0011 
0.0012 
0.0001 

0.0002 
-0.0003 
-0.0008 
-0.0013 
-0.0017 

-0.0022 
-0.0026 
-0.0030 
-0.0034 
-0.00}8 

-0.0042 

0·0956 
0.0951 
0.0946 
0.0941 
0.0936 

0.0932 
0.0921 
0.0922 
0.0918 
0.0913 

0.0909 
0.0904 
0.0900 
0.0896 
0.0892 

0.0881 
0.0883 
0.0819 
0.0815 
0.0811 

0.0861 
0.0863 
0.0859 
0.0855 
0.0851 

0.0841 
0.0844 
0.0840 
0.0836 
0.0833 

0·0829 
0.0825 
0.0822 
0.0818 
0.0815 

0.0811 
0.0808 
0.0805 
0.0801 
0.0798 

0.0795 

13.0675 
12.5318 
12.0043 
11.4849 
10.9735 

10.4101 
9.9145 
9.a.866 
9.0062 
8.5333 

8.0618 
1·6095 
1.1583 
6.1141 
6.2169 

5.8463 
5.4225 
5·0051 
4.5942 
4.1896 

3.7912 
3.3989 
3.0125 
2.6319 
2·2511 

1.8819 
1.5241 
1.l658 
0.8128 
0.4649 

0.l222 
- 0.2156 
- O.~ 
- 0.8167 
- 1.2002 

- 1·5191 
- 1.8336 
- 2.1436 
- 2.4494 
- 2.7509 

- 3.0483 

0.7633 
0.7652 
0.7672 
0.7691 
0.7710 

0.1728 
0.1746 
0.1164 
0.1782 
0·1199 

0.7816 
0.1833 
0.1849 
0.1866 
0.1~ 

0.1897 
0.1913 
0.1928 
0.7943 
0.1958 

0.1913 
0.1988 
0.8002 
0.8016 
0.8030 

0.8044 
0·8051 
0.8010 
0.8083 
0.8096 

0.8109 
0.8122 
0.8134 
0.8147 
0.8159 

0.8111 
0.8182 
0.8194 
0.8206 
0.8217 

0.8228 

0.2070 
0·2056 
0.204-1 
0.2027 
0.2013 

0.1999 
0.1965 
0.1912 
0.1959 
0.1945 

0.1932 
0.1920 
0.1901 
0.1894 
0.lB82 

0.1810 
0.1858 
0.l846 
0.18~ 
0.1823 

0.1811 
0.1800 
0.1789 
0.1778 
0.1161 

0.1156 
0.1145 
0.1135 
0.1124 
0.1714 

0.1704 
0.1694 
0.1684 
0.1674 
0.l664 

0.1655 
0.1645 
0.1636 
0.1627 
0.1611 

0.1608 
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TABLE 8. CONTINUED
 

~ 
s.o (PO) FOR K= -00 1- F,o ( O() 

REAL IMAGINARY MODULUS 
PHASE 

DEGREES REAL IMAGINARY 

8.00 
8.0, 
8.~0 
8.~, 
8.20 

8.~ 
8.30 
8.35 
8.40 
8.4, 

8.50 
8." 
8.60 
8.6, 
8.70 

8.7' 
8.80 
8.a, 
8.90 
8.~ 

9.00 
9.0' 
9.10 
9.1' 
9.20 

9.25 
9.30 
9.35 
9.40 
9.45 

9·50 
9·55 
9.60 
9.65 
9.10 

9.75 
9.80 
9.85 
9.90 
9.95 

10.00 

0.0793 
0.0790 
0.0787 
0.0783 
0.0780 

0.0TI6 
0.0773 
0.0TI0 
0.0766 
0.0763 

0.0760 
0.07,6 

. 0.07'3 
0.0750 
0.07~ 

0.0743 
0.0740 
0.0737 
0.07,a. 
0.07,0 

0.0727 
0.0724 
0.0721 
0.0718 
0.071, 

0.0712 
0.0709 
0.0706 
0.0703 
0.0700 

0.0697 
0.0694 
0.069~ 
0.0688 
0.0686 

0.068}
0.0680 
0.0677 
0.0674 
0.067J. 

0.0669 

-0.001.2 
-0.0046 
-0.00,<> 
-O.~ 
-0·00,7 

-0.006~ 
-0.0064 
-0.0068 
-0.0071 
-0.0074 

-0.0077 
-0.0080 
-0.0083 
-0.0086 
-0.0009 

-0.0092 
-o.~ 

-0.0098 
-0.0100 
-0.0103 

-o.o~ 
-0.0~08 
-O.OllO 
-0.Oll3 
-O.Oll' 

-0.Oll7 
-0.0120 
-0.0122 
-0.0124 
-0.0126 

-0.0128 
-0.0130 
-0.01~ 

-0.0134 
-0.0136 

-0.0138 
-0.0139 
-0.014~ 
-0.0143 
-0.0145 

-0.0146 

0.07~ 
0.079~ 

; 0.0788 
0.078, 
0.0782 

0.0779 
0.0776 
0.0772 
0.0769 
0·0766 

0.0763 
0.0760 
0.07,s 
0.0755 
0.0752 

0.0749 
0.0746 
0.0743 
0.0740 
0.0738 

0.0735 
0.0732 
0.0730 
0.0727 
0.0724 

0.0722 
0.0719 
0.07~ 
0.0714 
0.07ll 

0.0709 
0.0706 
0.0704 
0.0701 
0.0699 

0.0696 
0.0694 
0.0692 
0.0689 
0.0687 

0.0684 

- 3.0483 
- 3.34~7 
- 3.63ll 
- 3.91.66 
- 4.~984 

- 4.4764 
- 4.7507 
- 5·02~5 
- 5.2888 
- 5.5526 

- 5.813~ 
- 6.0703 
- 6.3242 
- 6.5749 
- 6.8226 

- 7.067~ 
- 7.3087 
- 7·5473 
- 7.7830 
- 8.0159 

- 8.2460 
- 8.4733 
- 8.6980 
- 8.9200 
- 9.1394 

- 9.3562 
- 9.5706 
- 9.7825 
- 9.9919 
-~0.1990 

-~0.4031 
-~0.6061 
-~0.806} 
-ll.oo42 
-ll.l999 

-ll.3935 
-ll.5849 
-ll.7742 
-ll.96tJ
-12.14 

-12·3301 

0.8228 
0.8239 
0.8250 
0.826~ 
0.8272 

0.8282 
0.8292 
0.8303 
0.8313 
0.8323 

0.8333 
0.8343 
0.8352 
0.8362 
0.837~ 

0.8381 
0.8390 
0.8399 
0.8408 
0.8417 

0.8426 
0.8435 
0.8443 
0.8452 
0.8460 

0.8469 
0.8417 
0.8485 
0.8493 
0.8501 

0.8509 
0.8517 
0.8525 
0.8532 
0.8540 

0.8541 
0.8555 
0.8562 
0.8569 
0.8577 

0.8584 

0.1608 
0.~599 

0·~59O 
0·~582 
0·~573 

0.~564 
0.~556 
0.1547 
0.1539 
0.1531 

0.1523 
0.1515 
0.1507 
0.1499 
0.~491 

0.1483 
0.1475 
0.1468 
0.1460 
0.1453 

0.1446 
0.~438 
0.1431 
0.1424 
0.1417 

0.1410 
0.1403 
0.~396 
0.~389 
0.~3B2 

0.1376 
0.~369 
0.~363 
0.1356 
0.1350 

0.1}43 
0.~331 
0.~331 

0.1325 
0·J.319 

0·J.312 
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SECTION XI 

SUMMARY AND CONCLUSIONS. 

This exploration of the consequences of taking an elastic tube as a rough 

working model of an artery leads to two broad general conclusions. The rate of 

.flow generated by a lmown oscillatory pressure gradient does not vary greatly 

over a wide range of conditions of added mass and longitudinal constraint, and the 

phase-difference between cyclic variations in pressure and diameter is also in­

sensitive to wide variations in these conditions. For accurate deductions to be 

made about the conditions of support, measurements are needed of a higher degree 

of accuracy than any at present available. Until such measurements can be made, 

nothing is lost by assuming conditions of heavy loading and stiff constraint. For 

this model all the relationships between observable quantities take their simplest 

form. The relationship between pressure gradient and flow is the same as for a 

rigid tube (disregarding the non-linear corrections) and the cyclic variations in 

pressure and d~ameter are always in phase with each other, being connected by the 

1 
simple constant ----2. The experimental results of McDonald (1955) on the re­

p·oc o 
lationship between pressure gradient and flow, and the measurements made by 

Lawton (1956) of pressure and diameter variations, are in accord with this simple 

theory, though the claim that they confirm it, in the full sense of the word, is 

less than justified. It is better, rather, t'O say that until experimental evidence 

is forthcoming which compels the use of a more elaborate theory, this is fUlly 

adequate in relation to the eVidence available. These two relationships (between 

pressure gradient and flow, and between pressure and diameter) have the advantage 

that their form is independent of the amplitude of any reflected wave that may be 

present. The multiplying constant in the relationship between pressure and flow 

is changed considerably by the presence of a reflected wave, and is therefore not 

suitable for a direct test of the theory. 

Another important advantage of the method used by McDonald is the fact that 

the average velocity was measured. It was shown in Section VIII that the effect of 

the correction for finite expansion on the average velocity is small, and therefore 

a comparison with the linear theory is adequate. If, however a true measurement 

of mass-flow had been made, the measurements would have included the factor 

1 + 2~, and the comparison of the observations with the theory made more difficult. 
R 
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When measurements o~ the true volume ~low are made in the undisturbed artery, 

the calculation of the average velocity is possible, if a recording of pressure is 

taken at the same time. The quantity ~ can be calculated ~rom 
R 

2t 3 
- = 
R 4 

and the rate of flow divided by (1 + 
2~ 

) .nR 
2 

to give an estimate of the average
R

velocity. 

It would seem from present knowledge that further refinement o~ the theory by 

elaboration of properties of the arterial wall, however desirable, is not mandatory 

at the present time. The next step would seem to be the improvement of the per­

turbation theory by using as the first approximation in it the "exact" solution in 

the presence of the steady stream, and the preparation of full tables for the cal­

culation of those perturbation corrections that prove to be important. When this 

has been done, it will be necessary to examine how far these non-linearities af~ect 

the re~lection calculations. The author also proposes to have computed some solu­

tions of the Con~luent Hypergeometric Equation as a check on the accuracy of the 

approximate solution. Two other modifications of the theory also need to be 

studied, the question of the anomalous viscosity o~ blood, and the effect of small 

branches on the flow, by making the artery, in effect, a porous tube. 

The question may be asked, how far is the theory applicable to the flow of 

blood in veins? The answer probably is, so ~ar as the motion of the blood in the 

large veins is oscillatory. The motion of the blood in the veins is not derived 

directly from a periodic injection of blood propagating a pressure wave. The veins 

are a drainage system, and some of the larger peripheral veins have non-return 

valves built into them. This results in these veins themselves acting as pumps, 

driven by muscular movements which do not have the clockwork regularity of the 

heart action. Nearer the heart the oscillatory motion of the blood is compounded 

of two basic effects, changes in intra-thoracic pressure during the respiratory 

cycle, and the movements of the heart. Furthermore, the veins are very expansible, 

and the first-order correction given here may not be adequate. This suggests that 

the problem of flow in veins may be worthy of a separate theoretical study, but 

the present theory might well be tested out to see how ~ar it is applicable. 

Finally, it may be added that parts of this theory might well apply to hydrau­

lic servomechanisms and other devices in which pipes filled with liquid are used as 

transmission links. As has been said in Section II, some work has been done in 

this direction, but the application to servomechanisms has scarcely begun. 
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APPENDIX
 

TABLES FOR PULSE-VELOCITY AND FLOW CALCULATIONS
 

1. Statement or the Problem~ 

The following functions, were submitted for computation by Mr. John R. 
Womersley of WCRRU. 

(l-i)x
(1)	 The complex function 2 ' where :x: is one root ot the 

2equation (1-d2)x - 2Gx + H • O. 

1.25-0 k 2~G • I-F + "2 + ~ - • ;J
10 

H. 1+2k - 1
 
I-FlO
 

and 

2 
I-FlO • 1 - 372· 

at 

a; • 1(0.05)10 

k • 0.0, 0.1, 0.2, 0.4 

~111 0.00, 0.25, 0.50 
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and 

k ~ -1.0, -2.0, -5.0, -10.0 

when (J' •	 0.50. 

1 -2w! 
The ~unctions X' 2W~, and e X, where 

(J) The complex functions -.", 1+7), and l+71Fla' where 

l+'r\F
IOIn addition, the behavior of the function 2 as a--.J is 

a 
analyzed at the end of this introduction. 

2.	 Method of Computation 

The values of J (ai3/ 2) = Bar a + i Bei a were computed fram o

n=18 

Ber a .t::::S L 
naO 

n=19	 
)4n-2 

Bei a tlI:if L (_l)n-l (a/ 2 2. 

(2n-l)~ncO 
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dJ (ai3/ 2)oThe first derivative, da a Ber' a + i Bei' a and the 

d2J (ai3/ 2)osecond derivative .. Ber ll a + i Bei" a were computed from 
2

da

n=18 
/ 4n-l

k (_l)n 2n(a 2) 
a~Ber' 

(2n)!2 

n=19 
(_l)n-l (2n_l)(a/2~4n-3

Bei' a~ L 
(2n-l)~ncO 

ne18 

Ber" a~ I (_l)n n(4n-l) (a/2)4n-2 

(2n)~2n..O 

n=19 

Bei" ap L (_l)n-l (2n-l)(4n-3)(a/2)4n-4 . 
2

2(2n-l)~n=O 

The number of terms used was sufficient to give ten significant 

figures of accuracy for values of "a" up to 20 although Ila ll has a maximum 

value of 10 in the functions reported here. This was done in order that 

the same program might be used at a later date as a sub-routine in comput­

ing the non-linear corrections which require values of J (xi3/ 2) up too
X e 20. 

It may be of general interest to note that these series were 

computed on the Mark IV Calculator at a fixed decimal point although it 

appeared at first that floating decimal routines would be necessary since 

1 1
the series contain mnnbers such as 2' -----2' etc. 

(36 ~) (34l) 
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The method used can be applied quite generally to any series 

which contains many terms and high order factorials, and the fact that 

it utilizes fixed decimal point operation means a saving of many hours 

of machine time and coding time. 

To illustrate, take the series 

(x/2)68 (x/2)72
+ ••. ­

04!)2 + (36 ! )2 • 

The usual method of setting this up for computation would be 

Ber x ~ 

Clearly, floating decimals are necessary for this evaluation on 

1 1account of the terms 2' 2' etc. 
06~) 04n 

To get around this difficulty, factor the term 1 2 from the 
(34l) 

1first expression in brackets and then factor the term 2 from the 
(32!) 

second expression in brackets, and so on until all the constants have 

been reduced to !l. The resulting expression will be 
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Here is an expression which will oscillate between -1 and +1 

as the summation proceeds for values of (~)4 from 0 to 106• This is, 

therefore, a powerful method of evaluating a series at a fixed decimal 

point. 

The accuracy of the method, however, is limited by the operat­

ing decimal point. This problem was operated at decimal point 11/10 and 

it was found for example that Ber 20,which is of the order of 47,489.370~ 

was accurate to eight significant figures or only three decimal places. 

In general it can be said that the number of accurate significant figures 

in the results can never be more than the number of decimals carried minus 

the round off error. The reason for this, of course, is the very fact that 

the successive values of the summation oscillate very close to 1Jnity up to 

the last two or three closing terms. 

The entire evaluation was checked by the following identities: 

1Ber" a + - Ber' a + Bei a = 0 
a 

Bei" a + ! Bei' a - Ber a = O. 
a 

The values of J (ai3/ 2) = Ber a + i Bei a were then obtained
l l l 

from the recurrence relations 

1Ber a = -- (Ber' a - Bei' a)1 J2 

Bei a = -
1 

(Ber' a + Bei1 a).l J2 
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The remaining computations consisted essentially of straight 

forward substitution of the parameters in the functions under investigation. 

The tables are believed to be accurate to ~.6 in the last decimal, 

all values having been rounded off. 

The final results were checked by taking 5th differences. Running 

time on the Mark IV Calculator was approx:iJnately forty hours. 

1+~F10 
3.	 Evaluation of lim 2 

a-O a 

Let ai3/ 2 = z, then 

5 7z z3 z z=- - - +	 •••384 - """';18;;"""43:-:""2 +2 16 

2 4 6z z z( )	 ...Jo z = 1 - 4""" + 64 - 2304 + 

2. - . 
z 

• •• 

... 

z2 zU 11 6
 
= 1 + 8 + 48 + 3072 • z + •• • •
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• • 

Substituting z ., ~i3/2 

2 4
'~ ~ . 11 6F 110 '" - l8 - 48 + l3072~ + ••• 

and by division 

••• 

•
 

1 4 8 
---- - i-. 
I-FlO 3 ~2 

For the case where 0- = a and k ., 0, we have, as ~---+O 

17 .10·--l ­12 2 
~ 

G2 _ 
-

(17)2
12 

100-T­
a 

.85 
r -"2 
3~ 

WADe TR 56-614 
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H "" 1 _ i~ 
3 2
 a
 

2 1 61 1
(1 2)H 100
G - -a I:: - T - 2 neglecting -3 
a 3a 

neglecting (61)2
60
 

I 2 2
G + G -(1-0- )H 

2

(1-0 )x
 

2
 

2
 
-

X
 

146 .20
= 60 - 1 2 
a 

I::	 73 _ 110
 
60 2
 a 

(73+. 10 )
60 1 2
 

a 
•	 --=-:::---:-:::-~:::--=-

(73 _.10) (U+.10)
60 1 2 60 1 2
 

a a 

73 i10
65+ 2
 

a 

neglecting (~)2 

2
73 4 .a
 
"" 6000a +	 1 10
 

2
 
"ll:: (L1+2cr) 1 • (-1+1a ) ( 1 2) · 73 4
 neg1ect lng 6000aX F10-2cr 10
 .a

1-1""8 
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2 
a'}) l·'{ .. - - ~40 

a--O 

2 2 
~FIO • (-1-i40)(1-i~) 
a---.O 

2 4a a
c - 1 + i neglecting - 320 10 

and 

2 
l-l+i~

10 1. 
2 • 10~· 

a 

For all other values of k (i.e., 0.1, 0.2, 0.3, 0.4, -1.0, -2.0, 

-5.0, -10.0) this limit remains the same. The only values which change are 

the neglected terms and therefore do not affect the limit. 

By a similar procedure for a = 0.25 

,..:_ l+7JFlO 7 . 
.!...Wll 2 '" 64~ 

a---..O a 

and for J • 0.50 

t7\ -;:;: ~. (/l"L ­ d.-0\ VI i-I,.r I ~ rJ it '.Ill(, +ilj-~ X -= Y't/7J ['t· TI'J 
= (' ~~ ~~ - (1r1-~ e '/ua A \ (i (~ ~ t... 

~o ~ Lr:f'tl&-Y'YiA-'" ~ 1\rttt " ,......;.. 1 I~-
- R ~ , , t, I 
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k= 0.0 cr : 0.00 

a 
1- crt-----r- .x 

REAL IMAG. 

1 
X 21Tk 

-21TX
( X 

REAL IMAG. 

-1J 

MOWLUS PHASE 
(OC(;R££SJ 

1.00 1.2180 -9.9928 0.4210 5.5638 0.0038 1.0054 0.0241 1.0057 1.37 
1.05 1.2183 -9.0624 0.4393 5.4950 0.0041 1.0065 0.0263 1.0069 1.50 
1.10 1.2186 -8.2559 0.4573 5.4238 0.0044 1.0078 0.0286 1.0082 1.63 
1.15 1.2190 -7.5521 0.4749 5.3503 0.0047 1.0093 0.0309 1.0097 1.75 
1.20 1.2194 -6.9343 0.4921 5.2747 0.0051 1.0109 0.0333 1.0114 1.88 

1.25 1.2199 -6.3891 0.5088 5.1970 0.0055 1.0127 0.0356 1.0133 2.01 
1.30 1.2204 -5.9055 0.5252 5.1175 0.0060 1.0147 0.0379 1.0154 2.14 
1.35 1.2210 -5.4745 0.5411 5.0362 0.0065 1.0169 0.0401 1.0177 2.26 
1.40 1.2216 -5.0888 0.5566 4.9533 0.0071 1.0193 0.0423 1.0202 2.38 
1.45 1.2223 -4.7422 0.5717 4.8690 0.0077 1.0219 0.0444 1.0228 2.49 

1.50 1.2231 -4.4296 0.5863 4.7834 0.0084 1.0246 0.0464 1.0257 2.59 
1.55 1.2240 -4.1467 0.6004 4.6966 0.0091 1.0276 0.0482 1.0287 2.69 
1.60 1.2249 -3.8898 0.6141 4.6088 0.0100 1.0307 0.0499 1. 0319 2.77 
1.65 1.2259 -3.6559 0.6273 4.5201 0.0109 1.0340 0.0513 1.0353 2.84 
1.70 1.2270 -3.4424 0.6401 4.4308 0.0119 1.0375 0.0526 1.0388 2.90 

1.75 1.2282 -3.2468 0.6524 4.3409 0.0130 1.0410 0.0536 1.0424 2.95 
1.80 1.2294 -3.0673 0.6642 4.2507 0.0143 1.0447 0.0544 1.0461 2.98 
1.85 1.2307 -2.9022 0.6755 4.1603 0.0156 1.0485 0.0549 1. 0499 3.00 
1.90 1.2321 -2.7499 0.6864 4.0699 0.0171 1.0522 0.0552 1.0537 3.00 
1.95 1.2336 -2.6093 0.6968 3.9795 0.0187 1.0561 0.0551 1.0575 2.99 

2.00 
2.05 t:~~M' 

-2.4791 
-2.3584 

0.7067 
0.7161 

3.8895 
3.7999 

0.0205 
0.0224 

1.0599 
1.0636 

0.0548 
0.0541 

1 .0613 
1.0650 

2.96 
2.91 

2.10 1.2383 -2.2463 0.7252 3.7109 0.0245 1.0673 0.0532 1.0687 2.85 
2.15 1.2400 -2.1420 0.7337 3.6227 0.0267 1.0709 0.0520 1.0722 2.78 
2.20 1.2417 -2.0448 0.7419 3.5354 0.0291 1.0744 0.0506 1.0756 2.69 

2.25 1. 2435 -1.9542 0.7495 3.4492 0.0318 1.0777 0.0488 1.0788 2.60 
2.30 1.2453 -1.8696 0.7568 3.3643 0.0346 1.0808 0.0469 1.0818 2.49 
2.35 1.2471 -1.7904 0.7637 3.2806 0.0376 1.0837 0.0448 1.0846 2.37 
2.40 1.2490 -1.7163 0.7702 3.1984 0.0408 1.0864 0.0424 1.0872 2.24 
2.45 1.2508 -1.6469 0.7763 3.1179 0.0443 1.0888 0.0400 1.0895 2.10 

2.50 1. 2526 -1.5817 0.7820 3.0390 0.0479 1.0910 0.0374 1.0916 1.96 
2.55 1.2544 -1.5205 0.7874 2.9619 0.0517 1.0929 0.0347 1.0935 1.82 
2.60 1. 2561 -1.4630 0.7925 2.8867 0.0558 1.0946 0.0319 1.0951 1.67 
2.65 1.2578 -1.4089 0.7973 2.8134 0.0600 1.0961 0.0291 1.0965 1.52 
2.70 1.2595 -1.3580 0.8017 2.7421 0.0644 1.0973 0.0263 1.0976 1.37 

2.75 1.2610 -1.3100 0.8059 2.6729 0.0691 1.0982 0.0235 1.0985 1.23 
2.80 1.2626 -1.2647 0.8098 2.6057 0.0738 1.0990 0.0207 1.0992 1.08 
2.85 1.2640 -1.2220 0.8135 2.5406 0.0788 1.0995 0.0180 1.0996 0.94 
2.90 1.2653 -1.1817 0.8170 2.4777 0.0839 1.0998 0.0153 1.0999 0.80 
2.95 1.2666 -1.1435 0.8202 2.4167 0.0892 1.1000 0.0128 1.1001 0.67 

3.00 1.2677 -1.1075 0.8232 2.3579 0.0946 1.1000 0.0103 1.1000 0.54 
3.05 1.2688 -1.0733 0.8261 2.3011 0.1001 1.0998 0.0079 1.0999 0.41 
3.10 1.2697 -1.0410 0.8288 2.2463 0.1058 1.0996 0.0056 1.0996 0.29 
3.15 1.2706 -1.0103 0.8313 2.1935 0.1115 1.0992 0.0034 1.0992 0.18 
3.20 1.2713 -0.9812 0.8337 2.1427 0.1173 1.0987 0.0013 1.0987 0.07 

3.25 1. 2719 -0.9536 0.8360 2.0937 0.1232 1. 0981 -0.0006 1. 0981 359.97 
3.30 1. 2725 -0.9273 0.8382 2.0466 0.1292 1.0974 -0.0025 1.0974 359.87 
3.35 1.2729 -0.9024 0.8402 2.0012 0.1352 1.0967 -0.0042 1.0967 359.78 
3.40 1.2732 -0.8786 0.8421 1.9575 0.1412 1.0959 -0.0059 1.0960 359.69 
3.45 1.2734 -0.8560 0.8440 1.9155 0.1473 1.0951 -0.0074 1.0952 359.61 

3.50 1.2735 -0.8344 0.8458 1.8752 0.1533 1.0943 -0.0089 1.0943 359.53 
3.55 1.2735 -0.8139 0.8475 1.8363 0.1594 1.0934 -0.0102 1. 0935 359.46 
3.60 1.2734 -0.7943 0.8491 1.7989 0.1655 1.0925 -0.0115 1.0926 359.40 
3.65 1.2732 -0.7755 0.8506 1.7630 0.1715 1.0916 -0.0127 1.0917 359.33 
3.70 1. 2729 -0.7576 0.8522 1.7284 0.1776 1.0907 -0.0138 1.0908 359.27 

3.75 1.2725 -0.7405 0.8536 1.6951 0.1836 1.0898 -0.0149 1.0899 359.22 
3.80 1.2721 -0.7241 0.8550 1.6630 0.1896 1.0889 -0.0158 1.0890 359.17 
3.85 1.2715 -0.7084 0.8564 1.6321 0.1955 1.0879 -0.0167 1.0881 359.12 
3.90 1.2709 -0.6933 0.8577 1.6024 0.2014 1.0870 -0.0176 .1.0872 359.07 
3.95 1.2702 -0.6789 0.8590 1.5737 0.2073 1.0861 -0.0184 1.0863 359.03 
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k= 0.0 0"= 0.00 

a 
/+71 /"'"17 Fio 

REAL IMAG. MOWLUS PHASE 
(OEGREES) 

REAL IMAG. MODULUS PHASE 
(OEGREES! 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0054 
-0.0065 
-0.0078 
-0.0093 
-0.0109 

-0.0241 
-0.0263 
-0.02B6 
-0.0309 
-0.0333 

0.0247 
0.0271 
0.0296 
0.0323 
0.0350 

257.35 
256.07 
254.72 
253.32 
251.87 

0.0120 
0.0146 
0.0175 
0.0208 
0.0246 

0.0986 
0.1084 
0.1185 
0.1291 
0.1399 

0.0993 
0.1094 
0.1198 
0.1307 
0.1420 

83.05 
82.34 
81.60 
80.83 
80.03 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0127 
-0.0147 
-0.0169 
-0.0193 
-0.0219 

-0.0356 
-0.0379 
-0.0401 
-0.0423 
-0.0444 

0.0378 
0.0406 
0.0435 
0.0465 
0.1J495 

250.35 
248.79 
247.17 
245.50 
243.78 

0.0288 
0.0336 
0.0388 
0.0446 
0.0510 

0.1510 
0.1624 
0.1740 
0.1858 
0.1977 

0.1537 
0.1658 
0.1783 
0.1911 
0.2042 

79.19 
78.32 
77.43 
76.50 
75.55 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0246 
-0.0276 
-0.0307 
-0.0340 
-0.0375 

-0.0464 
-0.0482 
-0.0499 
-0.0513 
-0.0526 

0.0525 
0.0555 
0.0586 
0.0616 
0.0646 

242.01 
240.20 
238.35 
236.46 
234.54 

0.0579 
0.0655 
0.0737 
0.0824 
0.0919 

0.2098 
0.2218 
0.2339 
0.2459 
0.2578 

0.2176 
0.2313 
0.2452 
0.2593 
0.2736 

74.56 
73.55 
72 .52 
71.46 
70.38 

1. 75 -0.0410 -0.0536 0.0675 232.58 0.1019 0.2694 0.2881 69.28 
1.80 -0.0447 -0.0544 0.0704 230.59 0.1126 0.2809 0.3026 66.16 
1.B5 -0.0485 -0.0549 0.0732 228.58 0.1238 0.2920 0.3172 67.02 
1.90 -0.0522 -0.0552 0.0760 226.56 0.1357 0.3026 0.3319 65.87 
1.95 -0.0561 -0.0551 0.0786 224.51 0.1481 0.3132 0.3465 64.70 

2.00 
2.05 
2.10 

-0.0599 
-0.0636 
-0.0673 

-0.0548 
-0.0541 
-0.0532 

0.0812 
0.0836 
0.0858 

222.45 
220.39 
218.32 

0.1610 
0.1744 
0.1882 

0.3232 
0.3326 
0.3414 

0.3610 
0.3755 
0.3899 

63.52 
62.33 
61.13 

2.15 -0.0709 -0.0520 0.0880 216.26 0.2024 0.3497 0.4040 59.93 
2.20 -0.0744 -0.0506 0.0899 214 .21 0.2170 0.3573 0.4180 58.73 

2.25 -0.0777 -0.0488 0.091B 212.16 0.2318 0.3642 0.4317 57.53 
2.30 
2.35 

-0.0808 
-0.0837 

-0.0469 
-0.0448 

0.0934 
0.0949 

210.14 
208.14 

0.2468 
0.2620 

0.3705 
0.3761 

0.4452 
0.4583 

56.33 
55.14 

2.40 -0.0864 -0.0424 0.0962 206.17 0.2772 0.380~ 0.4711 53.96 
2.45 -0.0888 -0.0400 0.0974 204.23 0.2925 0.3851 0.4836 52.78 

2.50 -0.0910 -0.0374 0.0984 202.32 0.3077 0.3886 0.4956 51.62 
2.55 -0.0929 -0.0347 0.0992 200.45 0.3228 0.3913 0.5073 50.48 
2.60 
2.65 

-0.0946 
-0.0961 

-0.0319 
-0.02~1 

0.0999 
0.1004 

198.63 
196.86 

0.3378 
0.3526 

0.3935 
0.3950 

0.5186 
0.5295 

49.35 
48.24 

2.70 -0.0973 -0.0263 0.1008 195.13 0.3672 0.3959 0.5399 47.16 

2.75 -0.0982 -0.0235 0.1010 193.45 0.3814 0.3962 0.5500 46.09 
2.80 -0.0990 -0.0207 0.1011 191.83 0.3953 0.3960 0.5596 45.05 
2.85 -0.0995 -0.0180 0.1011 190.26 0.4089 0.3953 0.5688 44.03 
2.90 -0.0998 -0.0153 0.1010 188.74 0.4221 0.3942 0.5776 43.04 
2.95 -0.1000 -0.0128 0.1008 187.28 0.4350 0.3927 0.5860 42.08 

3.00 -0.1000 -0.0103 0.1005 185.87 0.4474 0.3908 0.5941 41.14 
3.05 -0.0998 -0.0079 0.1002 184.52 0.4594 0.3886 0.6017 40.23 
3.10 
3.15 
3.20 

-0.0996 
-0.0992 
-0.0987 

-0.0056 
-0.0034 
-0.0013 

0.0997 
0.0992 
0.0987 

183.22 
181.97 
180.78 

0.4710 
0.4822 
0.4930 

0.3861 
0.3834 
0.3805 

0.6090 
0.6160 
0.6227 

39.35 
38.49 
37.66 

3.25 
3.30 

-0.0981 
-0.0974 

0.0006 
0.0025 

0.0981 
0.0975 

179.63 
178.54 

0.5033 
0.5133 

0.3773 
0.3741 

0.6291 
0.6351 

36.86 
36.08 

3.35 -0.0967 0.0042 0.0968 177.49 0.5229 0.3707 0.640& 35.33 
3.40 -0.0959 0.0059 0.0961 176.49 0.5321 0.3672 0.6464 34.61 
3.45 -0.0951 0.0074 0.0954 175.53 0.5409 0.3636 0.6517 33.91 

3.50 
3.55 
3.60 

-0.0943 
-0.0934 
-0.0925 

0.0089 
0.0102 
0.0115 

0.0947 
0.0940 
0.0932 

174.61 
173.74 
172 .90 

0.5494 
0.5575 
0.5654 

0.3600 
0.3563 
0.3526 

0.6568 
0.6617 
0.6663 

33.23 
32.58 
31.95 

3.65 -0.0916 0.0127 0.0925 172.10 0.5729 0.3490 0.6708 31.35 
3.70 -0.0907 0.0138 0.0917 171.33 0.5801 0.3453 0.6751 30.76 

3.75 -0.0898 0.0149 0.0910 170.60 0.5871 0.3416 0.6792 30.20 
3.80 -0.0889 0.0158 0.0903 169.89 0.5937 0.3380 0.6832 29.65 
3.85 
3.90 

-0.0879 
-0.0870 

0.0167 
0.0176 

0.0895 
0.0888 

169.22 
168.57 

0.6002 
0.6064 

0.3344 
0.3308 

0.6870 
0.6907 

29.12 
28.61 

3.95 -0.0861 0.0184 0.0881 167.95 0.6124 0.3273 0.6943 26.12 
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k= 0.0 tT = 0.00 

a 
/- tT'

-r' x 

/fEAL IMAG. 

/
X 211'; 

-211' .r
( X 

REAL IMAG. 

-~ 

MOa:JLUS 7'fiA!E 
(OCfiRCCSJ 

4.00 
4.05 

1.2894 
1.2888 

-0.8850 
-0.8517 

0.8803 
0.8815 

1.5461 
1.5195 

0.2131 
0.2188 

1,0852 
1.0843 

.0.0191 

.0.0198 
1.0854 
1.0845 

358.99 
358.95 

4.10 1.2877 -0.6389 0.8827 1.4938 0.2245 1.0835 -0.0205 1.0837 358.92 
4.15 
4.20 

1.2888 
1.2858 

.0.8288 
-0.8147 

0.8839 
0.8650 

1,4890 
1.4451 

0.2302 
0.2357 

1.0828 
1,0817 

.0.0211 
-0.0216 

1.0828 
1.0820 

358.89 
358.86 

4.25 1.2847 -0.8033 0.8881 1.4219 0.2412 1.0809 -0.0221 1.0811 358.83 
4.30 1.2638 -0.5923 0.8673 1.3998 0.2487 1.0801 -0.0228 1.0803 358.80 
4.35 
, .40 
4.45 

1.2824 
1,2612 
1,2800 

-0.5817 
.0.5715 
-0.5616 

0.8883 
0.8694 
0.8705 

1.3779 
1.3570 
1.3368 

0.2521 
0.2574 
0.2627 

1,0793 
1,0785 
1.0777 

.0.0231 
-0.0235 
.0.0239 

1.0795 
1.0787 
1.0780 

358.77 
358.75 
358.73 

4.50 
4.65 
4.60 
4.65 

1,2587 
1,2674 
1.2581 
1.2547 

-0.5520 
-0.5428 
.0.5338 
.0.5252 

0.8715 
0.8725 
0.8735 
0.8745 

1,3172 
1.2982 
1.2797 
1.2819 

0.2679 
0.2730 
0.2781 
0.2831 

1.0769 
1.0782 
1,0754 
1.0747 

-0.0243 
-0.0246 
-0.0250 
.0.0253 

1.0772 
1.0785 
1.0757 
1.0750 

358.71 
358.89 
358.67 
358.65 

4.70 1.2534 -0.5168 0.8755 1.2445 0.2881 1.0740 -0.0256 1.0743 358.64 

4.75 1.2520 .0.5087 0.8785 1.2277 0.2930 1.0733 -0.0258 1.0736 358.62 
4.80 1.2505 ·0.5008 0.8775 1.2113 0.2978 1.0728 .0.0261 1.0729 358.61 
4.85 
4.90 

1.2491 
1.2478 

-0.4931 
-0.4857 

0.8784 
0.8793 

1.1954 
1.1799 

0.3028 
0.3073 

1,0719 
1.0712 

.0.0263 

.0.0266 
1.0722 
1.0'116 

358.59 
358.58 

4.95 1.2462 -0.4785 0.8803 1.1849 0.3120 1.0706 -0.0268 1.0709 358.57 

5.00 1.2447 .0.4715 0.8812 1.1502 0.3188 1.0699 .0.0270 1.0703 358.56 
5.05 
5.10 

1.2432 
1.2417 

-0.4847 
-0.4581 

0.8821 
0.8830 

1.1359 
1.1220 

0.3211 
0.3258 

1.0893 
1.0687 

-0.0271 
.0.0273 

1.0697 
1.0690 

358.55 
358.54 

5.15 1.2402 .0 .4517 0.8839 1.1085 0.3301 1.0681 -0.0275 1.0684 358.53 
5.20 1.2387 -0.4454 0.8847 1,0953 0.3345 1.0675 .0.0276 1.0678 358.52 

5.25 
5.30 
5.35 

1,2372 
1,2357 
1.2342 

.0.4393 

.0.4333 

.0.4275 

0.8856 
0.8865 
0.8873 

1.0824 
1.0698 
1.0575 

0.3388 
0.3431 
0.3473 

1.0669 
1.0663 
1.0657 

.0.0278 
-0.0279 
.0.0280 

1.0672 
1.0667 
1.0661 

358.51 
358.50 
358.50 

5.40 1.2327. -0.4219 0.8881 1.0455 0.3515 1.0652 .0.0281 1.0655 358.49 
5.45 1.2312 .• 0.4164 0.8890 1,0337 0.3557 1.0646 .0.0282 1.0650 358.48 

5.50 
5.55 
5.60 
5.65 
5.70 

1.2297 
1.2282 
1.2267 
1.2252 
1.2238 

-0.4110 
-0.4058 
-0.4007 
.0.3957 
.0.3908 

0.8898 
0.8906 
0.8914 
0.8922 
0.8929 

1.0223 
1,0111 
1.0001 
0.9893 
0.9788 

0.3598 
0.3638 
0.3678 
0.3718 
0.3757 

1.0640 
1.0635 
1.0630 
1.0624 
1.0619 

.0.0283 

.0.0284 

.0.0285 

.0.0285 

.0.0286 

1.0644 
1.0639 
1.0634 
1. 0628 
1.0623 

358.48 
358.47 
358.47 
358.46 
358.46 

5.75 
5.80 
5.85 
5.90 
5.95 

1.2223 
1.2208 
1.2194 
1.2180 
1.2165 

.0.3860 

.0.3813 

.0.3768 

.0.3723 
-0.3680 

0.8937 
0.8945 
0.8952 
0.8959 
0,8967 

0.9685 
0.9585 
0.9486 
0.9389 
0.9295 

0.3796 
0.3835 
0.3873 
0.3910 
0.3948 

1.0614 
1,0609 
1.0604 
1,0599
1,0595 

.0.0287 

.0.0287 

.0.0288 

.0.0288 

.0.0288 

1.0618 
1.0613 
1.0606 
1.0603 
1.0598 

358.45 
358.45 
358.45 
358.44 
358.44 

6.00 
6.05 
6.10 
6.15 
6.20 

1.2151 
1.2137 
1.2123 
1.2109 
1.2096 

.0.3637 

.0.3595 
-0.3554 
.0.3514 
.0.3475 

0.8974 
0.8981 
0.8988 
0.6995 
0.9002 

0.9202 
0.9110 
0.9021 
0.8933 
0.8847 

0.3985 
0.4021 
0.4057 
0.4093 
0.4128 

1.0590 
1,0585 
1.0581 
1.0576 
1.0572 

.0.0289 

.0.0289 

.0.0289 

.0.0289 

.0.0289 

1.0594 
1.0589 
1.0584 
1.0580 
1.0575 

358.44 
358.44 
358.44 
358.43 
358.43 

6.25 
6.30 
6.35 
6.40 
6.45 

1.2082 
1.2069 
1.2055 
1.2042 
1.2029 

.0.3437 

.0.3399 

.0.3363 

.0.3·327 

.0.3291 

0.9009 
0.9015 
0.9022 
0.9029 
0.9035 

0.8763 
0.8680 
0.8599 
0.8519 
0.8440 

0.4163 
0.4198 
0.4232 
0.4266 
0.4300 

1.0567 
1.0563 
1.0558 
1.0554 
1.0550 

.0.0289 

.0.0289 

.0.0289 

.0.0289 

.0.0289 

1.0571 
1.0567 
1.0562 
1.0558 
1.0554 

358.43 
358.43 
358.43 
358.43 
358.43 

6.50 
6.55 
6.60 

1.2016 
1.2003 
1.1991 

.0.3257 
-0.3223 
.0.3189 

0.9041 
0.9048 
0.9054 

0.8363 
0.8288 
0.8213 

0.4333 
0.4366 
0.4398 

1.0546 
1.0542 
1.0538 

.0.0289 

.0.0289 

.0.0289 

1.0550 
1.0546 
1.0542 

358.43 
358.43 
358.43 

6.65 
6.70 

1.1978 
1.1966 

.0.3157 
-0.3125 

0.9060 
0.9066 

0.8140 
0.8068 

0.4431 
0.4463 

1.0534 
1.0530 

.0.0289 

.0.0288 
1.0538 
1. 0534 

358.43 
358.43 

6.75 1.1954 -0.3093 0.9072 0.7998 0.4494 1.0526 .0.0288 1.0530 358.43 
6.80 1.1941 -0.3062 0.9078 0.7928 0.4526 1.0522 .0.0288 1.0526 358.43 
6.85 
6.90 
6.95 

1,1929 
1.1917 
1.1906 

.0.3032 
-0.3002 
.0.2973 

0.9084 
0.9090 
0.9095 

0.7860 
0.7793 
0.7727 

0.4557 
0.4587 
0.4618 

1.0519 
1,0515 
1.0511 

.0.0288 

.0.0287 

.0.0287 

1.0523 
1.0519 
1.0515 

358.43 
358.44 
358.44 

,. 
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k= 0.0 (T = 0.00 

a 
/+1'/ /+1'/ Fio 

REAL /MAG, MOWLUS PHASE 
rOE:GRE:E:SJ 

REAL /MAG, MODULUS PHASE 
rOE:GRE:CSJ 

4.00 
4.05 
4.10 
4.15 
4.20 

-0.0852 
-0.0843 
-0.0835 
-0.0826 
-0.0817 

0.0191 
0.0198 
0.0205 
0.0211 
0.0216 

0.0873 
0.0866 
0.0859 
0.0852 
0.0846 

167.35 
166.78 
166.23 
165.70 
165.19 

0.6181 
0.6237 
0.6290 
0.6342 
0.6393 

0.3238 
0.3204 
0.3170 
0.3137 
0.3105 

0.6978 
0.7012 
0.7044 
0.7076 
0.7107 

27.65 
27.19 
26.75 
26.32 
25.90 

4.25 
4.30 
4.35 
4.40 
4.45 

-0.0809 
-0.0801 
-0.0793 
-0.0785 
-0.0777 

0.0221 
0.0226 
0.0231 
0.0235 
0.0239 

0.0839 
0.0832 
0.0826 
0.0819 
0.0813 

164.70 
164.22 
163.76 
163.32 
162.89 

0.6441 
0.6488 
0.6534 
0.6578 
0.6621 

0.3073 
0.3041 
0.3011 
0.2981 
0.2951 

0.7137 
0.7166 
0.719'4 
0.7222 
0.7249 

25.50 
25.11 
24.74 
24.37 
24.02 

4.50 
4.55 
4.60 
4.65 
4.70 

-0.0769 
-0.0762 
-0.0754 
-0.0747 
-0.0740 

0.0243 
0.0246 
0.0250 
0.0253 
0.0256 

0.0807 
0.0801 
0.0795 
0.0789 
0.0783 

162.47 
162.07 
161.68 
161.30 
160.93 

0.6663 
0.6704 
0.6743 
0.6782 
0.6819 

0.2922 
0.2894 
0.2866 
0.2838 
0.2812 

0.7276 
0.7302 
0.7327 
0.7352 
0.7376 

23.68 
23.35 
23.02 
22.71 
22.41 

4.75 
4,80 
4.85 
4.90 
4.95 

-0.0733 
-0.0726 
-0.0719 
-0.0712 
-0.0706 

0.0258 
0.0261 
0.0263 
0.0266 
0.0268 

0.0777 
0.0771 
0.0766 
0.0760 
0.0755 

160.57 
160.23 
159.89 
159.56 
159.24 

0.6856 
0.6891 
0.6926 
0.6960 
0.6993 

0.2785 
0.2760 
0.2734 
0.2710 
0.2685 

0.7400 
0.7423 
0.7446 
0.7469 
0.7491 

22.11 
21.82 
21.54 
21.27 
21.01 

5.00 
5.05 
5.10 
5.15 
5.20 

-0.0699 
-0.0693 
-0.0687 
-0.0681 
-0.0675 

0.0270 
0.0271 
0.0273 
0.0275 
0.0276 

0.0750 
0.0744 
0.0739 
0.0734 
0.0729 

158.92 
158.62 
158.32 
158.03 
157.74 

0.7025 
0.7058 
0.7089 
0.7119 
0.7149 

0.2662 
0.2638 
0.2615 
0.2593 
0.2570 

0.7513 
0.7535 
0.7556 
0.7576 
0.7597 

20.75 
20.50 
20.25 
20.01 
19.78 

5.25 
5.30 
5.35 
5.40 
5.45 

-0.0669 
-0.0663 
-0.0657 
-0.0652 
-0.0646 

0.0278 
0.0279 
0.0280 
0.0281 
0.0282 

0.0724 
0.0719 
0.0714 
0.0710 
0.0705 

157.46 
157.19 
156.93 
156.67 
156.41 

0.7178 
0.7206 
0.7234 
0.7262 
0.7289 

0.2549 
0.2527 
0.2506 
0.2485 
0.2465 

0.7617 
0.7637 
0.7'656 
0.7675 
0.7694 

19.55 
19.33 
19.11 
18.89 
18.69 

5.50 
5.55 
5.60 
5.65 
5.70 

-0.0640 
~0.0635 

-0.0630 
-0.0624 
-0.0619 

0.0283 
0.0284 
0.0285 
0.0285 
0.0286 

0.0700 
0.0696 
0.0691 
0.0687 
0.0682 

156.16 
155.92 
155.68 
155.44 
155.21 

0.7315 
0.7341 
0.7366 
0.7391 
0.7415 

0.2445 
0.2425 
0.2406 
0.2387 
0.2368 

0.7713 
0.7731 
0.7749 
0.7767 
0.7784 

18.48 
18.28 
18.09 
17.90 
17.71 

5.75 
5.80 
5.85 
5.90 
5.95 

-0.0614 
-0.0609 
-0.0604 
-0.0599 
-0.0595 

0.0287 
0.0287 
0.0288 
0.0288 
0.0288 

0.0678 
0.0673 
0.0669 
0.0665 
0.0661 

154.99 
154.77 
154.55 
154.34 
154.13 

0.7439 
0.7463 
0.7486 
0.7509 
0.7531 

0.2349 
0.2331 
0.2313 
0.2295 
0.2278 

0.7802 
0.7819 
0.7835 
0.7852 
0.7868 

17.53 
17.35 
17.17 
17.00 
16.83 

6.00 
6.05 
6.10 
6.15 
6.20 

-0.0590 
-0.0585 
-0.0581 
-0.0576 
-0.0572 

0.0289 
0.0289 
0.0289 
0.0289 
0.0289 

0.0657 
0.0653 
0.0649 
0.0645 
0.0641 

153.93 
153.73 
153.53 
153.34 
153.15 

0.7553 
0.7575 
0.7596 
0.7616 
0.7637 

0.2261 
0.2244 
0.2227 
0.2211 
0.2194 

0.7884 
0.7900 
0.7915 
0.7931 
0.7946 

16.66 
16.50 
16.34 
16.18 
16.03 

6.25 
6.30 
6.35 
6.40 
6.45 

-0.0567 
-0.0563 
-0.0558 
-0.0554 
-0.0550 

0.0289 
0.0289 
0.0289 
0.0289 
0.0289 

0.0637 
0.0633 
0.0629 
0.0625 
0.0621 

152.97 
152.79 
152.61 
152.43 
152.26 

0.7657 
0.7677 
0.7696 
0.7715 
0.7734 

0.2178 
0.2162 
0.2147 
0.2131 
0.2116 

0.7961 
0.7975 
0.7990 
0.8004 
0.8018 

15.88 
15.73 
15.59 
15.44 
15.30 

6.50 
6.55 
6.60 
6.65 
6.70 

-0.0546 
-0.0542 
-0.0538 
-0.0534 
-0.0530 

0.0289 
0.0289 
0.0289 
0.0289 
0.0288 

0.0618 
0.0614 
0.0611 
0.0607 
0.0603 

152.09 
151.93 
151.76 
151.60 
151.45 

0.7753 
0.7771 
0.7789 
0.7806 
0.7824 

0.2101 
0.2086 
0.2072 
0.2057 
0.2043 

0.8032 
0.8046 
0.8059 
0.8073 
0.8086 

15.16 
15.03 
14.89 
14.76 
14.63 

6.75 
6.80 
6.85 
6.90 
6.95 

-0.0526 
-0.0522 
-0.0519 
-0.0515 
-0.0511 

0.0288 
0.0288 
0.0288 
0.0287 
0.0287 

0.0600 
0.0596 
0.0593 
0.0590 
0.0586 

151.29 
151.14 
150.99 
150.84 
150.70 

0.7841 
0.7857 
0.7874 
0.7890 
0.7906 

0.2029 
0.2015 
0.2001 
0.1988 
0.1974 

0.8099 
0.8112 
0.8124 
0.8137 
0.8149 

14.51 
14.38 
14.26 
14.14 
14.02 
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k= 0.0 (T = 0.00 

a 
1- (T'

-r-' x 

REAL IMAG. 

1 
X 21T'k 

-21T' .r 
! X 

REAL IMAG. 

-"I 

MOlVLUS PHA~ 
(O£BREES) 

7,00 1.1894 .0.2945 0.9101 0.7662 0.4648 1.0508 -0.0287 1.0512 358.44 
7.05 
7,10 

1.1882 
1.1871 

-0.291.6 
-0.2889 

0.9106 
0.9112 

0.7598 
0.7535 

0.4678 
0.4707 

1.0504 
1.0501 

-0.0286 
-0.0286 

1.0508 
1.0505 

358.44 
358.44 

7.15 1.1860 -0.2862 0.9117 0.7473 0.4736 1.0497 -0.0285 1.0501 358.44 
7.20 1.1848 -0.2835 0.9123 0.7412 0.4765 1.0494 -0.0285 1.0498 358.44 

7.25 1.1837 -0.2809 0.9128 0.7353 0.4794 1.0490 -0.0284 1.0494 358.45 
7.30 1.1826 -0.2783 0.9133 0.7294 0.4822 1.0487 -0.0284 1.0491 358.45 
7.35 1.1816 -0.2758 0.9138 0.7236 0.4850 1.0484 -0.0283 1.0488 358.45 
7.40 1.1805 -0.2733 0.9144 0.7178 0.4878 1. 0481 -0.0283 1.0484 358.45 
7.45 1.1794 -0.2709 0.9149 0.7122 0.4906 1.0477 -0.0282 1.0481 358.46 

7.50 1.1784 -0.2685 0.9154 0.7067 0.4933 1.0474 -0.0282 1.0478 358.46 
7.55 1.1773 -0.2661 0.9159 0.7012 0.4960 1.0471 -0.0281 1.0475 358.46 
7,60 1.1763 -0.2638 0.9163 0.6958 0.4987 1.0468 -0.0281 1.0472 358.46 
7.65 1.1753 -0.2615 0.9168 0.6905 0.5013 1.0465 -0.0280 1.0469 358.47 
7.70 1.1743 -0.2592 0.9173 0.6853 0.5039 1.0462 -0.0280 1.0466 358.47 

7.75 1.1733 -0.2570 0.9178 0.6802 0.5065 1.0459 -0.0279 1.0463 358.47 
7,80 1.1723 -0.2549 0.9182 0.6751 0.5091 1.0456 -0.0278 1.0460 358.47 
7.85 1.1713 -0.2527 0.9187 0.6701 0.5116 1.0453 -0.0278 1.0457 358.48 
7.90 1.1704 -0.2506 0.9192 0.6652 0.5142 1.0450 -0.0277 1.0454 358.48 
7.95 1.1694 -0.2486 0.9196 0.6604 0.5167 1.0448 -0.0277 1.0451 358.48 

8.00 1.1684 -0.2465 0.9201 0.6556 0.5191 1.0445 -0.0276 1.0448 358.49 
8.05 1.1675 -0.2445 0.9205 0.6509 0.5216 1.0442 -0.0275 1.0446 358.49 
8.10 1.1666 -0.2425 0.9209 0.6462 0.5240 1.0439 -0.0275 1.0443 358.49 
8.15 1.1657 -0.2406 0.9214 0.6417 0.5264 1.0437 -0.0274 1.0440 358.50 
8.20 1.1648 -0.2387 0.9218 0.6371 0.5288 1.0434 -0.0273 1.0437 358.50 

8.%5 1.1639 -0.2368 0.9222 0.6327 0.5312 1.0431 -0.0273 1.0435 358.50 
8.30 1.1630 -0.2349 0.9226 0.6283 0.5335 1.0429 -0.0272 1.0432 358.51 
8.35 1.1621 -0.2331 0.9231 0.6240 0.5358 1.0426 -0.0272 1.0430 358.51 
8.40 1.1612 -0.2313 0.9235 0.6197 0.5381 1.0424 -0.0271 1.0427 358.51 
8.45 1.1603 -0.2295 0.9239 0.6155 0.5404 1.0421 -0.0270 1.0425 358.51 

8.50 1.1595 -0.2278 0.9243 0.6113 0.5426 1.0419 -0.0269 1.0422 358.52 
8.55 1.1586 .0.2260 0.9247 0.6072 0.5449 1.0416 .0.0269 1.0420 358.52 
8.60 1.1578 -0.2244 0.9251 0.6031 0.5471 1.0414 -0.0268 1.0417 358.53 
8.65 
8.70 

1,1570 
1.1561 

-0.2227 
-0.2210 

0.9255 
0.9258 

0.5991 
0.5952 

0.5493 
0.5515 

1.0411 
1.0409 

-0.0267 
-0.0267 

1.0415 
1.0412 

358.53 
358.53 

8.75 1.1553 -0.2194 0.9262 0.5913 0.5536 1.0407 -0.0266 1.0410 358.54 
8.80 1.1545 -0.2178 0.9266 0.5875 0.5557 1.0404 -0.0265 1.0408 358.54 
8.85 1.1537 .-0.2162 0.9270 0.5837 0.5578 1.0402 -0.0265 1.0405 358.54 
8.90 1.1529 -0.2147 0.9273 0.5799 0.5599 1.0400 -0.0264 1.0403 358.55 
8.95 1.1521 -0.2131 0.9277 0.5762 0.5620 1.0398 -0.0263 1.0401 358.55 

9.00 1.1514 -0.2116 0.9281 0.5726 0.5641 1.0395 -0.0263 1.0399 358.55 
9.05 1.1506 -0.2101 0.9284 0.5690 0.5661 1.0393 -0.0262 1.0396 358.56 
9.10 1.1498 -0.2086 0.9288 0.5654 0.5681 1.0391 -0.0261 1.0394 358.56 
9.15 1.1491 -0.2072 0.9291 0.5619 0.5701 1.0389 -0.0261 1.0392 358.56 
9.20 1.1483 -0.2057 0.9295 0.5584 0.5721 1.0387 -0.0260 1.0390 358.57 

9.25 1.1476 -0.2043 0.9298 0.5550 0.5741 1.0385 -0.0259 1.0388 358.57 
9.30 1.1469 -0.2029 0.9302 0.5516 0.5760 1.0383 -0.0258 1.0386 358.57 
9.35 1.1461 -0.2015 0.9305 0.5462 0.5780 1.0381 -0.0258 1.0384 358.58 
9.40 1.1454 -0.2002 0.9308 0.5449 0.5799 1.0378 -0.0257 1.0382 358.58 
9.45 1.1447 -0.1988 0.9312 0.5416 0.5818 1.0376 -0.0256 1.0380 358.59 

9.50 1.1440 -0.1975 0.9315 0.5384 0.5837 1.0374 -0.0256 1.0378 358.59 
9.55 1.1433 -0.1962 0.9318 0.5352 0.5856 1.0373 -0.0255 1.0376 358.59 
9.60 1.1426 -0.1949 0.9322 0.5320 0.5874 1.0371 -0.0254 1.0374 358.60 
9.65 1.1419 -0.1936 0.9325 0.5289 0.5892 1.0369 -0.0253 1.0372 358.60 
9.70 1.1412 -0.1924 0.9328 0.5258 0.5911 1.0367 -0.0253 1.0370 358.60 

9.75 1.1406 -0.1911 0.9331 0.5228 0.5929 1.0365 -0.0252 1.0368 358.61 
9.80 
9.85 

1.1399 
1.1392 

-0,1899 
-0.1887 

0.9334 
0.9337 

0.5198 
0.5168 

0.5947 
0.5964 

1.0363 
1.0361 

-0.0251 
-0.0251 

1.0366 
1.0364 

358.61 
358.61 

9.90 1.1386 -0.1875 0.9340 0.5138 0.5982 1.0359 -0.0250 1.0362 358.62 
9.95 1.1379 -0.1863 0.9343 0.5109 0.5999 1.0357 .0.0249 1.0360 358.62 

10.00 1.1373 -0.1851 0.9346 0.5080 0.6017 1.0356 -0.0249 1.0359 358.62 
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k: 0.0 (T: 0.00 

a 
REAL 

1+1J 

IMAG MOlY.JLUS PHASE 
fOeGREeSI 

REAL 

1+1J Fio 
IMAG. MODULUS PHASE 

(DEGREeSI 

7.00 
7.05 
7.10 
7.15 
7.20 

-0.0508 
-0.0504 
-0.0501 
-0.0497 
-0.0494 

0.0287 
0.0286 
0.0286 
0.0285 
0.0285 

0.0583 
0.0580 
0.0576 
0.0573 
0.0570 

150.56 
150.42 
150.28 
150.15 
150.02 

0.'7922 
0.7938 
0.7953 
0.7968 
0.7983 

0.1961 
0.1948 
0.1935 
0.1923 
0.1910 

0.8161 
0.8173 
0.8185 
0.8197 
0.8208 

13.91 
13.79 
13.68 
13.57 
13.46 

7.25 
7.30 
7.35 
7.40 
7.45 

-0.0490 
-0.0487 
-0.0484 
-0.0481 
-0.0477 

0.0284 
0.0284 
0.0283 
0.0283 
0.0282 

0.0567 
0.0564 
0.0561 
0.0558 
0.0555 

149.89 
149.76 
149.63 
149.51 
149.39 

0.7998 
0.8012 
0.8026 
0.8040 
0.8054 

0.1898 
0.1885 
0.1873 
0.1861 
0.1850 

0.8220 
0.8231 
0.8242 
0.8253 
0.8264 

13.35 
13.24 
13.14 
13.04 
12.93 

7.50 
7.55 
7.60 
7.65 
7.70 

-0.0474 
-0.0471 
-0.0468 
-0.0465 
-0.0462 

0.0282 
0.0281 
0.0281 
0.0280 
0.0280 

0.0552 
0.0549 
0.0546 
0.0543 
0.0540 

149.27 
149.15 
149.04 
148.92 
148.81 

0.8068 
0.8081 
0.8094 
0.8107 
0.8120 

0.1838 
0.1826 
0.1815 
0.1804 
0.1793 

0.8274 
0.8285 
0.8295 
0.8305 
0.8316 

12.83 
12.74 
12.64 
12.54 
12.45 

7.75 
7.80 
7.85 
7.90 
7.95 

-0.0459 
-0.0456 
-0.0453 
-0.0450 
-0.0448 

0.0279 
0.0278 
0.0278 
0.0277 
0.0277 

0.0537 
0.0534 
0.0532 
0.0529 
0.0526 

148.70 
148.59 
148.48 
148.38 
148.27 

0.8133 
0.8145 
0.8158 
0.8170 
0.8182 

0.1782 
0.1771 
0.1760 
0.1750 
0.1739 

0.8326 
0.8336 
0.8345 
0.8355 
0.8365 

12.36 
12.27 
12.18 
12.09 
12.00 

8.00 
8.05 
8.10 
8.15 
8.20 

-0.0445 
-0.0442 
-0.0439 
-0.0437 
-0.0434 

0.0276 
0.0275 
0.0275 
0.0274 
0.0273 

0.0523 
0.0521 
0.0518 
0.0515 
0.0513 

148.17 
148.07 
147.97 
147.87 
147.78 

0.8H14 
0.8205 
0.8217 
0.8228 
0.8240 

0.1729 
0.1718 
0.1708 
0.1698 
0.1688 

0.8374 
0.8383 
0.8393 
0.8402 
0.8411 

11. 91 
11 .83 
11. 74 
11.66 
11. 58 

8.25 
8.30 
8.35 
8.40 
8.45 

-0.0431 
-0.0429 
-0.0426 
-0.0424 
-0.0421 

0.0273 
0.0272 
0.0272 
0.0271 
0.0270 

0.0510 
0.0508 
0.0505 
0.0503 
0.0500 

147.68 
147.59 
147.50 
147.41 
147.32 

0.8251 
0.8262 
0.8272 
0.8283 
0.8294 

0.1679 
0.1669 
0.1659 
0.1650 
0.1641 

0.8420 
0.8428 
0.8437 
0.8446 
0.8454 

11.50 
11 .42 
11.34 
11.27 
11 .19 

8.50 
8.55 
8.60 
8.65 
8.70 

-0.0419 
-0.0416 
-0.0414 
-0.0411 
-0.0409 

0.0269 
0.0269 
0.0268 
0.0267 
0.0267 

0.0498 
0.0495 
0.0493 
0.0491 
0.0488 

147.23 
147.14 
147.05 
146.97 
146.89 

0.8304 
0.8314 
0.8325 
0.8335 
0.8344 

0.1631 
0.1622 
0.1613 
0.1604 
0.1595 

0.8463 
0.8471 
0.8479 
0.848b 
0.8496 

11.11 
11.04 
10.97 
10.89 
10.82 

8.75 
8.80 
8.85 
8.90 
8.95 

-0.0407 
-0.0404 
-0.0402 
-0.0400 
-0.0398 

0.0266 
0.0265 
0.0265 
0.0264 
0.0263 

0.0486 
0.0484 
0.0481 
0.0479 
0.0477 

146.80 
146.72 
146.64 
146.56 
146.48 

0.8354 
0.8364 
0.8374 
0.8383 
0.8392 

0.1586 
0.1578 
0.1569 
0.1561 
0.1552 

0.8504 
0.8511 
0.8519 
0.8527 
0.8535 

10.75 
10.68 
10.61 
10.55 
10.48 

9.00 
9.05 
9.10 
1l.15 
9.20 

-0.0395 
-0.0393 
-0.0391 
-0.0389 
-0.0387 

0.0263 
0.0262 
0.0261 
0.02('1 
0.0260 

0.0475 
0.0472 
0.0470 
0.0468 
0.0466 

146.41 
146.33 
146.25 
146.18 
146.11 

0.8402 
0.8411 
0.8420 
0.8429 
0.8437 

0.1544 
0.1536 
0.1528 
0.1520 
0.1512 

0.8542 
0.8550 
0.8557 
0.8564 
0.8572 

10.41 
10.35 
10.28 
10.22 
10.16 

9.25 
9.30 
9.35 
9.40 
9.45 

-0.0385 
-0.0383 
-0.0381 
-0.0378 
-0.0376 

0.0259 
0.0258 
0.0258 
0.0257 
0.0256 

0.0464 
0.0462 
0.0460 
0.0457 
0.0455 

146.03 
145.96 
145.89 
145.82 
145.75 

0.8446 
0.8455 
0.8463 
0.8472 
0.8480 

0.1504 
0.1496 
0.1488 
0.1481 
0.1473 

0.8579 
0.8586 
0.8593 
0.8600 
0.8607 

10.10 
10.03 

9.97 
9.91 
9.85 

9.50 
9.55 
9.60 
9.65 
9.70 

-0.0374 
-0.0373 
-0.0371 
-0.0369 
-0.0367 

0.0256 
0.0255 
0.0254 
0.0253 
0.0253 

0.0453 
0.0451 
0.0449 
0.0447 
0.0445 

145.69 
145.62 
145.55 
145.49 
145.42 

0.8488 
0.8496 
0.8505 
0.8512 
0.8520 

0.1465 
0.1458 
0.1451 
0.1443 
0.1436 

0.8614 
0.8621 
0.8627 
0.8634 
0.8641 

9.80 
9.74 
9.68 
9.62 
9.57 

9.75 
9.80 
9.85 
9.90 
9.95 

-0.0365 
-0.0363 
-0.0361 
-0.0359 
-0.0357 

0.0252 
0.0251 
0.0251 
0.0250 
0.0249 

0.0443 
0.0442 
0.0440 
0.0438 
0.0436 

145.36 
"145.29 
145.23 
145.17 
145.11 

0.8528 
0.8536 
0.8544 
0.8551 
0.8559 

0.1429 
0.1422 
0.1415 
0.1408 
0.1401 

0.8647 
0.8654 
0.8660 
0.8666 
0.8673 

9.51 
9.46 
9.40 
9.35 
9.30 

10.00 -0.0356 0.0249 0.0434 145.05 0.8566 0.1394 0.8679 9.25 

A-15WADe TR 56-614 



k; 0.0 (T= 0.25 

a 
/- (T2

-r' X 

REAL /MAG, 

/ 
X 21Tk 

-21TX 
{ X 

REAL /MAG, 

-7/ 

MOWWS PHASE 
'(O£/iflEESJ 

1.00 1.1011 -7.9847 0.4672 5.4762 0.0042 1.0054 0.0145 1.0055 0.83 
1.05 1.1016 -7.2394 0.4872 5.3994 0.0045 1.0065 0.0157 1.0066 0.90 
1.10 1.1021 -6.5932 0.5068 5.3201 0.0049 t .0078 0.0169 1.0079 0.96 
1.15 1.1028 -6.0292 0.5259 5.2382 0.0053 1.0092 0.0181 1.0093 1.03 
1.20 1 .1034 -5.5339 0.5445 5.1540 0.0058 1.0108 0.0192 1.0109 1.09 

1.25 1.1042 -5.0966 0.5626 5.0676 0.0063 1.0125 0.0203 1.0127 1.15 
1.30 
1. 35 

1 .1051 
1.1061 

-4.7086 
-4.3626 

0.5802 
0.5973 

4.9792 
4.8890 

0.{)069
0.0075 

1.0144 
1.0165 

0.0212 
0.0220 

1.0147 
1.0168 

1.20 
1.24 

1.40 1.1072 -4.0529 0.61311 4.7969 0.0083 1.0188 0.0227 1.0190 1.27 
t .45 1.1084 -3.7744 0.6298 4.7034 0.0091 1.0212 0.0232 1.0214 1.30 

1. 50 1.1097 -3.5231 0.6453 4.6084 0.0100 1.0237 0.0234 1.0240 1. 31 
1.55 1.1H2 -3.2956 0.6602 4.5122 0.0110 1.0264 0.0235 1.0267 1.31 
1.60 1.1127 -3.0889 0.6745 4.4150 0.0121 1.0292 0.0233 1.0295 1.30 
1.65 1.1144 -2.9006 0.6883 4.3169 0.0133 1.0321 0.0228 1.0323 1.27 
1. 70 1.1163 -2.7285 0.7015 4.21111 0.0147 1.0350 0.0221 1.0352 1.22 

1. 75 1.1183 -2.5709 0.7141 4.1188 0.0163 1.0379 0.0210 1.0381 1.16 
1.80 1.1204 -2.4261 0.7262 4.0192 0.0180 1.0409 0.0196 1.0410 1.08 
1.85 1.1227 -2.2929 0.7377 3.9195 0.0199 1.0437 0.0179 1.0439 0.98 
1.~O 1.1250 -2.1700 0.7486 3.6199 0.0219 1.0465 0.0158 1.0466 0.87 
1.95 1.1276 -2.0564 0.7589 3.7206 0.0242 1.0492 0.0134 1.0493 0.73 

2.00 1.1302 -1.9513 0.7686 3.6218 0.0267 1. 0516 0.0108 1. 0517 0.59 
2.05 1.1330 -1.8538 0.7778 3.5237 0.0295 1.0539 0.0078 1. 0539 0.42 
2.10 1.1358 -1.7633 0.7865 3.4266 0.0325 1.0559 0.0045 1.0559 0.25 
2.15 1.1388 -1.6791 0.7946 3.3306 0.0358 1.0576 0.0011 1.0576 0.06 
2.20 1.1418 -1.6007 0.8022 3.2361 0.0393 1.0590 -0.0026 1.0590 359.86 

2.25 
2.30 
2.35 
2.40 
2.45 

1 .1449 
1.1480 
1.1512 
1.1543 
1.1575 

-1.5277 
-1.4595 
-1.3958 
-1.3362 
-1.2805 

0.8093 
0.8158 
0.8219 
0.8276 
0.8328 

3.1430 
3.0518 
2.9624 
2.8752 
2.7902 

0.0432 
0.0473 
0.0517 
0.0564 
0.0614 

1.0600 
1.0607 
t .0610 
1.0610 
1.0606 

-0.0064 
-0.0104 
-0.0144 
-0.0184 
-0.0224 

1.0600 
1.0608 
1.0611 
1.0612 
1.0609 

359.65 
359.44 
359.22 
359.01 
358.79 

2.50 
2.55 
2.60 
2.65 
2.70 

1 .1606 
1.1637 
1.1667 
1.1696 
1.1724 

-1.2283 
-1.1794 
-1.1335 
-1.0904 
-1.0499 

0.8376 
0.8421 
0.8462 
0.8499 
0.8534 

2.7075 
2.6273 
2.5497 
2.4746 
2.4022 

0.0667 
0.0723 
0.0181 
0.0842 
0.0905 

1.0599 
1.0589 
1.0575 
1.0559 
1. 0541 

-0.0263 
-0.0301 
-0.0338 
-0.0373 
-0.0406 

1.0602 
1. 0593 
1.0581 
1.0566 
1.0549 

358.58 
358.37 
358.17 
357.98 
357.79 

2.75 
2.80 
2.85 
2.90 
2.95 

1.1751 
1.1777 
1.1802 
1.1825 
1.1847 

-1.0119 
-0.9761 
-0.9423 
-0.9105 
-0.8805 

0.8566 
0.8595 
0.8622 
0.8647 
0.8670 

2.3324 
2.2653 
2.2007 
2.1388 
2.0794 

0.0971 
0.1038 
0.1107 
0.1178 
0.1250 

1.0521 
1.0499 
1.0476 
1.0451 
1.0426 

-0.0437 
-0.0466 
-0.0493 
-0.0518 
-0.0540 

1.0530 
1.0509 
1.0487 
1.0464 
1.0440 

357.62 
357.46 
357.31 
357.16 
357.03 

3.00 
3.05 
3.10 
3.15 
3.20 

1.1867 
1.1886 
1.1903 
1.1919 
1.1934 

-0.8522 
-0.8255 
-0.8002 
-0.7762 
-0.7536 

0.8691 
0.8711 
0.8729 
0.8746 
0.8763 

2.0224 
1.9678 
1.9156 
1.8656 
1.8177 

0.1323 
0.1398 
0.1473 
0.1548 
0.1624 

1.0400 
1.0374 
1. 0347 
1.0321 
1.0295 

-0.0560 
-0.0579 
-0.0595 
-0.0609 
-0.0622 

1.0415 
1.0390 
1.0364 
1.0339 
1.0313 

356.92 
356.81 
356.71 
356.62 
356.54 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1947 
1.1959 
1. 1969 
1.1978 
1.1986 

-0.7321 
-0.7117 
-0.6923 
-0.6739 
-0.6564 

0.8778 
0.8792 
0.8805 
0.8818 
0.8830 

1.7719 
1.7281 
1.6862 
1.6461 
1.6077 

0.1700 
0.1776 
0.1852 
0.1928 
0.2003 

1.0269 
1.0243 
1.0218 
1.0193 
1.0169 

-0.0633 
-0.0643 
-0.0651 
-0.0658 
-0.0664 

1.0288 
1.0263 
1.0239 
1.0214 
1.0191 

356.47 
356.41 
356.35 
356.31 
356.26 

3.50 
3.55 
3.60 
3.65 
3.70 

1.1993 
1.1998 
1.2002 
1.2006 
1.2008 

-0.6397 
-0.6238 
-0.6086 
-0.5942 
-0.5804 

0.8841 
0.8853 
0.8863 
0.8873 
0.8883 

1.5709 
1.5357 
1.5020 
1.4697 
1.4387 

0.2079 
0.2153 
0.2227 
0.2300 
0.2372 

1.0146 
1.0123 
1.0100 
1.0079 
1.0058 

-0.0669 
-0.0673 
-0.0676 
-0.0678 
-0.0680 

1.0168 
1.0145 
1.0123 
t .0102 
1.0081 

356.23 
356.20 
356.17 
356.15 
356.13 

3.75 
3,80 
3.85 
3.90 
3.95 

1.2009 
1.2010 
1.2009 
1.2008 
1.2005 

-0.5671 
-0.5545 
-0.5424 
-0.5308 
-0.5197 

0.8893 
0.8902 
0.8911 
0.8920 
0.8929 

1.4090 
1.3805 
1.3532 
1.3269 
1.3016 

0.2444 
0.2'514 
0.2584 
0.2653 
0.2721 

1.0037 
1.0018 
0.9999 
0.9980 
0.9962 

-0.0681 
-0.0681 
-0.0681 
-0.0681 
-0.0680 

1.0061 
1.0041 
1.0022 
1.0003 
0.9985 

356.12 
356.11 
356.10 
356.10 
356.09 
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k= 0.0 (7"= 0.25 

a 
REAL 

/+1J 

IMAG. MOWLUS PHASE 
(OEGRCESI 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

(OEGRUSI 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0054 
-0.0065 
-0.0078 
-0.0092 
-0.0108 

-0.0145 
-0.0157 
-0.0169 
-0.0181 
-0.0192 

0.0155 
0.0170 
0.0186 
0.0203 
0.0220 

249.64 
247.57 
245.39 
243.12 
240.76 

0.0132 
0.0160 
0.0192 
0.0229 
0.0271 

0.1080 
0.1187 
0.1299 
0.1414 
0.1533 

0.1088 
0.1198 
0.1313 
0.1433 
0.1557 

83.03 
82.32 
81.57 
80.79 
79.97 

1.25 
1.30 
1.35 
1. :~ 

1.45 

-0.0125 
-0.0144 
-0.0165 
-0.0188 
-0.0212 

-0.0203 
-0.0212 
-0.0220 
-0.0227 
-0.0232 

0.0238 
0.0256 
0.0275 
0.0294 
0.0314 

238.30 
235.75 
233.10 
230.37 
227.55 

0.0318 
0.0371 
0.0429 
0.0494 
0.0566 

0.1656 
0.1781 
0.1909 
0.2039 
0.2171 

0.1686 
0.1819 
0.1957 
0.2098 
0.2243 

79.12 
78.24 
77.33 
76.38 
75.40 

1.50 
1.55 
1.60 
1.65 
1. 70 

-0.0237 
-0.0264 
-0.0292 
-0.0321 
-0.0350 

-0.0234 
-0.0235 
-0.0233 
-0.0228 
-0.0221 

0.0334 
0.0353 
0.0374 
0.0394 
0.0414 

224.65 
221.66 
218.59 
215.45 
212.24 

0.0644 
0.0729 
0.0822 
0.0922 
o .102\J 

0.2304 
0.2437 
0.2570 
0.2702 
0.2833 

0.2392 
0.2544 
0.2698 
0.2855 
0.3014 

74 .38 
73.34 
72 .27 
71.16 
70.03 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0379 
-0.0409 
-0.0437 
-0.0465 
-0.0492 

-0.0210 
-0.0196 
-0.0179 
-0.0158 
-0.0134 

0.0434 
0.0453 
0.0473 
0.0491 
0.0510 

208.97 
205.63 
202.23 
198.79 
195.30 

0.1144 
0.1267 
0.1396 
0.1533 
0.1676 

0.2961 
0.3087 
0.3209 
0.3326 
0.3438 

0.3175 
0.3337 
0.3499 
0.3662 
0.3825 

68.88 
67.69 
66.49 
65.26 
64.01 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0516 
-0.0539 
-0.0559 
-0.0576 
-0.0590 

-0.0108 
-0.0078 
-0.0045 
-0.0011 

0.0026 

0.0527 
0.0544 
0.0561 
0.0576 
0.0590 

191.77 
188.22 
184.65 
181.06 
177.47 

0.1826 
0.1981 
0.2141 
0.2306 
0.2474 

0.3544 
0.3643 
0.3735 
0.3819 
0.3895 

0.3986 
0.4147 
0.4305 
0.4461 
0.4614 

62.74 
61.47 
60.18 
58.88 
57.58 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0600 
-0.0607 
-0.0610 
-0.0610 
-0.0606 

0.0064 
0.0104 
0.0144 
0.0184 
0.0224 

0.0604 
0.0616 
0.0627 
0.0637 
0.0646 

173.88 
170.31 
166.75 
163.23 
159.75 

0.2645 
0.28111 
0.29\12 
0.3166 
0.3339 

0.3962 
0.4020 
0.4069 
0.4110 
0.4141 

0.4764 
0.4909 
0.5051 
0.5188 
0.5319 

56.27 
54.97 
53.68 
52.39 
51.12 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0599 
-0.0589 
-0.0575 
-0.0559 
-0.0541 

0.0263 
0.0301 
0.0338 
0.0373 
0.0406 

0.0654 
0.0661 
0.0667 
0.0672 
0.0677 

156.31 
152.92 
149.59 
146.32 
143.12 

0.3511 
0.3680 
0.31146 
0.4009 
0.4167 

0.4164 
0.4178 
0.4185 
0.41114 
0.4177 

0.5446 
0.5568 
0.5684 
0.5795 
0.5900 

49.87 
48.63 
47.42 
46.23 
45.07 

2.75 
2.80 
2.85 
2.90 
2.95 

-0.0521 
-0.0499 
-0.0476 
-0.0451 
-0.0426 

0.0437 
0.0466 
0.0493 
0.0518 
0.0540 

0.0680 
0.0683 
0.0685 
0.0687 
0.0688 

140.00 
136.95 
133.97 
131.07 
1211.25 

0.4321 
0.4470 
0.4613 
0.4752 
0.4885 

0.4163 
0.4144 
0.4120 
0.4091 
0.4059 

0.6000 
0.6095 
0.6185 
0.6270 
0.6351 

43.94 
42.84 
41. 77 
40.73 
39.73 

3.00 
3.05 
3.10 
3.15 
3.20 

-0.0400 
-0.0374 
-0.0347 
-0.0321 
-0.0295 

0.0560 
0.0579 
0.0595 
0.0609 
0.0622 

0.0688 
0.0689 
0.0689 
0.0689 
0.0688 

125.51 
122.85 
120.27 
117.77 
115.34 

0.5012 
0.5134 
0.5251 
0.5363 
0.5469 

0.4023 
0.3985 
0.3944 
0.3901 
0.3857 

0.6427 
0.6499 
0.6567 
0.6632 
0.6693 

38.75 
37.82 
36.91 
36.04 
35.20 

3.25 
3.30 
3.35 
3.40 
3.45 

-0.0269 
-0.0243 
-0.0218 
-0.0193 
-0.0169 

0.0633 
0.0643 
0.0651 
0.0658 
0.0664 

0.0688 
0.0687 
0.0687 
0.0686 
0.0685 

112.98 
110.70 
108.49 
106.36 
104.28 

0.5571 
0.5668 
0.5760 
0.5849 
u.5933 

0.3812 
0.3767 
0.3720 
0.3674 
0.3627 

0.6750 
0.6805 
0.6857 
0.6907 
0.6954 

34.39 
33.61 
32.86 
32.13 
31.44 

3.50 
3.55 
3.60 
3.65 
3.70 

-0.0146 
-0.0123 
-0.0100 
-0.0079 
-0.0058 

0.0669 
0.0673 
0.0676 
0.0678 
0.0680 

0.0684 
0.0684 
0.0683 
0.06113 
0.0682 

102.28 
100.33 
98.45 
96.63 
94.86 

0.6013 
0.6090 
0.6163 
0.6233 
0.6300 

0.3580 
0.3534 
0.3489 
0.3443 
0.3399 

0.6998 
0.7041 
0.7082 
0.7121 
0.7158 

30.77 
30.13 
29.51 
28.92 
28.35 

3.75 
3.80 
3.85 
3.90 
3.95 

-0.0037 
-0.0018 

0.0001 
0.0020 
0.0038 

0.0681 
0.0681 
0.0681 
0.0681 
0.0680 

0.0682 
0.0681 
0.0681 
0.0681 
0.0681 

93.15 
91.49 
89.88 
88.33 
86.82 

0.6364 
0.6426 
0.6485 
0.6541 
0.6595 

0.3355 
0.3312 
0.3269 
0.3228 
0 ..3187 

0.7194 
0.7229 
0.7262 
0.7294 
0.7325 

27.79 
27.27 
26.76 
26.26 
25.79 
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k: 0.0 (T = 0.25 

a 
/- (Ti 

~·x 

REAL /MAG. 

/ 
X 211"; 

-211" .r 
! X 

REAL /MAG. 

-~ 

MOWLUS PHASE 
(OEGREES) 

4.00 1.2003 -0.5091 0.8937 1.2774 0.2788 0.9945 -0.0679 0.9968 356.09 
4.05 1.1999 -0.4988 0.8945 1.2540 0.2854 0.9928 -0.0678 0.9951 356.10 
4.10 1.1995 -0.4890 0.8954 1 .2315 0.2919 0.9912 -0.0676 0.9935 356.10 
4.15 
4.20 

1.1990 
1.1984 

-0,4795 
-0.4704 

0.8962 
0.8970 

1.2098 
1.1890 

0.2982 
0.3045 

0.989'6 
0.9880 

-0.0674 
-0.0672 

0.9919 
0.9903 

356.10 
356.11 

4.25 1.1979 -0.4616 0.8977 1.1688 0.3107 0.9865 -0.0670 0.9888 356.12 
4.30 1.1972 -0.4532 0.8985 1.1494 0.3168 0.9851 -0.0668 0.9874 356.12 
4.35 1.1965 -0.4450 0.8993 1.1307 0.3228 0.9837 -0.0665 0.9859 356.13 
4.40 1.1958 -0.4372 0.9000 1.1126 0.3287 0.9823 -0.0662 0.9846 356.14 
4.45 1.1950 -0.4296 0.9008 1.0951 0.3345 0.9810 -0.0660 0.9832 356.15 

4.50 1.1942 -0.4223 0.9015 1. 0781 0.3402 0.9797 -0.0657 0.9819 356.16 
4.55 1.1934 -0.4152 0.9022 1.0617 0.3459 0.9784 -0.0654 0.9806 356.17 
4.60 1.1925 -·0.4083 0.9030 1.0459 0.3514 0.9772 -0.0651 0.9794 356.19 
4.65 1.1916 -0.4017 0.9037 1.0305 0.3568 0.9760 -0.0649 0.9782 356.20 
4.70 1.1906 -0.3952 0.9044 1.0156 0.3622 0.9749 -0.0646 0.9770 356.21 

4.75 1.1897 -0.3890 0.9051 1.0012 0.3675 0.9737 -0.0643 0.9758 356.22 
4.80 
4.85 

1.1887 
1,1877 

-0.3830 
-0.3771 

0.9058 
0.9065 

0.9871 
0.9735 

0.3726 
0.3778 

0.9726 
0.9715 

-0.0640 
-0.0637 

0.9747 
0.9736 

356.24 
356.25 

4.90 1.1867 -0.3714 0.9072 0.9603 0.3828 0.9705 -0.0634 0.9725 356.26 
4.95 1.1857 -0.3659 0.9079 0.9474 0.3877 0.9694 -0.0630 0.9715 356.28 

5.00 1.1847 -0.3605 0.9085 0.9349 0.3926 0.9684 -0.0627 0.9705 356.29 
5.05 1.1836 -0.3553 0.9092 O.922~ 0.3974 0.9674 -0.0624 0.9695 356.31 
5.10 1.1826 -0.3502 0.9099 0.9109 0.4022 0.9665 -0.0621 0.9685 356.32 
5.15 1.1815 -0.3453 0.9105 0.8994 0.4068 0.9655 -0.0618 0.9675 356.34 
5.20 1.1804 :'0.3405 0.9112 0.8881 0.4114 0.9646 -0.0615 0.9666 356.35 

5.25 1.1793 -0.3358 0.9118 0.8772 0.4160 0.9637 -0.0612 0.9656 356.37 
5.30 1.171:13 -0.3313 0.9125 . 0.8665 0.4204 0.9628 -0.0609 0.9647 356.38 
5.35 1.1772 -0.3268 0.9131 0.8560 0.4248 0.9619 -0.0606 0.9638 356.40 
5.40 
5.45 

:i.17lil 
1.1750 

-0.3225 
-0.3183 

0.9137 
0.9143 

0.8459 
0.8359 

0.429<; 
0.4335 

0.9611 
0.9603 

-0.0603 
-0.0600 

0.9630 
0.9621 

356.41 
356.43 

5.50 1.1'139 -0.3142 0.9149 0.8262 0.4377 0.9594 -0.0597 0.9613 356.44 
5.55 1.1728 -0.3102 0.9155 0.811le 0.4419 0.9586 -0.0594 0.9605 356.46 
5.60 1.1718 -0.3062 0.9161 0.8075 0.4460 0.9578 -0.0591 0.9597 356.47 
5.65 1.1707 -0.3024 0.9167 0.7984 0.4500 0.9571 -0.0588 0.9589 356.49 
5.70 1.1696 -0.2987 0.9173 0.7896 0.4540 0.9563 -0.0585 0.9581 ~56.50 

5.75 1.1685 -0.2950 0.9179 0.7809 0.4580 0.9555 -0.0582 0.9573 356.52 
5.80 1.1675 -0.2914 0.9185 0.7724 0.4619 0.9548 -0.0579 0.9566 356.53 
5.85 1.1664 -0.2880 0.9190 0.7641 0.4657 0.9541 -0.0576 0.9558 356.55 
5.90 1.1654 -0.2845 0.9196 0.7560 0.4695 0.9534 -0.0573 0.9551 356.56 
5.95 1.1643 -0.2812 0.9202 0.7480 0.4733 0.9527 -0.0570 0.9544 356.58 

6.00 1.1633 -0.2779 0.9207 0.7402 0.4770 0.9520 -0.0567 0.9537 356.59 
6.05 1 .1622 -0.2748 0.9213 0.7326 0.4807 0.9513 -0.0564 0.9530 356.61 
6.10 1.1612 -0.2716 0.9218 0.7251 0.4843 0.9507 -0.0561 0.9523 356.62 
6.15 1.1602 -0.2686 0.9223 0.7177 0.4879 0.9500 -0.0558 0.9517 356.64 
6.20 1.1592 -0.2656 0.9228 0.7105 0.4914 0.9494 -0.0556 0.9510 356.65 

6.25 1.1582 -0.2626 0.9234 0.7035 0.4949 0.9487 -0.0553 0.9504 356.67 
6.30 1.1572 -0.2598 0.9239 0.6966 0.4983 0.9481 -0.0550 0.9497 356.68 
6.35 1.1562 -0.2570 0.9244 0.6898 0.5017 0.9475 -0.0547 0.9491 356.70 
6.40 1.1552 -0.2542 0.9249 0.6831 0.5051 0.9469 -0.0544 0.9485 356.71 
6.45 1.1543 -0.2515 0.9254 0.6766 0.5084 0.9463 -0.0541 0.9479 356.73 

6.50 1.1533 -0.2488 0.9259 0.6701 0.5116 0.9458 -0.0539 0.9473 356 ..74 
6.55 1.1523 -0.2462 0.9263 0.6638 0.5149 0.9452 -0.0536 0.9467 356.75 
6.60 1.1514 -0.2437 0.9268 0.6576 0.5181 0.9446 -0.0533 0.9461 356.77 
6.65 1.1505 -0.2412 0.9273 0.6516 0.5212 0.9441 -0..0531 0.9456 356.78 
6.70 1.1495 -0.2387 0.9278 0.6456 0.5244 0.9435 -0.0528 0.9450 356.80 

6.75 1.1486 -0.2363 0.9282 0.6397 0.5274 0.9430 -0.0525 0.9445 356.81 
6.80 1.1477 -0.2340 0.9287 0.6339 0.5305 0.9425 -0.0522 0.9439 356.83 
6.85 1.1468 -0.231'1 0.9291 0.6283 0.5335 0.9419 -0.0520 0.9434 356.84 
6.90 1.1459 -0.2294 0.9296 0.6227 0.5365 0.9414 -0.0517 0.9429 356.86 
6.95 1.1450 -0.2272 0.9300 0.6172 0.5394 0.9409 -0.0515 0.9423 356.87 
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k= 0.0 (7"= 0.25 

a 
/+1J /+7J Fio 

REAL /MAG M,OCULUS PHASE 
(OEGREES) 

REAL /M/JG MODULUS PHASE 
(OEGREES) 

4.00 0.0055 0.0679 0.0681 85.35 0.6648 0.3147 0 .. 7355 25.33 
4.05 0.0072 0.0678 0.068\ 83.93 0.6698 0.3108 0.7384 24.89 
4.10 0.0088 0.0676 0.0682 82.55 0.6'146 0.3070 0.7412 24 •.47 
4.15 0.0104 0.0674 0.0682 81.21 0.6793 0.3033 0.'1439 24.06 
4.20 0.0120 0.0672 0.0683 79.91 0.6e38 0.2997 0.7466 23.66 

4.25 
4.30 
4.35 

0.0135 
0.0149 
0.0163 

0.0670 
0.0668 
0.0665 

0.06l:l3 
0.0684 
0.06l:lt> 

78.(;4 
77.41 
76.22 

0.68l:l2 
0.(;924 
0.696t> 

0.2961 
0.2926 
0.2893 

0.7492 
0.7;;17 
0.7541 

23.28 
22.91 
22.56 

4.40 0.0177 0.0662 0.06l:l6 75.06 0.7004 0.2860 0.7565 22.21 
4.45 0.0190 0.0660 0.0687 73.93 0.70"l2 0.2827 0.7589 21.87 

4.50 0.0203 0.0657 0.068e 72 .83 0.70&0 0.2796 0.7612 21.55 
4.55 0.0216 0.0654 0.0689 71.76 0.711 C 0.2765 0.7634 21.24 
4.60 0.022B 0.0651 0.0690 70.72 0.7151 0.2735 0.7656 20.93 
4.65 0.0240 0.0649 0.0691 69.71 0.7185 0.2706 0.7677 20.64 
4.70 0.0251 0.0646 0.0693 68.72 0.7218 0.2677 0.7699 20.35 

4. 75 0.0263 0.0643 0.0694 67.76 0.7250 0.2649 0.7719 20.07 
4.BO 0.0274 0.0640 0.0696 66.82 0.7282 0.2622 0.7740 19.80 
4.bo 0.0285 0.0637 0.0697 65.91 0.7313 0.2595 0.7759 19.54 
4.90 0.0295 0.0634 0.0699 65.01 0.7343 0.2569 0.7779 19.28 
4.95 0.0306 0.0630 0.0701 64.14 0.7372 0.2543 0.7798 19.03 

5.00 0.0316 0.0627 0.0702 63.29 0.7401 0.2518 0.7817 18.79 
5.05 0.0326 0.0624 0.0704 62.46 0.7429 0.2493 0.7836 18.55 
5.10 0.0335 0.0621 0.0706 61.65 0.7456 0.2469 0.7854 18.32 
5.15 0.0345 0.0618 0.070e 60.86 0.7483 0.2446 0.7872 le.10 
5.20 0.0354 0.0615 0.0710 60.09 0.7509 0.2423 0.7890 17.88 

5.25 0.0363 0.0612 0.0712 59.33 0.7535 0.2400 0.7908 17.67 
5.30 0.0372 0.0609 0.0714 58.59 0.7560 0.2378 0.7925 17.46 
5.35 0.0381 0.0606 0.0716 57.87 0.7584 0.2356 0.7942 17.26 
5.40 0.0389 0.0603 0.0718 57.16 0.7608 0.2334 0.7958 17.06 
5.45 0.0397 0.0600 0.0720 56.47 0.7632 0.2313 0.7975 16.86 

5.50 0.0406 0.0597 0.0722 55.80 0.7655 0.2293 0.7991 16.67 
5.55 0.0414 0.0594 0.0724 55.13 0.7678 0.2273 0.8007 16.49 
5.60 0.0422 0.0591 0.0726 54.49 0.7700 0.2253 0.8023 16.31 
5.65 0.0429 0.0588 0.0728 53.85 0.7722 0.2233 0.8038 16.13 
5.70 0.0437 0.0585 0.0730 53.23 0.7743 0.2214 0.8054 15.96 

5.75 0.0445 0.0582 0.0732 52.62 0.7764 0.2195 0.8069 15.79 
5.80 0.0452 0.0579 0.0734 52.02 0.7785 0.2176 0.e083 15.62 
5.85 0.0459 0.0576 0.0736 51.44 0.7805 0.2158 0.8098 15.46 
5.90 0.0466 0.0573 0.0739 50.87 0.7825 0.2140 0.8113 15.30 
5.95 0.0473 0.0570 0.0741 50.31 0.7845 0.2123 0.8127 15.14 

6.00 0.0480 0.0567 0.0743 49.76 0.7864 0.2105 0.8141 14 .99 
6.05 0.0487 0.0564 0.0745 49.22 0.78lJ3 0.2088 0.8155 14 .84 
6.10 0.0493 0.0561 0.0747 48.69 0.7901 0.2071 0.e168 14.69 
6.15 0.0500 0.0558 0.0749 48.17 0.7919 0.2055 0.8182 14.54 
6.20 0.0506 0.0556 0.0752 47.66 0.7937 0.2038 0.8195 14.40 

6.25 0.0513 0.0553 0.0754 47.16 0.7955 0.2022 0.8208 14.26 
0.30 0.0519 0.0550 0.0756 46.67 0.7972 0.2006 0.8221 14.13 
6.35 0.0525 0.0547 0.0758 46.19 0.7989 0.1991 0.8234 13.99 
6.40 0.0531 0.0544 0.0760 45.72 0.8006 0.1975 0.8246 13.86 
6.45 0.0537 0.0541 0.0762 45.26 0.8022 0.1960 0.8258 13.73 

6.50 0.0542 0.0539 0.0764 44.80 0.8039 0.1945 0.8271 13.60 
6.55 0.0548 0.0536 0.0767 44.36 0.8054 0.1931 0.8283 13.48 
6.60 0.0554 0.0533 0.0769 43.92 0.8070 0.1916 0.8294 13.36 
6.65 0.0559 0.0531 0.077"1 43.49 0.8085 0.1902 0.8306 13.24 
6.70 0.0565 0.0528 0.0773 43.07 0.8101 0.1888 0.8318 13.12 

6.75 0.0570 0.0525 0.0775 42.65 0.8115 0.1874 0.8329 13.00 
6.80 0.0575 0.0522 0.0777 42.24 0.8130 0.1860 0.8340 12.89 
6.85 0.0581 0.0520 0.0779 41.84 0.8145 0.1847 0.8351 12.77 
6.90 0.0586 0.0517 0.0781 41.45 0.lJ159 0.llJ33 0.8362 12.66 
6.95 0.0591 0.0515 0.0783 41.06 0.8173 0.1820 0.8373 12.55 
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k;:: 0.0 (T ;:: 0.25 

a 
1- (T2
-_·X

2 
REAL IMAG. 

1 
X 2 7T J -27T .r 

! X 
REAL IMAG 

-~ 

MOWLUS PHASE 
(0<611£<5) 

7.00 1.1442 -0.2250 0.9304 0.6119 0.5423 0.9404 -0.0512 0.9418 356.88 
7.05 1.1433 -0.2228 0.9309 0.6066 0.5452 0.9400 -0.0509 0.9413 356.90 
7.10 1.1424 -0.2207 0.9313 0.6014 0.5481 0.9395 -0.0507 0.9408 356.91 
7.15 1.1416 -0.2186 0.9317 0.5963 0.5509 0.9390 -0.0504 0.9404 356.93 
7.20 1.1408 -0.2166 0.9321 0.5912 0.5536 0.9385 -0.0502 0.9399 356.94 

7.25 1.1399 -0.2146 0.9325 0.5863 0.5564 0.9381 -0.0499 0.9394 356.95 
7.30 1.1391 -0.2126 0.9329 0.5814 0.5591 0.9376 -0.0497 0.9389 356.97 
7.35 1.1383 -0.2107 0.9333 0.5766 0.5618 0.9372 -0.0494 0.9385 356.98 
7.40 1.1375 -0.2088 0.9337 0.5719 0.5645 0.9367 -0.0492 0.9380 356.99 
7.45 1.1367 -0.2069 0.9341 0.5673 0.5671 0.9363 -0.0489 0.9376 357.01 

7.50 1.1359 -0.2051 0.9345 0.5627 0.5697 0.9359 -0.0487 0.9371 357.02 
7.55 1.1351 -0.2033 0.9349 0.5582 0.5722 0.9354 -0.0485 0.9367 357.03 
7.60 1.1343 -0.2015 0.9353 0.5538 0.5748 0.9350 -0.0482 0.9363 357.05 
7.65 1.1336 -0.1998 0.9356 0.5494 0.5773 0.9346 -0.0480 0.9359 357.06 
7.70 1.1328 -0.1981 0.9360 0.5451 0.5798 0.9342 -0.0478 0.9354 357.07 

7.75 1.1321 -0.1964 0.9364 0.5409 0.5822 0.9338 -0.0475 0.9350 357.09 
7,80 
7.85 

1.1313 
1.1306 

-0.1947 
-0.1931 

0.9367 
0.9371 

0.5367 
0.5326 

0.5846 
0.5871 

0.9334 
0.9330 

-0.0473 
-0.0471 

0.9346 
0.9342 

357.10 
357.11 

7.90 1.1299 -0.1915 0.9374 0.5286 0.5894 0.9327 -0.0468 0.9338 357.13 
7.95 1.1291 -0.1899 0.9378 0.5246 0.5918 0.9323 -0.0466 0.9334 357.14 

8.00 1.1284 -0.1883 0.9381 0.5207 0.5941 0.9319 -0.0464 0.9331 357.15 
8.05 1.1277 -0.1868 0.9385 0.5168 0.5964 0.9315 -0.0462 0.9327 357.16 
8.10 1.1270 -0.1853 0.9388 0.5130 0.5987 0.9312 -0.0459 0.9323 357.17 
8.15 1.1263 -0.1838 0.9391 0.5093 0.6009 0.9308 -0.0457 0.9319 357.19 
8.20 1.1256 -0.1823 0.9395 0.5056 0.6032 0.9305 -0.0455 0.9316 357.20 

8.25 1.1250 -0.1809 0.9398 0.5019 0.6054 0.9301 -0.0453 0.9312 357.21 
8.30 1.1243 -0.1795 0.9401 0.4983 0.6075 0.9298 -0.0451 0.9309 357.22 
8.35 1.1236 -0.1781 0.9405 0.4948 0.6097 0.9294 -0.0449 0.9305 357.24 
8,40 1.1230 -0.1767 0.9408 0.4913 0.6118 0.9291 -0.0447 0.9302 357.25 
8.45 1.1223 -0.1753 0.9411 0.4879 0.6139 0.9287 -0.0445 0.9298 357.26 

8.50 1.1217 -0.1740 0.9414 0.4845 0.6160 0.9284 -0.0443 0.9295 357.27 
8.55 1.1210 -0.1727 0.9417 0.4811 0.6181 0.9281 -0.0441 0.9291 357.28 
8.60 1.1204 -0.1714 0.9420 0.4778 0.6201 0.9278 -0.0438 0.9288 357.29 
8.65 1.1198 -0.1701 0.9423 0.4745 0.6222 0.9275 -0.0436 0.9285 357.31 
8.70 1.1191 -0.1689 0.9426 0.4713 0.6242 0.9271 -0.0434 0.9282 357.32 

8.75 1.1185 -0.1676 0.9429 0.4681 0.6262 0.9268 -0.0433 0.9278 357.33 
8.80 1.1179 -0.1664 0.9432 0.4650 0.6281 0.9265 -0.0431 0.9275 357.34 
8.85 1.1173 -0.1652 0.9435 0.4619 0.6301 0.9262 -0.0429 0.9272 357.35 
8.90 1.1167 -0.1640 0.9438 0.4589 0.6320 0.9259 -0.0427 0.9269 357.36 
8.95 1.1161 -0.1628 0.9441 0.4558 0.6339 0.9256 -0.0425 0.9266 357.37 

9.00 1.1155 -0.1616 0.9443 0.4529 0.6358 0.9253 -0.0423 0.9263 357.38 
9.05 1.1150 -0.1605 0.9446 0.4499 0.6377 0.9251 -0.0421 0.9260 357.39 
9.10 1.1144 -0.1594 0.9449 0.4470 0.6395 0.9248 -0.0419 0.9257 357.41 
9.15 1.1138 -0.1583 0.9452 0.• 4442 0.6414 0.9245 -0.0417 0.9254 357.42 
9.20 1.1132 -0.1572 0.9454 0.4414 0.6432 0.9242 -0.0415 0.9252 357.43 

9.25 1.1127 -0.1561 0.9457 0.4386 0.6450 0.9239 -0.0414 0.9249 357.44 
9.30 1.1121 -0.1550 0.9460 0.4358 0.6467 0.9237 -0.0412 0.9246 357.45 
9.35 1.1116 -0.1540 0.9462 0.4331 0.6485 0.9234 -0.0410 0.9243 357.46 
9.40 1.1110 -0.1529 0.9465 0.4304 0.6503 0.9231 -0.0408 0.9240 357.47 
9.45 1.1105 -0.1519 0.9467 0.4277 0.6520 0.9229 -0.0406 0.9238 357.48 

9.50 1.1099 -0.1509 0.9470 0.4251 0.6537 0.9226 -0.0405 0.9235 357.49 
9.55 1.1094 -0.1499 0.9473 0.4225 0.6554 0.9224 -0.0403 0.9232 357.50 
9.60 1.1089 -0.1489 0.9475 0.4200 0.6571 0.9221 -0.0401 0.9230 357.51 
9.65 1.1084 -0.1479 0.9478 0.4174 0.6587 0.9219 -0.0400 0.9227 357.52 
9.70 1.1079 -0.1470 0.9480 0.4-149 0.6604 0.9216 -0.0398 0.9225 357.53 

9.75 1.1073 -0.1460 0.9482 0.4125 0.6620 0.9214 -0.0396 0.9222 357.54 
9.80 1.1068 -0.1451 0.9485 0.4100 0.6636 0.9211 -0.0394 0.9.220 357.55 
9.85 L1063 -0.1441 0.9487 0.4076 0.6652 0.9209 -0.0393 0.9217 357.56 
9.90 1.1058 -0.1432 0.9490 0.4052 0.6668 0.9206 -0.0391 0.9215 357.57 
9.95 1.1053 -0.1423 0.9492 0.4028 0.6684 0.9204 -0.0390 0.9212 357.58 

10.00 1.1048 -0.1414 0.9494 0.4005 0.6700 0.9202 -0.0388 0.9210 357.59 
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k= 0.0 (T= 0.25 

a 
REAL 

/+7J 

/MAG. MODULUS PHASE 
(OEGR££S) 

REAL 

/+"l Fio 
/MAG. MODULUS PHASE 

(O£GR££S) 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0596 
0.0600 
0.0605 
0.0610 
0.0615 

0.0512 
0.0509 
0.0507 
0.0504 
0.0502 

0.0785 
0.0787 
0.0789 
0.0791 
0.0793 

40.68 
40.31 
39.94 
39.58 
39.22 

0.8187 
0.&200 
0.8213 
0.8227 
0.8240 

0.1807 
0.1794 
0.1782 
0.1769 
0.1757 

0.8384 
0.8394 
0.8404 
0.8415 
0.8.425 

12.45 
12.34 
12.24 
12.14 
12.04 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0619 
0.0624 
0.0628 
0.0633 
0.0637 

0.0499 
0.0497 
0.0494 
0.0492 
0.0489 

0.0795 
0.0797 
0.0799 
0.0801 
0.0803 

38.88 
38.53 
38.19 
37.86 
37.53 

0-.8252 
0.8265 
0.8277 
0.8290 
0.8302 

0.1745 
0.1733 
0.1721 
0.1710 
0.1698 

0.8435 
0.8445 
0.8454 
0.8464 
0.8473 

11.94 
11.84 
11.75 
11.65 
11.56 

7.50 
7.55 
7,60 
7.65 
7.70 

0.0641 
0.0646 
0.0650 
0.0654 
0.0658 

0.0487 
0.0485 
0.0482 
0.0480 
0.0478 

0.0805 
0.0807 
0.0809 
0.0811 
0.0813 

37.21 
36.90 
36.59 
36.28 
35.98 

0.8313 
0.8325 
0.8337 
0.8348 
0.8359 

0.1687 
0.1675 
0.1664 
0.1654 
0.1643 

0.8483 
0.8492 
0.8501 
0.8510 
0.8519 

11.47 
11.38 
11.29 
11.20 
11.12 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0662 
0.0666 
0.0670 
0.0673 
0.0677 

0.0475 
0.0473 
0.0471 
0.0468 
0.0466 

0.0815 
0.0817 
0.0819 
0.0820 
0.0822 

35.68 
35.39 
35.10 
34.82 
34.54 

0.8370 
0.8381 
0.8392 
0.8403 
0.8413 

0.1632 
0.1622 
0.1611 
0.1601 
0.1591 

0.8528 
0.8537 
0.8545 
0.8554 
0.8562 

11.03 
10.95 
10.87 
10.79 
10.71 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0681 
0.0685 
0.0688 
0.0692 
0.0695 

0.0464 
0.0462 
0.0459 
0.0457 
0.0455 

0.0824 
0.0826 
0.0828 
0.0829 
0.0831 

34.26 
33.99 
33.73 
33.46 
33.20 

0.8423 
0.8434 
0.8444 
0.8454 
0.8463 

0.1581 
0.1571 
0.1561 
0.1552 
0.1542 

0.8570 
0.8579 
0.8587 
0.8595 
0.8603 

10.63 
10.55 
10.48 
10.40 
10.33 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0699 
0.0702 
0.0706 
0.0709 
0.0713 

0.0453 
0.0451 
0.0449 
0.0447 
0.0445 

0.0833 
0.0835 
0.0836 
0.0838 
0.0840 

32.95 
32.70 
32.45 
32.21 
31.96 

0.8473 
0.8483 
0.8492 
0.8501 
0.8510 

0.1533 
0.1523 
0.1514 
0.1505 
0.1496 

0.8611 
0.8618 
0.8626 
0.8633 
0.8641 

10.25 
10.18 
10.11 
10.04 

9.97 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0716 
0.0719 
0.0722 
0.0725 
0.0729 

0.0443 
0.0441 
0.0438 
0.0436 
0.0434 

0.0842 
0.0843 
0.0845 
0.0847 
0.0848 

31. 73 
31.49 
31.26 
31.04 
30.81 

0.8520 
0.8528 
0.8537 
0.8546 
0.8555 

0.1487 
0.1479 
0.1470 
0.1461 
0.1453 

0.8648 
0.8656 
0.8663 
0.8670 
0.8677 

9.90 
9.84 
9.77 
9.70 
9.64 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0732 
0.0735 
0.0738 
0.0741 
0.0744 

0.0433 
0.0431 
0.0429 
0.0427 
0.0425 

0.0850 
0.0852 
0.0853 
0.0855 
0.0856 

30.59 
30.37 
30.16 
29.95 
29.74 

0.8563 
0.8572 
0.8580 
0.8588 
0.8596 

0.1445 
0.1436 
0.1428 
0.1420 
0.1412 

0.8684 
0.8691 
0.8698 
0.8705 
0.8712 

9.58 
9.51 
9.45 
9.39 
9.33 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0747 
0.0749 
0.0752 
0.0755 
0.0758 

0.0423 
0.0421 
0.0419 
0.0417 
0.0415 

0.0858 
0.0860 
0.0861 
0.0863 
0.0864 

29.53 
29.33 
29.12 
28.93 
28.73 

0.8604 
0.8612 
0.8620 
0.8628 
0.8636 

0.1404 
0.1396 
0.1389 
0.1381 
0.1373 

0.8718 
0.8725 
0.8731 
0.8738 
0.8744 

9.27 
9.21 
9.15 
9.09 
9.0:4 

9.25 
9.30 
9.35 
9.40 
9.45 

0.0761 
0.0763 
0.0766 
0.0769 
0.0771 

0.0414 
0.0412 
0.0410 
0.0408 
0.0406 

0.0866 
0.0867 
0.0869 
0.0870 
0.0872 

28.54 
28.35 
28.16 
27.97 
27.79 

0.8643. 
0.8651 
0.8658 
0.8666 
0.8673 

0.1366 
0.1359 
0.1351 
0.1344 
0.1337 

0.8751 
0.8757 
0.8763 
0.8769 
0.8775 

8.98 
8.92 
8.87 
8.82 
8.76 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0774 
0.0776 
0.0779 
0.0781 
0.0784 

0.0405 
0.0403 
0.0401 
0.0400 
0.0398 

0.0873 
0.0875 
0.0876 
0.0878 
0.0879 

27.61 
27.43 
27.25 
27.08 
26.90 

0.8680 
0.8687 
0.8694 
0.8701 
0.8708 

0.1330 
0.1323 
0.1316 
0.1309 
0.1302 

0.8781 
0.8787 
0.8793 
0.8799 
0.8805 

8.71 
8.66 
8.61 
8.55 
8.50 

9.75 
9.80 
9.85 
9.90. 
9.95 

0.0786 
0.0789 
0.0791 
0.0794 
0.0796 

0.0396 
0.0394 
0.0393 
0.0391 
0.0390 

0.0881 
0.0882 
0.0883 
0.0885 
0.0886 

26.73 
26.57 
26.40 
26.24 
26.07 

0.8715 
0.8722 
0.8728 
0.8735 
0.8741 

0.1295 
0.1289 
0.1282 
0.1276 
0.1269 

0.8811 
0.8816 
0.8822 
0.8827 
0.8833 

8.45 
8.40 
8.36 
8.31 
8.26 

10.00 0.0798 0.0388 0.0888 25.91 0.8748 0.1263 0.8838 8 :21 
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k= 0.0 cr = 0.50 

a 
/_ cr 2 

--r- ·x 
REAL IMAG. 

/ 
X 2 7T ; 

-27T .r 
{ X 

REAL IMAG. 

-17 

Moa.JLUS PHA~ 
(0£:(;1'££51 

1.00 1.0037 -5.9743 0.5322 5.3156 0.0049 1.0049 -0.0015 1.0049 359.92 
1.05 1.0045 -5.4139 0.5542 5.2246 0.0054 1.0059 -0.0020 1.0059 359.89 
1.10 1.0054 ·-4.9278 0.5757 5.1306 0.0059 1.0070 -0.0026 1.0070 359.85 
1.15 1.0065 -4.5032 0.5965 5.0339 0.0065 1.0082 -0.0034 1.0082 359.81 
1.20 1.0077 -4.1302 0.6167 4.9345 0.0072 1.0096 -0.0043 1.0096 359.76 

1.25 1.0091 -3.8007 0.6362 4.8327 0.0080 1.011 0 -0.0054 1.0111 359.69 
1.30 1.0106 -3.5080 0.6550 4.7287 0.0088 1.0126 -0.0068 1.0126 359.62 
1.35 1.0123 -3.2469 0.6732 4.6226 0.0098 1.0142 -0.0084 1.0143 359.53 
1.40 1.0142 -3.0129 0.6906 4.5146 0.0109 1.0159 -0.0103 1.0160 359.42 
1.45 1.0163 -2.8024 0.7074 4.4050 0.0122 1.0177 -0.0125 1.0178 359.30 

1.50 1.0186 -2.6123 0.7234 4.2940 0.0137 1.0194 -0.0150 1.0195 359.16 
1.55 1.0211 -2.4400 0.7386 4.1818 0.0153 1. 0211 -0.0179 1.0213 359.00 
1.60 1.0238 -2.2833 0.7531 4.0686 0.0171 1.0228 -0.0211 1.0230 358.82 
1.65 1.0268 -2.1405 0.76611 3.9546 0.0192 1.0243 -0.0248 1.0246 358.61 
1. 70 1.0300 -2.0100 0.7799 3.8403 0.0215 1.0256 -0.0288 1.0260 358.39 

1. 75 1.0335 -1.8903 0.7921 3.7258 0.0241 1.0267 -0.0331 1.0272 358.15 
1.80 1.0372 -1. 7804 0.8035 3.6114 0.0270 1.0274 -0.0379 1.0281 357.89 
1.l~5 1.0410 -1.6793 0.8142 3.4975 0.0303 1.0278 -0.0429 1.0287 357.61 
1.90 1.0451 -1.5861 0.8241 3.3844 0.0339 1. 0278 -0.0482 1.0289 357.32 
1.::l5 1.0494 -1.5000 0.8333 3.2724 0.0379 1.0273 -0.0537 1.0287 357.01 

2.00 1.0539 -1.4205 0.8418 3.1620 0.0423 1.0263 -0.0594 1. 0281 356.69 
2.05 1. 0584 -1.3468 0.8495 3.0534 0.0472 1.0248 -0.0651 1.0269 356.36 
2.10 1. 0631 -1.2786 0.8566 2.9471 0.0525 1.0228 -0.0709 1.0252 356.04 
2.15 1.0679 -1.2153 0.8630 2.8432 0.0582 1.0202 -0.0765 1. 0230 355.71 
2.20 1.07Z6 -1.1565 0.8687 2.7421 0.0644 1.0170 -0.0820 1.0203 355.39 

2.25 1.0774 -1.1020 0.8739 2.6441 0.0711 1.0134 -0.0873 1.0172 355.08 
2.30 1. 0821 -1.0512 0.8786 2.5494 0.0781 1.0094 -0.0922 1.0136 354.78 
2.35 1.0868 -1.0040 0.8828 2.4581 0.0856 1.0049 -0.0968 1.0096 354.50 
2.40 1.0913 -0.9600 0.8865 2.3704 0.0934 1.0002 -0.1011 1.0053 354.23 
2.45 1.0957 -0.9191 0.8898 2.2863 0.1016 0.9952 -0.1049 1.0007 353.98 

2.50 1.0999 -0.8809 0.8928 2.2058 0.1102 0.9900 -0.1082 0.9959 353.76 
2.55 1.1040 -0.8452 0.8954 2.1290 0.1190 0.9847 -0.1112 0.9909 353.56 
2.60 1.1078 -0.8118 0.8978 2.0557 0.1280 0.9792 -0.1137 0.9858 353.38 
2.65 1.1115 -0.7806 0.8999 1.9860 0.1372 0.9738 -0.1158 0.9&07 353.22 
2.70 1.1149 -0.7514 0.9018 1.9196 0.1467 0.9684 -0.1175 0.9755 353.08 

2.75 1.1182 -0.7240 0.9035 1.8566 0.1562 0.9631 -0.1189 0.9704 352.96 
2.80 1.1212 -0.6983 0.9050 1.7967 0.1659 0.9578 -0.1199 0.9653 352.86 
2.85 1.1240 -0.6741 0.9064 1.7398 0.1756 0.9527 -0.1207 0.9603 352.78 
2.90 1.1266 -0.6514 0.9076 1.6858 0.1853 0.9477 -0.1211 0.9554 352.72 
2.95 1.1290 -0.6300 0.9087 1.6345 0.1951 0.9429 -0.1213 0.9507 352.67 

3.00 1.1312 -0.6098 0.9098 1.5858 0.2048 0.9382 -0.1213 0.9460 3'52.63 
3.05 1.1332 -0.5908 0.9107 1.5395 0.2145 0.9337 -0.1211 0.9415 352.61 
3.10 1.1351 -0.5728 0.9116 1.4956 0.2241 0.9294 -0.1208 0.9372 352.60 
3.15 1.1367 -0.5558 0.9125 1.4538 0.2337 0.9252 -0.1203 0.9330 352.59 
3.20 1.1382 -0.5397 0.9133 1.4141 0.2431 0.9213 -0.1196 0.9290 352.60 

3.25 1.1396 -0.5244 0.9140 1.3763 0.2525 0.9175 -0.1189 0.9251 352.62 
3.30 1.1408 -0.5099 0.9147 1.3404 0.2618 0.9138 -0.1181 0.9214 352.64 
3.35 1.1419 -0.4962 0.9154 1.3061 0.2709 0.9103 -0.1172 0.9178 352.66 
3.40 1.1428 -0.4831 0.9160 1.2735 0.2798 0.9070 -0.1162 0.9144 352.70 
3.45 1.1436 -0.4707 0.9166 1.2424 0.2887 0.9038 -0.1152 0.9111 352.73 

3.50 1.1443 -0.4588 0.9172 1.2128 0.2974 0.9008 -0.1142 0.9080 352.77 
3.55 1.1449 -0.4476 0.9178 1.1845 0.3059 0.8978 -0.1131 0.9049 352.82 
3.60 1.1454 -0.4368 0.9184 1.1574 0.3143 0.8951 -0.1121 0.9020 352.86 
3.65 1.1458 -0.4265 0.9189 1.1316 0.322.5 0.8924 -0.1110 0.8993 352.91 
3.70 1.1461 -0.4167 0.9195 1.1069 0.3306 0.8898 -0.1099 0.8966 352.96 

3.75 1.1463 -0.4073 0.9200 1.0832 0.3385 0.8874 -0.1088 0.8940 353.01 
3.80 1.1464 -0.3984 0.9206 1.0606 0.3463 0.8850 -0.1077 0.8916 353.06 
3.85 1.1465 -0.3898 0.9211 1. 0388 0.3539 0.8828 -0.1066 0.8892 353.12 
3.90 1.1465 -0.3815 0.9216 1.0180 0.3613 0.8806 -0.1055 0.8869 353.17 
3.95 1.1464 -0.3736 0.9221 0.9981 0.3686 0.8786 -0.1044 0.8847­ 353.22 
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k= 0.0 IT= 0.50 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(OEGREES) 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

(OEGREES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0049 
-0.0059 
-0.0070 
-0.0082 
-0.0096 

0.0015 
0.0020 
0.0026 
0.0034 
0.0043 

0.0051 
0.0062 
0.0075 
0.0089 
0.0105 

163.27 
161 .55 
159.75 
157.87 
155.89 

0.0156 
0.0189 
0.0228 
0.0272 
0.0322 

0.1236 
0.1359 
0.1487 
0.1620 
0.1757 

0.1246 
0.1372 
0.1504 
0.1642 
0.1786 

82.81 
82.07 
81.28 
80.46 
79.60 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0110 
-0.0126 
-0.0142 
-0.0159 
-0.0177 

0.0054 
0.0068 
0.0084 
0.0103 
0.0125 

0.0123 
0.0143 
0.0165 
0.0190 
0.0217 

153.84 
151.70 
149.47 
147.16 
144.77 

0.0379 
0.0443 
0.0514 
0.0593 
0.0681 

0.1896 
0.2042 
0.2189 
0.2339 
0.2490 

0.1935 
0.2089 
0.2249 
0.2413 
0.2582 

78.71 
77.77 
76.79 
75.77 
74.71 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0194 
-0.0211 
-0.0228 
-0.0243 
-0.0256 

0.0150 
0.0179 
0.0211 
0.0248 
0.0288 

0.0246 
0.0277 
0.0311 
0.0347 
0.0385 

142.30 
139.75 
137.13 
134.43 
131.66 

0.0777 
0.0883 
0.0999 
0.1124 
0.1259 

0.2642 
0.2795 
0.2946 
0.3096 
0.3243 

0.2754 
0.2931 
0.3111 
0.3294 
0.3479 

73.61 
72.46 
71.28 
70.05 
68.79 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0267 
-0.0274 
-0.0278 
-0.0278 
-0.0273 

0.0331 
0.0379 
0.0429 
0.0482 
0.0537 

0.0425 
0.0467 
0.0511 
0.0556 
0.0603 

128.82 
125.93 
122.98 
119.99 
116.97 

0.1403 
0.1558 
0.1722 
0.1894 
0.2075 

0.3386 
0.3524 
0.3655 
0.3779 
0.3894 

0.3665 
0.3853 
0.4040 
0.4227 
0.4412 

67.49 
66.15 
64.78 
63.37 
61.95 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0263 
-0.0248 
-0.0228 
-0.0202 
-0.0170 

0.0594 
0.0651 
0.0709 
0.0765 
0.0820 

0.0650 
0.0697 
0.0744 
0.0791 
0.0838 

113.92 
110.86 
107.80 
104.75 
101.73 

0.2263 
0.2457 
0.2656 
0.2859 
0.3063 

0.3999 
0.4094 
0.4177 
0.4248 
0.4306 

0.4595 
0.4775 
0.4950 
0.5120 
0.5284 

60.49 
59.03 
57.55 
56.06 
54.58 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0134 
-0.0094 
-0.0049 
-0.0002 

0.0048 

0.0873 
0.0922 
0.0968 
0.1011 
0.1049 

0.0883 
0.0927 
0.0970 
0.1011 
0.1050 

98.74 
95.81 
92.92 
90.11 
87.37 

0.3268 
0.3472 
0.3674 
0.3872 
0.4066 

0.4352 
0.4386 
0.4408 
0.4419 
0.4419 

0.5443 
0.5594 
0.5738 
0.5875 
0.6005 

5.3.10 
51.64 
50.19 
48.77 
47.38 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0100 
0.0153 
0.0208 
0.0262 
0.0316 

0.1082 
0.1112 
0.1137 
0.1158 
0.1175 

0.1087 
0.1122 
0.1156 
0.1187 
0.1217 

84.71 
82.14 
79.66 
77.26 
74.96 

0.4255 
0.4437 
0.4612 
0.4781 
0.4942 

0.4409 
0.4391 
0.4365 
0.4332 
0.4293 

0.6127 
0.6242 
0.6350 
0.6451 
0.6546 

46.02 
44.70 
43.42 
42.18 
40.98 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0369 
0.0422 
0.0473 
0.0523 
0.0571 

0.1189 
0.1199 
0.1207 
0.1211 
0.1213 

0.1245 
0.1271 
0.1296 
0.1319 
0.1341 

72.75 
70.63 
68.60 
66.65 
64.79 

0.5095 
0.5241 
0.5380 
0.5512 
0.5637 

0.4249 
0.4201 
0.4150 
0.4096 
0.4040 

0.6635 
0.6717 
0.6795 
0.6867 
0.6935 

39.83 
38.71 
37.64 
36.62 
35.63 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0618 
0.0663 
0.0706 
0.0748 
0.0787 

0.1213 
0.1211 
0.1208 
0.1203 
0.1196 

0.1361 
0.1381 
0.1399 
0.1416 
0.1432 

63.01 
61.31 
59.69 
58.13 
56.65 

0.5755 
0.5867 
0.5972 
0.6072 
0.6167 

0.3983 
0.3924 
0.3865 
0.3806 
0.3747 

0.6999 
0.7058 
0.7114 
0.7167 
0.7216 

34.69 
33.78 
32.91 
32.08 
31.28 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0825 
0.0862 
0.0897 
0.0930 
0.0962 

0.1189 
0.1181 
0.1172 
0.1162 
0.1152 

0.1447 
0.1462 
0.1476 
0.1489 
0.1501 

55.23 
53.87 
52.58 
51.33 
50.15 

0.6257 
0.6341 
0.6422 
0.6498 
0.6570 

0.3688 
0.3630 
0.3573 
0.3516 
0.3461 

0.7263 
0.7307 
0.7349 
0.7388 
0.7426 

30.52 
29.79 
29.09 
28.42 
27.78 

3.50 
3.55 
3.60 
3.65 
3.70 

0.0992 
0.1022 
0.1049 
0.1076 
0.1102 

0.1142 
0.1131 
0.1121 
0.1110 
0.1099 

0.1513 
0.1524 
0.1535 
0.1546 
0.1556 

49.01 
47.92 
46.88 
45.88 
44.92 

0.6639 
0.6704 
0.6766 
0.6825 
0.6882 

0.3406 
0.3353 
0.3301 
0.3250 
0.3200 

0.7462 
0.7496 
0.7528 
0.7559 
0.7589 

27.16 
26.57 
26.00 
25.46 
24.94 

3.75 
3.80 
3.85 
3.90 
3.95 

0.1126 
0.1150 
0.1172 
0.1194 
0.1214 

0.1088· 
0.1077 
0.1066 
0.1055 
0.1044 

0.1566 
0.1575 
0.1584 
0.1593 
0.1601 

44.00 
43.12 
42.27 
41.46 
40.68 

0.6935 
0.6987 
0.7036 
0.7083 
0.7129 

0.3152 
0.3105 
0.3059 
0.3015 
0.2971 

0.7618 
0.7646 
0.7672 
0.7698 
0.7723 

24.44 
23.96 
23.50 
23.05 
22.63 

WADe TR 56-614 A-23 



k= 0.0 (T = 0.50 

a 

/_ (T2 

~·x 

REAL IMAG. 

/ 
X 2 1Tf -21T .r 

( X 
REAL IMAG. 

-17 

MoaJLUS PHASE 
(OCliREES) 

4.00 1.1462 -0.3660 0.9226 0.9789 0.3757 0.8766 -0.1033 0.8826 353.28 
4.05 1.1460 -0.3587 0.9231 0.9604 0.3827 0.8746 -0.1022 0.8806 353.33 
4.10 1.1458 -0.3517 0.9236 0.9427 0.3896 0.8728 :-0.1012 0.8786 353.39 
4.15 1.1455 -0.3450 0.9242 0.9257 0.3963 0.8710 -0.1002 0.8767 353.44 
4.20 1.1451 -0.3385 0.9247 0.9093 0.4028 0.8693 -0.0992 0.8749 353.49 

4.25 1.1447 -0.3323 0.9252 0.8934 0.4092 0.8676 -0.0982 0.8732 353.54 
4.30 1.1443 -0.3263 0.9256 0.8782 - 0.4155 0.8660 -0.0972 0.8714 353.60 
4.35 1.1438 -0.3204 0.9261 0.8635 0.4217 0.8645 -0.0962 0.8698 353.65 
4.40 1.1433 -0.3148 0.9266 0.8493 0.4277 0.8629 -0.0953 0.8682 353~70 
4.45 1.!,*28 -0.3094 0.9271 0.8356 0.4336 0.8615 -0.0944 0.8666 353.75 

4.50 
4.55 
4.60 
4.65 
4.70 

1.1422 
1.1416 
1.1410 
1.1404 
1.1397 

-0.3042 
-0.2991 
-0.2942 
-0.2895 
-0.2849 

0.9276 
0.9281 
0.9286 
0.9291 
0.9296 

0.8223 
0.8095 
0.7971 
0.7851 
0.7734 

0.4394 
0.4451 
0.4506 
0.4561 
0.4614 

0.8601 
0.8587 
0.8574 
0.8561 
0.8548 

-0.0935 
-0.0926 
-0.0917 
-0.0908 
-0.0900 

0.8651 
0.8637 
0.8622 
0.8609 
0.8595 

353.80 
353.85 
353.89 
353.94 
353.99 

4.75 
4.80 
4.85 
4.90 
4.95 

1.1390 
1.1383 
1.1376 
1.1369 
1.1362 

-0.2805 
-0.2761 
-0.2719 
-0.2679 
-0.2639 

0.9301 
0.9305 
0.9310 
0.9315 
0.9320 

0.7621 
0.7512 
0.7406 
0.7302 
0.7202 

0.4667 
0.4718 
0.4768 
0.4818 
0.4866 

0.8536 
0.8524 
0.8512 
0.8500 
0.8489 

-0.0892 
-0.0884 
-0.0876 
-0.0868 
-0.0860 

0.8582 
0~8569 
0.8557 
0.8545 
0.8533 

354.04 
354.08 
354.13 
354.17 
354.21 

5.00 
5.05 
5.10 
5.15 
5.20 

1.1354 
1.1347 
1.1339 
1.1331 
1.1324 

-0.2601 
-0.2564 
-0.2527 
-0.2492 
-0.2458 

0.9325 
0.9329 
0.9334 
0.9339 
0.9343 

0.7105 
0.7010 
0.6918 
0.6828 
0.6740 

0.4914 
0.4961 
0.5007 
0.5052 
0.5096 

0.8478 
0.8468 
0.8457 
0.8447 
0.8437 

-0.0853 
-0.0846 
-0.0838 
-0.0831 
-0.0824 

0.8521 
0.8510 
0.8499 
0.8488 
0.8478 

354.26 
354.30 
354.34 
354.38 
354.42 

5.25 
5.30 
5.35 
5.40 
5.45 

1.1316 
1.1308 
1.1300 
1.1292 
1.1284 

-0.2424 
-0.2392 
-0.2360 
-0.2329 
-0.2299 

0.9348 
0.9352 
0.9357 
0.9361 
0.9366 

0.6655 
0.6572 
0.6491 
0.6412 
0.6335 

0.5140 
0.5183 
0.5225 
0.5267 
0.5307 

0.8428 
0.8418 
0.8409 
0.8400 
0.8391 

-0.0817 
-0.0811 
-0.0804 
-0.0798 
-0.0791 

0.8467 
0.8457 
0.8447 
0.8438 
0.8428 

354.46 
354.50 
354.54 
354.58 
354.61 

5.50 
5.55 
5.60 
5.65 
5.70 

1.1276 
1.1269 
1.1261 
1.1253 
1.1245 

-0.2269 
-0.2241 
-0.2212 
-0.2185 
-0.2158 

0.9370 
0.9375 
0.9379 
0.9383 
0.9387 

0.6260 
0.6186 
0.6114 
0.6044 
0.5975 

0.5348 
0.5387 
0.5426 
0.5464 
0.5502 

0.8382 
0.8374 
0.8365 
0.8357 
0.8349 

-0.0785 
-0.0779 
-0.0772 
-0.0766 
-0.0760 

0.8419 
0.8410 
0.8401 
0.8392 
0.8383 

354.65 
354.69 
354.72 
354.76 
354.80 

5.75 
5.80 
5.85 
5.90 
5.95 

1.1237 
1.1229 
1.1222 
1.1214 
1.1206 

-0.2132 
-0.2107 
-0.2082 
-0.2057 
-0.2033 

0.9392 
0.9396 
0.9400 
0.9404 
0.9408 

0.5908 
0.5842 
0.5778 
0.5715 
0.5654 

0.5539 
0.5575 
0.5611 
0.5647 
0.5682 

0.8341 
0.8333 
0.8325 
0.8318 
0.8310 

-0.0755 
-0.0749 
-0.0743 
-0.0738 
-0.0732 

0.8375 
0.8367 
0.8358 
0.8350 
0.8343 

354.83 
354.86 
354.90 
354.93 
354.97 

6.00 
6.05 
6.10 
6.15 
6.20 

1.1199 
1.1191 
1.1184 
1.1176 
1.1169 

-0.2010 
-0.1987 
-0.1964 
-0.1942 
-0.1921 

0.9412 
0.9416 
0.9420 
0.9424 
0.9428 

0.5593 
0.5534 
0.5476 
0.5420 
0.5364 

0.5716 
0.5750 
0.5783 
0.5816 
0.5848 

0.8303 
0.8296 
0.8289 
0.8282 
0.8275 

-0.0727 
-0.0721 
-0.0716 
-0.0711 
-0.0706 

0.8335 
0.8327 
0.8320 
0.8313 
0.8306 

355.00 
355.03 
355.06 
355.09 
355.13 

6.25 
6.30 
6.35 
6.40 
6.45 

1.1162 
1.1154 
1.1147 
1.1140 
1.1133 

-0.1900 
-0.1879 
-0.1859 
-0.1839 
-0.1820 

0.9431 
0.9435 
0.9439 
0.9443 
0.9446 

0.5310 
0.5256 
0.5204 
0.5152 
0.5102 

0.5880 
0.5912 
0.5943 
0.5974 
0.6004 

0.8269 
0.8262 
0.8256 
0.• 8250 
0.8243 

-0.0701 
-0.0696 
-0.0691 
-0.0686 
-0.0681 

0.8298 
0.8292 
0.8285 
0.8278 
0.8272 

355.16 
355.19 
355.22 
355.25 
355.28 

6.50 1.1126 -0.1801 0.9450 0.5052 0.6034 0.8237 -0.0676 0.8265 355.31 
6.55 1.1119 -0.1782 0.9453 0.5004 0.6063 0.8231 -0.0671 0.8259 355.34 
6.60 1.1112 -0.1764 0.9457 0.4956 0.6092 0.8225 -0.0667 0.8252 355.36 
6.65 1.1105 -0.174:: 0.9460 0.4909 0.6121 0.8220 -0.0662 0.8246 355.39 
6.70 1.1098 -0.1728 0.9464 0.4863 0.6149 0.8214 -0.0658 0.8240 355.42 

6.75 1.1092 -0.1711 0.9467 0.4818 0.6177 0.8208 -0.0653 0.8234 355.45 
6.80 1.1085 -0.1694 0.9471 0.4774 0.6204 0.8203 -0.0649 0.8228 355.48 
6.85 1.1078 -0.1678 0.9474 0.4730 0.6231 0.8197 -0.0645 0.8223 355.50 
6.90 1.1072 -0.1661 0.9477 0.4688 0.6258 0.8192 -0.0640 0.8217 355.53 
6.95 1.1065 -0.1645 0.9480 0.4646 0.6284 0.8187 -0.0636 0.8211 355.56 

WADe TR 56-614 A-2.4 



k:o.o (T: 0.50 

a 
REAL 

1+1J 

IMAG. MOlXJLUS PHASE 
(OEGREESI 

REAL 

1+1J Fio 
IMAG. MOlXJLUS PRASE 

(OEIiR££51 

4.00 
4.05 
4.10 
4.15 
4.20 

0.1234 
0.1254 
0.1272 
0.1290 
0.1307 

0.1033 
0.1022 
0.1012 
0.1002 
0.0992 

0.1610 
0.1618 
0.1626 
0.1633 
0.1641 

39.93 
39.20 
38.50 
37.83 
37.18 

0.7172 
0.7214 
0.7254 
0.7293 
0.7330 

0.2929 
0.2888 
0.2848 
0.2810 
0.2772 

0.7747 
0.7771 
0.7793 
0.7815 
0.7837 

22.22 
21.82 
21.44 
21.07 
20.72 

4.25 
4.30 
4.35 
4.40 
4.45 

0.1324 
0.1340 
0.1355 
0.1371 
0.1385 

0.0982 
0.0972 
0.0962 
0.0953 
0.0944 

0.1648 
0.1655 
0.1662 
0.1669 
0.1676 

36.56 
35.96 
35.37 
34.81 
34.27 

0.7366 
0.7401 
0.7435 
0.7468 
0.7500 

0.2736 
0.2700 
0.2666 
0.2632 
0.2599 

0.7858 
0.7879 
0.7899 
0.7918 
0.7937 

20.37 
20.04 
19.72 
19.41 
19.12 

4.50 
4.55 
4.,60 
4.65 
4.70 

0.1399 
0.1413 
0.1426 
0.1439 
0.1452 

0.0935 
0.0926 
0.0917 
0.0908 
0.0900 

0.1683 
0.1689 
0.1696 
0.1702 
0.1708 

33.74 
33.23 
32.73 
32.26 
31. 79 

0.7531 
0.7561 
0.7590 
0.7618 
0.7646 

0.2567 
0.2537 
0.2506 
0.2477 
0.2448 

0.7956 
0.7975 
0.7993 
0.8011 
0.8028 

18.83 
18.55 
18.27 
18.01 
17.76 

4.75 
4.80 
4.85 
4.90 
4.95 

0.1464 
0.1476 
0.1488 
0;1500 
0.1511 

0.0892 
0.0884 
0.0876 
0.0868 
0.0860 

0.1715 
0.1721 
0.1727 
0.1733 
0.1739 

31.34 
30.90 
30.48 
30.07 
29.66 

0.7673 
0.7699 
0.7724 
0.7749 
0.7774 

0.2420 
0.2393 
0.2367 
0.2341 
0.2315 

0.8045 
0.8062 
0.8079 
0.8095 
0.8111 

17 .51 
17.27 
17.03 
16.81 
16.59 

. 5.00 
5.05 
5.10 
5.15 
5.20 

0.1522 
0.1532 
0.1543 
0.1553 
0.1563 

0.0853 
0.0846 
0.0838 
0.0831 
0.0824 

0.1744 
0.1750 
0.1756 
0.1761 
0.1767 

29.27 
28.89 
28.52 
28.16 
27.81 

0.7798 
0.7821 
0.7844 
0.7866 
0.7888 

0.2291 
0.2266 
0.2243 
0.2220 
0.2197 

0.8127 
0.8143 
0.8158 
0.8173 
0.8188 

16.37 
16.16 
15.96 
15.76 
15.57 

5.25 
5.30 
5.35 
5.40 
5.45 

0.1572 
0.1582 
0.1591 
0.1600 
0.1609 

0.0817 
0.0811 
0.0804 
0.0798 
0.0791 

0.1772 
0.1777 
0.1783 
0.1788 
0.1793 

27.47 
27.13 
26.81 
26.49 
26.18 

0.7909 
0.7930 
0.7951 
0.7971 
0.7991 

0.2175 
0.2153 
0.2132 
0.2111 
0.2091 

0.8203 
0.8218 
0.8232 
0.8246 
0.8260 

15.38 
15.19 
15.01 
14.84 
14.67 

5.50 
5.55 
5.60 
5.65 
5.70 

0.1618 
0.1626 
0.1635 
0.1643 
0.1651 

0.0785 
0.0779 
0.0772 
0.0766 
0.0760 

0.1798 
0.1803 
0.1808 
0.1813 
0.1818 

25.88 
25.58 
25.29 
25.01 
24.73 

0.8010 
0.8029 
0.8048 
0.8066 
0.8084 

0.2071 
0.2052 
0.2032 
0.2014 
0.1995 

0.8274 
0.8287 
0.8300 
0.8313 
0.8326 

14.50 
14.33 
14.17 
14.02 
13.86 

5.75 
5.80 
5.85 
5.90 
5.95 

0.1659 
0.1667 
0.1675 
0.1682 
0.1690 

0.0755 
0.0749 
0.0743 
0.0738 
0.0732 

0.1823 
0.1827 
0.1832 
0.1837 
0.1841 

24.46 
24.19 
23.93 
23.68 
23.43 

0.8102 
0.8119 
0.8136 
0.8152 
0.8169 

0.1977 
0.1959 
0.1942 
0.1924 
0.1908 

0.8339 
0.8352 
0.8364 
0.8377 
0.8389 

13.71 
13.57 
13.42 
13.28 
13.14 

6.00 
6.05 
6.10 
6.15 
6.20 

0.1697 
0.1704 
0.1711 
0.1718 
0.1725 

0.0727 
0.0721 
0.0716 
0.0711 
0.0706 

0.1846 
0.1850 
0.1855 
0.1859 
0.1863 

23.18 
22.94 
22.71 
22.48 
22.25 

0.8185 
0.8201 
0.8216 
0.8232 
0.8247 

0.1891 
0.1875 
0.1859 
0.1843 
0.1827 

0.8401 
0.8412 
0.8424 
0.8435 
0.8447 

13.01 
12.88 
12.75 
12.62 
12.49 

6.25 
6.30 
6.35 
6.40 
6.45 

0.1731 
0.1738 
0.1744 
0.1750 
0.1757 

0.0701 
0.0696 
0.0691 
0.0686 
0.0681 

0.1868 
0.1872 
0.1876 
0.1880 
0.1884 

22.03 
21.82 
21.60 
21.39 
21.19 

0.8261 
0.8276 
0.8290 
0.8304 
0.8318 

0.1812 
0.1797 
0.1782 
0.1768 
0.1754 

0.8458 
0.8469 
0.8480 
0.8490 
0.8501 

12.37 
12.25 
12.13 
12.02 
11.90 

6.50 
6.55 
6.60 
6.65 
6.70 

0.1763 
0.1769 
0.1775 
0.1780 
0.1786 

0.0676 
0.0671 
0.0667 
0.0662 
0.0658 

0.1888 
0.1892 
0.1896 
0.1900 
0.1903 

20.99 
20.79 
20.60 
20.41 
20.22 

0.8332 
0.8345 
0.8358 
0.8371 
0.8384 

0.1739 
0.1726 
0.1712 
0.1699 
0.1685 

0.8511 
0.8522 
0.8532 
0.8542 
0.8552 

11.79 
11.68 
11.58 
11.47 
11.37 

6.75 
6.80 
6.85 
6.90 
6.95 

0.1792 
0.1797 
0.1803 
0.1808 
0.1813 

0.0653 
0.0649 
0.0645 
0.0640 
0.0636 

0.1907 
0.1911 
0.1914 
0.1918 
0.1922 

20.03 
19.85 
19.68 
19.50 
19.33 

0.8396 
0.8409 
0.8421 
0.8433 
0.8445 

0.1672 
0.1659 
0.1647 
0.1634 
0.1622 

0.8561 
0.8571 
0.8580 
0.8590 
0.8599 

11.26 
11.16 
11.07 
10.97 
10.87 

A-25WADe TR 56-614 



k= 0.0 (T = 0.50 

a 
/- (Tz

--r-' X 

REAL IMAG. 

/
X 2 1T J -21T 1:' 

! X 
REAL IMAG. 

-1J 

MorowS ;::,/:-w 
7.00 1.1059 -0.1630 0.9484 0.4604 0.6310 0.8182 -0.0632 0.8206 355.58 
" .05 1.1053 -0.1614 0.9487 0.4564 0.6336 0.8176 -0.0628 0.8200 ~55.61 
7.10 
7.15 

1.1046 
1.1040 

-0.1599 
-0.1584 

0.9490 
0.9493 

0.4524 
0.4484 

0.6361 
0.6386 

0,8171 
0.8166 

-0.0624 
-0.0620 

0.8195 
0.8190 

355.64 
355.66 

7.20 1.1034 -0.1569 0.9496 0,4446 0.6411 0.8162 -0.0616 0.8185 355.69 

7.25 1.1028 -0.1555 0.9499 0.4408 0.6435 0.8157 -0.0612 0.8180 355.71 
7.30 1.1022 -0.1541 0.9502 0.4371 0.6459 0.8152 -0.Ob08 0.8175 355.74 
7.35 1.1016 -0.1527 0.9505 0.4334 0.6483 0.8147 -0.060~ 0.8170 355.76 
7.40 1.1010 -0.1513 0.9508 0.4298 0.6507 0.8143 -0.0600 0.8165 355.78 
7.45 1.1004 -0.1500 0.1l511 0.4262 0.6530 0.8138 -0.0596 0.8160 355.81 

7.50 1.099B -0.1487 0.9514 0.4227 0.6553 0.8134 -0.0593 0.8155 355.83 
7.55 1.0993 -0.1474 0.9517 0.4193 0.6575 0.8129 -0.0589 0.8151 355.86 
7.60 1.0987 -0.1461 0.9519 0.4159 0.6597 0.8125 -0.0585 0.8146 355.88 
7.65 1.0981 -0.1448 0.9522 0.4126 0.6620 0.8121 -0.0582 0.8141 355.90 
7.70 1.0976 -0.1436 0.9525 0.4093 0.6641 0.8116 -0.0578 0.8137 355.92 

7.75 1.0970 -0.1424 0.9528 0.4061 0.6663 0.8112 -0.0575 0.8133 355.95 
7.80 1.0965­ -0.1412 0.9530 0.4029 0.6684 0.8108 -0.0571 0.8128 355.97 
7.85 1.0960 -0.1400 0.9533 0.3997 0.6705 0.8104 -0.0568 0.8124 355.99 
7.90 1.0954 -0.1389 0.9535 0.3966 0.6726 0.8100 -0.0565 0.8120 356.01 
7.95 1.0949 -0.1377 0.9538 0.3936 0.6746 0.8096 -0.0561 0.81ill 356.03 

8.00 
8.05 

~.0944 
1.0938 

-0.1366 
-0.1355 

0.9541 
0.9543 

0.3906 
0.3877 

0.6'/66 
0.6786 

0.8092 
0.8088 

-0.0558 
-0.0555 

0.8112 
0.8107 

356.06 
356.08 

8.10 1.0933 -0.1344 0.9546 0.3848 0.6806 0.8085 -0.0552 0.8103 356.10 
8.15 1.0928 -0.1333 0.9548 0.3819 0.6826 0.8081 -0.0548 0.8100 356.12 
8.20 1. 0923 -0.1323 0.9551 0.3791 0.6845 0.8077 -0.0545 0.8096 356.14 

8.25 1.0918 -0.1312 0.9553 0.3763 0.6864 0.8074 -0.0542 0.8092. 356.16 
8.30 1.0913 -0.1302 0.9555 0.3736 0.6883 0.8070 -0.0539 0.8088 356~18 
8.35 
8.40 

1.0908 
1.0904 

-0.1292 
-0.1282 

0.9558 
0.9560 

0.3708 
0.3682 

0.6901 
0.6920 

0.8066 
0.8063 

-0.0536 
-0.0533 

0.8084 
0.8081 

356,20 
356.22 

8.45 1.0899 -0.1272 0.9563 0.3656 0.6938 0.8059 -0.0530 0.8077 356.24 

8.50 1.0894 -0.1263 0.9565 0.3630 0.6956 0.8056 -0.0527 0.8073 356.26 
'8.55 1.0889 -0.1253 0.9567 0.3604 0.6974 0.8053 -0.0524 0.8070 356.28 
8.60 1. 0885 -0.1244 0.9569 0.3579 0.6991 0.8049 -0.052\ 0.8066 356.30 
8.65 1.0880 -0.1235 0.9572 0.3554 0.7009 0.8046 -0.0518 0.8063 356.31 
8.70 1.0875 -0.1226 0.9574 0.3530 0.7026 0.8043 -0.0516 0.8059 356.33 

8.75 1.0871 -0.1217 0.9576 0.3505 0.7043 0.8040 -0.0513 0.8056 356.35 
8.80 1.0866 -0.1208 0.9578 0.3482 0.7060 0.8036 -0.0510 0.8053 356.37 
8.85 1.0862 -0.1199 0.9580 0.3458 0.7077 0.8033 -0.0507 0.8049 356.39 
8.90 1.0858 -0.1191 0.9583 0.3435 0.7093 0.8030 -0.0505 0.8046 356.41 
8.95 1.0853 -0.1182 0.9585 0.3412 0.'7109 0.8027 -0.0502 0.8043 356.42 

9.00 1.0849 -0.1174 0.9587 0.3389 0.7125 0.8024 -0.0499 0.8040 356.44 
9.05 1.0845 -0.1166 0.9589 0.3367 0.7141 0.8021 -0.0497 0.8036 356.46 
9.10 1.0840 -0.1157 0.9591 0.3345 0.7157 0.8018 -0.0494 0.8033 356.47 
9.15 1.0836 -0.1149 0.9593 0.3323 0.7173 0.8015 -0.0491 0.8030 356.49 
9.20 1.0832 -0.1142 0.9595 0.3302 0.7188 0.8012 -0.0489 0.8027 356.51 

9.25 1.0828 -0.1134 0.9597 0.3280 0.7203 0.8009 -0.0486 0.8024 356.53 
9.30 1.0824 -0.1126 0.9599 0.3259 0.7218 0.8007 -0.0484 0.8021 356.54 
9.35 1.0820 -0.1118 0.9601 0.3239 0.7233 0.8004 -0.0481 0.8018 356.56 
9.40 1.0816 -0.1111 0.9603 0.3218 0.7248 0.8001 -0.0479 0.8015 356.57 
9.45 1.0812 -0.1104 0.9605 0.3198 0.7263 0.799b -0.0476 0.8013 356.59 

9.50 
9.55 
9.60 
9.65 
9.70 

1.0808 
1.0804 
1.0800 
1.0796 
1.0793 

-0.1096 
-0.1089 
-0.1082 
-0.1075 
-0.1068 

0.9607 
0.9609 
0.9610 
0.9612 
0.9614 

0.3178 
0.3159 
0.3139 
0.3120 
0.3101 

0.7277 
0.7292 
0.7306 
0.7320 
0.7334 

0.7996 
0.7993 
0.7990 
0.7988 
0.7985 

-0.0474 
-0.0472 
-0.0469 
-0.0467 
-0.0465 

0.8010 
0.8007 
0.8004 
0.8001 
0.7999 

356.61 
356.62 
356.64 
356.65 
356.67 

9.75 
9.80 
9.85 
9.90 
9.95 

1.0789 
1.0785 
1.0781 
1.077!! 
1.0774 

-0.1061 
-0.1054 
-0.1048 
-0.1041 
-0.1034 

0.9616 
0.9618 
0.9620 
0.9621 
0.9623 

0.3082 
0.3064 
0.3045 
0.3027 
0.3009 

0.7348 
0.7361 
0.7375 
0.7388 
0.7401 

0.7983 
0.7980 
0.7978 
0.7975 
0.7973 

-0.0462 
-0.0460 
-0.0458 
-0.0456 
-0.0454 

0.7996 
0.7993 
0.7991 
0.7988 
0.7985 

356.68 
356.70 
356.71 
356.73 
356.74 

10.00 1.0770 -0.1028 0.9625 0.2992 0.7414 0.7970 -0.0451 0.7983 356.76 

A-26WADe TR 56-614 



k= 0.0 CT:: 0.50 
._--­

a 
1+1J 1+"7 Fio 

REAL /MAG. MODULUS PHASE 
IOt:GIJ££SI 

REAL /MAG. MODULUS PHASE 
IO£GR££SI 

7.00 
7.05 
'7.10 
7.15 
7.20 

0.1818 
0.1824 
0.1829 
0.1834 
0.1838 

0.0632 
0.0628 
0.0624 
0.0620 
0.0616 

0.1925 
0.1929 
0.1932 
0.1935 
0.1939 

19.16 
19.00 
18.83 
18.67 
18.51 

0.8456 
0.8468 
0.8479 
0.8490 
0.8501 

0.1610 
0.1598 
0.1586 
0.1575 
o 1563 

0.8608 
0.8617 
0.8626 
0.8635 
0.8643 

10.78 
10.69 
10.60 
10.51 
10.42 

7.25 
7.30 
7. 35 
7 AO 
7.45 

0.1843 
0.1848 
0.1853 
0.1857 
0.1862 

0.0612 
0.0608 
0.0604 
0.0600 
0.0596 

0.1942 
0.1945 
0.1949 
0.1952 
0.1955 

18.36 
18.21 
18.06 
17.91 
17.76 

0.8512 
0.8522 
0.8533 
0.8543 
0.8553 

0.1552 
0.1541 
0.1530 
0.1519 
0.1508 

0.8652 
0.8660 
0.8669 
0.ll677 
0.8685 

10.33 
10.25 
10.17 
10.08 
10.00 

7.50 
7.55 
7.60 
7.65 
7 70 

0.1866 
0.1871 
0.1875 
0.1879 
0.1884 

0.0593 
0.0589 
0.0565 
0.0582 
0.0578 

0.1958 
0.1961 
0.1964 
0.1967 
0.1970 

17.62 
17.48 
17.34 
17.20 
17.07 

0.8563 
0.8573 
0.8583 
0.8592 
0.8602 

0.1498 
0.1488 
0.1477 
0.1467 
0.145 7 

0.8693 
0.8701 
0.8709 
0.8717 
0.8724 

9.92 
9.84 
9.77 
9.69 
9.62 

7. 75 
7.80 
7.85 
7.90 
7.95 

0.1888 
0.1.892 
0.1896 
0.1900 
0.1904 

0.0575 
0.0571 
0.0568 
0.0565 
0.0561 

0.1973 
0.1976 
0.1979 
0.1982 
0.1985 

16.94 
16.81 
16.68 
16.55 
16.43 

0.8611 
0.8620 
0.8629 
0.8638 
0.8647 

0.1448 
0.1438 
0.1428 
0.1419 
0.1410 

0.8732 
0.8739 
0.8747 
0.8754 
0.8761 

9.54 
9.47 
9.40 
9.33 
9.26 

8.00 
8.05 
8.10 
8.15 
8.20 

0.1908 
0.1912 
0.1915 
0.1919 
0.1923 

0.0558 
0.0555 
0.0552 
0.0548 
0.0545 

o.19ll8 
0.1990 
0.1993 
0.1996 
0.1999 

16.30 
16.18 
16.06 
15.95 
15.83 

0.8656 
0.8664 
0.8673 
0.8681 
0.8690 

0.1400 
0.1391 
0.1382 
0.1373 
0.1365 

0.8768 
0.8775 
0.8782 
0.8789 
0.8796 

9.19 
9.12 
9.06 
8.99 
8.93 

8.25 
8.30 
8.35 
8.40 
8.45 

0.1926 
0.1930 
0.1934 
0.1937 
0.1941 

0.0542 
0.0539 
0.0536 
0.0533 
0.0530 

0.2001 
0.2004 
0.2006 
0.2009 
0.2012 

15.72 
15.60 
15.49 
15.38 
15.27 

0.8698 
0.8706 
0.8714 
0.8722 
0.8729 

0.1356 
0.1348 
0.1339 
G.1331 
0.1323 

0.8803 
0.8810 
0.8816 
0.8823 
0.8829 

8.86 
8.80 
8.74 
8.68 
8.62 

8.50 
8.55 
8.60 
8.65 
8,70 

0.1944 
0.1947 
O. '.951 
0.1954 
0.1957 

0.0527 
0.0524 
0.0521 
0.0518 
0.0516 

0.2014 
0.2017 
0.2019 
0.2022 
0.2024 

15.17 
15.06 
14.96 
14.86 
14.76 

0.8737 
0.8745 
0.8752 
0.8760 
0.8767 

0.1314 
0.1306 
0.1299 
0.1291 
0.1283 

0.8835 
0.8842 
0.8848 
0.8854 
0.8860 

8.56 -
8.50 
8.44 
8.38 
8.33 

8. 'i 5 
8.80 
8.85 
8.90 
8.95 

0.1960 
0.1964 
0.1967 
0.1970 
0.1973 

0.0513 
0.0510 
0.0507 
0.0505 
0.0502 

0.2026 
0.2029 
0.2031 
0.2033 
0.2036 

14.66 
14.56 
14.46 
14.37 
14.27 

0.8774 
0.8781 
0.8788 
0.8795 
0.8~02 

0.1275 
0.1268 
0.1260 
0.1253 
0.1246 

0.8866 
0.8872 
0.8878 
0.8884 
0.8890 

8.27 
8.22 
8.16 
8.11 
8.06 

9.00 
9.05 
9.10 
9.15 
9.20 

o.1976 
0.1979 
0.1982 
0.1985 
0.1988 

0.0499 
0.0497 
0.0494 
0.0491 
0.0489 

0.2038 
0.2040 
0.2042 
0.2045 
0.2047 

14.18 
14.09 
14.00 
13.91 
13.82 

0.8809 
0.8816 
0.8822 
0.8829 
0.8835 

0.1238 
0.1231 
0.1224 
0.1217 
0.1210 

0.8896 
0.8901 
0.8907 
0.8913 
0.8918 

8.00 
7.95 
7.90 
7.85 
7.80 

9.25 
9.30 
9.35 
9.40 
9.45 

0.1991 
0.1993 
0.1996 
0.1999 
0.2002 

0.0486 
0.0484 
0.0481 
0.0479 
0.0476 

0.2049 
0.2051 
0.2053 
0.2055 
0.2058 

13.73 
13.64 
13.56 
13.47 
13.39 

0.8842 
0.8848 
0.8855 
0.8861 
0.8867 

0.1204 
0.1197 
0.1190 
0.1184 
0.1177 

0.8923 
0.8929 
0.8934 
0.8940 
0.8945 

7.75 
7.70 
7.66 
7.61 
7.56 

9.50 
9.55 
9.60 
9.65 
9.70 

0.2004 
0.2007 
0.2010 
0.2012 
0.2015 

0.0474 
0.0472 
0.0469 
0.0467 
0.0465 

0.2060 
0.2062 
0.2064 
0.2066 
0.2068 

13.31 
13.23 
13.15 
13.07 
12.99 

0.8873 
0.8879 
0.8885 
0.8891 
0.8897 

0.1171 
0.1164 
0.1158 
0.1152 
0.1146 

0.8950 
0.8955 
0.8960 
0.8965 
0.8970 

7.52 
7.47 
7.43 
7.38 
7.34 

9.75 
9.80 
9.85 
9.90 
9.95 

0.2017 
0.2020 
0.2022 
0.2025 
0.2027 

0.0462 
0.0460 
0.0458 
0.0456 
0.0454 

0.2070 
0.2072 
0.2074 
0.2076 
0.2078 

12.91 
12.83 
12.76 
12.68 
12.61 

0.8903 
0.8908 
0.8914 
0.8919 
0.8925 

0.1140 
0.1134 
0.1128 
0.1122 
0.1116 

0.ll975 
0.8980 
0.8985 
0.8990 
0.8994 

7.29 
7.25 
7.21 
7.17 
7.13 

10.00 0.2030 0.0451 0.2079 12.54 0.8930 0.1110 0.8999 7.09 

wADe TR 56-614 A-27 



k= 0.1 (T = 0.00 

a 
j- (Tt 

-Y-'X 
REAL IMAG. 

I 
X 21Tk 

-21T ..r 
! X 

REAL IMAG. 

-~ 

MOWLUS PHASE 
(O£fiR££SJ 

1.00 1.2278 -9.9944 0.4208 5.5585 0.0039 1.0053 0.0241 1.0056 1.37 
1.05 1.2280 -9.0641 0.4391 5.4893 0.0041 1.0064 0.0263 1.0068 1.50 
1.10 1.2283 -8.2577 0.4570 5.4177 0.0044 1.0077 0.0286 1 .0081 1.63 
1.15 1.2286 -7.5541 0.4745 5.3438 0.0048 1.0091 0.0310 1 .0096 1. 76 
1.20 1.2290 -6.9365 0.4917 5.2678 0.0052 1.0107 0.0333 1.0113 1.89 

1.25 1.2294 -6.3915 0.5084 5.1898 0.0056 1.0125 0.0357 1.0131 2.02 
1.30 1.2298 -5.9080 0.5247 5.1099 0.0060 1.0145 0.0380 1.0152 2.15 
1.35 1.2303 -5.4772 0.5406 5.0284 0.0065 1.0166 0.0403 1 .0174 2.27 
1.40 1.2309 -5.0917 0.5560 4.9452 0.0071 1.0190 0.0425 1.0199 2.39 
1.45 1.2315 -4.7452 0.5710 4.8607 0.0077 1 .0215 0.0446 1.0225 2.50 

1.50 1.2322 -4.4328 0.5856 4.7749 0.0084 1.0243 0.0466 1.0253 2.61 
1.55 1.2329 -4.1501 0.5996 4.6880 0.0092 1.0272 0.0485 1 .0283 2.71 
1.60 1.2337 -3.8935 0.6133 4.6002 0.0100 1 .0303 0.0503 1.0315 2.79 
1.65 1.2345 -3.6598 0.6264 4.5116 0.0110 1.0335 0.0518 1 .0348 2.87 
1.70 1.2354 -3.4464 0.6391 4.4223 0.0120 1.0369 0.0531 1.0383 2.93 

1. 75 1.2364 -3.2510 0.6513 4.3326 0.0131 1.0405 0.0543 1.0419 2.99 
1.80 1.2375 -3.0717 0.6631 4.2426 0.0144 1 .0441 0.0551 1.0456 3.02 
1.85 1.2386 -2.9067 0.6743 4.1525 0.0157 1.0478 0.0558 1 .0493 3.05 
1.90 1.2398 -2.7546 0.6851 4.0624 0.0172 1 .0516 0.0561 1.0531 3.05 
1.95 1.2410 -2.6141 0.6955 3.9724 0.0188 1.0555 0.0562 1.0570 3.05 

2.00 1.2423 -2.4841 0.7054 3.8828 0.0206 1 .0593 0.0560 1.0608 3.03 
2.05 1.2437 -2.3635 0.7148 3.7938 0.0225 1 .0631 0.0555 1.0645 2.99 
2.10 1.2451 -2.2515 0.7238 3.7053 0.0246 1.0668 0.0547 1.0682 2.94 
2.15 1.2465 -2.1473 0.7323 3.6177 0.0268 1.0704 0.0536 1.0718 2.87 
2.20 1.2480 -2.0503 0.7404 3.5311 0.0293 1.0740 0.0523 1 .0752 2.79 

2.25 1.2495 -1.9597 0.7481 3.4455 0.0319 1.0773 0.0507 1.0785 2.70 
2.30 1.2510 -1.8751 0.7554 3.3612 0.0347 1.0805 0.0489 1.0816 2.59 
2.35 1.2526 -1. 7960 0.7622 3.2783 0.0377 1.0835 0.0469 1.0846 2.48 
2.40 1.2542 -1.7219 0.7687 3.1968 0.0409 1.0863 0.0447 1 .0873 2.36 
2.45 1.2557 -1.6525 0.7748 3.1169 0.0443 1.0889 0.0423 1.0897 2.23 

2.50 1.2573 -1.5873 0.7806 3.0387 0.0479 1.0912 0.0398 1.0920 2.09 
2.55 1.2588 -1.5261 0.7860 2.9622 0.0517 1.0933 0.0372 1.0940 1.95 
2.60 1.2603 -1.4686 0.7911 2.8876 0.0557 1.0952 0.0345 1.0957 1.80 
2.65 1.2618 -1.4145 0.7959 2.8149 0.0599 1.0968 0.0318 1.0972 1.66 
2.70 1.2632 -1.3635 0.8004 2.7442 0.0643 1.0982 0.0290 1.0985 1.51 

2.75 1.2645 -1.3154 0.8046 2.6755 0.0689 1.0993 0.0262 1.0996 1.37 
2.80 1.2658 -1.2701 0.8086 2.6088 0.0736 1.1002 0.0234 1.1004 1.22 
2.85 1.2671 -1.2273 0.8123 2.5441 0.0785 1.1009 0.0207 1.1011 1.08 
2.90 1.2682 -1.1869 0.8158 2.4815 0.0836 1.1014 0.0180 1.1015 0.94 
2.95 1. 2693 -1.1486 0.8191 2,4209 0.0888 1.1017 0.0154 1.1018 0.80 

3.00 1.2703 -1.1125 0.8222 2.3624 0.0942 1.1018 0.0129 1.1019 0.67 
3.05 1.2712 -1.0782 0.8251 2.3059 0.0997 1 .1018 0.0105 1.1019 0.54 
3.10 1.2720 -1.0458 0.8278 2.2513 0.1053 1 .1017 0.0081 1.1017 0.42 
3.15 1.2727 -1.0150 0.8304 2.1987 0.1109 t .1014 0.0059 1.1014 0.30 
3.20 1.2733 -0.9858 0~8328 2.1480 0.1167 1.1010 0.0037 1.1010 0.19 

3.25 1.2738 -0.9581 0.8351 2.0992 0.1226 1.1005 0.0017 1.1005 0.09 
3.30 1.2742 -0.9317 0.8373 2.0521 0.1285 1.1000 -0.0003 1.1000 359.99 
3.35 1.2745 -0.9066 0.8394 2.0069 0.1344 1.0994 -0.0021 1.0994 359.89 
3.40 1.2747 -0.8828 0.8414 1.9633 0.1404 1.0987 -0.0038 1.0987 359.80 
3.45 1.2748 -0.8601 0.8433 1 .9213 0.1464 1.0979 -0.0055 1.0979 359.71 

3.50 1.2748 -0.8384 0.8451 1 .8810 0.1524 1.0971 -0.0070 1.0972 359.63 
3.55 1.2747 -0.8177 0.8468 1 .8421 0.1585 1.0963 -0.0085 1.0964 359.56 
3.60 1.2746 -0.7980 0.8484 1.8047 0.1645 1.0955 -0.0098 1 .0955 359.49 
3.65 1.2743 -0.7792 0.8500 1.7688 0.1705 1.0946 -0.0111 1.0947 359.42 
3.70 1.2739 -0.7612 0.8516 1.7341 0.1766 1.0938 -0.0123 1.0938 359.36 

3.75 1.2735 -0.7440 0.8530 1.7008 0.1825 1.0929 -0.0134 1 .0929 359.30 
3.80 1.2730 -0.7275 0.8545 1.6687 0.1885 1.0920 -0.0145 1.0921 359.24 
3.85 1.2724 -0.7117 0.8559 1.6378 0.1944 1 .0911 -0.0154 1 .0912 359.19 
3.90 1. 2717 -0.6966 0.8572 1.6080 0.2003 1.0902 -0.0164 1.0903 359.14 
3.95 1.2710 -0.6821 0.8585 1.5793 0.2061 1.0893 -0.0172 1.0894 359.09 

WADe TR 56-614 A-28 



! 
k= 0.1 IT= 0.00 

a 

1,00 
1,05 
1,10 
1.15 
1,20 

1,25 
1,30 
1.35 
1,40 
1.45 

1.50 
1.55 
1.60 
1.65 
1,70 

1,75 
1,80 
1,85 
1,90 
1,95 

2.00 
2.05 
2.10 
2.15 
2.20 

2.25 
2.30 
2.35 
2.40 
2.45 

2.50 
2.55 
2.60 
2.65 
2.70 

2.75 
2.80 
2.85 
2.90 
2.95 

3.00 
3.05 
3.10 
3.15 
3.20 

3.25 
3.30 
3.35 
3.40 
3.45 

3.50 
3.55 
3.60 
3.65 
3.70 

3.75 
3.80 
3.85 
3.90 
3.95 

REAL 

-0.0053 
-0.0064 
-0.0077 
-0.0091 
-0.0107 

-0.0125 
-0.0145 
-0.0166 
-0.0190 
-0.0215 

-0.0243 
-0.0272 
-0.0303 
-0.0335 
-0.0369 

-0.0405 
-0.0441 
-0.0478 
-0.0516 
-0.0555 

-0.0593 
-0.0631 
-0.0668 
-0.0704 
-0.0740 

-0.0773 
-0.0805 
-0.0835 
-0.0863 
-0.0889 

-0.0912 
-0.0933 
-0.0952 
-0.0968 
-0.0982 

-0.0993 
-0.1002 
-0.1009 
-0.1014 
-0.1017 

-0.1018 
-0.1018 
-0.1017 
-0.1014 
-0.1010 

-0.1005 
-0.1000 
-0.0994 
-0.0987 
-0.0979 

-0.0971 
-0.0963 
-0.0955 
-0.0946 
-0.0938 

-0.0929 
-0.0920 
-0.0911 
-0.0902 
-0.0893 

/+1J 

IMAG. MOWLUS 

-0.0241 0.0247 
-0.0263 0.0271 
-0.0286 0.0297 
-0.0310 0.0323 
-0.0333 0.0350 

-0.0357 0.0378 
-0.0380 0.0407 
-0.0403 0.0436 
-0.0425 0.0465 
-0.0446 0.0495 

-0.0466 0.0526 
-0.0485 0.0556 
-0.0503 0.0587 
-0.0518 0.0617 
-0.0531 0.0647 

-0.0543 0.0677 
-0.0551 0.0706 
-0.0558 0.0735 
-0.0561 0.0763 
-0.0562 0.0790 

-0.0560 0.0815 
-0.0555 0.0840 
-0.0547 0.0863 
-0.0536 0.0885 
-0.0523 0.0906 

-0.0507 0.0925 
-0.0489 0.0942 
-0.0469 0.0958 
-0.0447 0.0972 
-0.0423 0.0985 

-0.0398 0.0996 
-0.03112 0.1005 
-0.0345 0.1012 
-0.0318 0.1019 
-0.0290 0.1023 

-0.0262 0.1027 
-0.0234 0.1029 
-0.0207 0.1030 
-0.0180 0.1030 
-0.0154 0.1029 

-0.0129 0.1026 
-0.0105 0.1024 
-0.0081 0.1020 
-0.0059 0.1016 
-0.0037 0.1011 

-0.0017 0.1006 
0.0003 0.1000 
0.0021 0.0994 
0.0038 0.0987 
0.0055 0.0981 

0.0070 0.0974 
0.0085 0.0967 
0.0098 0.0960 
0.0111 0.0953 
0.0123 0.0946 

0.0134 0.0938 
0.0145 0.0931 
0.0154 0.0924 
0.0164 0.0917 
0.0172 0.0909 

PHASE 
(OEGREESI 

257.58 
256.32 
255.00 
253~63 
252.20 

250.71 
249.18 
247.59' 
245.95 
244.26 

242.53 
240.76 
238.94 
237.09 
235.20 

233.29 
231.34 
229.37 
227.38 
225.38 

223.36 
221.34 
219.31 
217.29 
215.27 

213.26 
211 .27 
209.31 
207.36 
205.45 

203.57 
201.73 
199.92 
198.16 
196.45 

194.78 
193.17 
191,60 
190.09 
188.63 

187.22 
185.86 
184.56 
183.31 
182.11 

180.95 
179.85 
178.79 
177.77 
176.80 

175.87 
174.98 
174.13 
173.31 
172.53 

171.78 
171.06 
170.37 
169.71 
169.08 

REAL 

0.0121 
0.0147 
0.0176 
0.0210 
0.0248 

0.0290 
0.0338 
0.0390 
0.0449 
0.0512 

0.0582 
0.0658 
0.0740 
0.0828 
0.0922 

0.1022 
0.1128 
0.1241 
0.1359 
0.1482 

0.1610 
0.1744 
0.1881 
0.2022 
0.2166 

0.2313 
0.2462 
0.2613 
0.2764 
0.2915 

0.3066 
0.3216 
0.3365 
0.3512 
0.3656 

0.3798 
0.3937 
0.4072 
0.4204 
0.4331 

0.4455 
0.4575 
0.4691 
0.4803 
0.4910 

0.5014 
0.5114 
0.5210 
0.5302 
0.5391 

0.5476 
0.5558 
0.5636 
0.5712 
0.5784 

0.5854 
0.5922 
0.5986 
0.6049 
0.6109 

/+1J fio 

IMAG. MOOULUS 

0.0986 0.0993 
0.1083 0.1093 
0.1185 0.1198 
0.1290 0.1307 
0.1398 0.1420 

0.1509 0.1536 
0.1622 0.1657 
0.1738 0.1781 
0.1856 0.1909 
0.1974 0.2040 

0.2094 0.2173 
0.2214 0.2310 
0.2334 0.2448 
0.2453 0.2589 
0.2571 0.2731 

0.2687 0.2875 
0.2801 0.3020 
0.2912 0.3165 
0.3019 0.3310 
0.3122 0.3456 

0.3220 0.3600 
0.3314 0.3744 
0.3401 0.3887 
0.3483 0.4028 
0.3559 0.4166 

0.3628 0.4303 
0.3690 0.4436 
0.3746 0.4567 
0.3795 0.4694 
0.3836 0.4818 

0.3871 0.4938 
0.3900 0.5055 
0.3921 0.5167 
0.3937 0.5276 
0.3947 0.5380 

0.3951 0.5481 
0.3950 0.5577 
0.3944 0.5669 
0.3934 0.5757 
0.3920 0.5842 

0.3902 0.5922 
0.3881 0.5999 
0.3857 0.6073 
0.3830 0.6143 
0.3802 0.6210 

0.3771 0.6274 
0.3739 0.6335 
0.3706 0.6394 
0.3672 0.6449 
0.3637 0.6503 

0.3601 0.6554 
0.3565 0.6603 
0.3529 0.6650 
0.3493 0.6695 
0.3456 0.6738 

0.3420 0.6780 
0.3384 0.6820 
0.3348 0.6859 
0.3313 0.6896 
0.3278 0.6933 

PHASE 
(OEGREESI 

83.00 
82.28 
81.54 
80.76 
79.95 

79.11 
78.24 
77.34 
76.41 
75.45 

74.47 
73.45 
72.42 
71,36 
70.28 

69.18 
68.06 
66.92 
65.77 
64.60 

63.43 
62.25 
61.06 
59.87 
58.67 

57.48 
56.29 
55.11 
53.93 
52.77 

51,62 
50.48 
49.37 
48.27 
47.19 

46.13 
45.10 
44.09 
43.10 
42.14 

41,21 
40.31 
39.43 
38.57 
37.75 

36.95 
36.17 
35.43 
34.70 
34.01 

33.33 
32.68 
32.05 
31,44 
30.86 

30.29 
29.75 
29.22 
28.71 
28.22 
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k-= 0.1 (T -= 0.00 

a 
/- (Tl
-_·X

2 
REAL !MAG. 

/
X 27Tk 

V,-27T X 
REAL IMAG. 

-"I 

MOaJLUS PHASE 
(OeGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

1.2702 
1.2693 
1.2684 
1.2674 
1.2664 

-0.6681 
-0.6547 
-0.6419 
-0.6295 
-0.6176 

0.8598 
0.8610 
0.8623 
0.8635 
0.8646 

1.5517 
1.5250 
1.4992 
1.4744 
1.4504 

0.2119 
0.2176 
0.2233 
0.2289 
0.2345 

1.0884 
1.0875 
1.0867 
1.0858 
1.0850 

-0.0180 
-0.0188 
-0.0195 
-0.0202 
-0.0208 

1.0886 
1.0877 
1.0869 
1.0860 
1.0852 

359.05 
359.01 
358.97 
358.94 
358.90 

4.25 
4.30 
4.35 
4.40 
4.45 

1.2653 
1.2642 
1.2630 
1.2618 
1.2605 

-0.6061 
-0.5950 
-0.5843 
-0.5740 
-0.5641 

0.8658 
0.8669 
0.8680 
0.8691 
0.8701 

1.4272 
1.4048 
1.3831 
1.3621 
1.3418 

0.2400 
0.2454 
0.2508 
0.2561 
0.2614 

1 .0841 
1.0833 
1.0825 
1 .0817 
1.0809 

-0.0214 
-0.0219 
-0.0224 
-0.0229 
-0.0234 

1 .0843 
1.0835 
1 .0827 
1.0819 
1.0812 

358.87 
358.84 
358.81 
358.79 
358.76 

4.50 1.2592 -0.5545 0.8712 1. 3221 0.2666 1.0801 -0.0238 1 .0804 358.74 
4.55 
4.60 
4.65 
4.70 

1.2579 
1.2566 
1.2552 
1.2538 

-0.5452 
-0.5362 
-0.5275 
-0.5191 

0.8722 
0.8732 
0.8743 
0.8752 

1.3030 
1.2845 
1.2666 
1.2492 

0.2717 
0.2768 
0.2818 
0.2867 

1.0794 
1.0786 
1.0779 
1 .0772 

-0.0242 
-0.0246 
-0.0249 
-0.0253 

1.0797 
1 .0789 
1.0782 
1.0775 

358.72 
3-58.69 
358.67 
358.66 

4.75 
4.80 
4.85 
4.90 
4.95 

1.2524 
1.2509 
1.2495 
1.2480 
1.2465 

-0.5109 
-0.5030 
-0.4953 
-0.4878 
-0.4806 

0.8762 
0.8772 
0.8782 
0.8791 
0.8800 

1.2323 
1.2159 
1 .1999 
1.1844 
1.1693 

0.2916 
0.2965 
0.3012 
0.3059 
0.3106 

1.0765 
1.0758 
1.0751 
1.0744 
1 .0737 

-0.0256 
-0.0259 
-0.0261 
-0.0264 
-0.0267 

1 .0768 
1.0761 
1.0754 
1.0747 
1 .0740 

358.64 
358.62 
358.61 
358.59 
358.58 

5.00 
5.05 

1.2450 
1.2435 

-0.4735 
-0.4667 

0.8810 
0.8819 

1 . 1546 
1.1402 

0.3152 
0.3197 

1.0731 
1.0724 

-0.0269 
-0.0271 

1.0734 
1.0728 

358.56 
358.55 

5.10 
5.15 
5.20 

1.2420 
1.2405 
1.2390 

-0.4600 
-0.4536 
-0.4473 

0.8828 
0.8837 
0.8845 

1.1263 
1.1126 
1.0994 

0.3242 
0.3287 
0.3331 

1.0718 
1.0711 
1.0705 

-0.0273 
-0.0275 
-0.0277 

1 .0721 
1.0715 
1.0709 

358.54 
358.53 
358.52 

5.25 1.2375 -0.4411 0.8854 1.0864 0.3374 1.0699 -0.0278 1.0703 358.51 
5.30 
5.35 
5.40 
5.45 

1.2360 
1.2344 
1.2329 
1.2314 

-0.4352 
-0.4293 
-0.4237 
-0.4181 

0.8863 
0.8871 
0.8879 
0.8888 

1.0738 
1.0614 
1.0494 
1.0376 

0.3417 
0.3460 
0.3502 
0.3543 

1.0693 
1.0687 
1 .0682 
1.0676 

-0.0280 
-0.0281 
-0.0283 
-0.0284 

1.0697 
1 .0691 
1 .0685 
1 .0680 

358.50 
358.49 
358.48 
358.48 

5.50 
5.55 
5.60 
5.65 
5.70 

1.2299 
1.2284 
1.2269 
1.2254 
1.2240 

-0.4127 
-0.4074 
-0.4023 
-0.3973 
-0.3924 

0.8896 
0.8904 
0.8912 
0.8920 
0.8928 

1.0261 
1 .0148 
1.0038 
0.9930 
0.9824 

0.3584 
0.3625 
0.3665 
0.3705 
0.3744 

1.0670 
1.0665 
1.0659 
1.0654 
1.0648 

-0.0285 
-0.0286 
-0.0287 
-0.0288 
-0.0289 

1 .0674 
1.0668 
1 .0663 
1.0658 
1 .0652 

358.47 
358.46 
358.46 
358.45 
358.45 

5.75 
5.80 
5.85 
5.90 
5.95 

1.2225 
1.2210 
1.2196 
1.2181 
1.2167 

-0.3876 
-0.3829 
-0.3783 
-0.3738 
-0.3694 

0.8935 
0.8943 
0.8951 
0.8958 
0.8965 

0.9721 
0.9620 
0.9521 
0.9424 
0.9328 

0.3783 
0.3821 
0.3859 
0.3897 
0.3934 

1.0643 
1.0638 
1.0633 
1.0628 
1 .0623 

-0.0290 
-0.0291 
-0.0291 
-0.0292 
-0.0292 

1.0647 
1 .0642 
1.0637 
1 .0632 
1 .0627 

358.44 
358.44 
358.43 
358.43 
358.42 

6.00 
6.05 
6.10 
6.15 
6.20 

1.2153 
1.2139 
1.2125 
1.2111 
1.2097 

-0.3651 
-0.3609 
-0.3568 
-0.3528 
-0.3489 

0.8973 
0.8980 
0.8987 
0.8994 
0.9001 

0.9235 
0.9143 
0.9054 
0.8966 
0.8879 

0.3971 
0.4008 
0.4044 
0.4080 
0.4115 

1.0618 
1 .0613 
1.0608 
1.0604 
1.0599 

-0.0293 
-0.0293 
-0.0294 
-0.0294 
-0.0294 

1.0622 
1.0617 
1.0612 
1 .0608 
1 .0603 

358.42 
358.42 
358.41 
358.41 
358.41 

6.25 
6.30 
6.35 
6.40 
6.45 

1.2084 
1.2070 
1.2057 
1.2044 
1 .2031 

-0.3450 
-0.3412 
-0.3375 
-0.3339 
-0.3304 

0.9007 
0.9014 
0.9021 
0.9027 
0.9034 

0.8794 
0.8711 
0.8629 
0.8549 
0.8470 

0.4150 
0.4185 
0.4219 
0.4253 
0.4287 

1.0594 
1.0590 
1.0586 
1.0581 
1.0577 

-0.0294 
-0.0295 
-0.0295 
-0.0295 
-0.0295 

1 .0599 
1 .0594 
1 .0590 
1 .0585 
1 .0581 

358.41 
358.41 
358.40 
358.40 
358.40. 

6.50 
6.55 
6.60 
6.65 
6.70 

1.2018 
1.2005 
1 .1992 
1.1979 
1.1967 

-0.3269 
-0.3235 
-0.3201 
-0.3168 
-0.3136 

0.9040 
0.9047 
0.9053 
0.9059 
0.9065 

0.8393 
0.8317 
0.8242 
0.8169 
0.8096 

0.4320 
0.4353 
0.4386 
0.4418 
0.4450 

1.0573 
1.0568 
1.0564 
1.0560 
1.0556 

-0.0295 
-0.0295 
-0.0295 
-0.0295 
-0.0295 

1 .0577 
1 .0572 
1.0568 
1.0564 
1.0560 

358.40 
358.40 
358.40 
358.40 
358.40 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1955 
1 .1942 
1.1930 
1.1918 
1 .1907 

-0.3105 
-0.3074 
-0.3043 
-0.3013 
-0.2984 

0.9071 
0.9077 
0.9083 
0.9089 
0.9094 

0.8025 
0.7956 
0.7887 
0.7820 
0.7753 

0.4482 
0.4513 
0.4544 
0.4575 
0.4606 

1.0552 
1.0548 
1.0544 
1.0540 
1.0537 

-0.0295 
-0.0294 
-0.0294 
-0.0294 
-0.0294 

1 .0556 
1 .0552 
1 .0548 
1.0544 
1 .0541 

358.40 
358.40 
358.40 
358.40 
358.40 
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k= 0.1 (T = 0.00 

a 
/+1J / +1J 00 

REAL IMAG. MODULUS PHASE 
(DEGREESi 

REAL IMAG. MODULUS PHASE 
(DEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

-0.0884 
-0.0875 
-0.Q867 
-0.0858 
-0.0850 

0.0180 
0.0188 
0.u195 
0.0202 
0.0208 

0.0902 
0.0895 
0.0888 
0.0882 
0.0875 

168.47 
167.88 
167.32 
166.77 
166.25 

0.6167 
0.6223 
0.6277 
0.6329 
0.6379 

0.3244 
0.3210 
0.3176 
0.3143 
0.3111 

0.6968 
0.7002 
0.7034 
0.7066 
0.7097 

27.74 
27.28 
26.84 
26.41 
26.00 

•• 25 
4.30 
4.35 
4.40 
4.45 

-0.0841 
-0.0833 
-0.0825 
-0.0817 
-0.0809 

0.0214 
0.0219 
0.0224 
0.0229 
0.0234 

0.0868 
0.0862 
0.0855 
0.0849 
0.0842 

165.74 
165.25 
164.78 
164.33 
163.88 

0.6428 
0.6476 
0.6522 
0.6566 
0.6610 

0.3079 
0.3048 
0.3017 
0.2987 
0.2958 

0.7128 
0.7157 
0.7186 
0.7214 
0.7241 

25.59 
25.21 
24.83 
24.46 
24.11 

4.50 
4.55 
4.60 
4.65 
4.70 

-0.0801 
-0.0794 
-0.0786 
-0.0779 
-0,0772 

0.0238 
0.0242 
0.0246 
0.0249 
0.0253 

0.0836 
0.0830 
0.0824 
0.0818 
0.0812 

163.46 
163.04 
162.64 
162.25 
161.87 

0.6652 
0.6693 
0.6732 
0.6771 
0.6809 

0.2929 
0.2901 
0.2873 
0.2846 
0.2819 

0.7268 
0.7294 
0.7320 
0.7345 
0.7369 

23.77 
23.43 
23.11 
22.79 
22.49 

4.75 
4.80 
4,85 
4.90 
4.95 

-0.0765 
- 0.0758 
-0.0751 
-0.0744 
-0.0737 

0.0256 
0.025S 
0.0261 
0.0264 
0.0267 

0.0806 
0.0801 
0.0795 
0.0789 
0.0784 

161.50 
161.14 
160.79 
160.45 
160.12 

0.6846 
0.6882 
0.6917 
0.6951 
0.6984 

0.2793 
0.2767 
0.2742 
0.2717 
0.2693 

0.7393 
0.7417 
0.7440 
0.7463 
0.7485 

22.19 
21.90 
21.62 
21.35 
21.08 

5.00 
5.05 
5.10 
5.15 
5.20 

-0.0731 
-0.0724 
-0.0718 
-0.0711 
-0.0705 

0.0269 
0.0271 
0.0273 
0.0275 
0.0277 

0.0778 
0.0773 
0.0768 
0.0763 
0.0758 

159.80 
159.48 
159.18 
158.88 
158.58 

0.7017 
0.7049 
0.7080 
0.7111 
0.7141 

0.2669 
0.2645 
0.2622 
0.2600 
0.2578 

0.7507 
0.7529 
0.7550 
0.7571 
0.7592 

20.82 
20.57 
20.32 
20.08 
19.85 

5.25 
5.30 
5.35 
5.40 
5.45 

-0.0699 
-0.0693 
-0.0687 
-0.0682 
-0.0676 

0.0278 
0.0280 
0.0281 
0.0283 
0.0284 

0.0753 
0.0748 
0.0743 
0.0738 
0.0733 

158.29 
158.01 
157.74 
157.47 
157.21 

0.7170 
0.7199 
0.7227 
0.7254 
0.7281 

0.2556 
0.2534 
0.2513 
0.2493 
0.2472 

0.7612 
0.7632 
0.7651 
0.7671 
0.7690 

19.62 
19.40 
19.18 
18.96 
18.75 

5.50 
5.55 
5.60 
5.65 
5.70 

-0.0670 
-0.0665 
-0.0659 
-0.0654 
-0.0648 

0.0285 
0.0286 
0.0287 
0.0288 
0.0289 

0.0728 
0.0724 
0.0719 
0.0714 
0.0710 

156.95 
156.70 
156.45 
156.21 
155.97 

0.7308 
0.7334 
0.7359 
0.7384 
0.7409 

0.2452 
0.2432 
0.2413 
0.2394 
0.2375 

0.7708 
0.7727 
0.7745 
0.7763 
0.7780 

18.55 
18.35 
18.15 
17.96 
17.77 

5.75 
5.80 
5.85 
5.90 
5.95 

-0.0643 
-0.0638 
-0.0633 
-0.0628 
-0.0623 

0.0290 
0.0291 
0.0291 
0.0292 
0.0292 

0.0705 
0.0701 
0.0697 
0.0692 
0.0688 

155.74 
155.51 
155.29 
155.07 
154.86 

0.7433 
0.7457 
0.7480 
0.7503 
0.7525 

0.2356 
0.2338 
0.2320 
0.2302 
0.2285 

0.7798 
0.7815 
0.7831 
0.7848 
0.7864 

17.59 
17.41 
17.23 
17.06 
16.89 

6.00 
6.05 
6.10 
6.15 
6.20 

-0.0618 
-0.0613 
-0.0608 
-0.0604 
-0.0599 

0.0293 
0.0293 
0.0294 
0.0294 
0.0294 

0.0684 
0.0680 
0.0676 
0.0671 
0.0667 

154.65 
154.44 
154.24 
154.04 
153.84 

0.7547 
0.7569 
0.7590 
0.7611 
0.7632 

0.2268 
0.2251 
0.2234 
0.2217 
0.2201 

0.7880 
0.7896 
0.7912 
0.7927 
0.7943 

16.72 
16.56 
16.40 
16.24 
16.09 

6.25 
6.30 
6.35 
6.40 
6.45 

-0.0594 
-0.0590 
-0.0586 
-0.0581 
-0.0577 

0.0294 
0.0295 
0.0295 
0.0295 
0.0295 

0.0663 
0.0659 
0.0656 
0.0652 
0.0648 

153.65 
153.46 
153 .. 28 
153.10 
152.92 

0.7652 
0.7672 
0.7691 
0.7710 
0.7729 

0.2185 
0.2169 
0.2153 
0.2138 
0.2123 

0.7958 
0.7972 
0.7987 
0.8001 
0.8015 

15.94 
15.79 
15.64 
15.50 
15.36 

6.50 
6.55 
6.60 
6.65 
6.70 

-0.0573 
-0.0568 
-0.0564 
-0.0560 
-0.0556 

0.0295 
0.0295 
0.0295 
0.0295 
0.0295 

0.0644 
0.0640 
0.0637 
0.06-33 
0.0629 

152.74 
152.57 
152.40 
152.24 
152.08 

0.7748 
0.7766 
0.7784 
0.7802 
0.7819 

0.2107 
0.2093 
0.2078 
0.2063 
0.2049 

0.8029 
0.8043 
0.8057 
0.8070 
0.8083 

15.22 
15.08 
14.95 
14 .81 
14.69 

6.75 
6.80 
6.85 
6.90 
6.95 

-0.0552 
-0.0548 
-0.0544 
-0.0540 
-0.0537 

0.0295 
0.0294 
0.0294 
0.0294 
0.0294 

0.0626 
0.0622 
0.0619 
0.0615 
0.0612 

151.92 
151.76 
151.61 
151.45 
151.31 

0.7836 
0.7853 
0.7870 
0.7886 
0.7902 

0.2035 
0.2021 
0.2007 
0.1994 
0.1980 

0.8096 
0.8109 
0.8122 
0.8134 
0.8147 

14.56 
14.43 
14.31 
14.19 
14 .07 

WADe TR 56-614 A-31. 



k: 0.1 (T: 0.00 

a 
1- (TO'.
--·X

2 
REAL IMAG. 

I 
X 21Tk 

-21T .r 
{ X 

REAL IMAG. 

-1J 

MOCXJLUS PHASE 
(O£6R££SI 

7.00 1 .1895 -0.2955 0.9100 0.7688 0.4636 1.0533 -0.0293 1.0537 358.40 
7.05 1 .1883 -0.2927 0.9106 0.7624 0.4666 1.0529 -0.0293 1.0533 358.41 
7.10 1 .1872 -0.2899 0.9111 0.7561 0.4695 1.0525 -0.0293 1.0530 358.41 
7.15 1 .1861 -0.2872 0.9117 0.7499 0.4724 1.0522 -0.0292 1.0526 358.41 
7.20 1 .1849 -0.2845 0.9122 0.7437 0.4753 1 .0518 -0.0292 1.0522 358.41 

7.25 1 .1838 -0.2819 0.9127 0.7377 0.4782 1.0515 -0.0292 1.0519 358.41 
7.30 1 .1827 -0.2793 0.9133 0.7318 0.4810 1 .0511 -0.0291 1 .0515 358.41 
7.35 1.1816 -0.2767 0.9138 0.7260 0.4839 1.0508 -0.0291 1 .0512 358.41 
7.40 1. 1806 -0.2743 0.9143 0.7202 0.4866 1 .0505 -0.0290 1 .0509 358.42 
7.45 1 .1795 -0.2718 0.9148 0.7146 0.4894 1.0501 -0.0290 1 .0505 358.42 

7.50 1 .1784 -0.2694 0.9153 0.7090 0.4921 1.0498 -0.0290 1.0502 358.42 
7.55 1.1774 -0.2670 0.9158 0.7035 0.4948 1.0495 -0.0289 1.0499 358.42 
7.60 1.1764 -0.2647 0.9163 0.6981 0.4975 1 .0491 -0.0289 1.0495 358.42 
7.65 1. 1754 -0.2624 0.9168 0.6928 0.5002 1.0488 -0.0288 1.0492 358.43 
7.70 1.1743 -0.2601 0.9172 0.6876 0.5028 1.0485 -0.0288 1 .0489 338.43 

7.75 1.1733 -0.2579 0.9177 0.6824 0.5054 1.0482 -0.0287 1 .0486 358.43 
7.80 1 .1724 -0.2557 0.9182 0.6773 0.5080 1.0.479 -0.0286 1.0483 358.43 
7.85 1.1714 -0.2536 0.9187 0.6723 0.5105 1.0476 -0.0286 1.0480 358.44 
7.90 1.1704 -0.2515 0.9191 0.6673 0.5131 1.0473 -0.0285 1.0477 358.44 
7.95 1.1695 -0.2494 0.9196 0.6625 0.5156 1.0470 -0.0285 1.0474 358.44 

8.00 1.1685 -0.2473 0.9200 0.6577 0.5181 1.0467 -0.0284 1 .0471 358.44 
8.05 1 .1676 -0.2453 0.9205 0.6529 0.5205 1.0464 -0.0284 1.0468 358.45 
8.10 1.1666 -0.2433 0.9209 0.6483 0.5229 1.0461 -0.0283 1.0465 358.45 
8.15 1.1657 -0.2414 0.9213 0.6437 0.5254 1 .0459 -0.0282 1.0462 358.45 
8.20 1.1648 -0.2394 0.9218 0.6391 0.5277 1.0456 -0.0282 1 .0460 358.46 

, 
8.25 1.1639 -0.2376 0.9222 0.6347 0.5301 1 .0453 -0.0281 1.0457 358.46 
8.30 1.1630 -0.2357 0.9226 0.6302 0.5325 1.0450 -0.0281 1 .0454 358.46 
8.35 1.1621 -0.2338 0.9230 0.6259 0.5348 1.0448 -0.0280 1 .0451 358.47 
8.40 1.1613 -0.2320 0.9234 0.6216 0.5371 1.0445 -0.0279 1.0449 358.47 
8.45 i .1604 -0.2303 0.9238 0.6174 0.5394 1.0442 -0.0279 1.0446 358.47 

8.50 1.1595 -0.2285 0.9242 0.6132 0.5416 1 .0440 -0.0278 1.0444 358.47 
8.55 1 .1587 -0.2268 0.9246 0.6091 0.5439 1 .0437 -0.0277 1.0441 358.48 
8.60 1 .1578 -0.2251 0.9250 0.6050 0.5461 1.0435 -0.0277 1.0438 358.48 
8.65 1.1570 -0.2234 0.9254 0.6010 0.5483 1.0432 -0.0276 1.0436 358.48 
8.70 1 .1562 -0.2217 0.9258 0.5970 0.5505 1 .0430 -0.0275 1.0433 358.49 

8.75 1.1554 -0.2201 0.9262 0.5931 0.5526 1.0427 -0.0275 1.0431 358.49 
8.80 1 .1546 -0.2185 0.9266 0.5892 0.5548 1 .0425 -0.0274 1.0429 358.49 
8.85 1 .1538 -0.2169 0.9269 0.5854 0.5569 1 .0423 -0.0273 1.0426 358.50 
8.90 1 .1530 -0.2153 0.9273 0.5816 0.5590 1 .0420 -0.0273 1.0424 358.50 
8.95 1.1522 -0.2138 0.9277 0.5779 0.5611 1 .0418 -0.0272 1.0421 358.50 

9.00 1.1514 -0.2122 0.9280 0.5743 0.5631 1.0416 -0.0271 1.0419 358.51 
9.05 1.1506 -0.2107 0.9284 0.5706 0.5652 1.0413 -0.0271 1.0417 358.51 
9.10 1. 1499 -0.2093 0.9288 0.5671 0.5672 1.0411 -0.0270 1.0414 358.51 
9.. 15 1 .1491 -0.2078 0.9291 0.5635 0.5692 1 .0409 -0.0269 1 .0412 358.52 
9.20 1 .1484 -0.2064 0.9295 0.5600 0.5712 1 .0407 -0.0269 1.0410 358.52 

9.25 
9.30 
9.35 
9.40 
9.45 

1.1476 
1.1469 
1.1462 
1.1454 
1.1447 

-0.2049 
-0.2035 
-0.2021 
-0.2008 
-0.1994 

0.9298 
0.9301 
0.9305 
0.9308 
0.9311 

0.5566 
0.5532 
0.5498 
0.5465 
0.5432 

0.5732 
0.5751 
0.5771 
0.5790 
0.5809 

1 .0404 
1.0402 
1.0400 
1.0398 
1 .0396 

-0.0268 
-0.0267 
-0.0267 
-0.0266 
-0.0265 

1.0408 
1.0406 
1.0403 
1 .0401 
1.0399 

358.52 
358.53 
358.53 
358.54 
358.54 

9.50 
9.55 
9.60 
9.65 
9.70 

1.1440 
1.1433 
1.1426 
1.1419 
1.1413 

-0.1981 
-0.1968 
-0.1955 
-0.1942 
-0.1929 

0.9315 
0.9318 
0.9321 
0.9324 
0.9328 

0.5399 
0.5367 
0.5336 
0.5304 
0.5273 

0.5828 
0.5847 
0.5865 
0.5884 
0.5902 

1.0394 
1.0392 
1.0390 
1.0388 
1.0386 

-0.0265 
-0.0264 
-0.0263 
-0.0262 
-0.0262 

1 .0397 
1.0395 
1.0393 
1.0391 
1 .0389 

358.54 
358.55 
358.55 
358.55 
358.56 

9.75 
9.80 
9.85 
9.90 
9.95 

1.1406 
1.1399 
1.1392 
1.1386 
1.1379 

-0.1917 
-0.1904 
-0.1892 
-0.1880 
-0.1868 

0.9331 
0.9334 
0.9337 
0.9340 
0.9343 

0.5243 
0.5212 
0.5182 
0.5153 
0.5123 

0.5920 
0.5938 
0.5956 
0.5973 
0.5991 

1.0384 
1.0382 
1.0380 
1 .0378 
1.0376 

-0.0261 
-0.0260 
-0.0260 
-0.0259 
-0.0258 

1.0387 
1.0385 
1 .0383 
1.0381 
1.0379 

358.56 
358.56 
358.57 
358.57 
358.57 

10.00 1.1373 -0.1856 0.9346 0.5095 0.6008 1.0374 -0.0258 1.0377 358.58 

A-32WADe TR 56-614 



k= 0.1 IT = 0.00 

a 

7.00 
7.05 
7.10 
7.15 
7.20 

7.25 
7.30 
7.35 
7.40 
7.45 

7.50 
7.55 
7.60 
7.65 
7.70 

7.75 
7.80 
7.85 
7.90 
7.95 

8.00 
8.05 
8.10 
8.15 
8.20 

8.25 
8.30 
8.35 
8.40 
8.45 

8.50 
8.55 
8.60 
8.65 
8.70 

8.75 
8.80 
8.85 
8.90 
8.95 

9.00 
9.05 
9.10 
9.15 
9.20 

9.25 
9.30 
9.35 
9.40 
9.45 

9.50 
9.55 
9.60 
9.65 
9.70 

9.75 
9.80 
9.85 
9.90 
9.95 

10.00 

REAL 

-0.0533 
-0.0529 
-0.0525 
-0.0522 
-0.0518 

-0.0515 
-0.0511 
-0.0508 
-0.0505 
-0.0501 

-0.0498 
-0.0495 
-0.0491 
-0.0488 
-0.0485 

-0.0482 
-0.0479 
-0.0476 
-0.0473 
-0.0470 

-0.0467 
-0.0464 
-0.0461 
-0.0459 
-0.0456 

-0.0453 
-0.0450 
-0.0448 
-0.0445 
-0.0442 

-0.0440 
-0.0437 
-0.0435 
-0.0432 
-0.0430 

-0.0427 
-0.0425 
-0.0423 
-0.0420 
-0.0418 

-0.0416 
-0.0413 
-0.0411 
-0.0409 
-0.0407 

-0.0404 
-0.0402 
-0.0400 
-0.0398 
-0.0396 

-0.0394 
-0.0392 
-0.0390 
-0.0388 
-0.0386 

-0.0384 
-0.0382 
-0.0380 
-0.0378 
-0.0376 

-0.0374 

/+7J 

IMAG. MODULUS 

0.0293 0.0608 
0.0293 0.0605 
0.0293 0.0602 
0.0292 0.0598 
0.0292 0.0595 

0.0292 0.0592 
0.0291 0.0589 
0.0291 0.0585 
0.0290 0.0582 
0.0290 0.0579 

0.0290 0.0576 
0.0289 0.0573 
0.0289 0.0570 
0.0288 0.0567 
0.0288 0.0564 

0.0287 0.0561 
0.0286 0.0558 
0.0286 0.0555 
0.0285 0.0552 
0.0285 0.0550 

0.0284 0.0547 
0.0284 0.0544 
0.0283 0.0541 
0.0282 0.0539 
0.0282 0.0536 

0.0281 0.0533 
0.0281 0.0531 
0.0280 0.0528 
0.0279 0.0525 
0.0279 0.0523 

0.0278 0.0520 
0.0277 0.0518 
0.0277 0.0515 
0.0276 0.0513 
0.0275 0.0510 

0.0275 0.0508 
0.0274 0.0506 
0.0273 0.0503 
0.0273 0.0501 
0.0272 0.0499 

0.0271 0.0496 
0.0271 0.0494 
0.0270 0.0492 
0.0269 0.0490 
0.0269 0.0487 

0.0268 0.0485 
0.0267 0.0483 
0.0267 0.0481 
0.0266 0.0479 
0.0265 0.0476 

0.0265 0.0474 
0.0264 0.0472 
0.0263 0.0470 
0.0262 0.0468 
0.0262 0.0466 

0.0261 0.0464 
0.0260 0.0462 
0.0260 0.0460 
0.0259 0.04~8 

0.0258 0.0456 

0.0258 0.0454 

PHASE 
(DEGREES) 

151.16 
151. 02 
150.87 
150.74 
150.60 

150.46 
150.33 
150.20 
150.07 
149.95 

149.82 
149.70 
149.58 
149.46 
149.35 

149.23 
149.12 
149.01 
148.90 
148.79 

148.69 
148.58 
148.48 
148.38 
148.28 

148.18 
148.08 
147.99 
147.89 
147.80 

147.71 
147.62 
147.53 
147.44 
147.35 

147.27 
147.18 
147.10 
147.02 
146.93 

146.85 
146.78 
146.70 
146.62 
146.54 

1;46.47 
146.39 
146.32 
146.25 
146.18 

146.11 
146.04 
145.97 
145.90 
145.83 

145.77 
145.70 
145.64 
145.57 
145.51 

145.44 

REAL 

0.7918 
0.7934 
0.7949 
0.7964 
0.7979 

0.7994 
0.8008 
0.8023 
0.8037 
0.80~1 

0.8064 
0.8078 
0.8091 
0.8104 
0.8117 

0.8130 
0.8142 
0.8155 
0.8167 
0.8179 

0.8191 
0.8203 
0.8214 
0.8226 
0.8237 

0.8248 
0.8259 
0.8270 
0.8281 
0.8291 

0.8302 
0.8312 
0.8322 
0.8332 
0.8342 

0.8352 
0.8362 
0.8372 
0.8381 
0.8390 

0.8400 
0.8409 
0.8418 
0.8427 
0.8436 

0.8444 
0.8453 
0.8462 
0.8470 
0.8478 

0.8487 
0.8495 
0.8503 
0.8511 
0.8519 

0.8527 
0.8534 
0.8542 
0.8550 
0.8557 

0.8565 

/+7J 00 
/MAG. MODULUS 

0.1967 0.8159 
0.1954 0.8171 
0.1941 0.8183 
0.1928 0.8195 
0.1916 0.8206 

0.1903 0.8217 
0.1891 0.8229 
0.1879 0.8240 
0.1867 0.8251 
0.1855 0.8262 

0.1843 0.8272 
0.1832 0.8283 
0.1820 0.8293 
0.1809 0.8304 
0.1798 0.8314 

0.1787 0.8324 
0.1776 0.8334 
0.1765 0.8344 
0.1755 0.8353 
0.1744 0.8363 

0.1734 0.8372 
0.1723 0.8382 
0.1713 0.8391 
0.1703 0.8400 
0.1693 0.8409 

0.1683 0.8418 
0.1674 0.8427 
0.1664 0.8436 
0.1655 0.8444 
0.1645 0.8453 

0.1636 0.8461 
0.1627 0.8470 
0.1618 0.8478 
0.1609 0.8486 
0.1600 0.8494 

0.1591 0.8502 
0.1582 0.8510 
0.1574 0.8518 
0.1565 0.8526 
0.1557 0.8534 

0.1548 0.8541 
0.1540 0.8549 
0.1532 0.8556 
0.1524 0.8563 
0.1516 0.8571 

0.1508 0.8578 
0.1500 0.8585 
0.1492 0.8592 
0.1485 0.8599 
0.1477 0.8606 

0.1469 0.8613 
0.1462 0.8620 
0.1455 0.8626 
0.1447 0.8633 
0.1440 0.8640 

0.1433 0.8646 
0.1426 0.8653 
0.1419 0.8659 
0.1412 0.8665 
0.1405 0.8672 

0.1398 0.8678 

PHASE 
(DEGREES) 

13.95 
13.84 
13.72 
13.61 
13.50 

13.39 
13.29 
13.18 
13.08 
12.98 

12.88 
12.78 
12.68 
12.58 
12.49 

12.40 
12.30 
12.21 
12.13 
12.04 

11.95 
11.87 
11.78 
11.70 
11.62 

11.54 
11.46 
11.38 
11.30 
11.22 

11.15 
11.07 
11.00 
10.93 
10.86 

10.78 
10.71 
10.65 
10.58 
10.51 

10.44 
10.38 
10.31 
10.25 
10.19 

10.12 
10.06 
10.00 
9.94 
9.88 

9.82 
9.77 
9.71 
9.65 
9.59 

9.54 
9.48 
9.43 
9.38 
9.32 

9.27 

I 

WADe TR 56-614 A-33 



k= 0.1 (T = 0.25 

a 

/_ (T2 

--·X
2 

REAL IMAG. 

/
X 2 7T; 

-27T .r 
t X 

REAL IMAG. 

-"I 

MOaJLUS PHASE 
(DeGReeS) 

1.00 1.1040 -7.9860 0.4671 5.4743 0.0042 1.0053 0.0145 1.0054 0.83 
1.05 1.1044 -7.2408 0.4871 5.3975 0.0045 1.0064 0.0158 1.0065 0.90 
1.10 1.1049 -6.5947 0.5066 5.3180 0.0049 1 .0076 0.0170 1.0078 0.97 
1.15 1.1054 -6.0308 0.5257 5.2362 0.0053 1.0090 0.0182 1 .0092 1.03 
1.20 1 .1061 -5.5356 0.5443 5.1519 0.0058 1.0106 0.0193 1 .0108 1.10 

1.25 1.1068 -5.0985 0.5624 5.0656 0.0063 1.0123 0.0204 1 .0125 1.15 
1.30 
1. 35 

1 .1075 
1 .1084 

-4.7105 
-4.3647 

0.5799 
0.5970 

4.9772 
4.8870 

0.0069 
0.0075 

1.01,42 
1.0163 

0.0214 
0.0222 

1.0145 
1.0166 

1.21 
1.25 

1.40 1.1094 -4.0551 0.6135 4.7951 0.0083 1 .0185 0.0229 1.0188 1.29 
1.45 1 .1105 -3.7767 0.6295 4.7017 0.0091 1.0209 0.0235 1.0212 1.32 

1.50 1.1116 -3.5256 0.6449 4.6070 0.0100 1.0235 0.0238 1.0238 1.33 
1. 55 1.1129 -3.2982 0.6598 4.5111 0.0110 1.0262 0.0239 1.0264 1.34 
1.60 1.1143 -3.0916 0.6742 4.4141 0.0121 1.0289 0.0238 1.0292 1.33 
1.65 1.1159 -2.9033 0.6879 4.3164 0.0133 1.0318 0.0234 1 .0321 1.30 
1. 70 1.1175 -2.7314 0.7011 4.2180 0.0147 1.0348 0.0228 1.0350 1.26 

1. 75 1.1193 -2.5738 0.7137 4.1192 0.0163 1.0377 0.0218 1.0380 1.20 
1.80 1.1212 -2.4291 0.7258 4.0200 0.0180 1.0407 0.0205 1.0409 1.13 
1.85 1.1233 -2.2959 0.7373 3.9208 0.0198 1.0437 0.0189 1 .0438 1.04 
1.90 1 .1254 -2.1730 0.7482 3.8218 0.0219 1.0465 0.0169 1.0467 0.93 
I. 95 1.1277 -2.0595 0.7586 3.7230 0.0242 1.0493 0.0146 1 .0494 0.80 

2.00 1.130t -1.9544 0.7684 3.6248 0.0267 1 .0519 0.0120 1.0519 0.65 
2.05 1.1326 -1.8568 0.7776 3.5272 0.0294 1.0542 0.0091 1.0543 0.50 
2.10 1.1353 -1.7663 0.7863 3.4306 0.0324 1.0564 0.0059 1 .0564 0.32 
2.15 1.1380 -1.6820 0.7945 3.3351 0.0356 1.0583 0.0025 1 .0583 0.14 
2.20 1.1408 -1.6035 0.8021 3.2410 0.0391 1.0598 -0.0011 1 .0598 359.94 

2.25 1.1437 -1.5304 0.8092 3.1483 0.0429 1.0611 -0.0050 1.0611 359.73 
2.30 1.1466 -1.4620 0.8159 3.0574 0.0470 1.0620 -0.0089 1 .0620 359.52 
2.35 1 .1496 -1.3982 0.8220 2.9683 0.0514 1 .0625 -0.0130 1 .0626 359.30 
2.40 1 .1526 -1.3385 0.8278 2.8812 0.0561 1.0627 -0.0171 1.0628 359.08 
2.45 1.1556 -1.2826 0.8330 2.7963 0.0610 1.0625 -0.0212 1.0627 358.86 

2.50 1.1586 -1.2302 0.11379 2.7136 0.0663 1 .0619 -0.0252 1.0622 358.64 
2.55 
2.60 

1.1615 
1.1644 

-1.1811 
-1.1350 

0.8424 
0.8466 

2.6334 
2.5556 

0.0718 
0.0776 

1 .0611 
1.0599 

-0.0292 
-0.0330 

1.0615 
1.0604 

358.43 
358.22 

2.65 
2.70 

1. HI73 
1. 1700 

-1.0917 
-1.0510 

0.8504 
0.8539 

2.4803 
2.4077 

0.0837 
0.0900 

1.0584 
1 .0567 

-0.0367 
-0.0402 

1 .0590 
1.0574 

358.01 
357.82 

2.75 1.1727 -1.0128 0.8571 2.3376 0.0966 1.0547 -0.0435 1 .0556 357.64 
2.80 1.1753 -0.9768 0.8601 2.2701 0.1033 1.0526 -0.0466 1 .0536 357.46 
2.85 1.1778 -0.9429 0.8628 2.2052 0.1102 1 .0503 -0.0495 1 .0515 357.30 
2.90 1.1801 -0.9109 0.8653 2.1429 0.1173 1.0479 -0.0522 1.0492 357.15 
2.95 1. 1823 -0.8807 0.8677 2.0831 0.1245 1.0453 -0.0547 1.0467 357.01 

3.00 1.1844 -0.8523 0.8698 2.0257 0.1319 1.0427 -0.0569 1.0443 356.88 
3.05 1.1863 -0.8254 0.8718 1.9707 0.1394 1.0400 -0.0589 1.0417 356.76 
3.10 1.1881 -0.7999 0.8736 1.9181 0.1469 1.0373 -0.0607 1.0391 356.65 
3.15 1.1898 -0.7759 0.8754 1.8677 0.1545 1.0346 -0.0623 1.0365 356.55 
3.20 1.1913 -0.7531 0.8770 1.8194 0.1621 1.0319 -0.0638 1.0339 356.46 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1927 
1.1939 
1.1950 
1.1960 
1.1968 

-0.7315 
-0.7110 
-0.69t5 
-0.6730 
-0.6554 

0.8785 
0.8799 
0.8812 
0.8824 
0.8836 

1 .7733 
1.7291 
1 .6868 
1.6464 
1.6077 

0.1698 
0.1774 
0.1851 
0.1927 
0.2004 

1.0293 
1.0266 
1.0240 
1 .0214 
1.0189 

-0.0650 
-0.0661 
-'0.0671 
-0.0679 
-0.0686 

1 .0313 
1 .0287 
1 .0262 
1.0237 
1 .0212 

356.38 
356.31 
356.25 
356.20 
356.15 

3.50 
3.55 
3.60 
3.65 
3.70 

1.1976 
1.1982 
1.1987 
1.1991 
1 .1994 

-0.6386 
-0.6227 
-0.6075 
-0.5929 
-0.5791 

0.8848 
0.8859 
0.8869 
0.8879 
0.8889 

1.5706 
1.5352 
1.5012 
1 .4686 
1.4374 

0.2079 
0.2154 
0.2229 
0.2302 
0.2375 

1 .0164 
1.0140 
1.0117 
1.0094 
1.0072 

-0.0692 
-0.0697 
-0.0701 
-0.0704 
-0.0706 

1 .0188 
1 .0164 
1.0141 
1. 0119 
1 .0097 

356.11 
356.07 
356.04 
356.01 
355.99 

3.75 
3.80 
3.85 
3.90 
3.95 

1.1996 
1.1997 
1.1997 
1.1996 
1.1995 

-0.5658 
-0.5532 
-0.5410 
-0.5294 
-0.5183 

0.8898 
0.8907 
0.8916 
0.8925 
0.8933 

1.4075 
1.3788 
1.3512 
1.3248 
1.2993 

0.2448 
0.2519 
0.2589 
0.2659 
0.2727 

1 .0051 
1 .0030 
1.0010 
0.9990 
0.9971 

-0.0708 
-0.0709 
-0.0709 
-0.0709 
-0.0709 

1.0076 
1.0055 
1.0035 
1 .0016 
0.9997 

355.97 
355.96 
355.95 
355.94 
355.93 
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k:: 0.1 (T:: 0.25 

a 
1+1/ 1+"100 

REAL IMAG. MODULUS PHASE 
(OEGREESJ 

REAL IMAG. MODULUS PHASE 
(OEGREESJ 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0053 
-0.0064 
-0.0076 
-0.0090 
-0.0106 

-0.0145 
-0.0158 
-0.0170 
-0.0182 
-0.0193 

0.0155 
0.0170 
0.0186 
0.0203 
0.0220 

249.98 
247.94 
245.80 
243.57 
241.24 

0.0133 
0.0161 
0.0193 
0.0230 
0.0272 

0.1079 
0.1186 
0.1298 
0.1413 
0.1532 

0.1087 
0.1197 
0.1312 
0.1432 
0.1556 

82.99 
82.27 
81.52 
80.74 
79.92 

1.25 
1.30 
1.35 
1.40 
1.45 

·.0.0123 
-0.0142 
-0.0163 
-0.0185 
-0.0209 

-0.0204 
-0.0214 
-0.0222 
-0.0229 
-0.0235 

0.0238 
0.0257 
0.0276 
0.0295 
0.0314 

238.e3 
236.32 
233.72 
231.03 
228.26 

0.0320 
0.0372 
0.0431 
0.0496 
0.0567 

0.1654 
0.1779 
0.1907 
0.2036 
0.2167 

0.1685 
0.1818 
0.1955 
0.2096 
0.2240 

79.07 
78.18 
77.27 
76.32 
75.34 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0235 
-0.0262 
-0.0289 
-0.0318 
-0.0348 

-0.0238 
-0.0239 
-0.0238 
-0.0234 
-0.0228 

0.0334 
0.0355 
0.0375 
0.0395 
0.0416 

225.40 
222.47 
219.46 
216.37 
213.21 

0.0645 
0.0730 
0.0823 
0.0922 
0.1029 

0.2300 
0.2432 
0.2565 
0.2696 
0.2826 

0.2388 
0.2540 
0.2693 
0.2850 
0.3008 

74.33 
73.29 
72.22 
71.12 
69.99 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0377 
-0.0407 
-0.0437 
-0.0465 
-0.0493 

-0.0218 
-0.0205 
-0.0189 
-0.0169 
-0.0146 

0.0436 
0.0456 
0.0476 
0.0495 
0.0514 

209.99 
206.70 
203.36 
199.97 
196.53 

0.1143 
0.1265 
0.1394 
0.1529 
0.1671 

0.2954 
0.3079 
0.3200 
0.3317 
0.3429 

0.3168 
0.3329 
0.3491 
0.3653 
0.3815 

68.84 
67.67 
66.47 
65.25 
64.02 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0519 
-0.0542 
-0.0564 
-0.0583 
-0.0598 

-0.0120 
-0.0091 
-0.0059 
-0.0025 

0.0011 

0.0532 
0.0550 
0.0567 
0.0583 
0.0598 

193.05 
189.54 
186.01 
182.47 
178.91 

0.1819 
0.1973 
0.2132 
0.2296 
0.2462 

0.3535 
0.3634 
0.3726 
0.3811 
0.3887 

0.3976 
0.4135 
0.4293 
0.4449 
0.4602 

62.76 
61.50 
60.22 
58.94 
57.65 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0611 
-0.0620 
-0.0625 
-0.0627 
-0.0625 

0.0050 
0.0089 
0.0130 
0.0171 
0.0212 

0.0613 
0.0626 
0.0638 
0.0649 
0.0660 

175.35 
171.81 
168.27 
164.77 
161.29 

0.2632 
0.2804 
0.2977 
0.3150 
0.3323 

0.3956 
0.4015 
0.4065 
0.4107 
0.4140 

0.4751 
0.4897 
0.5039 
0.5176 
0.5309 

56.36 
55.07 
53.79 
52.51 
51.25 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0619 
-0.0611 
-0.0599 
-0.0584 
-0.0567 

0.0252 
0.0292 
0.0330 
0.0367 
0.0402 

0.0669 
0.0677 
0.0684 
0.0690 
0.0695 

157.86 
154.47 
151.14 
147.86 
144.65 

0.3494 
0.3663 
0.3829 
0.3992 
0.4151 

0.4165 
0.4181 
0.4189 
0.4190 
0.4184 

0.5436 
0.5559 
0.5676 
0.5787 
0.5894 

50.01 
48.78 
47.57 
46.39 
45.23 

2.75 
2.80 
2.85 
2.90 
2.95 

-0.0547 
-0.0526 
-0.0503 
-0.0479 
-0.0453 

0.0435 
0.0466 
0.0495 
0.0522 
0.0547 

0.0699 
0.0703 
0.0706 
0.0708 
0.0710 

141.51 
138.43 
135.43 
132.51 
129.66 

0.4305 
0.4455 
0.4600 
0.4739 
0.4873 

0.4172 
0.4154 
0.4131 
0.4104 
0.4072 

0.5995 
0.6091 
0.6183 
0.6269 
0.6350 

44.10 
43.00 
41.93 
40.89 
39.88 

3.00 
3.05 
3.10 
3.15 
3.20 

-0.0427 
-0.0400 
-0;0373 
-0.0346 
-0.0319 

0.0569 
0.0589 
0.0607 
0.0623 
0.0638 

0.0711 
0.0712 
0.0713 
0.0713 
0.0713 

126.90 
124.21 
121.59 
119.06 
116.60 

0.5002 
0.5125 
0.5243 
0.5355 
0.5463 

0.4037 
0.3999 
0.3959 
0.3917 
0.3873 

0.6428 
0.6501 
0.6570 
0.6635 
0.6697 

38.91 
37.97 
37.06 
36.18 
35.34 

3.25 
3.30 
3.35 
3.40 
3.45 

-0.0293 
-0.0266 
-0.0240 
-0.0214 
-0.0189 

0.0650 
0.0661 
0.0671 
0.0679 
0.0686 

0.0713 
0.0713 
0.0713 
0.0712 
0.0712 

114.22 
111.91 
109.67 
107.50 
105.40 

0.5566 
0.5664 
0.5757 
0.5847 
0.5932 

0.3828 
0.3783 
0.3736 
0.3690 
0.3643 

0.6755 
0.6811 
0.6863 
0.6913 
0.6961 

34.52 
33.74 
32.98 
32.26 
31.56 

3.50 
3.55 
3.60 
3.65 
3.70 

-0.0164 
-0.0140 
-0.0117 
-0.0094 
-0.0072 

0.0692 
0.0697 
0.0701 
0.0704 
0.0706 

0.0711 
0.0711 
0.0710 
0.0710 
0.0710 

103.37 
101.40 

99.49 
97.64 
95.85 

0.6013 
0.6090 
0.6164 
0.6235 
0.6303 

0.3596 
0.3550 
0.3504 
0.3458 
0.3413 

0.7006 
0.7049 
0.7090 
0.7130 
0.7168 

30.88 
30.24 
29.61 
29.02 
28.44 

3.75 
3.80 
3.85 
3.90 
3.95 

-0.00~1 
-0.0030 
-0.0010 
0.0010 
0.0029 

0.0708 
0.0709 
0.0709 
0.0709 
0.0709 

0.0709 
0.07C9 
0.0709 
0.0709 
0.0709 

94.12 
92.44 
90.81 
89.23 
87.70 

0.6367 
0.6429 
0.6489 
0.6546 
0.6601 

0.3369 
0.3326 
0.3283 
0.3241 
0.3200 

0.7204 
0.7239 
0.7272 
0.7304 
0.7335 

27.89 
27.35 
26.84 
26.34 
~5.87 
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k= 0.1 (T = 0.25 

a 
/- (TI
--·X

2 
REAL IMAG. 

/
X 21Tk 

-21T .r 
( X 

REAL IMAG. 

-"1 

MOWLUS PHA:x. 
(OF:6RF:F:Si 

4.00 1.1993 -0.5076 0.8942 1.2749 0.2795 0.9953 -0.0708 0.9978 355.93 
4.05 1.1990 -0.4973 0.8950 1.2514 0.2861 0.9935 -0.0707 0.9960 355.93 
4.10 1.1986 -0.4874 0.8958 1.2288 0.2927 0.9918 -0.0706 0.9943 355.93 
4.15 1.1982 -0.4780 0.8966 1.2070 0.2991 0.9901 -0.0704 0.9926 355.93 
4.20 1.1977 -0.4688 0.8973 1.1860 0.3054 0.9885 -0.0702 0.9910 355.94 

4.25 1.1971 -0.4601 0.8981 1.1658 0.3117 0.9869 -0.0700 0.9894 355.94 
4.30 1.1965 -0.4516 0.8988 1.1462 0.3178 0.9854 -0.0698 0.9879 355.95 
4.35 1.1959 -0.4434 0.8996 1.1274 0.3239 0.9839 -0.0696 0.9864 355.96 
4.40 1.1952 -0.4356 0.9003 1 .1092 0.3298 0.9824 -0.0693 0.9849 355.96 
4.45 1.1945 -0.4280 0.9011 1.0916 0.3357 0.9810 -0.0691 0.9835 355.97 

4.50 1.1937 -0.4206 0.9018 1 .0746 0.3414 0.9797 -0.0688 0.9821 355.98 
4.55 1.1929 -0.4135 0.9025 1.0581 0.3471 0.9783 -0.0685 0.9807 355.99 
4.60 1.1921 -0.4066 0.9032 1.0422 0.3527 0.9770 -0.0682 0.9794 356.00 
4.65 1. 1913 -0.4000 0.9039 1.0267 0.3582 0.9758 -0.0680 0.9781 356.02 
4.70 1. 1904 -0.3936 0.9046 1.0118 0.3636 0.9745 -0.0677 0.9769 356.03 

4.75 1.1895 -0.3873 0.9053 0.9973 0.3689 0.9733 -0.0674 0.9757 356.04 
4.80 1.1885 -0.3813 0.9060 0.9832 0.3741 0.9722 -0.0671 0.9745 356.05 
4.85 1.1876 -0.3754 0.9066 0.9695 0.3793 0.9710 -0.0668 0.9733 356.07 
4.90 1.1866 -0.3697 0.9073 0.9562 0.3843 0.9699 -0.0665 0.9722 356.08 
4.95 1.1856 -0.3642 0.9080 0.9433 0.3893 0.9688 -0.0662 0.9710 356.09 

5.00 1.1846 -0.3588 0.9086 0.9308 0.3943 0.9677 -0.0658 0.9700 356.11 
5.05 1.1836 -0.3536 0.9093 0.9186 0.3991 0.9667 -0.01:55 0.9689 356.12 
5.10 1.1826 -0.3486 0.9099 0.9067 0.4039 0.9656 -0.0652 0.9678 356.14 
5.15 1.1816 -0.3436 0.9106 0.8951 0.4086 0.9646 -0.0649 0.9668 356.15 
5.20 1.1805 -0.3388 0.9112 0.8838 0.4132 0.9637 -0.0646 0.9658 356.16 

5.25 1.1795 -0.3341 0.9119 0.8728 0.4178 0.9627 -0.0643 0.9648 356.18 
5.30 1. 1784 -0.3296 0.9125 0.8621 0.4223 0.9618 -0.0640 0.9639 356.19 
5.35 1.1774 -0.3251 0.9131 0.8517 0.4267 0.9608 -0.0637 0.9629 356.21 
5.40 1. 1763 -0.3208 0.9137 0.8415 0.4311 0.9599 -0.0634 0.9620 356.22 
5.45 1.1753 -0.3166 0.9143 0.8315 0.4354 0.9590 -0.0630 0.9611 356.24 

5.50 1. 1742 -0.3125 0.9149 0.8218 0.4397 0.9582 -0.0627 0.9602 356.25 
5.55 1.1732 -0.3085 0.9155 0.8123 0.4439 0.9573 -0.0624 0.9593 356.27 
5.60 1.1721 -0.3046 0.9161 0.8030 0.4480 0.9565 -0.0621 0.9585 356.28 
5.65 1.1711 -0.3007 0.9167 0.7939 0.4521 0.9557 -0.0618 0.9576 356.30 
5.70 1. 1700 -0.2970 0.9173 0.7850 0.4561 0.9548 -0.0615 0.9568 356.32 

5.75 1.1690 -0.2934 0.9178 0.7763 0.4601 0.9541 -0.0612 0.9560 356.33 
5.80 1.1679 -0.2898 0.9184 0.7678 0.4640 0.9533 -0.0609 0.9552 356.35 
5.85 1.1669 -0.2863 0.9189 0.7595 0.4679 0.9525 -0.0606 0.9544 356.36 
5.90 1.1659 -0.2829 0.9195 0.7514 0.4717 0.9518 -0.0603 0.9537 356.38 
5.95 1.1649 -0.2796 0.9200 0.7434 0.4755 0.9510 -0.0600 0.9529 356.39 

6.00 1.1638 -0.2763 0.9206 0.7356 0.4792 0.9503 -0.0597 0.9522 356.41 
6.05 1 .1628 -0.2731 0.9211 0.7280 0.4829 0.9496 -0.0594 0.9514 356.42 
6.10 1.1618 -0.2700 0.9216 0.7205 0.4865 0.9489 -0.0591 0.9507 356.44 
6.15 1.1608 -0.2669 0.9221 0.7131 0.4901 0.9482 -0.0588 0.9500 356.45 
6.20 1.1598 -0.2639 0.9227 0.7059 0.4937 0.9475 -0.0585 0.9493 356.47 

6.25 1 .1589 -0.2610 0.9232 0.6988 0.4972 0.9468 -0.0582 0.9486 356.48 
6.30 1 .1579 -0.2581 0.9237 0.6919 0.5006 0.9462 -0.0579 0.9480 356.50 
6.35 1.1569 -0.2553 0.9242 0.6851 0.5040 0.9455 -0.0576 0.9473 356.52 
6.40 1.1560 -0.2526 0.9247 0.6784 0.5074 0.9449 -0.0573 0.9466 356.53 
6.45 1.1550 -0.2499 0.9251 0.6719 0.5107 0.9443 -0.0570 0.9460 356.55 

6.50 1.1541 -0.2472 0.9256 0.6655 0.5140 0.9437 -0.0567 0.9454 356.56 
6.55 1.1531 -0.2446 0.9261 0.6592 0.5173 0.9431 -0.0564 0.9448 356.58 
6.60 1.1522 -0.2421 0.9266 0.6530 0.5205 0.9425 -0.0561 0.9441 356.59 
6.65 1.1513 -0.2396 0.9270 0.6469 0.5237 0.9419 -0.0559 0.9435 356.61 
6.70 1.1504 -0.2372 0.9275 0.6409 0.5268 0.9413 -0.0556 0.9429 356.62 

6.75 1.1495 -0.2348 0.9279 0.6350 0.5299 0.9407 -0.0553 0.9424 356.64 
6.80 
6.85 

1.1486 
1.1477 

-0.2324 
-0.2301 

0.9284 
0.9288 

0.6293 
0.6236 

0.5330 
0.5360 

0.94-Q2 
0.93"96 

-0.0550 
-0.0547 

0.9418 
0.9412 

356.65 
356.67 

6.90 1 .1469 -0.2278 0.9293 0.6181 0.5390 0.9391 -0.0545 0.9407 356.68 
6.95 1.1460 -0.2256 0.9297 0.6126 0.5420 0.9386 -0.0542 0.9401 356.70 
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k: 0.1 (T: 0.25 

a 
REAL 

/+TJ 

IMAG MOWLUS PHASE 
(OEGREES) 

REAL 

/ +TJ Fio 
IMAG. MODULUS PHASE 

(OEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0047 
0.0065 
0.0082 
0.0099 
0.0115 

0.0708 
0.0707 
0.0706 
0.0704 
0.0702 

0.0710 
0.0710 
0.0710 
0.0711 
0.0712 

86.21 
84.77 
83.37 
82.02 
80.70 

0.6653 
0.6704 
0.6753 
0.6800 
0.6845 

0.3160 
0.3121 
0.3082 
0.3045 
0.3008 

0.7365 
0.7395 
0.7423 
0.7450 
0.7477 

25.41 
24.96 
24.54 
24.12 
23.72 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0131 
0.0146 
0.0161 
0.0176 
0.0190 

0.0700 
0.0698 
0.0696 
0.0693 
0.0691 

0.0712 
0.0713 
0.0714 
0.0715 
0.0716 

79.42 
78.17 
76.97 
75.79 
74.65 

0.6889 
0.6931 
0.6972 
0.7012 
0.7050 

0.2972 
0.2937 
0.2903 
0.2870 
0.2837 

0.7503 
0.7528 
0.7553 
0.7577 
0.7600 

23.34 
22.97 
22.61 
22.26 
21.92 

4.~0 
4.55 
4.60 
4.65 
4.70 

0.0203 
0.0217 
0.0230 
0.0242 
0.0255 

0.0688 
0.0685 
0.0682 
0.0680 
0.0677 

0.0717 
0.0719 
0.0720 
0.0722 
0.0723 

73.54 
72.45 
71.40 
70.37 
69.38 

0.7088 
0.7124 
0.7159 
0.7194 
0.7227 

0.2806 
0.2775 
0.2744 
0.2715 
0.2686 

0.7623 
0.7645 
0.7667 
0.7689 
0.7710 

21.60 
21.28 
20.97 
20.67 
20.39 

4.75 
4.80 
4.85 
4.90 
4.95 

0.0267 
0.0278 
0.0290 
0.0301 
0.0312 

0.0674 
0.0671 
0.0668 
0.0665 
0.0662 

0.0725 
0.0726 
0.0728 
0.0730 
0.0731 

68.40 
67.45 
66.53 
65.62 
64.74 

0.7259 
0.7291 
0.7322 
0.7352 
0.7382 

0.2657 
0.2630 
0.2603 
0.2576 
0.2550 

0.7731 
0.7751 
0.7771 
0.7790 
0.7810 

20.11 
19.83 
19.57 
19.31 
19.06 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0323 
0.0333 
0.0344 
0.0354 
0.0363 

0.0658 
0.0655 
0.0652 
0.0649 
0.0646 

0.0733 
0.0735 
0.0737 
0.0739 
0.0741 

63.86 
63.04 
62.22 
61.42 
60.64 

0.7410 
0.7438 
0.7466 
0.7493 
0.7519 

0.2525 
0.2500 
0.2476 
0.2452 
0.2429 

0.7829 
0.7847 
0.7866 
0.7884 
0.7901 

18.82 
18.58 
18.35 
18.12 
17.90 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0373 
0.0382 
0.0392 
0.0401 
0.0410 

0.0643 
0.0640 
0.0637 
0.0634 
0.0630 

0.0743 
0.0745 
0.0747 
0.0750 
0.0752 

59.88 
59.13 
58.40 
57.68 
56.99 

0.7544 
0.7570 
0.7594 
0.7618 
0.7642 

0.2406 
0.2383 
0.2361 
0.2340 
0.2319 

0.7919 
0.7936 
0.7953 
0.7970 
0.7986 

17.69 
17.48 
17.27 
17.07 
16.88 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0418 
0.0427 
0.0435 
0.0443 
0.0452 

0.0627 
0.0624 
0.0621 
0.0618 
0.0615 

0.0754 
0.0756 
0.0758 
0.0761 
0.0763 

56.30 
55.63 
54.98 
54.34 
53.71 

0.7665 
0.7688 
0.7710 
0.'1732 
0.7753 

0.2298 
0.2277 
0.2257 
0.2238 
0.2218 

0.8002 
0.8018 
0.8034 
0.8049 
0.8065 

16.69 
16.50 
16.32 
16.14 
15.97 

5.75 
5.80 
5.85 
5.90 
5.95 

0.0459 
0.0467 
0.0475 
0.0482 
0.0490 

0.0612 
0.0609 
0.0606 
0.0603 
0.0600 

0.0765 
0.0767 
0.0770 
0.0772 
0.0774 

53.09 
52.49 
51.90 
51.32 
50.75 

0.7774 
0.7795 
0.7815 
0.7835 
0.7855 

0.2199 
0.2181 
0.2162 
0.2144 
0.2126 

0.8080 
0.8094 
0.8109 
0.8123 
0.8138 

15.80 
15.63 
15.46 
15.30 
15.15 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0497 
0.0504 
0.0511 
0.0518 
0.0525 

0.0597 
0.0594 
0.0591 
0.0588 
0.0585 

0.0777 
0.0779 
0.0781 
0.0783 
0.0786 

50.20 
49.65 
49.12 
48.59 
48.08 

0.7874 
0.7893 
0.7911 
0.7930 
0.7947 

0.2109 
0.2091 
0.2074 
0.2058 
0.2041 

0.8151 
0.8165 
0.8179 
0.8192 
0.8205 

14.99 
14.84 
14.69 
14.55 
14.40 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0532 
0.0538 
0.0545 
0.0551 
0.0557 

0.0582 
0.0579 
0.0576 
0.0573 
0.0570 

0.0788 
0.0790 
0.0793 
0.0795 
0.0797 

47.58 
47.08 
46.60 
46.12 
45.65 

0.7965 
0.7982 
0.7999 
0.8016 
0.8032 

0.2025 
0.2009 
0.1993 
0.1978 
0.1962 

0.8218 
0.8231 
0.8244 
0.8256 
0.8269 

14 .26 
14.13 
13.99 
13.86 
13.73 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0563 
0.0569 
0.0575 
0.0581 
0.0587 

0.0567 
0.0564 
0.0561 
0.0559 
0.0556 

0.0799 
0.0802 
0.0804 
0.0806 
0.0808 

45.19 
44.74 
44.30 
43.86 
43.44 

0.8049 
0.8064 
0.8080 
0.8095 
0.8111 

0.1947 
0.1933 
0.1918 
0.1904 
0.1889 

0.8281 
0.8293 
0.8305 
0.8316 
0.8328 

13.60 
13.48 
13.35 
13.23 
13.11 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0593 
0.0598 
0.0604 
0.0609 
0.0614 

0.0553 
0.0550 
0.0547 
0.0545 
0.0542 

0.0810 
0.0813 
0.0815 
0.0817 
0.0819 

43.02 
42.61 
42.20 
41.80 
41.41 

0.8125 
0.8140 
0.8154 
0.8169 
0.8183 

0.1875 
0.1862 
0.1848 
0.1835 
0.1821 

0.8339 
0.8350 
0.8361 
0.8372 
0.8383 

13.00 
12.88 
12.77 
12.66 
12.55 
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k= 0.1 (T =0.25 

a 
1_ (T' 

-Y-'X 
REAL IMAG. 

1 
X 21f't 

-21f' .r 
( X 

REAL IMAG. 

-1J 

MoaJWS t:'HASE 
(~R££$/ 

7.00 1.1451 -0.2234 0.9301 0.6072 0.5449 0.9380 -0.0539 0.9396 356.71 
7.05 1.1443 -0.2213 0.9305 0.6019 0.5478 0.9375 -0.0537 0.9391 356.72 
7.10 1.1435 -0.2192 0.9309 0.5967 0.5506 0.9370 -0.0534 0.9385 356.74 
7.15 1.1426 -0.2171 0.9314 0.5916 0.5534 0.9365 -0.0531 0.9380 356.75 
7.20 1.1418 -0.2151 0.9318 0.1>866 0.5562 0.9360 -0.0529 0.9375 356.77 

7.25 1.1410 -0.2131 0.9322 0.5816 0.5590 0.9355 -0.0526 0.9370 356.78 
7.30 1.1402 -0.2111 0.9326 0.5768 0.5617 0.9350 -0.0523 0.9365 356.80 
7.35 1.: :a4 -0.2092 0.9329 0.5720 0.5644 0.9346 -0.0521 0.9360 356.81 
7.40 1.1386 -0.2073 0.9333 0.5673 0.5671 0.9341 -0.0518 0.9355 356.82 
7.45 1.1378 -0.2054 0.9337 0.5627 0.5697 0.9336 -0.0516 0.9351 356.84 

7.50 1.1370 -0.2036 0.9341 0.5581 0.5723 0.9332 -0.0513 0.9346 356.85 
7.55 1.1363 -0.2018 0.9345 0.5536 0.5749 0.9327 -0.0511 0.9341 356.87 
7.60 1.1355 -0.2000 0.9348 0.5492 0.5774 0.9323 -0.0508 0.9337 356.88 
7.65 1.1348 -0.1983 0.9352 0.5448 0.5799 0.9319 -0.0506 0.9332 356.89 
7.70 1.1340 -0.1966 0.9356 0.5406 0.5824 0.9314 -0.0503 0.9328 356.91 

7.rl5 1.1333 -0.1949 0.9359 0.5363 0.5849 0.9310 -0.0501 0.9324 356.92 
7.80 1.1326 -0.1932 0.9363 0.5322 0.5873 0.9306 -0.0498 0.9319 356.93 
7.85 1.1318 -0.1916 0.9366 0.5281 0.5897 0.9302 -0.0496 0.9315 356.95 
7.90 1.1311 -0.1900 0.9370 0.5241 0.5921 0.9298 -0.0494 0.9311 356.96 
7.95 1.1304 -0.1884 0.9373 0.5201 0.5945 0.9294 -0.0491 0.9307 356.97 

8.00 1.1297 -0.1869 0.9377 0.5162 0.5968 0.9290 -0.0489 0.9303 356.99 
8.05 1.1290 -0.1854 0.9380 0.5123 0.5991 0.9286 -0.0487 0.9299 357.00 
8.10 1.1283 -0.1839 0.9383 0.5085 0.6014 0.9282 -0.0484 0.9295 357.01 
8.15 1.1277 -0.1824 0.9387 0.5048 0.6036 0.9278 -0.0482 0.9291 357.03 
8.20 1.1270 -0.1809 0.9390 0.5011 0.6059 0.9275 -0.04BO 0.9287 357.04 

8.25 1.1263 -0.1795 0.9393 0.4975 0.6081 0.9271 -0.0477 0.9283 357.05 
8.30 1.1257 -0.1781 0.9396 0.4939 0.6103 0.9267 -0.0475 0.9279 357.06 
8.35 1.1250 -0.1767 0.9399 0.4904 0.6124 0.9264 -0.0473 0.9276 357.08 
8.40 1.1244 -0.1753 0.9402 0.4869 0.6145 0.9260 -0.0471 0.9272 357.09 
8.45 1.1237 -0.1739 0.9405 0.4834 0.6167 0.9257 -0.0469 0.9268 357.10 

8.50 1.1231 -0.1726 0.9409 0.4800 0.6188 0.9253 -0.0467 0.9265 357.11 
8.55 1.1225 -0.1713 0.9412 0.4767 0.6208 0.9250 -0.0464 0.9261 357.13 
8.60 1.1218 -0.1700 0.9415 0.4734 0.6229 0.9246 -0.0462 0.9258 357.14 
8.65 1.1212 -0.1687 0.9418 0.4701 0.6249 0.9243 -0.0460 0.9254 357.15 
8.70 1.1206 -0.1675 0.9420 0.4669 0.6269 0.9240 -0.0458 0.9251 357.16 

8.75 1.1200 -0.1662 0.9423 0.4638 0.6289 0.9236 -0.0456 0.9248 357.17 
8.80 1.1194 . -0.1650 0.9426 0.4606 0.6309 0.9233 -0.0454 0.9244 357.19 
8.85 1.1188 -0.1638 0.9429 0.4576 0.6328 0.9230 -0.0452 0.9241 357.20 
8.90 1.1182 -0.1626 0.9432 0.4545 0.6348 0.9227 -0.0450 0.9238 357.21 
8.95 1.1176 -0.1615 0.9435 0.4515 0.6367 0.9224 -0.0448 0.9234 357.22 

9.00 1.1171 -0.1603 0.9437 0.4486 0.6385 0.9221 -0.0446 0.9231 357.23 
9.05 1.1165 -0.1592 0.9440 0.4456 0.6404 0.9217 -0.0444 0.9228 357.24 
9.10 1.1159 -0.1581 0.9443 0.4427 0.6423 0.9214 -0.0442 0.9225 357.25 
9.15 
9.20 

1.1154 
1.1148 

-0.1569 
-0.1559 

0.9446 
0.9448 

0.4399 
0.4.:171 

0.6441 
0.6459 

0.9211 
0.9209 

-0.0440 
-0.0438 

0.9222 
0.9219 

357.27 
357.28 

9.25 1.1143 -0.1548 0.9451 0.4343 0.6477 0.9206 -0.0436 0.9216 357.29 
9.30 1.1137 -0.1537 0.9453 0.4315 0.6495 0.9203 -0.0434 0.9213 357.30 
9.35 
9.40 
9.45 

1.1132 
1.1126 
1.1121 

-0.1527 
-0.1516 
-0.1506 

0.9456 
0.9459 
0.9461 

0.4288 
0.4262 
0.4235 

0.6513 
0.6530 
0.6547 

0.9200 
0.9197 
0.9194 

-0.0432 
-0.0430 
-0.0429 

0.9210 
0.9207 
0.9204 

357.31 
357.32 
357.33 

9.50 
9.55 
9.60 
9.65 
9.70 

1.1116 
1.1110 
1.1105 
1.1100 
1.1095 

-0.1496 
-0.1486 
-0.1476 
-0.1466 
-0.1457 

0.9464 
0.9466 
0.9469 
0.9471 
0.9473 

0.4209 
0.4183 
0.4158 
0.4132 
0.4108 

0.6565 
0.6582 
0.6598 
0.6615 
0.6631 

0.9192 
0.9189 
0.9186 
0.9183 
0.9181 

-0.0427 
-0.0425 
-0.0423 
-0.0421 
-0.0419 

0.9201 
0.9199 
0.9196 
0.9193 
0.9190 

357.34 
357.35 
357.36 
357.37 
357.38 

9.75 
9.80 
9.B5 
9.90 
9.95 

1.1090 
1.1085 
1.1080 
1.1075 
1.1070 

-0.1447 
-0.1438 
-0.1429 
-0.1420 
-0.1411 

0.9476 
0.9478 
0.9480 
0.9483 
0.9485 

0.4083 
0.4059 
0.4035 
0.4011 
0.3987 

0.6648 
0.6664 
0.6680 
0.6696 
0.6712 

0.9178 
0.9176 
0.9173 
0.9171 
0.9168 

-0.0418 
-0.0416 
-0.0414 
-0.0412 
-0.0411 

0.9188 
0.9185 
0.9182 
0.9180 
0.9177 

357.39 
357.40 
357.41 
357.42 
357.43 

10.00 1.1066 -0.1402 0.9487 0.3964 0.6727 0.9166 -0.0409 0.9175 357.44 
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k= 0.1 (T= 0.25 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(OEGREES) 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

(OEGREF:S) 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0620 
0.0625 
0.0630 
0.0635 
0.0640 

0.0539 
0.0537 
0.0534 
0.0531 
0.0529 

0.0821 
0.0824 
0.0826 
0.0828 
0.0830 

41.03 
40.65 
40.28 
39.92 
39.56 

0.8196 
0.8210 
0.8223 
0.8236 
0.8249 

0.1808 
0.1795 
0.1-783 
0.1770 
0.1758 

0.8393 
0.8404 
0.8414 
0.8424 
0.8434 

12.44 
12.34 
12.23 
12.13 
12 .03 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0645 
0.0650 
0.0654 
0.0659 
0.0664 

0.0526 
0.0523 
0.0521 
0.0518 
0.0516 

0.0832 
0.0834 
0.0836 
0.0838 
0.0840 

39.20 
38.86 
38.52 
38.18 
37.85 

0.8262 
0.8275 
0.8287 
0.8299 
0.8311 

0.1746 
0.1734 
0.1722 
0.1710 
0.1698 

0.8444 
0.8454 
0.8464 
0.8473 
0.8483 

11.93 
11.83 
11.74 
11.64 
11.55 

7.50 
7.55 
7.60 
7.65 
7.70 

0.0668 
0.0673 
0.0677 
0.0681 
0.0686 

0.0513 
0.0511 
0.0508 
0.0506 
0.0503 

0.0842 
0.0844 
0.0846 
0.0848 
0.0850 

37.53 
37.21 
36.89 
36.58 
36.28 

0.8323 
0.8335 
0.8346 
0.8357 
0.8369 

0.1687 
0.1676 
0.1665 
0.1654 
0.1643 

0.8492 
0.8501 
0.8510 
0.8519 
0.8528 

11.46 
11.37 
11.28 
11.19 
11.11 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0690 
0.0694 
0.0698 
0.0702 
0.0706 

0.0501 
0.0498 
0.0496 
0.0494 
0.0491 

0.0852 
0.0854 
0.0856 
0.0858 
0.0860 

35.98 
35.68 
35.39 
35.10 
34.82 

0.8380 
0.8391 
0.8401 
0.8412 
0.8422 

0.1632 
0.1622 
0.1611 
0.1601 
0.1591 

0.8537 
0.8546 
0.8554 
0.8563 
0.8571 

11.02 
10.94 
10.86 
10.78 
10.70 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0710 
0.0714 
0.0718 
0.0722 
0.0725 

0.0489 
0.0487 
0.0484 
0.0482 
0.0480 

0.0862 
0.0864 
0.0866 
0.0868 
0.0870 

34.55 
34.27 
34.00 
33.74 
33.48 

0.8433 
0.8443 
0.8453 
0.8463 
0.8472 

0.1581 
0.1571 
0.1561 
0.1551 
0.1542 

0.8579 
0.8588 
0.8596 
0.8604 
0.8611 

10.62 
10.54 
10.46 
10.39 
10.31 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0729 
0.0733 
0.0736 
0.0740 
0.0743 

0.0477 
0.0475 
0.0473 
0.0471 
0.0469 

0.0872 
0.0873 
0.0875 
0.0877 
0.0879 

33.22 
32.96 
32.71 
32.47 
32.23 

0.8482 
0.8492 
0.8501 
0.8510 
0.8519 

0.1532 
0.1523 
0.1514 
0.1505 
0.1496 

0.8619 
0.8627 
0.8635 
0.8642 
0.8650 

10.24 
10.17 
10.10 
10.03 

9.96 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0747 
0.0750 
0.0754 
0.0757 
0.0760 

0.0467 
0.0464 
0.0462 
0.0460 
0.0458 

0.0881 
0.0882 
0.0884 
0.0886 
0.0888 

31.99 
31.75 
31.52 
31.29 
31.06 

0.8528 
0.8537 
0.8546 
0.8555 
0.8563 

0.1487 
0.1478 
0.1469 
0.1461 
0.1452 

0.8657 
0.8664 
0.8671 
0.8679 
0.8686 

9.89 
9.82 
9.75 
9.69 
9.62 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0764 
0.0767 
0.0770 
0.0773 
0.0776 

0.0456 
0.0454 
0.0452 
0.0450 
0.0448 

0.0889 
0.0891 
0.0893 
0.0895 
0.0896 

30.84 
30.62 
30.40 
30.19 
29.98 

0.8572 
0.8580 
0.8589 
0.8597 
0.8605 

0.1444 
0.1435 
0.1427 
0.1419 
0.1411 

0.8693 
0.8700 
0.8706 
0.8713 
0.8720 

9.56 
9.50 
9.43 
9.37 
9.31 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0779 
0.0783 
0.0786 
0.0789 
0.0791 

0.0446 
0.0444 
0.0442 
0.0440 
0.0438 

0.0898 
0.0900 
0.0901 
0.0903 
0.0905 

29.77 
29.56 
29.36 
29.16 
28.96 

0.8613 
0.8621 
0.8629 
0.8636 
0.8644 

0.1403 
0.1395 
0.1387 
0.1380 
0.1372 

0.8726 
0.8733 
0.8740 
0.8746 
0.8752 

9.25 
9.19 
9.13 
9.08 
9.02 

9.25 
9.30 
9.35 
9.40 
9.45 

0.0794 
0.0797 
0.0800 
0.0803 
0.0806 

0.0436 
0.0434 
0.0432 
0.0430 
0.0429 

0.0906 
0.0908 
0.0909 
0.0911 
0.0913 

28.77 
28.57 
28.38 
28.19 
28.01 

0.8652 
0.8659 
0.8667 
0.8674 
0.8681 

0.1365 
0.1357 
0.1350 
0.1343 
0.1335 

0.8759 
0.8765 
0.8771 
0.8777 
0.8783 

8.96 
8.91 
8.85 
8.80 
8.74 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0808 
0.0811 
0.0814 
0.0817 
0.0819 

0.0427 
0.0425 
0.0423 
0.0421 
0.0419 

0.0914 
0.0916 
0.0917 
0.0919 
0.0920 

27.83 
27.65 
27.47 
27.29 
27.12 

0.8688 
0.8695 
0.8702 
0.8709 
0.8716 

0.1328 
0.1321 
0.1314 
0.1307 
0.1300 

0.8789 
0.8795 
0.8801 
0.8807 
0.8813 

8.69 
8.64 
8.59 
8.54 
8.49 

9.75 
9.80 
9.85 
9.90 
9.95 

0.0822 
0.0824 
0.0827 
0.0829 
0.0832 

0.0418 
0.0416 
0.0414 
0.0412 
0.0411 

0.0922 
0.0923 
0.0925 
0.0926 
0.0928 

26.95 
26.78 
26.61 
26.44 
26.28 

0.8723 
0.8730 
0.8736 
0.8743 
0.8749 

0.1294 
0.1287 
0.1280 
0.1274 
0.1267 

0.8818 
0.8824 
0.8829 
0.8835 
0.8840 

8.44 
8.39 
8.34 
8.29 
8.24 

10.00 0.0834 0.0409 0.0929 26.12 0.8756 0.1261 0.8846 8.19 

WADe TR 56-614 A-39 



k; 0.1 (T; 0.50 

a 

/_ (T2 

--·x2 
REAL IMAG. 

/
X 2 fT ; 

-2fT 1::'
{ X 

REAL IMAG. 

-'l7 

MOWLUS PHA~ 
(OEGREES) 

1.00 1.0035 -5.9742 0.5322 5.3158 0.0049 1.0049 -0.0014 1.0049 359.92 
1. 05 1.0042 -5.4139 0.5543 5.2249 0.0054 1.0059 -0.0019 1.0059 359.89 
1.10 1.0051 -4.9277 0.5757 5.1310 0.0059 1.0071 -0.0025 1. 0071 359.86 
1.15 1.0061 -4.5031 0.5965 5.0343 0.0065 1.0083 -0.0033 1.0083 359.81 
1.20 1.0072 -4.1300 0.6167 4.9350 0.0072 1.0097 -0.0042 1.0097 359.76 

1."25 1.0085 -3.8004 0.6363 4.8334 0.0080 1.0111 -0.0053 1. 0112 359.70 
1.30 1.0099 -3.5077 0.6551 4.7294 0.0088 1.0127 -0.0066 1.0128 359.63 
1.35 1.0115 -3.2465 0.6733 4.6235 0.0098 1.0144 -0.0082 1.0144 359.54 
1.40 1.0133 -3.0124 0.6908 4.5156 0.0109 1.0162 -0.0101 1.0162 359.43 
1.45 1.0153 -2.8018 0.7075 4.4062 0.0122 1.0180 -0.0122 1.0181 359.31 

1.50 1.0175 -2.6116 0.7236 4.2953 0.0136 1.0198 -0.0147 1.0199 359.17 
1.55 1.0199 -2.4391 0.7389 4.1831 0.0153 1.0216 -0.0176 1.0218 359.01 
1.60 1.0225 -2.2823 0.7534 4.0700 0.0171 1.0234 -0.0208 1.0236 358.83 
1.65 1. 0254 -2.1393 0.7672 3.9561 0.0191 1.0250 -0.0245 1.0253 358.63 
1. 70 1.0285 -2.0085 0.7803 3.8417 0.0215 1.0265 -0.0285 1.0269 358.41 

1. 75 1.0318 -1.8886 0.7926 3.7270 0.0241 1.0277 -0.0329 1.0283 358.17 
1.80 1.0354 -1.7785 0.8041 3.6124 0.0270 1 .0287 -0.0376 1.0294 357.90 
1.85 1.0393 -1.6771 0.8148 3.4982 0.0303 1.0293 -0.0428 1.0302 357.62 
1. 90 1.0433 -1.5835 0.8248 3.3846 0.0339 1.0295 -0.0482 1.0306 357.32 
1.95 1.0476 -1.4971 0.8341 3.2721 0.0379 1.0292 -0.0539 1.0307 357.00 

2.00 
2.05 

1.0521 
1.0567 

-1.4172 
-1.3432 

0.8426 
0.8504 

3.1609 
3.0515 

0.0424 
0.0473 

1.0285 
1.0271 

-0.0598 
-0.0658 

1.0302 
1.0292 

356.67 
356.34 

2.10 1.0615 -1.2746 0.8575 2.9441 0.0527 1.0252 -0.0718 1.0277 355.99 
2.15 1.0664 -1.2109 0.8639 2.8391 0.0585 1.0228 -0.0778 1.0257 355.65 
2.20 1.0713 -1.1518 0.8697 2.7368 0.0648 1.0197 -0.0837 1.0232 355.31 

2.25 
2.30 
2.35 

1.0763 
1.0813 
1.0862 

-1.0969 
-1.0458 
-0.9983 

0.8749 
0.8795 
0.8836 

2.6375 
2.5414 
2.4487 

0.0715 
0.0788 
0.0864 

1.0162 
1.0121 
1.0076 

-0.0893 
-0.0947 
-0.0997 

1.0201 
1.0165 
1.0125 

354.98 
354.65 
354.35 

2.40 1.0911 -0.9540 0.8873 2.3597 0.0945 1.0027 -0.1043 1.0082 354.06 
2.45 1.0958 -0.9128 0.8905 2.2742 0.1029 0.9976 -0.1085 1.0035 353.79 

2.50 1.1004 -0.8744 0.8934 2.1925 0.1116 0.9922 -0.1123 0.9985 353.54 
2.55 1.1048 -0.8386 0.8959 2.1145 0.1207 0.9866 -0.1155 0.9933 353.32 
2.60 1.1090 -0.8051 0.8981 2.0402 0.1300 0.9809 -0.1184 0.9880 353.12 
2.65 1.1130 -0.7737 0.9001 1.9694 0.1395 0.9752 -0.1207 0.9826 352.94 
2.70 1.1168 -0.7444 0.9019 1.9022 0.1492 0.9695 -0.1227 0.9772 352.79 

2.75 1.1204 -0.7170 0.9034 1.8384 0.1591 0.9638 -0.1242 0.9718 352.66 
2.80 1.1237 -0.6912 0.9048 1.7778 0.1690 0.9583 -0.1254 0.9665 352.54 
2.85 
2.90 

1.1268 
1.1298 

-0.6671 
-0.6443 

0.9060 
0.9072 

1.7203 
1.6658 

0.1790 
0.1890 

0.95,28 
0.9476 

-0.1263 
-0.1268 

0.9612 
0.9560 

352.45 
352.38 

2.95 1.1325 -0.6230 0.9082 1.6141 0.1991 0.9424 -0.1271 0.9509 352.32 

3.00 1.1349 -0.6028 0.9091 1.5651 0.2091 0.9375 -0.1271 0.9460 352.28 
3.05 1.1372 -0.5838 0.9099 1.5186 0.2190 0.9327 -0.1270 0.9413 352.25 
3.10 1.1393 -0.5659 0.9107 1.4744 0.2289 0.9281 -0.1266 0.9367 352.23 
3.15 1.1412 -0.5489 0.9114 1.4325 0.2387 0.9237 -0.1261 0.9322 352.23 
3.20 1.1430 -0.5329 0,.9121 1.3927 0.2484 0.9194 -0.1254 0.9280 352.23 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1445 
1.1460 
1.1472 
1.1483 
1.1493 

-0.5177 
-0.5033 
-0.4896 
-0.4766 
-0.4643 

0.9127 
0.9133 
0.9139 
0.9145 
0.9150 

1.3549 
1.3189 
1.2847 
1.2522 
1.2211 

0.2580 
0.2674 
0.2767 
0.2859 
0.2949 

0.9154 
0.9115 
0.9078 
0.9043 
0.9009 

-0.1247 
-0.1238 
-0.1229 
-0.1219 
-0.1209 

0.9239 
0.9199 
0.9161 
0.9125 
0.9090 

352.24 
352.26 
352.29 
352.32 
352.36 

3.50 
3.55 
3.60 
3.65 
3.70 

1.1502 
1.1509 
1.1516 
1.1521 
1.1525 

-0.4525 
-0.4413 
-0.4306 
-0.4205 
-0.4107 

0.9155 
0.9160 
0.9165 
0.9170 
0.9175 

1.1915 
1.1633 
1.1364 
1.11 07 
1.0861 

0.3038 
0.3124 
0.3210 
0.3293 
0.3375 

0.8977 
0.8946 
0.8917 
0.8889 
0.8862 

-0.1198 
-0.1186 
-0.1175 
-0.1163 
-0.1152 

0.9057 
0.9025 
0.8994 
0.8964 
0.8936 

352.40 
352.45 
352.49 
352.54 
352.59 

3.75 
3.80 
3.85 
3.90 
3.95 

1.1529 
1.1531 
1.1533 
1.1534 
1.1534 

-0.4014 
-0.3925 
-0.3840 
-0.3758 
-0.3680 

0.9179 
0.9184 
0.9189 
0.9193 
0.9198 

1.0626 
1.0401 
1.0186 
0.9979 
0.9781 

0.3456 
0.3534
8. 3611 

.3687 
0.3760 

0.8836 
0.8811 
0.8787 
0.8765 
0.8743 

-0.1140 
-0.1128 
-0.1117 
-0.1105 
-0.1094 

0.8909 
0.8883 
0.8858 
0.8834 
0.8811 

352.65 
352.70 
352.76 
352.81 
352.87 
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k: 0.1 (T;: 0.50 

a 
REAL 

/+1J 

IMAG. MOWLUS PHASE 
(OEGIIEES) 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

(OEr;IIECS) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0049 
-0.0059 
-0.0071 
-0.0083 
-0.0097 

0.0014 
0.0019 
0.0025 
0.0033 
0.0042 

0.0051 
0.0062 
0.0075 
0.0089 
0.0105 

163.75 
162.08 
160.33 
158.49 
156.58 

0.0156 
0.0189 
0.0228 
0.0271 
0.0321 

0.1235 
0.1358 
0.1486 
0.1619 
0.1756 

0.1245 
0.1372 
0.1504 
0.1642 
0.1785 

82.82 
82.08 
81.30 
80.48 
79.63 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0111 
-0.0127 
-0.0144 
-0.0162 
-0.0180 

0.0053 
0.0066 
0.0082 
0.0101 
0.0122 

0.0123 
0.0144 
0.0166 
0.0191 
0.0218 

154.58 
152.50 
150.33 
148.09 
145.76 

0.0378 
0.0441 
0.0512 
0.0591 
0.0678 

0.1897 
0.2041 
0.2188 
0.2337 
0.2489 

0.1934 
0.2088 
0.2247 
0.2411 
0.2579 

78.73 
77.80 
76.83 
75.82 
74.77 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0198 
-0.0216 
-0.0234 
-0.0250 
-0.0265 

0.0147 
0.0176 
0.0208 
0.0245 
0.0285 

0.0247 
0.0279 
0.0313 
0.0350 
0.0389 

143.35 
140.87 
138.30 
135.66 
132.95 

0.0773 
0.0878 
0.0992 
0.1116 
0.1250 

0.2641 
0.2793 
0.2945 
0.3095 
0.3243 

0.2752 
0.2928 
0.3108 
0.3291 
0.3476 

73.68 
72.55 
71.38 
70.17 
68.92 

1.75 
1.80 
1.85 
1.90 
1.95 

-0.0277 
-0.0287 
-0.0293 
-0.0295 
-0.0292 

0.0329 
0.0376 
0.0428 
0.0482 
0.0539 

0.0430 
0.0473 
0.0519 
0.0565 
0.0613 

130.17 
127.33 
124.43 
121.4.8 
118.48 

0.1393 
0.1547 
0.1709 
0.1881 
0.2061 

0.3387 
0.3526 
0.3659 
0.3785 
0.3902 

0.3662 
0.3850 
0.4038 
0.4226 
0.4413 

67.64 
66.32 
64.96 
63.57 
62.16 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0285 
-0.0271 
-0.0252 
-0.0228 
-0.0197 

0.0598 
0.0658 
0.0718 
0.0778 
0.0837 

0.0662 
0.0712 
0.07/il
0.0811 
0.0860 

115.46 
112.41 
109.36 
106.30 
103.26 

0.2248 
0.2442 
0.2641 
0.2844 
0.3050 

0.4010 
0.4107 
0.4193 
0.4267 
0.4328 

0.4597 
0.4778 
0.4955 
0.5128 
0.5295 

60.72 
59.26 
57.79 
56.31 
54.63 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0162 
-0.0121 
-0.0076 
-0.0027 

0.0024 

0.0893 
0.0947 
0.0997 
0.1043 
0.1085 

0.0908 
0.0955 
0.1000 
0.1044 
0.1086 

100.25 
97.28 
94.36 
91.50 
88.72 

0.3257 
0.3463 
0.3667 
0.3868 
0.4065 

0.4377 
0.4413 
0.4437 
0.4450 
0.4451 

0.5456 
0.5610 
0.5757 
0.5896 
0.6028 

53.35 
51.88 
50.43 
49.00 
47.60 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0078 
0.0134 
0.0191 
0.0248 
0.0305 

0.1123 
0.1155 
0.1184 
0.1207 
0.1227 

0.1125 
0.1163 
0.1199 
0.1232 
0.1264 

86.00 
83.38 
80.84 
78.39 
76.03 

0.4256 
0.4441 
0.4620 
0.4791 
0.4955 

0.4443 
0.4425 
0.4399 
0.4366 
0.4326 

0.6152 
0.6269 
0.6379 
0.6482 
0.6578 

46.23 
44.89 
43.60 
42.34 
41.13 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0362 
0.0417 
0.0472 
0.0524 
0.0576 

0.1242 
0.1254 
0.1263 
0.1268 
0.1271 

0.1294 
0.1322 
0.1348 
0.1372 
0.1395 

73.77 
71.60 
69.52 
67.53 
65.62 

0.5111 
0.5259 
0.5400 
0.5534 
0.5660 

0.4282 
0.4233 
0.4180 
0.4125 
0.4068 

0.6667 
0.6751 
0.6829 
0.6902 
0.6970 

39.95 
38.83 
37.74 
36.70 
35.70 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0625 
0.0673 
0.0719 
0.0763 
0.0806 

0.1271 
0.1270 
0.1266 
0.1261 
0.1254 

0.1417 
0.1437 
0.1456 
0.1474 
0.1491 

63.80 
62.06 
60.40 
58.81 
57.30 

0.5780 
0.5893 
0.5999 
0.6100 
0.6196 

0.4009 
0.3949 
0.3889 
0.3828 
0.3768 

0.7034 
0.7093 
0.7149 
0.7202 
0.7251 

34.75 
33.83 
32.95 
32.11 
31.30 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0846 
0.0885 
0.0922 
0.0957 
0.0991 

0.1247 
0.1238 
0.1229 
0.1219 
0.1209 

0.1507 
0.1522 
0.1536 
0.1550 
0.1563 

55.85 
54.46 
53.14 
51.87 
50.66 

0.6286 
0.6371 
0.6452 
0.6528 
0.6601 

0.3707 
0.3648 
0.3589 
0.3532 
0.3475 

0.7298 
0.7342 
0.7383 
0.7422 
0.7460 

30.53 
29.79 
29.09 
28.41 
27.76 

3.50 
3.55 
3.60 
3.65 
3.70 

0.1023 
0.1054 
0.1083 
0.1111 
0.1138 

0.1198 
0.1186 
0.1175 
0.1163 
0.1152 

0.1575 
0.1587 
0.1598 
0.1609 
0.1619 

49.50 
48.39 
47.33 
46.31 
45.34 

0.6670 
0.6735 
0.6797 
0.6856 
0.6912 

0.3419 
0.3365 
0.3312 
0.3260 
0.3210 

0.7495 
0.7529 
0.7561 
0.7592 
0.7621 

27.14 
26.55 
25.98 
25.43 
24.91 

3.75 
3.80 
3.85 
3.90 
3.95 

0.1164 
0.1189 
0.1213 
0.1235 
0.1257 

0.1140 
0.1128 
0.1117 
0.1105 
0.1094 

0.1629 
0.1639 
0.1648 
0.1658 
0.1666 

44.40 
43.51 
42.65 
41.82 
41.02 

0.6966 
0.7018 
0.7067 
0.7114 
0.7159 

0.3160 
0.3113 
0.3066 
0.3021 
0.2977 

0.7650 
0.7677 
0.7703 
0.7729 
0.7753 

24.40 
23.92 
23.45 
23.01 
22.58 
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k= 0.1 (T=0.50 

a 
/- (TI---r ·x· 

REAL IMAG: 

/ 
X 2 fT ; 

-2fT 1::' 
( X 

REAL IMAG. 

-1J 

MOWLUS PHAse 
(O</;REESi 

4.00 1.1534 -0.3605 0.9202 0.9591 0.3833 0.8722 -0.1082 0.8789 352.93 
4.05 1.1533 -0.3533 0.9207 0.9408 0.3903 0.8702 -0.1071 0.8767 352.98 
4.10 1.1531 -0.3464 0.9211 0.9232 0.3972 0.8682 -0.1060 0.8747 353.04 
4.15 1.1529 -0.3397 0.9216 0.9064 0.4040 0.8663 -0.1049 0.8727 353.09 
4.20 1.1526 -0.3333 0.9220 0.8901 0.4106 0.8645 -0.1039 0.8707 353.15 

4.25 1.1523 -0.3271 0.9225 0.8745 0.4171 0.8628 -0.1028 0.8689 353.20 
4.30 1.1520 -0.3211 0.9230 0.8594 0.4234 0.&611 -0.10\8 0.8671 353.26 
4.35 1.1516 -0.3154 0.9234 0.8448 0.4296 0.8595 -0.1008 0.8653 353.31 
4.40 1.1511 -0.3098 0.9239 0.8308 0.4357 0.8579 -0.0998 0 •.8637 353.37 
4.45 1.1507 -0.3045 0.9243 0.8172 0.4417 0.8563 -0.0988 0.8620 353.42 

4.50 1.1502 -0.2993 0.9248 0.8041 0.4475 0.8549 -0.0978 0.8604 353.47 
4.55 1.1496 -0.2943 0.9252 0.7914 0.4532 0.8534 -0.0969 0.8589 353.52 
4.60 1.1491 -0.2895 0.9257 0.7792 0.4588 0.8520 -0.0960 0.8574 353.57 
4.65 1.1485 -0.2848 0.9261 0.7673 0.4643 0.8506 -0.0951 0.8559 353.62 
4.70 1.1479 -0.2802 0.9266 0.7558 0.4696 0.8493 -0.0942 0.8545 353.67 

4.75 1.1473 -0.2758 0.9270 0.7447 0.4749 0.8480 -0.0933 0.8532 353.72 
4.80 1.1467 -0.2716 0.9275 0.7339 0.4801 0.8468 -0.0925 0.8518 353.77 
4.85 1.1460 -0.2674 0.9279 0.7234 0.4851 0.8456 --0.0916 0.8505 353.82 
4.90 1.1453 -0.2634 0.9284 0.7132 0.4901 0.8444 -0.0908 0.8492 353.86 
4.95 1.1447 -0.2595 0.9288 0.7033 0.4949 0.8432 -0.0900 0.8480 353.91 

5.00 1.1440 -0.2557 0.9292 0.6937 0.4997 0.8421 -0.0892 0.8468 353.95 
5.05 1.1433 -0.2520 0.9297 0.6843 0.5044 0.8409 -0.0884 0.8456 354.00 
5.10 1.1425 -0.2484 0.9301 0.6752 0.5090 0.8399 -0.0877 0.8444 354.04 
5.15 1.1418 -0.2450 0.9306 0.6664 0.5136 0.8388 -0.0869 0.8433 354.08 
5.20 1.1411 -0.2416 0.9310 0.6578 0.5180 0.8378 -0.0862 0.8422 354.13 

5.25 1.1404 -0.2383 0.9314 0.6494 0.5224 0.8368 -0.0855 0.8411 354.17 
5.30 1.1396 -0.2350 0.9319 0.6412 0.5267 0.8358 -0.0847 0.8400 354.21 
5.35 1.1389 -0.2319 0.9323 0.6332 0.5309 0.8348 -0.0840 0.8390 354.25 
5.40 1.1381 -0.2288 0.9327 0.6254 0.5350 0.8338 -0.0834 0.8380 354.29 
5.45 1.1374 -0.2259 0.9331 0.6178 0.5391 0.8329 -0.0827 0.8370 354.33 

5.50 1.1366 -0.2229 0.9335 0.6104 0.5431 0.8320 -0.0820 0.8360 354.37 
5.55 1.1359 -0.2201 0.9339 0.6032 0.5471 0.8311 -0.0814 0.8351 354.41 
5.60 1.1351 -0.2173 0.9344 0.5961 0.5510 0.8302 -0.0807 0.8341 354.45 
5.65 1.1344 -0.2146 0.9348 0.5892 0.5548 0.8294 -0.0801 0.8332 354.48 
5.70 1.1337 -0.2120 0.9352 0.5824 0.5585 0.8285 -0.0795 0.8323 354.52 

5.75 1.1329 -0.2094 0.9356 0.5758 0.5623 0.8277 -0.0788 0.8314 354.56 
5.80 1.1322 -0.2069 0.9359 0.5693 0.5659 0.8269 -0.0782 0.8306 354.60 
5.85 1.1314 -0.2044 0.9363 0.5630 0.5695 0.8261 -0.0776 0.8297 354.63 
5.90 1.1307 -0.2020 0.9367 0.5568 0.5730 0.8253 -0.0770 0.8289 354.67 
5.95 1.1300 -0.1996 0.9371 0.5508 0.5765 0.8245 -0.0765 0.8281 354.70 

6.00 1.1293 -0.1973 0.9375 0.5448 0.5799 0.8238 -0.0759 0.8273 354.74 
6.05 1.1285 -0.1951 0.9379 0.5390 0.5833 0.8230 -0.0753 0.8265 354.77 
6.10 1.1278 -0.1929 0.9382 0.5333 0.5866 0.8223 -0.0748 0.8257 354.80 
6.15 1.1271 -0.1907 0.9386 0.5278 0.5899 0.8216 -0.0742 0.8249 354.84 
6.20 1.1264 -0.1886 0.9390 0.5223 0.5931 0.8209 -0.0737 0.8242 354.87 

6.25 1.1257 -0.1865 0.9393 0.5170 0.5963 0.8202 -0.0731 0.8234 354.90 
6.30 1.1250 -0.1845 0.9397 0.5117 0.5995 0.8195 -0.0726 0.8227 354.94 
6.35 1.1243 -0.1825 0.9400 0.5066 0.6026 0.8188 -0.0721 0.8220 354.97 
6.40 1.1236 -0.1805 0.9404 0.5015 0.6056 0.8182 -0.0716 0.8213 355.00 
6.45 1.1229 -0.1786 0.9407 0.4966 0.6086 0.8175 -0.0711 0.8206 355.·03 

6.50 1.1223 -0.1767 0.9411 0.4917 0.6116 0.8169 -0.0706 0.8199 355.06 
6.55 1.1216 -0.1749 0.9414 0.4869 0.6145 0.8163 -0.0701 0.8193 355.09 
6.60 1.1209 -0.1731 0.9417 0.4823 0.6174 0.8\57 -0.0696 0.8186 355.12 
6.65 1.12"03 -0.1713 0.9421 0.4777 0.6202 0.8151 -0.0691 0.8180 355.15 
6.70 1.1196 -0.1696 0.9424 0.4732 0.6230 0.8145 -0.0686 0.8173 355.18 

6.75 1.1190 -0.1679 0.9427 0.4687 0.6258 0.8139 -0.0682 0.8167 355.21 
6.80 1.1183 -0.1662 0.9430 0.4644 0.6285 0.8133 -0.0677 0.8161 355.24 
6.85 1.1177 -0.1646 0.9433 0.4601 0.6312 0.8127 -0.0673 0.8155 355.27 
6.90 1.1171 -0.1630 0.9437 0.4559 0.6339 0.8122 -0.0668 0.8149 355.30 
6.95 1.1164 -0.1614 0.9440 0.4518 0.6365 0.8116 -0,0664 0.8143 355.33 

WADe TR 56-614 A-42 



k= 0.1 (T:: 0.50 

a 
/ +1J /+1J Fio 

REAL IMAG. MODULUS PHASE 
(DEGREES) 

REAL IMAG. MOOULUS PHASE 
(DEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

0.1278 
0.1298 
0.1318 
0.1337 
0.1355 

0.1082 
0.1071 
0.1060 
0.1049 
0.1039 

0.1675 
0.1683 
0.1691 
0.1699 
0.1707 

40.26 
39.52 
38.81 
38.13 
37.48 

0.7202 
0.7244 
0.7284 
0.7322 
0.7360 

0.2934 
0.2892 
0.2852 
0.2813 
0.2775 

0.7777 
0.7800 
0.7822 
0.7844 
0.7865 

22.17 
21. 77 
21.38 
21.01 
20.66 

4.25 
4.30 
4.35 
4.40 
4.45 

0.1372 
0.1389 
0.1405 
0.1421 
0.1437 

0.1028 
0.1018 
0.1008 
0.0998 
0.0988 

0.1715 
0.1722 
0.1729 
0.1736 
0.1743 

36.84 
36.23 
35.64 
35.07 
34.51 

0.7396 
0.7430 
0.7464 
0.7496 
0.7528 

0.2738 
0.2702 
0.2667 
0.2633 
0.2600 

0.7886 
0.7906 
0.7926 
0.7945 
0.7964 

20.31 
19.98 
19.66 
19.35 
19.05 

4.50 
4.55 
4.60 
4.65 
4.70 

0.1451 
0.1466 
0.1480 
0.1494 
0.1507 

0.0978 
0.0969 
0.0960 
0.0951 
0.0942 

0.1750 
0.1757 
0.1764 
0.1770 
0.1777 

33.98 
33.46 
32.96 
32.48 
32.01 

0.7559 
0.7588 
0.7617 
0.7645 
0.7673 

0.2568 
0.2536 
0.2506 
0.2476 
0.2447 

0.7983 
0.8001 
0.8019 
0.8036 
0.8054 

18.76 
18.48 
18.21 
17.94 
17.69 

4.75 
4.80 
4.85 
4.90 
4.95 

0.1520 
0.1532 
0.1544 
0.1556 
0.1568 

0.0933 
0.0925 
0.0916 
0.0908 
0.0900 

0.1783 
0.1790 
0.1796 
0.1802 
0.1808 

31.55 
31.11 
30.68 
30.26 
29.85 

0.7700 
0.7726 
0.7751 
0.7776 
0.7800 

0.2419 
0.2391 
0.2364 
0.2338 
0.2313 

0.8071 
0.8087 
0.8104 
0.8120 
0.8136 

17.44 
17.20 
16.96 
16.74 
16.52 

5.00 
5.05 
5.10 
5.15 
5.20 

0.1579 
0.1591 
0.1601 
0.1612 
0.1622 

0.0892 
0.0884 
0.0877 
0.0869 
0.0862 

0.1814 
0.1820 
0.1826 
0.1831 
0.1837 

29.46 
29.07 
28.70 
28.33 
27.98 

0.7824 
0.7847 
0.7869 
0.7891 
0.7913 

0.2288 
0.2263 
0.2240 
0.2216 
0.2193 

0.8151 
0.8167 
0.8182 
0.8197 
0.8211 

16.30 
16.09 
15.89 
15.69 
15.49 

5.25 
5.30 
5.35 
5.40 
5.45 

0.1632 
0.1642 
0.1652 
0.1662 
0.1671 

0.0855 
0.0847 
0.0840 
0.0834 
0.0827 

0.1843 
0.1848 
0.1854 
0.1859 
0.1864 

27.v3 
27.29 
26.96 
26.64 
26.33 

0.7934 
0.7955 
0.7975 
0.7995 
0.8015 

0.2171 
0.2149 
0.2128 
0.2107 
0.2087 

0.8226 
0.8240 
0.8254 
0.8268 
0.8282 

15.30 
15.12 
14.94 
14.76 
14.59 

5.50 
5.55 
5.60 
5.65 
5.70 

0.1680 
0.1689 
0.1698 
0.1706 
0.1715 

0.0820 
0.0814 
0.0807 
0.0801 
0.0795 

0.1870 
0.1875 
0.1880 
0.1885 
0.1890 

26.02 
25.72 
25.43 
25.14 
24.86 

0.8034 
0.8053 
0.8071 
0.8089 
0.8107 

0.2066 
0.2047 
0.2027 
0.2008 
0.1990 

0.8296 
0.8309 
0.8322 
0.8335 
0.8348 

14.42 
14.26 
14.10 
13.94 
13.79 

5.75 
5.80 
5.85 
5.90 
5.95 

0.1723 
0.1731 
0.1739 
0.1747 
0.1755 

0.0788 
0.0782 
0.0776 
0.0770 
0.0765 

0.1895 
0.1900 
0.1905 
0.1909 
0.1914 

24.58 
24.32 
24.05 
23.80 
23.54 

0.8125 
0.8142 
0.8158 
0.8175 
0.8191 

0.1972 
0.1954 
0.1936 
0.1919 
0.1902 

0.1l360 
0.8373 
0.8385 
0.8397 
0.8409 

13.64 
13.49 
13.35 
13.21 
13.07 

6.00 
6.05 
6.10 
6.15 
6.20 

0.1762 
0.1770 
0.1777 
0.1784 
0.1791 

0.0759 
0.0753 
0.0748 
0.0742 
0.0737 

0.1919 
0.1923 
0.1928 
0.1932 
0.1937 

23.30 
23.06 
22.82 
22.59 
22.36 

0.8207 
0.8223 
0.8238 
0.8253 
0.8268 

0.1885 
0.1869 
0.1853 
0.1837 
0.1821 

0.8421 
0.8432 
0.8444 
0.8455 
0.8466 

12.94 
12.80 
12.67 
12.55 
12.42 

6.25 
6.30 
6.35 
6.40 
6.45 

0.1798 
0.1805 
0.1812 
0.1818 
0.1825 

0.0731 
0.0726 
0.0721 
0.0716 
0.0711 

0.1941 
0.1946 
0.1950 
0.1954 
0.1958 

22.13 
21.92 
21.70 
21.49 
21.28 

0.8283 
0.8297 
0.8311 
0.8325 
0.8339 

0.1806 
0.1791 
0.1776 
0.1761 
0.1747 

0.8477 
0.8488 
0.8499 
0.8509 
0.8520 

12.·30 
12.18 
12.06 
11.95 
11.83 

6.50 
6.55 
6.60 
6.65 
6.70 

0.1831 
0.1837 
0.1843 
0.1849 
0.1855 

0.0706 
0.0701 
0.0696 
0.0691 
0.0686 

0.1962 
0.1966 
0.11170 
0.1974 
0.1978 

21.08 
20.88 
20.68 
20.49 
20.30 

0.8352 
0.8365 
0.8378 
0.8391 
0.8404 

0.1733 
0.1719 
0.1705 
0.1692 
0.1678 

0.8530 
0.8540 
0.8550 
0.8560 
0.8570 

11. 72 
11.61 
11.50 
11.40 
11.29 

6.75 
6.80 
6.85 
6.90 
6.95 

0.1861 
0.1867 
0.1873 
0.1878 
0.1884 

0.0682 
0.0677 
0.0673 
0.0668 
0.0664 

0.1982 
0.1986 
0.1990 
0.1994 
0.1997 

20.12 
19.94 
19.76 
19.58 
19.41 

0.8416 
0.8428 
0.8440 
0.8452 
0.8464 

0.1665 
0.1652 
0.1640 
0.1627 
0.1615 

0.8579 
0.8589 
0.8598 
0.8607 
0.8617 

11.19 
11.09 
10.99 
10.90 
10.80 
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k= 0.1 (T = 0.50 

a 
/- (T'

-r' X 

REAL IMAG. 

/ 
X 2 1T; 

-21T .r 
( X 

REAL IMAG. 

-~ 

MOWLUS PHASE 
fD£6REESi 

7.00 1.1158 -0.1598 0.9443 0.4477 0.6391 0.8111 -0.0659 0.8138 355.35 
7.05 1.1152 -0.1583 0.9446 0.4438 0.6416 0.8106 -0.0655 0.8132 355.38 
7.10 1.1146 -0.1568 0.9449 0.4398 0.6441 0.8100 -0.0651 0.8126 355.41 
7.15 1.1140 -0.1554 0.9452 0.4360 0.6466 0.8095 -0.0646 0.8121 355.43 
7.20 1.1134 -0.1539 0.9455 0.4322 0.6491 0.8090 -0.0642 0.8116 355.46 

7.25 1.1128 -0.1525 0.9457 0.4285 0.6515 0.8085 -0.0638 0.8110 355.49 
7.30 1.1123 -0.1511 0.9460 0.4248 0.6539 0.8080 -0.0634 0.8105 355.51 
7.35 1.1117 -0.1497 0.9463 0.4212 0.6562 0.8075 -0.0630 0.8100 355.54 
7.40 1.1111 -0.1484 0.9466 0.4177 0.6586 o ,.e071 -0.0626 0.8095 355.56 
7.45 1.1106 -0.1471 0.9469 0.4142 0.6609 0.8066 -0.0622 0.8090 355.59 

7.50 1.1100 -0.1458 0.9471 0.4108 0.6631 0.8061 -0.0618 0.8085 355.62 
7.55 1.1094 -0.1445 0.9474 0.4074 0.6654 0.8057 -0.0614 0.8080 355.64 
7,60 1.1089 -0.1432 0.9477 0.4041 0.6676 0.8052 -0.0610 0.8075 355.66 
7.65 1.1084 -0.1420 0.9479 0.4008 0.6698 0.8048 -0.0607 0.8070 355.69 
7.70 1.1078 ,..0.1408 0.9482 0.3976 0.6719 0.8043 -0.0603 0.8066 355.71 

7.75 1.1073 -0.1396 0.9484 0.3945 0.6740 0.8039 -0.0599 0.8061 355.74 
7,80 1.1068 -0.1384 0.9487 0.3913 0.6761 0.8035 -0.0596 0.8057 355.76 
7.85 1.1062 -0.1372 0.9490 0.3883 0.6782 0.8030 -0.0592 0.8052 355.78 
7.90 1.1057 -0.1361 0.9492 0.3853 0.6803 0.8026 -0.0589 0.8048 355.81 
7.95 1.1052 -0.1350 0.9495 0.3823 0.6823 0.8022 -0.0585 0.8043 355.83 

8.00 1.1047 -0.1339 0.9497 0.3794 0.6843 0.8018 -0.0582 0.8039 355.85 
8.05 1.1042 -0.1328 0.9499 0.3765 0.6863 0.8014 -0.0578 0.8035 355.87 
8.10 1.1037 -0.1317 0.9502 0.3736 0.6882 0.8010 -0.0575 0.8031 355.90 
8.15 1.1032 -0.1307 0.9504 0.3708 0.6902 0.8006 -0.0572 0.8027 355.92 
8.20 1.1027 -0.1296 0.9506 0.3681 0.6921 0.8002 -0.0568 0.8023 355.94 

8.25 1.1022 -0.1286 0.9509 0.3653 0.6940 0.7999 -0.0565 0.8019 355.96 
8.30 1.1018 -0.1276 0.9511 0.3627 0.6958 0.7995 -0.0562 0.8015 355.98 
8.35 1.1013 -0.1266 0.9513 0.3600 0.6977 0.7991 -0.0559 0.8011 356.00 
8.40 1.1008 -0.1256 0.9516 0.3574 0.6995 0.7988 -0.0555 0.8007 356.02 
8.45 1.1004 -0.1247 0.9518 0.3548 0.7013 0.7984 -0.0552 0.8003 356.04 

8.50 1.0999 -0.1237 0.9520 0.3523 0.7031 0.7980 -0.0549 0.7999 356.06 
8.55 1.0994 -0.1228 0.9522 0.3498 0.7048 0.7977 -0.0546 0.7996 356.08 
8.60 1.0990 -0.1219 0.9524 0.3473 0.7066 0.7973 -0.0543 0.7992 356.10 
8.65 1.0985 -0.1210 0.9527 0.3449 0.7083 0.7970 -0.0540 0.7988 356.12 
8.70 1.0981 -0.1201 0.9529 0.3425 0.7100 0.7967 -0.0537 0.7985 356.14 

8.75 1.0977 -0.1192 0.9531 0.3402 0.7117 0.7963 -0.0534 0.7981 356.16 
8.80 1.0972 -0.1183 0.9533 0.3378 0.7133 0.7960 -0.0531 0.7978 356.18 
8.85 1.0968 -0.1175 0.9535 0.3355 0.7150 0.7957 -0.0528 0.7974 356.20 
8.90 1.0964 -0.1166 0.9537 0.3333 0.7166 0.7954 -0.0526 0.7971 356.22 
8.95 1.0960 -0.1158 0.9539 0.3310 0.7182 0.7950 -0.0523 0.7968 356.24 

9.00 1.0955 -0.1150 0.9541 0.3288 0.7198 0.7947 -0.0520 0.7964 356.26 
9.05 1.0951 -0.1142 0.9543 0.3266 0.7214 0.7944 -0.0517 0.7961 356.27 
9.10 1.0947 -0.1134 0.9545 0.3245 0.72~9 0.7941 -0.0515 0.7958 356.29 
9.15 1.0943 -0.1126 0.9547 0.3223 0.7244 0.7938 -0.0512 0.7955 356.31 
9.20 1.0939 -0.1118 0.9549 0.3202 0.7260 0.7935 -0.0509 0.7951 356.33 

9.25 1.0935 -0.1110 0.9551 0.3182 0.7275 0.7932 -0.0507 0.7948 356.35 
9.30 1.0931 -0.1103 0.9553 0.3161 0.7290 0.7929 -0.0504 0.7945 356.36 
9.35 1.0927 -0.1095 0.9554 0.3141 0.7304 0.7926 -0.0501 0.7942 356.38 
9.40 1.0923 -0.1088 0.9556 0.3121 0.7319 0.7923 -0.0499 0.7939 356.40 
9.45 1.0919 ,.0.1081 0.9558 0.3101 0.7333 0.7921 -0.0496 0.7936 356.~1 

9.50 1.0916 -0.1073 0.9560 0.3082 0.7348 0.7918 -0.0494 0.7933 356.43 
9.55 1.0912 -0.1066 0.9562 0.3063 0.7362 0.7915 -0.0491 0.7930 356.45 
9.60 1.0908 -0.1059 0.9563 0.3044 0.7376 0.7912 -0.0489 0.7927 356.46 
9.65 1.0904 -0.1052 0.9565 0.3025 0.7390 0.7909 -0.0486 0.7924 356.48 
9.70 1.0901 -0.1046 0.9567 0.3007 0.7403 0.7907 -0.0484 0.7922 356.50 

9.75 1.0897 -0.1039 0.9569 0.2988 0.7417 0.7904 -0.0482 0.7919 356.51 
9.80 1.D893 -0.1032 0.9570 0.2970 0.7430 0.7901 -0.0479 0.7916 356.53 
9.85 1.0890 -0.1026 0.9572 0.2952 0.7444 . 0.7899 -0.0477 0.7913 356.55 
9.90 1.0886 -0.1019 0.9574 0.2935 0.7457 0.7896 -0.0475 0.7911 356.56 
9.95 1.0883 -0.1013 0.9575 0.2917 0.7470 0.7894 -0.0472 0.7908 356.58 

10.00 1.0879 -0.1006 0.9577 0.2900 0.7483 0.7891 -0.0470 0.7905 356.59 

WADe TR 56-614 A-44­



k= 0.1 (T= 0.50 

a 

7.00 
7.05 
7.10 
7.15 
7.20 

REAL 

0.1889 
0.1894 
0.1900 
0.1905 
0.1910 

/+1J 

/MAG. MODULUS 

0.0659 0.2001 
0.0655 0.2004 
0.0651 0.2008 
0.0646 0.2012 
0.0642 0.2015 

PHASE 
(OEGREES) 

\9.24 
19.07 
18.91 
18.74 
18.58 

REAL 

0.8475 
0.8487 
0.8498 
0.8509 
0.8520 

/ +1J fio 

/MAG. MODULUS 

0.1603 0.8626 
0.1591 0.8634 
0.1579 0.8643 
0.1567 0.8652 
0.1556 0.8660 

PHASE 
(DEGREES) 

10.71 
10.62 
10.53 
10.44 
10.35 

7.25 
7.30 
7.35 
7.40 
7.45 

0.1915 
0.1920 
0.1925 
0.1929 
0.1934 

0.0638 
0.0634 
0.0630 
0.0626 
0.0622 

0.2018 
0.2022 
0.2025 
0.2028 
0.2032 

18.43 
18.27 
18.12 
17.97 
17.83 

0.8530 
0.8541 
0.8551 
0.8561 
0.8571 

0.1545 
0.1533 
0.1522 
0.1512 
0.1501 

0.8669 
0.8677 
0.8685 
0.8694 
0.8702 

10.26 
10.18 
10.10 
10.01 

9.93 

7.50 
7.55 
7.60 
7.65 
7.70 

0.1939 
0.1943 
0.1948 
0.1952 
0.1957 

0.0618 
0.0614 
0.0610 
0.0607 
0.0603 

0.2035 
0.2038 
0.2041 
0.2045 
0.2048 

17.68 
17.54 
17.40 
17.26 
17.13 

0.8581 
0.8591 
0.8600 
0.8610 
0.8619 

0.1490 
0.1480 
0.1470 
0.1460 
0.1450 

0.8710 
0.8717 
0.8725 
0.8733 
0.8740 

9.85 
9.77 
9.70 
9.62 
9.55 

7.75 
7,80 
7.85 
7.90 
7.95 

0.1961 
0.1965 
0.1970 
0.1974 
0.1978 

0.0599 
0.0596 
0.0592 
0.0589 
0.0585 

0.2051 
0.2054 
0.2057 
0.2060 
0.2063 

16.99 
16.86 
16.73 
16.61 
16.48 

0.8629 
0.8638 
0.8647 
0.8655 
0.8664 

0.1440 
0.1430 
0.1421 
0.1411 
0.1402 

0.8748 
0.8755 
0.8763 
0.8770 
0.8777 

9.47 
9.40 
9.33 
9.26 
9.19 

8.00 
8.05 
8.10 
8.15 
8.20 

0.1982 
0.1986 
0.1990 
0.1994 
0.1998 

0.0582 
0.0578 
0.0575 
0.0572 
0.0568 

0.2066 
0.2068 
0.2071 
0.2074 
0.2077 

16.36 
16.23 
16.11 
16.00 
15.88 

0.8673 
0.8681 
0.8690 
0.8698 
0.8706 

0.1393 
0.1383 
0.1375 
0.1366 
0.1357 

0.8784 
0.8791 
0.8798 
0.8805 
0.8811 

9.12 
9.05 
8.99 
8.92 
8.86 

8.25 
8.30 
8.35 
8.40 
8.45 

0.2001 
0.2005 
0.2009 
0.2012 
0.2016 

0.0565 
0.0562 
0.0559 
0.0555 
0.0552 

0.2080 
0.2082 
0.2085 
0.2088 
0.2090 

15.76 
15.65 
15.54 
15.43 
15.32 

0.8714 
0.8722 
0.8730 
0.8738 
0.8746 

0.1348 
0.1340 
0.1331 
0.1323 
0.1315 

0.8818 
0.8825 
0.8831 
0.8837 
0.8844 

8.80 
8.73 
8.67 
8.61 
8.55 

8.50 
8.55 
8.60 
8.65 
8.70 

0.2020 
0.2023 
0.2027 
0.2030 
0.2033 

0.0549 
0.0546 
0.0543 
0.0540 
0.0537 

0.2093 
0.2095 
0.2098 
0.2101 
0.2103 

15.21 
15.11 
15.00 
14.90 
14 "80 

0.8753 
0.8761 
0.8768 
0.8775 
0.8783 

0.1307 
0.1299 
0.1291 
0.1283 
0.1275 

0.8850 
0.8856 
0.8863 
0.8869 
0.8875 

8.49 
8.43 
8.37 
8.32 
8.26 

8.75 
8.80 
8.85 
8.90 
8.95 

0.2037 
0.2040 
0.2043 
0.2046 
0.2050 

0.0534 
0.0531 
0.0528 
0.0526 
0.0523 

0.2106 
0.2108 
0.2110 
0.2113 
0.2115 

14.70 
14.60 
14.50 
14.40 
14.31 

0.8790 
0.8797 
0.8804 
0.8811 
0.8817 

0.1268 
0.1260 
0.1253 
0.1245 
0.1238 

0.8881 
0.8887 
0.8892 
0.8898 
0.8904 

8.21 
8.15 
8.10 
8.04 
7.99 

9.00 
9.05 
9.10 
9.15 
9.20 

0.2053 
0.2056 
0.2059 
0.2062 
0.2065 

0.0520 
0.0517 
0.0515 
0.0512 
0.0509 

0.2118 
0.2120 
0.2122 
0.2125 
0.2127 

14.22 
14.12 
14.03 
13.94 
13.85 

0.8824 
0.8831 
0.8837 
0.8844 
0.8850 

0.1231 
0.1224 
0.1217 
0.1210 
0.1203 

0.8910 
0.8915 
0.8921 
0.8926 
0.8932 

7.94 
7.89 
7.84 
7.79 
7.74 

9.25 
9.30 
9.35 
9.40 
9.45 

0.2068 
0.2071 
0.2074 
0.2077 
0.2079 

0.0507 
0.0504 
0.0501 
0.0499 
0.0496 

0.2129 
0.2131 
0.2134 
0.2136 
0.2138 

13.76 
13.68 
13.59 
13.51 
13.42 

0.8857 
0.88~3 
0.8869 
0.8875 
0.8881 

0.1196 
0.1189 
0.1182 
0.1176 
0.1169 

0.8937 
0.8942 
0.8948 
0.8953 
0.8958 

7.69 
7.64 
7.59 
7.55 
7.50 

9.50 
9.55 
9.60 
9.65 
9.70 

0.2082 
0.2085 
0.2088 
0.2091 
0.2093 

0.0494 
0.0491 
0.0489 
0.0486 
0.0484 

0.2140 
0.2142 
0.2144 
0.2146 
0.2148 

13.34 
13.26 
13.18 
13.10 
13.02 

0.8887 
0.8893 
0.8899 
0.8905 
0.8911 

0.1163 
0.1157 
0.1150 
0.1144 
0.1138 

0.8963 
0.8968 
0.8973 
0.8978 
0.8983 

7.46 
7.41 
7.37 
7.32 
7.28 

9.75 
9.80 
9.85 
9.90 
9.95 

0.2096 
0.2099 
0.2101 
0.2104 
0.2106 

0.0482 
0.0479 
0.0477 
0.0475 
0.0472 

0.2150 
0.2153 
0.2155 
0.2157 
0.2159 

12.94 
12.86 
12.79 
12.71 
12.64 

0.8916 
0.8922 
0.8928 
0.8933 
0.8939 

0.1132 
0.1126 
0.1120 
0.1114 
0.11 08 

0.8988 
0.8993 
0.8998 
0.9002 
O. !}'Q07 

7.23 
7.19 
7.15 
7.11 
7.07 

10 00 0.2109 0.0470 0.2160 12.56 0.8944 0.1102 0.9012 7.03 
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k= 0.2 (T :: 0.00 

a 
1- (Tz---r ·x 

REAL IMAG. 

1 
X 2 fT ; 

-2fT .r 
( X 

REAL IMAG. 

-1') 

MOWLUS PHAY: 
(0E6REESJ 

1.00 1.2376 -9.9958 0.4205 5.5532 0.0039 1.0052 0.0241 1.0055 1.37 
1.05 1.2378 -9.0657 0.4388 5.4836 0.0042 1.0063 0.0264 1.0066 1.50 
1.10 1.2380 -8.2595 0.4567 5.4116 0.0045 1.0075 0.0287 1.0079 1.63 
1.15 1.2383 -7.5560 0.4742 5.3373 0.0048 1.0089 0.0310 1.0094 1.76 
1.20 1.2386 -6.9386 0.4913 5.2609 0.0052 1.0105 0.0334 1.0111 1.89 

1.25 1.2389 -6.3937 0.5079 5.1825 0.0056 1.0123 0.0358 1.0129 2.02 
1.301 .,,, 1.2393 

1.2397 
-5.9104 
-5.4798 

0.5242 
0.5400 

5.1024 
5.0205 

0.0061 
0.0066 

1.0142 
1.0163 

0.0381 
0.0404 

1.0149 
1.0171 

2.15 
2.28 

1.40 1 .2402 -5.0944 0.5554 4.9371 0.0072 1.0186 0.0427 1.0195 2.40 
1.45 1.2407 -4.7482 0.5703 4.8523 0.0078 1.0212 0.0449 1.0221 2.52 

1.50 1.2413 -4.4360 0.5848 4.7664 0.0085 1.0239 0.0469 1.0249 2.62 
1.55 1.2419 -4.1534 0.5988 4.6794 0.0093 1 •0267 0.0489 1.0279 2.72 
1.60 1.2425 -3.8970 0.6124 4.5915 0.0101 1.0298 0.0507 1 •031 0 2.82 
1.65 1.2432 -3.6634 0.6255 4.5028 0.0111 1.0330 0.0523 1.0343 2.90 
1.70 1.2440 -3.4502 0.6381 4.4137 0.0121 1.0364 0.0537 1.0378 2.97 

1. 75 1.2448 -3.2550 0.6503 4.3241 0.0132 1.0399 0.0549 1.0413 3.02 
1.80 
1.85 
1.90 
1.95 

1. 2457 
1.2466 
1.2476 
1.2487 

-3.0758 
-2.9110 
-2.7591 
-2.6188 

0.6620 
0.6732 
0.6839 
0.6942 

4.2342 
4.1443 
4.0545 
3.9650 

0.0145 
0.0159 
0.0173 
0.0190 

1.0435 
1.0472 
1.0510 
1.0548 

0.0559 
0.0566 
0.0571 
0.0573 

1.0450 
1.0488 
1.0525 
1.0564 

3.07 
3.09 
3.11 
3.11 

2.00 
2.05 
2.10 
2.15 
2.20 

1.2498 
1.2509 
1.2521 
1.2533 
1.2545 

-2.4889 
-2.3684 
-2.2565 
-2.1525 
-2.0555 

,0.7041 
0.7134 
0.7224 
0.7309 
0.7390 

3.8758 
3.7872 
3.6993 
3.6123 
3.5262 

0.0207 
0.0227 
0.0247 
0.0270 
0.0294 

1.0586 
1.0625 
1.0662 
1.0699 
1.0735 

0.0572 
0.0568 
0.0562 
0.0552 
0.0540 

1.0602 
1.0640 
1.0677 
1.0713 
1.0748 

3.09 
3.06 
3.01 
2.96 
2.88 

2.25 
2.30 
2.35 
2.40 
2.45 

1.2558 
1.2571 
1.2584 
1.2597 
1.2610 

-1.9650 
-1.8805 
-1.8015 
-1.7274 
-1.6580 

0.7466 
0.7539 
0.7607 
0.7672 
0.7734 

3.4413 
3.3576 
3.2753 
3.1945 
3.1153 

0.0320 
0.0348 
0.0378 
0.0410 
0.0444 

1.0769 
1.0802 
1.0833 
1.0862 
1.0889 

0.0526 
0.0509 
0.0490 
0.0470 
0.0447 

1.0782 
1.0814 
1.0844 
1.0872 
1.0898 

2.80 
2.70 
2.59 
2.48 
2.35 

2.50 
2.55 
2.60 
2.65 
2.70 

1.2623 
1.2636 
1.2648 
1.2661 
1.2672 

-1.5929 
-1.5317 
-1.4741 
-1.4200 
-1.3689 

0.7791 
0.7846 
0.7897 
0.7945 
0.7990 

3.0377 
2.9619 
2.8879 
2.8158 
2.7457 

0.0479 
0.0517 
0.0557 
0.0599 
0.0642 

1.0914 
1.0936 
1.0956 
1.0974 
1.0989 

0.0423 
0.0398 
0.0372 
0.0345 
0.0318 

1.0922 
1.0944 
1.0963 
1.0979 
1.0994 

2.22 
2.08 
1.94 
1.80 
1.66 

2.75 
2.80 
2.85 
2.90 
2.95 

1. 2684 
1.2695 
1.2705 
1.2714 
1.2723 

-1.3208 
-1.2755 
-1.2326 
-1.1921 
-1.1538 

0.8033 
0.8073 
0.8110 
0.8146 
0.8179 

2.6775 
2.6112 
2.5470 
2.4848 
2.4247 

0.0687 
0.0734 
0.0783 
0.0833 
0.0885 

1.1002 
1.1013 
1.1022 
1.1028 
1.1033 

0.0290 
0.0263 
0.0236 
0.0209 
0.0183 

1.1006 
1.1016 
1.1024 
1.1030 
1.1035 

1.51 
1.37 
1.23 
1.09 
0.95 

3.00 
3.05 
3.10 
3.15 
3.20 

1.2731 
1.2739 
1.2745 
1.2751 
1.2755 

-1.1175 
-1.0832 
-1.0507 
-1.0198 
-0.9905 

0.8210 
0.8239 
0.8267 
0.8293 
0.8318 

2.3665 
2.3102 
2.2560 
2.2036 
2.1531 

0.0938 
0.0992 
0.1048 
0.1104 
0.1161 

1.1036 
1.1037 
1.1037 
1.1036 
1.1033 

0.0157 
0.0132 
0.0108 
0.0085 
0.0063 

1.1037 
1.1038 
1.1038 
1.1036 
1.1034 

0.82 
0.69 
0.56 
0.44 
0.33 

3.25 
3.30 
3.35 
3.40 
3.45 

1.2759 
1.2762 
1.2764 
1.2765 
1.2765 

-0.9627 
-0.9362 
-0.9110 
-0.8871 
-0.8643 

0.8342 
0.8364 
0.8385 
0.8405 
0.8424 

2.1044 
2.0575 
2.0124 
1.9689 
1.9270 

0.1219 
0.1278 
0.1337 
0.1396 
0.1456 

1.1030 
1.1025 
1.1020 
1.1014 
1.1008 

0.0042 
0.0022 
0.0003 

-0.0015 
-0.0033 

1.1030 
1.1025 
1.1020 
1.1014 
1.1008 

0.22 
0.11 
0.01 

359.92 
359.83 

3.50 
3.55 
3.60 
3.65 
3.70 

1.2764 
1.2762 
1.2760 
1.2757 
1.2752 

-0.8425 
-0.8218 
-0.8020 
-0.7830 
-0.7650 

0.8443 
0.8460 
0.8477 
0.8493 
0.8509 

1.8867 
1.8479 
1.8106 
1.7746 
1.7400 

0.1516 
0.1576 
0.1636 
0.1696 
0.1755 

1.1000 
1.0993 
1.0985 
1.0977 
1.0969 

-0.0049 
-0.0064' 
-0.0079 
-0.0092 
-0.0105 

1.1001 
1.0993 
1.0986 
1.0978 
1.0969 

359.75 
359.67 
359.59 
359.52 
359.45 

3.75 
3.80 
3.85 
3.90 
3.95 

1.2747 
1.2742 
1.2735 
1.2728 
1.2720 

-0.7477 
-0.7311 
-0.7152 
-0.7000 
':0.6854 

0.8524 
0.8539 
0.8553 
0.8566 
0.8580 

1.7066 
1.6745 
1.6436 
1.6138 
1.5851 

0.1815 
0.1874 
0.1933 
0.1991 
0.2049 

1.0961 
1.0952 
1.0943 
1.0935 
1.0926 

-0.0117 
-0.0129 
-0.0139 
-0.0149 
-0.0159 

1.0961 
1.0953 
1.0944 
1.0936 
1.0927 

359.39 
359.33 
359.27 
359.22 
359.17 
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k= 0.2 (T = 0.00 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(0<GII«5) 

REAL 

/ +1J Fio 
IMAG. MODULUS PHASE 

(OEGII£ES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0052 
-0.0063 
-0.0075 
-0.0089 
-0.0105 

-0.0241 
-0.0264 
-0.0287 
-0.0310 
-0.0334 

0.0247 
0.0271 
0.0297 
0.0323 
0.0350 

257.81 
256.57 
255.28 
253.93 
252.53 

0.0122 
0.0148 
0.0177 
0.0211 
0.0249 

0.0985 
0.1083 
0.1184 
0.1289 
0.1397 

0.0993 
0.1093 
0.1197 
0.1306 
0.1419 

82.94 
82.23 
81.48 
80.69 
79.88 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0123 
-0.0142 
-0.0163 
-0.0186 
-0.0212 

-0.0358 
-0.0381 
-0.0404 
-0.0427 
-0.0449 

0.0378 
0.0407 
0.0436 
0.0466 
0.0496 

251.07 
249.57 
248.01 
246.40 
244.75 

0.0292 
0.0340 
0.0393 
0.0451 
0.0515 

0.1507 
0.1621 
0.1736 
0.1853 
0.1971 

0.1535 
0.1656 
0.1780 
0.1907 
0.2038 

79.03 
78.16 
77 .25 
76.32 
75.36 

1.50 
1.55 
1.60 
1.65 
1. 70 

-0.0239 
-0.0267 
-0.0298 
-0.0330 
-0.0364 

-0.0469 
-0.0489 
-0.0507 
-0.0523 
-0.0537 

0.0526 
0.0557 
0.0588 
0.0618 
0.0649 

243.05 
241.31 
239.54 
237.72 
235.87 

0.0585 
0.0661 
0.0743 
0.0831 
0.0925 

0.2091 
0.2210 
0.2329 
0.2448 
0.2565 

0.2171 
0.2307 
0.2445 
0.258G 
0.2727 

74 .37 
73.35 
72.32 
71.25 
70.17 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0399 
-0.0435 
-0.0472 
-0.0510 
-0.0548 

-0.0549 
-0.0559 
-0.0566 
-0.0571 
-0.0573 

0.0679 
0.0708 
0.0737 
0.0765 
0.0793 

234.00 
232.09 
230.16 
228.21 
226.25 

0.1025 
0.1131 
0.1243 
0.1361 
0.1483 

0.2680 
0.2793 
0.2903 
0.3009 
0.3111 

0.2870 
0.3013 
0.3158 
0.3302 
0.3447 

69.07 
67.95 
66.82 
65.67 
64.51 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0586 
-0.0625 
-0.0662 
-0.0699 
-0.0735 

-0.0572 
-0.0568 
-0.0562 
-0.0552 
-0.0540 

0.0819 
0.0844 
0.0868 
0.0891 
0.0912 

224.27 
222.29 
220.30 
218.32 
216.34 

0.1611 
0.1744 
0.1880 
0.2020 
0.2163 

0.3209 
0.3301 
0.3388 
0.3470 
0.3545 

0.3591 
0.3734 
0.3875 
0.4015 
0.4153 

63.34 
62.16 
60.98 
59.79 
58.60 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0769 
-0.0802 
-0.0833 
-0.0862 
-0.0889 

-0.0526 
-0.0509 
-0.0490 
-0.0470 
-0.0447 

0.0932 
0.0950 
0.0967 
0.0982 
0.0995 

214.37 
212.42 
210.48 
208.57 
206.69 

0.2309 
0.2457 
0.2606 
0.2756 
0.2906 

0.3613 
0.3675 
0.3731 
0.3779 
0.3821 

0.4288 
0.4421 
0.4551 
0.4677 
0.4801 

57.42 
56.24 
55.06 
53.90 
52.75 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0914 
-0.0936 
-0.0956 
-0.0974 
-0.0989 

-0.0423 
-0.0398 
-0.0372 
-0.0345 
-0.0318 

0.1007 
0.1017 
0.1026 
0.1033 
0.1039 

204.84 
203.02 
201.24 
199.50 
197.80 

0.3056 
0.3205 
0.3352 
0.3498 
0.3642 

0.3856 
0.3885 
0.3907 
0.3923 
0.3934 

0.4920 
0.5036 
0.5148 
0.5256 
0.5361 

51.60 
50.48 
49.37 
48.28 
47.21 

2.75 
2.80 
2.85 
2.90 
2.95 

-0.1002 
-0.1013 
-0.1022 
-0.1028 
-0.1033 

-0.0290 
-0.0263 
-0.0236 
-0.0209 
-0.0183 

0.1043 
0.1047 
0.1048 
0.1049 
0.1049 

196.15 
194.55 
192.99 
191.48 
190.03 

0.3782 
0.3920 
0.4055 
0.4186 
0.4313 

0.3939 
0.3939 
0.3934 
0.3924 
0.3911 

0.5461 
0.5557 
0.5649 
0.5738 
0.5822 

46.16 
45.13 
44.13 
43.16 
42.20 

3.00 
3.05 
3.10 
3.15 
3.20 

-0.1036 
-0.1037 
-0.1037 
-0.1036 
-0.1033 

-0.0157 
-0.0132 
-0.0108 
-0.0085 
-0.0063 

0.1048 
0.1046 
0.1043 
0.1039 
0.1035 

188.62 
187.26 
185.96 
184.70 
183.49 

0.4436 
0.4556 
0.4672 
0.4783 
0.4891 

0.3894 
0.3874 
0.3851 
0.3826 
0.3798 

0.5903 
0.5980 
0.6054 
0.6125 
0.6192 

41.28 
40.38 
39.50 
38.65 
37.83 

3.25 
3.30 
3.35 
3.40 
3.45 

-0.1030 
-0.1025 
-0.1020 
-0.1014 
-0.1008 

-0.0042 
-0.0022 
-0.0003 
0.0015 
0.0033 

0.1031 
0.1026 
0.1020 
0.1014 
0.1008 

182.33 
181.22 
180.15 
179.13 
178.14 

0.4994 
0.5094 
0.5190 
0.5283 
0.5372 

0.3768 
0.3737 
0.3705 
0.3671 
0.3637 

0.6257 
0.6318 
0.6377 
0.6433 
0.6487 

37.03 
36.26 
35.~2 

34.80 
34.10 

3.50 
3.55 
3.60 
3.65 
3.70 

-0.1000 
-0.0993 
-0.0985 
-0.0977 
-0.0969 

0.0049 
0.0064 
0.0079 
0.0092 
0.0105 

0.1002 
0.0995 
0.0988 
0.0982 
0.0975 

177.20 
176.30 
175.43 
174.60 
173.81 

0.5457 
0.5539 
0.5618 
0.5694 
0.5767 

0.3602 
0.3567 
0.3531 
0.3495 
0.3459 

0.6539 
0.6588 
0.6635 
0.6681 
0.6725 

33.43 
32.78 
32.15 
31.54 
30.96 

3.75 
3.80 
3.85 
3.90 
3.95 

-0.0961 
-0.0952 
-0.0943 
-0.0935 
-0.0926 

0.0117 
0.0129 
0.0139 
0.0149 
0.0159 

0.0968 
0.0961 
0.0954 
0.0947 
0.0940 

173.04 
172.31 
171.61 
170.93 
170.28 

0.5837 
0.5904 
0.5969 
0.6032 
0.6093 

0.3423 
0.3388 
0.3352 
0.3317 
0.3283 

0.6767 
0.6807 
0.6846 
0.6884 
0.6921 

30.39 
29.85 
29.32 
28.&1 
28.32 

WADe TR 56-614 A-47 



k= 0.2 0­ = 0.00 

a 
/- 0­

1 

---r-' x 
REAL IMAG. 

/
X 211"; 

-211" .r 
! X 

REAL IMAG. 

-1J 

MOCVLUS PHASE 
(OC(;R~ESJ 

4.00 1.2712 -0.6714 0.8593 1.5574 0.2107 1.0918 -0.0167 1.0919 359.12 
4.05 1.2703 -0.6579 0.8605 1.5306 0.2164 1.0909 -0.0176 1.0910 359.08 
4.10 1.2693 -0.6450 0.8618 1.5048 0.2221 1.0901 -0.0184 1.0902 359.04 
4.15 1.2683 -0.6325 0.8630 1.4799 0.2277 1.0892 -0.0191 1.0894 359.00 
4.20 1.2672 -0.6206 0.8642 1.4559 0.2332 1.0884 -0.0198 1.0886 358.96 

4.25 1.2661 -0.6090 0.8653 1.4326 0.2387 1.0875 -0.0204 1.0877 358.92 
4.30 1.2649 -0.5979 0.8665 1.4101 0.2441 1.0867 -0.0210 1.0869 358.89 
4.35 1.2637 -0.5872 0.8676 1.3884 0.2495 1.0859 -0.0216 1.0861 358.86 
4.40 1.2625 -0.5768 0.8687 1.3674 0.2548 1.0851 -0.0222 1.0853 358.83 
4.45 1.2612 -0.5668 0.8698 1.3470 0.2600 1.0843 -0.0227 1.0846 358.80 

4.50 1.2599 -0.5571 0.8708 1.3273 0.2652 1.0836 -0.0231 1.0838 358.78 
4.55 1.2585 -0.5478 0.8719 1.3081 0.2703 1.0828 -0.0236 1.0831 358.75 
4.60 1.2571 -0.5387 0.8729 1.2896 0.2754 1.0820 -0.0240 1.0823 358.73 
4.65 1.2557 -0.5300 0.8739 1.2716 0.2804 1.0813 -0.0244 1.0816 358.71 
4.70 1.2543 -0.5215 0.8749 1.2541 0.2853 1.0806 -0.0248 1.0809 358.68 

4.75 1.2529 -0.5133 0.8759 1.2372 0.2902 1.0798 -0.0252 1.0801 358.66 
4.80 1.2514 -0.5053 0.8769 1.2207 0.2950 1.0791 -0.0255 1.0794 358.65 
4.85 1.2500 -0.4976 0.8778 1.2047 0.2998 1.0784 -0.0258 1.0787 358.63 
4.90 1.2485 -0.4901 0.8788 1.1891 0.3045 1.0778 -0.0261 1.0781 358.61 
4.95 1.2470 -0.4828 0.8797 1.1739 0.3092 1.0771 -0.0264 1.0774 358.60 

5.00 1.2455 -0.4757 0.8807 1.1591 0.3138 1.0764 -0.0267 1.0767 358.58 
5.05 1.2439 -0.4688 0.8816 1.1447 0.3183 1.0757 -0.0269 1.0761 358.57 
5.10 1.2424 -0.4621 0.8825 1.1307 0.3228 1.0751 -0.0272 1.0754 358.55 
5.15 1.2409 -0.4556 0.8834 1.1171 0.3272 1.0745 -0.0274 1.0748 358.54 
5.20 1.2394 -0.4493 0.8843 1.1037 0.3316 1.0738 -0.0276 1.0742 358.53 

5.25 1.2378 -0.4431 0.8852 1.0907 0.3360 1.0732 -0.0278 1.0736 358.52 
5.30 1.2363 -0.4371 0.8860 1.0780 0.3403 1.0726 -0.0280 1.0730 35.8.50 
5.35 1.2348 -0.4312 0.8869 1.0656 0.3445 1.0720 -0.0282 1.0724 358.49 
5.40 1.2333 -0.4255 0.8877 1.0535 0.3487 1.0714 -0.0283 1.0718 358.48 
5.45 1.2317 -0.4200 0.8886 1.0417 0.3529 1.0708 -0.0285 1.0712 358.48 

5.50 1.2302 -0.4145 0.8894 1.0301 0.3570 1.0702 -0.0286 1.0706 358.47 
5.55 1.2287 -0.4092 0.8902 1.0188 0.3610 1.0697 -0.0288 1.0701 358.46 
5.60 1.2272 -0.4041 0.8910 1.0077 0.3650 1.0691 -0.0289 1.0695 358.45 
5.65 1.2257 -0.3990 0.8918 0.9969 0.3690 1.0685 -0.0290 1.0689 358.44 
5.70 1.2242 -0.3941 0.8926 0.9863 0.3730 1.0680 -0.0291 1.0684 358.44 

5.75 1.2228 -0.3892 0.8934 0.9759 0.3768 1.0675 -0.0292 1.0679 358.43 
5.80 1.2213 -0.3845 0.8941 0.9658 0.3807 1.0669 -0.0293 1.0673 358.42 
5.85 1.2198 -0.3799 0.8949 0.9558 0.3845 1.0664 -0.0294 1.0668 358.42 
5.90 1.2184 -0.3754 0.8956 0.9460 0.3883 1.0659 -0.0295 1.0663 358.41 
5.95 1.2169 -0.3710 0.8964 0.9365 0.3920 1.0654 -0.0296 1.0658 358.41 

6.00 1.2155 -0.3667 0.8971 0.9271 0.3957 1.0649 -0.0297 1.0653 358.40 
6.05 1.2141 -0.3625 0.8978 0.9179 0.3994 1.0644 -0.0297 1.0648 358.40 
6.10 1.2127 -0.3583 0.8985 0.9089 0.4030 1.0639 -0.0298 1.0643 358.40 
6.15 1.2113 -0.3543 0.8992 0.9000 0.4066 1.0634 -0.0298 1.0638 358.39 
6.20 1.2099 -0.3503 0.8999 0.8913 0.4101 1.0629 -0.0299 1.0633 358.39 

6.25 1.2086 -0.3465 0.9006 0.8828 0.4136 1.0624 -0.0299 1.0629 358.39 
6.30 1.2072 -0.3427 0.9013 0.8744 0.4171 1.0620 -0.0300 1.0624 358.38 
6.35 1.2059 -0.3389 0.9020 0.8662 0.4205 1.0615 -0.0300 1.0619 358.38 
6.40 1.2045 -0.3353 0.9026 0.8582 0.4239 1.0611 -0.0300 1.0615 358.38 
6.45 1.2032 -0.3317 0.9033 0.8502 0.4273 1.0606 -0.0300 1.0610 358.38 

6.50 1.2019 -0.3282 0.9039 0.8425 0.4306 1.0602 -0.0300 1.0606 368.38 
6.55 
6.60 

1.2006 
1.1994 

-0.3248 
-0.3214 

0.9045 
0.9052 

0.8348 
0.8273 

0.4340 
0.4372 

1.0597 
1.0593 

-0.0301 
-0.0301 

1.0602 
1.0597 

358.38 
358.37 

6.65 1.1981 -0.3181 0.9058 0.8199 0.4405 1.0589 -0.0301 1.0593 358.37 
6.70 1.1968 -0.3149 0.9064 0.8127 0.4437 1.0584 -0.0301 1.0589 358.37 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1956 
1.1944 
1.1932 
1.1920 
1.1908 

-0.3117 
-0.3086 
-0.3055 
-0.3025 
-0.2996 

0.9070 
0.9076 
0.9082 
0.9088 
0.9093 

0.8055 
0.7985 
0.7916 
0.7849 
0.7782 

0.4468 
0.4500 
0.4531 
0.4562 
0.4592 

1.0580 
1.0576 
1.0572 
1.0568 
1.0564 

-0.0301 
-0.0301 
-0.0301 
-0.0301 
-0.0300 

1.0585 
1.0581 
1.0576 
1.0572 
1.0569 

358.37 
358.37 
358.37 
358.37 
358.37 

WADe TR 56-614 A-4B 



k= 0.2 (T = 0.00 

a 
/+1J /+7J Fio 

REAL IMAG. MOWLUS PHASE 
(OEGREES) 

REAL IMAG. MODULUS PHASE 
(OEGREES! 

4.00 
4.05 
4.10 
4.15 
4.20 

-0.0918 
-0.0909 
-0.0901 
-0.0892 
-0.0884 

0.0167 
0.0176 
0.0184 
0.0191 
0.Q198 

0.0933 
0.0926 
0.0919 
0.0912 
0.0906 

169.66 
169.06 
168.48 
167.92 
167.39 

0.6151 
0.6207 
0.6262 
0.6314 
0.6365 

0.3249 
0.3215 
0.3182 
0.3149 
0.3117 

0.6956 
0.6990 
0.7024 
0.7056 
0.7087 

27.84 
27.38 
26.94 
26.51 
26.09 

4.25 
4.30 
4.35 
4.40 
4.45 

-0.0875 
-0.0867 
-0.0859 
-0.0851 
-0.0843 

0.0204 
0.0.210 
0.0216 
0.0222 
0.0227 

0.0899 
0.0892 
0.0886 
0.0880 
0.0873 

166.87 
166.37 
165.88 
165.41 
164.96 

0.6414 
0.6462 
0.6508 
0.6553 
0.6597 

0.3085 
0.3054 
0.3024 
0.2994 
0.2965 

0.7118 
0.7147 
0.7176 
0.7205 
0.7232 

25.69 
25.30 
24.92 
24.55 
24.20 

4.50 
4.55 
4.60 
4.65 
4.70 

-0.0836 
-0.0828 
-0.0820 
-0.0813 
-0.0806 

0.0231 
0.0236 
0.0240 
0.0244 
0.0248 

0.0867 
0.0861 
0.0855 
0.0849 
0.0843 

164.52 
164.09 
163.68 
163.28 
162.89 

0.6639 
0.6680 
0.6720 
0.6759 
0.6797 

0.2936 
0.2908 
0.2880 
0.2853 
0.2826 

0.7259 
0.7286 
0.7311 
0.7337 
0.7361 

23.86 
23.52 
23.20 
22.88 
22.58 

4.75 
4.80 
4.85 
4.90 
4.95 

-0.0798 
-0.0791 
-0.0784 
-0.0778 
-0.0771 

0.0252 
0.0255 
0.0258 
0.0261 
0.0264 

0.0837 
0.0831 
0.0826 
0.0820 
0.0815 

162.51 
162.14 
161.78 
161.43 
161.08 

0.6834 
0.6871 
0.6906 
0.6940 
0.6974 

0.2800 
0.2774 
0.2749 
0.2724 
0.2700 

0.7386 
0.7410 
0.7433 
0.7456 
0.7478 

22.28 
21.99 
21.71 
21.43 
21.17 

5.00 
5.05 
5.10 
5.15 
5.20 

-0.0764 
-0.0757 
-0.0751 
-0.0745 
-0.0738 

0.0267 
0.0269 
0.0272 
0.0274 
0.0276 

0.0809 
0.0804 
0.0799 
0.0793 
0.0788 

160.75 
160.43 
160.11 
159.80 
159.50 

0.7007 
0.7039 
0.7070 
0.7101 
0.7131 

0.2676 
0.2653 
0.2630 
0.2607 
0.2585 

0.7501 
0.7522 
0.7544 
0.7565 
0.7586 

20.90 
20.65 
20.40 
20.16 
19.93 

5.25 
5.30 
5.35 
5.40 
5.45 

-0.0732 
-0.0726 
-0.0720 
-0.0714 
-0.0708 

0.0278 
0.0280 
0.0282 
0.0283 
0.0285 

0.0783 
0.0778 
0.0773 
0.0768 
0.0763 

159.20 
158.91 
158.63 
158.35 
158.08 

0.7161 
0.7190 
0.7218 
0.7246 
0.7273 

0.2563 
0.2542 
0.2521 
0.2500 
0.2480 

0.7606 
0.7626 
0.7646 
0.7665 
0.7684 

19.70 
19.47 
19.25 
19.04 
18.83 

5.50 
5.55 
5.60 
5.65 
5.70 

-0.0702 
-0.0697 
-0.0691 
-0.0685 
-0.0680 

0.0286 
0.0288 
0.0289 
0.0290 
0.0291 

0.0759 
0.0754 
0.074\:1 
0.0744 
0.0740 

157.81 
157.55 
157.30 
157.05 
156.80 

0.7300 
0.7326 
0.7352 
0.7377 
0.7401 

0.2460 
0.2440 
0.2420 
0.2401 
0.2382 

0.7703 
0.7722 
0.7740 
0.7758 
0.7775 

18.62 
18.42 
18.22 
18.03 
17.84 

5.75 
5.BO 
5.85 
5.90 
5.95 

-0.0675 
-0.0669 
-0.0664 
-0.0659 
-0.0654 

0.0292 
0.0293 
0.0294 
0.0295 
0.0296 

0.0735 
0.0731 
0.0726 
0.0722 
0.0718 

156.56 
156.33 
156.09 
155.87 
155.65 

0.7426 
0.7450 
0.7473 
0.7496 
0.7519 

0.2364 
0.2345 
0.2327 
0.2310 
0.2292 

0.7793 
0.7810 
0.7827 
0.7844 
0.7860 

17.66 
17.48 
17.30 
17.12 
16.95 

6.00 
6.05 
6.10 
6.15 
6.20 

-0.0649 
-0.0644 
-0.0639 
-0.0634 
-0.0629 

0.0297 
0.0297 
0.0298 
0.0298 
0.0299 

0.0713 
0.0709 
0.0705 
0.0701 
0.0696 

155.43 
155.21 
155.00 
154.80 
154.60 

0.7541 
0.7562 
0.7584 
0.7605 
0.7626 

0.2275 
0.2258 
0.2241 
0.2224 
0.2208 

0.7876 
0.7892 
0.7908 
0.7924 
0.7939 

16.79 
16.62 
16.46 
16.30 
16.15 

6.25 
6.30 
6.35 
6.40 
6.45 

-0.0624 
-0.0620 
-0.0615 
-0.0611 
-0.0606 

0.0299 
0.0300 
0.0300 
0.0300 
0.0300 

0.0692 
0.0688 
0.0684 
0.0680 
0.0676 

154.40 
154.20 
154.01 
153.83 
153.64 

0.7646 
0.7666 
0.7686 
0.7705 
0.7724 

0.2192 
0.2176 
0.2160 
0.2145 
0.2129 

0.7954 
0.7969 
0.7983 
0.7998 
0.8012 

16.00 
15.85 
15.70 
15.55 
15.41 

6.50 
6.55 
6.60 
6.65 
6.70 

-0.0602 
-0.0597 
-0.0593 
-0.0589 
-0.0584 

0.0300 
0.0301 
0.0301 
0.0301 
0.0301 

0.0673 
0.0669 
0.0665 
0.0661 
0.0657 

153.46 
153.28 
153.11 
152.94 
152.77 

0.7743 
0.7761 
0.7779 
0.7797 
0.7814 

0.2114 
0.2099 
0.2085 
0.2070 
0.2056 

0.8026 
0.8040 
0.8054 
0.8067 
0.8080 

15.27 
15.14 
15.00 
14.87 
14.74 

6.75 
6.80 
6.85 
6.90 
6.95 

-0.0580 
-0.0576 
-0.0572 
-0.0568 
-0.0564 

0.0301 
0.0301 
0.0301 
0.0301 
0.0300 

0.0654 
0.0650 
0.0646 
0.0643 
0.0639 

152.60 
152.44 
152.28 
152.12 
151.97 

0.7832 
0.7849 
0.7865 
0.7882 
0.7898 

0.2042 
0.2028 
0.2014 
0.2000 
0.1987 

0.8093 
0.8106 
0.8119 
0.8132 
0.8144 

14.61 
14.49 
14.36 
14.24 
14.12 

WADe TR 56-614 A-49 



k= 0.2 (7" = 0.00 

a 

/_ (7"2 

--·X
2 

R[AL IMAG 

/ 
X 2 7T ; 

-27T l' 
! X 

REAL IMAG. 

-1J 

MOWLUS PHASE 
(O£IiR££S) 

7.00 1.1896 -0.2967 0.9099 0.7716 0.4623 1.0560 -0.0300 1.0565 358.37 
7.05 1.1885 -0.2938 0.9105 0.7652 0.4652 1.0557 -0.0300 1.0561 358.37 
7.10 1.1873 -0.2910 0.9110 0.7588 0.4682 1. 0553 -0.0300 1.0557 358.37 
7.15 1 .1862 -0.2883 0.9116 0.7526 0.4711 1.0549 -0.0300 1.0553 358.37 
7.20 1.1850 -0.2856 0.9121 0.7464 0.4740 1.0545 -0.0299 1.0550 358.37 

7.25 1.1839 -0.2830 0.9126 0.7404 0.4769 1.0542 -0.0299 1.0546 358.38 
7.30 1.1828 -0.2804 0.9132 0.7344 0.4798 1.0538 -0.0299 1.0542 358.38 
7.35 1.1817 -0.2778 0.9137 0.7286 0.4826 1.0534 -0.0298 1.0539 358.38 
7.40 1.1807 -0.2753 0.9142 0.7228 0.4854 1.0531 -0.0298 1.0535 358.38 
7.45 1.1796 -0.2728 0.9147 0.7171 0.4882 1.0527 -0.0298 1.0532 358.38 

7.50 1.1785 -0.2704 0.9152 0.7115 0.4909 1.0524 -0.0297 1.0528 358.38 
7.55 1.1775 -0.2680 0.9157 0.7060 0.4936 1.0521 -0.0297 1.0525 358.38 
7.60 1.1765 -0.2657 0.9162 0.7006 0.4963 1. 0517 -0.0296 1.0521 358.3\l 
7.65 1.1754 -0.2634 0.9167 0.6952 0.4990 1.0514 -0.0296 1.0518 358.39 
7. 70 1.1744 -0.2611 0.9172 0.6900 0.5016 1.0511 -0.0296 1.0515 358.39 

7.75 1.1734 -0.2589 0.9176 0.6848 0.5042 1.0507 -0.0295 1.0512 358.39 
7.80 1.1724 -0.2567 0.9181 0.6797 0.5068 1.0504 -0.0295 1.0508 358.39 
7.85 1.1715 -0.2545 0.9186 0.6746 0.5093 1.0501 -0.0294 1.0505 358.40 
7.90 1.1705 -0.2524 0.9190 0.6697 0.5119 1.0498 -0.0294 1.0502 358.40 
7.95 1.1695 -0.2503 0.9195 0.6648 0.5144 1.0495 -0.0293 1.0499 358.40 

8.00 1.1686 -0.2482 0.9199 0.6599 0.5169 1.0492 -0.0293 1.0496 358.40 
8.05 1.1676 -0.2462 0.9204 0.6552 0.5193 1.0489 -0.0292 1.0493 358.40 
8.10 1.1667 -0.2442 0.9208 0.6505 0.5218 1.0486 -0.0292 1.0490 358.41 
8.15 1.1658 -0.2422 0.9213 0.6459 0.5242 1.0483 -0.0291 1.0487 358.41 
8.20 1.1649 -0.2403 0.9217 0.6413 0.5266 1.0480 -0.0290 1.0484 358.41 

8.25 1.1640 -0.2384 0.9221 - 0.6368 0.5290 1.0477 -0.0290 1.0481 358.42 
8.30 1.1631 -0.2365 0.9225 0.6324 0.5313 1.0474 -0.0289 1.0478 358.42 
8.35 
8.40 
8.45 

1.1622 
1.1613 
1.1605 

-0.2347 
-0.2328 
-0.2311 

0.9230 
0.9234 
0.9238 

0.6280 
0.6237 
0.6194 

0.5337 
0.5360 
0.5383 

1.0472 
1.0469 
1.0466 

-0.0289 
-0.0288 
-0.0288 

1.0476 
1.0473 
1.0470 

358.42 
358.42 
358.43 

8.50 
8.55 
8.60 
IL65 
8.70 

1.1596 
1.1587 
1.1579 
1.1571 
1 .1562 

-0.2293 
-0.2275 
-0.2258 
-0.2241 
-0.2225 

0.9242 
0.9246 
0.9250 
0.9254 
0.9257 

0.6152 
0.6111 
0.6070 
0.6030 
0.5990 

0.5405 
0.5428 
0.5450 
0.5472 
0.5494 

1.0463 
1.0461 
1.0458 
1.0455 
1.0453 

-0.0287 
-0.0286 
-0.0286 
-0.0285 
-0.0284 

1.0467 
1.0465 
1.0462 
1.0459 
1.0457 

358.43 
358.43 
358.44 
358.44 
358.44 

8.75 
8.80 
8.85 
8.90 
8.95 

1.1554 
1.1546 
1.1538 
1.1530 
1.1522 

-0.2208 
-0.2192 
-0.2176 
-0.2160 
-0.2145 

0.9261 
0.9265 
0.9269 
0.9273 
0.9276 

0.5950 
0.5912 
0.5873 
0.5835 
0.5798 

0.5515 
0.5537 
0.5558 
0.5579 
0.5600 

1.0450 
1.0448 
1.0445 
1.0443 
1.0440 

-0.0284 
-0.0283 
-0.0283 
-0.0282 
-0.0281 

1.0454 
1.0452 
1.0449 
1.0447 
1.0444 

358.44 
358.45 
358.45 
358.45 
358.46 

9.00 
9.05 
9.10 
9.15 
9.20 

1.1515 
1 .1507 
1 .1499 
1.1492 
1.1484 

-0.2129 
-0.2114 
-0.2099 
-0.2085 
-0.2070 

0.9280 
0.9283 
0.9287 
0.9291 
0.9294 

0.5761 
0.5725 
0.5689 
0.5653 
0.5618 

0.5621 
0.5641 
0.5662 
0.5682 
0.5702 

1.0438 
1.0435 
1.0433 
1.0431 
1 .0428 

-0.0281 
-0.0280 
-0.0279 
-0.0279 
-0.0278 

1.0442 
1.0439 
1.0437 
1.0434 
1.0432 

358.46 
358.46 
358.47 
358.47 
358.47 

9.25 
9.30 
9.35 
9.40 
9.45 

1.1477 
1.1469 
1 .1462 
1.1455 
1.1448 

-0.2056 
-0.2042 
-0.2028 
-0.2014 
-0.2001 

0.9298 
0.9301 
0.9304 
0.9308 
0.9311 

0.5583 
0.5549 
0.5515 
0.5482 
0.5449 

0.5722 
0.5741 
0.5761 
0.5780 
0.5799 

1.0426 
1.0424 
1 .0422 
1.0419 
1 .0417 

-0.0277 
-0.0277 
-0.0276 
-0.0275 
-0.0275 

1.0430 
1.0427 
1.0425 
1.0423 
1.0421 

358.48 
358.48 
358.48 
358.49 
358.49 

9.50 
9.55 
9.60 
9.65 
9.70 

1 .1441 
1 .1434 
1 .1427 
1.1420 
1.1413 

-0.1987 
-0.1974 
-0.1961 
-0.1948 
-0.1935 

0.9314 
0.9318 
0.9321 
0.9324 
0.9327 

0.5416 
0.5384 
0.5352 
0.5321 
0.5289 

0.5818 
0.5837 
0.5855 
0.5874 
0.5892 

1 .0415 
1.0413 
1 .0411 
1.0409 
1.0406 

-0.0274 
-0.0273 
-0.0273 
-0.0272 
-0.0271 

1.0419 
1.0416 
1.0414 
1 .0412 
1.0410 

358.49 
358~50 
358.50 
358.50 
358.51 

9.75 
9.80 
9.115 
9.90 
9.95 

1.1406 
1.1400 
1.1393 
1 .1386 
1.1380 

-0.1923 
-0.1910 
-0.1898 
-0.1886 
-0.1874 

0.9330 
0.9334 
0.9337 
0.9340 
0.9343 

0.5259 
0.5228 
0.5198 
0.5168 
0.5139 

0.5910 
0.5928 
0.5946 
0.5964 
0.5982 

1.0404 
1.0402 
1.0400 
1.0398 
1.0396 

-0.0271 
-0.0270 
-0.0269 
-0.0268 
-0.0268 

1.0408 
1.0406 
1.0404 
1.0402 
1.0400 

358.51 
358.51 
358.52 
358.52 
358.52 

10.00 1.1373 -0.1862 0.9346 0.5110 0.5999 1.0394 -0.0267 1.0398 358.53 

WADe TR 56-614 A-50 



k= 0.2 (T= 0.00 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(DEGREES) 

REAL 

/+1J 00 
IMAG. MODULUS PHASE 

(OEGREES) 

7.00 
7.05 
7.10 
7.15 
7.20 

-0.0560 
-0.0557 
-0.0553 
-0.0549 
-0.0545 

0.0300 
0.0300 
0.0300 
0.0300 
0.0299 

0.0636 
0.0632 
0.0629 
0.0625 
0.0622 

151.82 
151.67 
151. 52 
151 .38 
151.24 

0.7914 
0.7930 
0.7945 
0.7960 
0.7975 

0.1974 
0.1960 
0.1947 
0.1935 
0.1922 

0.8156 
0.8168 
0.8180 
0.8192 
0.8204 

14.00 
13.89 
13.77 
13.66 
13.55 

7.25 
7.30 
7.35 
7.40 
7.45 

-0.0542 
-0.0538 
-0.0534 
-0.0531 
-0.0527 

0.0299 
0.0299 
0.0298 
0.0298 
0.0298 

0.0619 
0.0615 
0.0612 
0.0609 
0.0606 

151.10 
150.96 
150.83 
150.69 
150.56 

0.7990 
0.8005 
0.8019 
0.8033 
0.8047 

0.1910 
0.1897 
0.1885 
0.1873 
0.1861 

0.8215 
0.8226 
0.8238 
0.8249 
0.8259 

13.44 
13.33 
13.23 
13.12 
13.02 

7.50 
7.55 
7.60 
7.65 
7.70 

-0.0524 
-0.0521 
-0.0517 
-0.0514 
-0.0511 

0.0297 
0.0297 
0.0296 
0.0296 
0.0296 

0.0602 
0.0599 
0.0596 
0.0593 
0.0590 

150.43 
150.31 
150.18 
150.06 
149.94 

0.8061 
0.8074 
0.8088 
0.8101 
0.8114 

0.1849 
0.1838 
o.182l5 
0.1815 
0.1804 

0.8270 
0.8281 
0.8291 
0.8302 
0.8312 

12.92 
12.82 
12.72 
12.63 
12.53 

7.75 
7,80 
7.85 
7.90 
7.95 

-0.0507 
-0.0504 
-0.0501 
-0.0498 
-0.0495 

0.0295 
0.0295 
0.0294 
0.0294 
0.0293 

0.0587 
0.0584 
0.0581 
0.0578 
0.0575 

149.82 
149.70 
149.59 
149.47 
149.36 

0.8127 
0.8139 
0.8152 
0.8164 
0.8176 

0.1793 
0.1782 
0.1771 
0.1760 
0.1750 

0.8322 
0.8332 
0.8342 
0.8352 
0.8361 

12.44 
12.35 
12.26 
12.17 
12.08 

8.00 
8.05 
8.10 
8.15 
8.20 

-0.0492 
-0.0489 
-0.0486 
-0.0483 
-0.0480 

0.0293 
0.0292 
0.0292 
0.0291 
0.0290 

0.0572 
0.0570 
0.0567 
0.0564 
0.0561 

149.25 
149.14 
149.04 
148.93 
148.83 

0.8188 
0.8200 
0.8211 
0.8223 
0.8234 

0.1739 
0.1729 
0.1719 
0.1709 
0.1699 

0.8371 
0.8380 
0.8389 
0.8399 
0.8408 

11.99 
11.91 
11.82 
11. 74 
11.66 

8.25 
8.30 
8.35 
8.40 
8.45 

-0.0477 
-0.0474 
-0.0472 
-0.0469 
-0.0466 

0.0290 
0.0289 
0.0289 
0.0288 
0.0288 

0.0558 
0.0556 
0.0553 
0.0550 
0.0548 

148.72 
148.62 
148.52 
148.43 
148.33 

0.8245 
0.8256 
0.8267 
0.8278 
0.8289 

0.1689 
0.1679 
0.1669 
0.1660 
0.1650 

0.8417 
0.8425 
0.8434 
0.8443 
0.8451 

11.57 
11.49 
11.42 
11.34 
11.26 

8.50 
8.55 
8.60 
8.65 
8.70 

-0.0463 
-0.0461 
-0.0458 
-0.0455 
-0.0453 

0.0287 
0.0286 
0.0286 
0.0285 
0.0284 

0.0545 
0.0542 
0.0540 
0.0537 
0.0535 

148.23 
148.14 
148.05 
147.96 
147.87 

0.8299 
0.8310 
0.8320 
0.8330 
0.8340 

0.1641 
0.1632 
0.1623 
0.1614 
0.1605 

0.8460 
0.8468 
0.8477 
0.8485 
0.8493 

11.18 
11.11 
11.04 
10.96 
10.89 

8.75 
8.80 
8.85 
8.90 
8.95 

-0.0450 
-0.0448 
-0.0445 
-0.0443 
-0.0440 

0.0284 
0.0283 
0.0283 
0.0282 
0.0281 

0.0532 
0.053CJ 
0.052'i' 
0.0525 
0.0522 

147.78 
147.69 
147.60 
147.52 
147.43 

0.8350 
0.8360 
0.8369 
0.8379 
0.8388 

0.1596 
0.1587 
0.1578 
0.1570 
0.1561 

0.8501 
0.8509 
0.8517 
0.8525 
0.8532 

10.82 
10.75 
10.68 
10.61 
10.54 

9.00 
9.05 
9.10 
9.15 
9.20 

-0.0438 
-0.0435 
-0.0433 
-0.0431 
-0.0428 

0.0281 
0.0280 
0.0279 
0.0279 
0.0278 

0.0520 
0.0518 
0.0515 
0.0513 
0.0511 

147.35 
147.27 
147.19 
147.11 
147.03 

0.8397 
0.8407 
0.8416 
0.8425 
0.8434 

0.1553 
0.1545 
0.1536 
0.1528 
0.1520 

0.8540 
0.8547 
0.8555 
0.8562 
0.8570 

10.48 
10.41 
10.35 
10.28 
10.22 

9.25 
9.30 
9.35 
9.40 
9.45 

-0.0426 
-0.0424 
-0.0422 
-0.0419 
-0.0417 

0.0277 
0.0277 
0.0276 
0.0275 
0.0275 

0.0508 
0.0506 
0.0504 
0.0502 
0.0499 

146.95 
146.87 
146.79 
146.72 
146.64 

0.8442 
0.8451 
0.8460 
0.8468 
0.8476 

0.1512 
0.1504 
0.1497 
0.1489 
0.1481 

0.8577 
0.8584 
0.8591 
0.8598 
0.8605 

10.16 
10.09 
10.03 

9.97 
9.91 

9.50 
. 9.55 

9.60 
9.65 
9.70 

-0.0415 
-0.0413 
-0.0411 
-0.0409 
-0.0406 

0.0274 
0.0273 
0.0273 
0.0272 
0.0271 

0.0497 
0.0495 
0.0493 
0.0491 
0.0489 

146.57 
146.50 
146.43 
146.36 
146.29 

0.8485 
0.8493 
0.8501 
0.8509 
0.6517 

0.1474 
0.1466 
0.1459 
0.1452 
0.1444 

0.8612 
0.8619 
0.8625 
0.8632 
0.8639 

9.85 
9.80 
9.74 
9.68 
9.62 

9.75 
9.80 
9.85 
9.90 
9.95 

-0.0404 
-0.0402 
-0.0400 
-0.0398 
-0.0396 

0.0271 
0.0270 
0.0269 
0.0268 
0.0268 

0.0487 
0.0484 
0.0482 
0.0480 
0.0478 

146.22 
146.15 
t46.08 
146.01 
145.95 

0.8525 
0.8533 
0.8540 
0.8548 
0.8556 

0.1437 
0.1430 
0.1423 
0.1416 
0.1409 

0.8645 
0.8652 
0.8658 
0.8664 
0.8671 

9.57 
9.51 
9.46 
9.40 
9.35 

10.00 -0.0394 0.0267 0.0476 145.88 0.8563 0.1402 0.8677 9.30 

WADe TR 56-614 A-51 



k:: 0.2 
I 

(T :: 0.25 

1- (T2 -1J-21T .r1---r ·x a l X21TkX PHA:r.REAL IMAG. REAL IMAG. MOWLUS (OEGREESI 

0.831.0052 0.0146 1.00535.4725 0.0042-7.9872 0.46701.00 1.1069 
0.900.0045 1.0063 0.0158 1.00645.39551.1073 -7.2421 0.4~701. 05 
0.970.0049 1.0075 1.00770.5065 5.3160 0.01711.1077 -6.59611.10 
1.041.00915.2341 0.0053 1.0089 0.01831.1082 -6.0323 0.52551.15 
1.100.0058 1 .0105 0.0194 1.01061.20 0.5441 5.14981.1087 -5.5373 

0.0063 0.0205 1.161.1093 0.5622 5.0635 1.0122 1.01241.25 -5.1003 
1.221.1100 0.5797 4.9751 0.0069 1.0140 0.0215 1.01431.30 -4.7125 

0.0076 1.0163 1.261.35 1.1108 -4.3668 0.5967 4.8850 1.0161 0.0224 
1.40 1.1116 -4.0573 0.6132 4.7932 0.0083 1.0183 0.0232 1.301.0186 
1.45 1.1126 4.7000 0.0091 1.0207 0.0238 1.33-3.7790 0.6292 1.0210 

1.50 1.1136 0.0100 1.0235-3.5280 0.6446 4.6055 1.0232 0.0242 1.35 
1.55 1.1148 -3.3007 0.6595 4.5098 0.0110 1.0259 0.0244 1.0262 1.36 
1.60 1.1160 4.4132-3.0942 0.6738 0.0121 1.0287 0.0243 1.0290 1.35 
1.65 1.1174 4.3157 0.0134 0.0240 1.33-2.9061 0.6875 1.0316 1.0318 
1.70 1.1189 -2.7342 0.7007 4.2177 0.0147 1.0345 0.0234 1.0348 1.30 

1. 75 1.1205 -2.5767 0.7134 4.1193 0.0163 1.0375 0.0226 1.0378 1.25 
1.80 1.1222 -2.4321 0.7254 4.0207 0.0179 1.0405 0.0214 1.0408 1.18 
1.85 1.1240 0.7369 3.9220 0.0198-2.2989 1.0436 1.0437 1.090.0198 
1.90 1.1259 -2.1761 0.7478 3.8235 0.0219 0.991.0465 0.0180 1.0466 
1.95 1.1280 -2.0626 0.7582 3.7252 0.0241 1.0493 1.0495 0.860.0158 

2.00 1.1302 0.7680 3.6276-1.9575 0.0266 1.0520 0.720.0133 1.0521 
2.05 1.1325 -1.8599 0.7773 3.5306 0.0293 1.0545 0.0105 1.0546 0.57 
2.10 1.1349 3.4345-1.7693 0.7861 0.0322 1.0568 1. 0569 0.400.0074 
2.15 1.1373 0.7943 3.3395-1.6850 0.0355 1.0589 1.0589 0.220.0040 
2.20 1.1399 -1.6065 0.8020 3.2459 0.0389 1.0606 0.0004 1.0606 0.02 

2.25 1.1426 -1.5332 0.8092 3.1536 0.0427 1.0621 -0.0034 1.0621 359.82 
2.30 -1.4648 0.8159 3.0630 0.0467 1.06321.1453 -0.0074 1.0632 359.60 
2.35 1 .1481 -1.4008 0.8221 2.9742 0.0511 1.0639 359.38-0.0114 1.0640 
2.40 1.1509 -1.3409 0.8279 2.8874 0.0557 1.0643 359.16-0.0156 1.0644 
2.45 1.1537 2.8026-1.2849 0.8333 0.0607 1.0643 358.94-0.0198 1.0645 

2.50 1.1566 -1.2323 0.8382 2.7200 0.0659 1.0640 -0.0239 1.0642 358.71 
2.55 1.1594 0.8428 2.6397 0.0714-1.1830 1.0633 1.0636 358.49-0.0280 
2.60 1.1622 -1.1367 0.8470 2.5619 0.0772 1.0623 358.27-0.0320 1.0627 
2.65 1.1649 -1.0932 0.8509 2.4865 0.0832 1.0609 -0.0359 1.0616 358.06 
2.70 1.1676 -1.0523 0.8544 2.4136 0.0895 1.0594 -0.0396 1. 0601 357.86 

2.75 1.1703 2.3433-1.0139 0.8577 0.0960 1.0575 -0.0432 1.0584 357.66 
2.80 1.1728 0.8607-0.9777 2.2755 0.1027 1.0555 -0.0465 1.0565 357.48 
2.85 1.1752 -0.9436 0.8635 2.2102 0.1097 1.0532 -0.0496 1.0544 357.30 
2.90 1.1776 -0.9114 0.8660 2.1475 0.1168 1.0508 -0.0525 357.141.0521 
2.95 1.1798 0.8684-0.8811 2.0873 0.1240 1.0483 -0.0552 1. 0497 356.99 

3.00 1.1819 -0.8524 0.8705 2.0295 0.1314 1.0457 -0.0576 1.0473 356.84 
3.05 1.1839 -0.8254 0.8725 1.9741 0.1389 1.0430 -0.0599 1.0447 356.71 
3.10 1.1857 -0.7998 0.8744 1.9210 0.1465 1.0402 -0.0619 1. 0421 356.59 
3.15 1.1874 -0.7756 0.8761 1.8702 0.1541 1.0375 1.0394 356.49-0.0637 
3.20 1.1890 -0.7526 0.8777 1.8215 0.1618 1.0347 -0.0653 1.0367 356.39 

3.25 1.1904 0.8792 1.7750 0.1695-0.7309 1.0319 -0.0668 1.0341 356.30 
3.30 1.1917 0.8806 1.7304-0.7103 0.1772 1.0292 356.22-0.0680 1.0314 
3.35 0.88191.1929 -0.6907 1.6878 0.1849 1.0265 1.0288-0.0691 356.15 

1.1940 0.8832 1.64693.40 -0.6721 0.1926 1.0238 356.08-0.0701 1.0262 
3.45 1.1949 -0.6544 0.8844 1.6079 0.2003 1.0212 -0.0709 1.0236 356.03 

0.88553.50 1.1957 -0.6376 1.5705 0.2079 1.0186 -0.0716 1. 0211 355.98 
3.55 1.1964 -0.6215 0.8865 1.5347 0.2155 1.0161 -0.0722 1.0186 355.93 
3.60 1.1970 -0.6063 0.8876 1.5004 0.2230 1.0136 -0.0727 1.0162 355.90 
3.65 1.1975 -0.5917 0.8886 1.4676 0.2305 1.0112 -0.0731 1.0139 355.87 
3.70 1.1978 0.8895-0.5778 1.4361 0.2378 1.0089 -0.0734 355.841 .0116 

3.75 1.1981 -0.5645 0.8904 1.4060 0.2451 1.0067 -0.0736 1.0093 355.82 
3.80 1.1983 -0.5517 0.8913 1.3770 0.2523 1.0045 -0.0738 1.0072 355.80 
3.85 1.1984 0.8922-0.5396 1.3493 0.2594 1.0023 -0.0739 1.0051 355.78 
3.90 1.1984 1.3226-0.5279 0.8930 0.2664 1.0003 -0.0740 1.0030 355.77 
3.95 1.1983 0.8939-0.5167 1.2970 0.2734 0.9983 -0.0740 1.0010 355.76 

WADe TR 56-614 



k:: 0.2 CT:: 0.25 

a 
REAL 

/ +1J 

IMAG, MODULUS PHASE 
(DEGREESI 

REAL 

/+7J fio 

IMAG, MODULUS PHASE 
(DEGREESI 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0052 
-0.0063 
-0.0075 
-0.0089 
-0.0105 

-0.0146 
-0.0158 
-0.0171 
-0.0183 
-0.0194 

0.0155 
0.0170 
0.0186 
0.0203 

'0.0221 

250.32 
248.31 
246.21 
244.02 
241. 73 

0.0134 
0.0162 
0.0195 
0.0232 
0.0274 

0.1079 
0.1186 
0.1297 
0.1412 
0.1531 

0.1087 
0.1197 
0.1311 
0.1431 
0.1555 

82.94 
82.22 
81.47 
80.68 
79.86 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0122 
-0.0140 
-0.0161 
-0.0183 
-0.0207 

-0.0205 
-0.0215 
-0.0224 
-0.0232 
-0.0238 

0.0239 
0.0257 
0.0276 
0.0295 
0.0315 

239.35 
236.89 
234.34 
231.70 
228.97 

0.0321 
0.0374 
0.0432 
0.0497 
0.0569 

0.1652 
0.1777 
0.1904 
0.2033 
0.2164 

0.1683 
0.1816 
0.1953 
0.2093 
0.2238 

79.01 
78.12 
77.21 
76.26 
75.28 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0232 
-0.0259 
-0.0287 
-0.0316 
-0.0345 

-0.0242 
-0.0244 
-0.0243 
-0.0240 
-0.0234 

0.0335 
0.0355 
0.0376 
0.0397 
0.0417 

226.17 
223.28 
220.32 
217.29 
214.18 

0.0647 
0.0732 
0.0824 
0.0923 
0.1029 

0.2296 
0.2428 
0.2559 
0.2690 
0.2820 

0.2385 
0.2535 
0.2689 
0.2844 
0.3002 

74.27 
73.23 
72.16 
71.07 
69.95 

1.75 
1.80 
1.85 
1.90 
1.95 

-0.0375 
-0.0405 
-0.0436 
-0.0465 
-0.0493 

-0.0226 
-0.0214 
-0.0198 
-0.0180 
-0.0158 

0.0438 
0.0458 
0.0479 
0.0499 
0.0518 

211. 01 
207.78 
204.50 
201.16 
197.77 

0.1143 
0.1264 
0.1391 
0.1526 
0.1667 

0.2947 
0.3071 
0.3192 
0.3308 
0.3420 

0.3161 
0.3321 
0.3482 
0.3643 
0.3804 

68.80 
67.64 
66.45 
65.24 
64.02 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0520 
-0.0545 
-0.0558 
-0.0589 
-0.0606 

-0.0133 
-0.0105 
-0.0074 
-0.0040 
-0.0004 

0.0537 
0.0555 
0.0573 
0.0590 
0.0606 

194.35 
190.89 
187.41 
183.91 
180.39 

0.1814 
0.1966 
0.2124 
0.2286 
0.2451 

0.3525 
0.3625 
0.3717 
0.3802 
0.3879 

0.3965 
0.4124 
0.4281 
0.4436 
0.4589 

62.78 
61.52 
60.26 
58.99 
57.72 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0621 
-0.0632 
-0.0639 
-0.0643 
-0.0643 

0.0034 
0.0074 
0.0114 
0.0156 
0.0198 

0.0622 
0.0636 
0.0649 
0.0662 
0.0673 

176.87 
173.36 
169.85 
166.37 
162.91 

0.2619 
0.2790 
0.2962 
0.3134 
0.3306 

0.3948 
0.4009 
0.4061 
0.4104 
0.4138 

0.4738 
0.4884 
0.5026 
0.5164 
0.5297 

56.44 
55.16 
53.89 
52.63 
51.38 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0640 
-0.0633 
-0.0623 
-0.0609 
-0.0594 

0.0239 
0.0280 
0.0320 
0.0359 
0.0396 

0.0683 
0.0692 
0.0700 
0.0707 
0.0714 

159.49 
156.10 
152.77 
149.49 
146.27 

0.3476 
0.3645 
0.3811 
0.3974 
0.4134 

0.4165 
0.4182 
0.4193 
0.4195 
0.4191 

0.5425 
0.5548 
0.5666 
0.5779 
0.5887 

50.15 
48.93 
47.73 
46.55 
45.40 

2.75 
2.80 
2.85 
2.90 
2.95 

-0.0575 
-0.0555 
-0.0532 
-0.0508 
-0.0483 

0.0432 
0.0465 
0.0496 
0.0525 
0.0552 

0.0719 
0.0724 
0.0728 
0.0731 
0.0733 

143.11 
140.02 
1;37.00 
134.05 
131.18 

0.4289 
0.4439 
0.45B4 
0.4725 
0.4860 

0.4181 
0.4164 
0.4142 
0.4116 
0.4086 

0.5989 
0.6086 
0.6179 
0.6266 
0.6349 

44.27 
43.17 
42.10 
41.06 
40.05 

3.00 
3.05 
3.10 
3.15 
3.20 

-0.0457 
-0.0430 
-0.0402 
-0.0375 
-0.0347 

0.0576 
0.0599 
0.0619 
0.0637 
0.0653 

0.0735 
0.0737 
0.0738 
0.0739 
0.0740 

128.38 
125.66 
123.02 
120.46 
117.97 

0.4990 
0.5114 
0.5233 
0.5347 
0.5456 

0.4052 
0.4015 
0.3975 
0.3933 
0.3890 

0.6427 
0.6502 
0.6572 
0.6638 
0.6701 

39.08 
38.13 
37.22 
36.34 
35.49 

3.25 
3.30 
3.35 
3.40 
3.45 

-0.0319 
-0.0292 
-0.0265 
-0.0238 
-0.0212 

0.0668 
0.0680 
0.0691 
0.0701 
0.0709 

0.0740 
0.0740 
0.0740 
0.0740 
0.0740 

115.55 
113.21 
110.94 
108.74 
106.61 

0.5560 
0.5659 
0.5753 
0.5844 
0.5930 

0.3845 
0.3800 
0.3754 
0.3707 
0.3660 

0.6760 
0.6816 
0.6870 
0.6920 
0.6968 

34.67 
33.88 
33.12 
32.39 
31.68 

3.50 
3.55 
3.60 
3.65 
3.70 

-0.0186 
-0.0161 
-0.0136 
-0.0112 
-0.0089 

0.0716 
0.0722 
0.0727 
0.0731 
0.0734 

0.0740 
0.0740 
0.0740 
0.0740 
0.0739 

104.55 
102.55 
100.62 

98.74 
96.93 

0.6012 
0.6090 
0.6165 
0.6236 
0.6305 

0.3613 
0.3567 
0.3521 
0.3475 
0.3430 

0.7014 
0.7058 
0.7099 
0.7139 
0.7177 

31.01 
30.36 
29.73 
29.13 
28.54 

3.75 
3.80 
3.85 
3.90 
3.95 

-0.0067 
-0.0045 
-0.0023 
-0.0003 

0.0017 

0.0736 
0.0738 
0.0739 
0.0740 
0.0740 

0.0739 
0.0739 
0.0740 
0.0740 
0.074;) 

95.17 
93.46 
91.81 
90.21 
88.65 

0.6370 
0.6433 
0.6493 
0.6550 
0.6606 

0.3385 
0.3341 
0.3298 
0.3256 
0.3215 

0.7214 
0.7249 
0.7283 
0.7315 
0.7~46 

27.99 
27.45 
26.93 
26.43 
25.95 
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k:: 0.2 er = 0.25 

a 
/_ er 2 

~'-X 

REAL IMAG. 

/
X 27Tk 

-27T .r 
( X 

REAL IMAG. 

-1J 

MOCVLUS PHA5£ 
(DEGREES) 

4.00 1.1981 -0.5060 0.894'1 1.2'124 0.2802 0.9963 -0.0'140 0.9991 355.'15 
4.05 1.19'19 -0.4957 0.8954 1.2487 0.2869 0.9944 -0.0739 0.9972 355.75 
4.10 1.19'16 -0.4858 0.8962 1.2259 0.2935 0.9926 -0.0738 0.9953 355.75 
4.15 1.1972 -0.4763 0.8970 1.2040 0.3000 0.9908 -0.0737 0.9936 355.75 
4.20 1.1968 -0.46'12 0.8977 1.1828 0.3064 0.9891 -0.0735 0.9918 355.75 

4.25 1.1963 -0.4584 0.8985 1.1625 0.3127 0.9874 -0.0733 0.9901 355.75 
4.30 1.1958 -0.4499 0.8992 1.1428 0.3189 0.9858 -0.0731 0.9885 355.76 
4.35 1.1952 -0.4417 0.8999 1.1239 0.3250 0.9842 -0.0729 0.9869 355.76 
4.40 1.1946 -0.4338 0.900'1 1.1055 0.3310 0.982'1 -0.0'12'1 0.9853 355.'1'1 
4.45 1.1939 -0.4262 0.9014 1.0879 0.3369 0.9812 -0.0'124 0.9838 355.78 

4.50 1.1932 -0.4188 0.9021 1.0707 0.3428 0.9797 -0.0722 0.9824 355.79 
4.55 1.1924 -0.411'1 0.9028 1.0542 0.3485 0.9783 -0.0719 0.9809 355.80 
4.60 1.1917 -0.4049 0.9035 1.0382 0.3541 0.9769 -0.0716 0.9'195 355.81 
4.65 1.1909 -0.3982 0.9042 1.0227 0.3596 0.9'156 -0.0'114 0.9'182 355.82 
4.70 1.1900 -0.3918 0.9048 1.0076 0.3651 0.9742 -0.0711 0.9768 355.83 

4.75 1.1892 -0.3855 0.9055 0.9930 0.3704 0.9730 -0.0708 0.9755 355.84 
4.80 1.1883 -0.3'195 0.9062 0.9789 0.3'157 0.9'117 -0.0'105 0.9743 355.85 
4.85 1.1874 -0.3736 0.9068 0.9652 0.3809 0.9705 -0.0702 0.9730 355.86 
4.90 1.1864 -0.36'19 0.9075 0.9518 0.3860 0.9693 -0.0699 0.9718 355.88 
4.95 1.1855 -0.3624 0.9081 0.9389 0.3911 0.9681 -0.0696 0.9'106 355.89 

5.00 1.1845 -0.35'10 0.9088 0.9263 0.3960 0.96'10 -0.0693 0.9695 355.90 
5.05 1.1836 -0.3518 0.9094 0.9140 0.4009 0.9659 -0.0689 0.9683 355.92 
5.10 1.1826 -0.3467 0.9100 0.9021 0.4057 0.9648 -0.0686 0.9672 355.93 
5.15 
5.20 

1.1816 
1.1806 

-0.3418 
-0.33'10 

0.910'1 
0.9113 

0.8905 
0.8'191 

0.4105 
0.4151 

0.963'1 
0.9627 

-f).0683 
-0.0680 

0.9661 
0.9651 

355.95 
355.96 

5.25 1.1796 -0.3323 0.9119 0.8681 0.4197 0.9617 -0.0677 0.9640 355.97 
5.30 1.1786 -0.32'1'1 0.9125 0.8574 0.4243 0.9607 -0.0674 0.9630 355.99 
5.35 1.1776 -0.3233 0.9131 0.8469 0.4288 0.959'1 -0.06'10 0.9620 356.00 
5.40 1.1'165 -0.3190 0.9137 0.8366 0.4332 0.958'1 -0.0667 0.9610 356.02 
5.45 1.1755 -0.3148 0.9143 0.8266 0.4375 0.9578 -0.0664 0.9601 356.03 

5.50 1.1'145 -0.3106 0.9149 0.8169 0.4418 0.9568 -0.0661 0.9591 356.05 
5.55 1.1735 -0.3066 0.9155 0.8074 0.4460 0.9559 -0.0658 0.9582 3~6. 07 
5.60 1.1725 -0.302'1 0.9161 0.7981 0.4502 0.9550 -0.0654 0.9573 356.08 
5.65 1.1714 -0.2989 0.9166 0.7890 0.4543 0.9542 -0.0651 0.9564 356.10 
5.70 1.1704 -0.2952 0.9172 0.7801 0.4584 0.9533 -0.0648 0.9555 356.11 

5.75 1.1694 -0.2915 0.9177 0.7714 0.4624 0.9525 -0.0645 0.9546 356.13 
5.80 1.1684 -0.2880 0.9183 0.7628 0.4663 0.9516 -0.0642 0.9538 356.14 
5.85 1.1674 -0.2845 0.9188 0.'1545 0.4'102 0.9508 -0.0638 0.9530 356.16 
5.90 1.1664 -0.2811 0.9194 0.'1464 0.4741 0.9500 -0.0635 0.9521 356.17 
5.95 1.1654 -0.2777 0.9199 0.7384 0.47'19 0.9492 -0.0632 0.9513 356.19 

6.00 1.1644 -0.2745 0.9204 0.7305 0.4816 0.9485 -0.0629 0.9505 356.21 
6.05 1.1634 -0.2713 0.9209 0.7229 0.4854 0.9477 -0.0626 0.9498 356.22 
6.10 1.1625 -0.2682 0.9215 0.7154 0.4890 0.9470 -0.0623 0.9490 356.24 
6.15 1.1615 -0.2651 0.9220 0.7080 0.4926 0.9462 -0.0620 0.9482 356.25 
6.20 1.1605 -0.2621 0.9225 0.7008 0.4962 0.9455 -0.061'1 0.9475 356.27 

6.25 1.1596 -0.2592 0.9230 0.6937 0.4997 0.9448 -0.0614 0.9468 356.28 
6.30 1.1586 -0.2564 0.9235 0.6868 0.5032 0.9441 -0.0611 0.9461 356.30 
6.35 1.1577 -0.2535 0.9239 0.6800 0.5066 0.9434 -0.0607 0.9454 356.32 
6.40 1.1568 -0.2508 0.9244 0.6733 0.5100 0.9427 -0.0604 0.9447 356.33 
6.45 1.1558 -0.2481 0.9249 0.6668 0.5134 0.9421 -0.0601 0.9440 356.35 

6.50 1.1549 -0.2455 0.9254 0.6603 0.5167 0.9414 -0.0598 0.9433 356.36 
6.55 1.1540 -0.2429 0.9258 0.6540 0.5199 0.9408 -0.0595 0.9427 356.38 
6.60 1.1531 -0.2403 0.9263 0.6478 0.5232 0.9401 -0.0592 0.9420 356.39 
6.65 1.1522 -0.2379 0.9267 0.641'1 0.5264 0.9395 -0.0589 0.9414 356.41 
6.70 1.1513 -0.2354 0.9272 0.6358 0.5295 0.9389 -0.0587 0.9407 356.43 

6.75 1.1505 -0.2330 0.92'16 0.6299 0.5326 0.9383 -0.0584 0.9401 356.44 
6.80 1.1496 -0.2307 0.9281 0.6241 0.5357 0.93'17 -0.0581 0.9395 356.46 
6.85 1.1487 -0.2284 0.9285 0.6185 0.5388 0.9371 -0.0578 0.9389 356.4'1 
6.90 1.1479 -0.2261 0.9289 0.6129 0.5418 0.9366 -0.0575 0.9383 356.49 
6.95 1.1470 -0.2239 0.9293 0.6075 0.544'1 0.9360 -0.0572 0.9377 356.50 
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k: 0.2 (7": 0.25 

a 
REAL 

/+1J 

IMAG. MOWLUS PHASE 
(OEGREES) 

REAL 

/+1J Fio 
IMAG. MOOULUS PHASE 

(OEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0037 
0.0056 
0.0074 
0.0092 
0.0109 

0.0740 
0.0739 
0.0738 
0.0737 
0.0735 

0.0741 
0.0741 
0.0742 
0.0742 
0.0743 

87.15 
85.69 
84.27 
82.89 
81.56 

0.6659 
0.6710 
0.6759 
0.6806 
0.6852 

0.3174 
0.3135 
0.3096 
0.3058 
0.3021 

0.7377 
0.7406 
0.7434 
0.7462 
0.7489 

25.49 
25.04 
24.61 
24.19 
23.79 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0126· 
0.0142 
0.0158 
0.0173 
0.0188 

0.0733 
0.0731 
0.0729 
0.0727 
0.0724 

0.0744 
0.0745 
0.0746 
0.0747 
0.0748 

80.26 
79.00 
77.77 
76.58 
75.42 

0.6896 
0.6939 
0.6980 
0.7020 
0.7059 

0.2985 
0.2949 
0.2915 
0.2881 
0.2848 

0.7515 
0.7540 
0.7565 
0.7589 
0.7612 

23.40 
23.03 
22.67 
22.31 
21.98 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0203 
0.0217 
0.0231 
0.0244 
0.0258 

0.0722 
0.0719 
0.0716 
0.0714 
0.0711 

0.0750 
0.0751 
0.0753 
0.0754 
0.0756 

74.30 
73.20 
72.13 
71.10 
70.08 

0.7097 
0.7133 
0.7169 
0.7203 
0.7237 

0.2816 
0.2785 
0.2754 
0.2724 
0.2695 

0.7635 
0.7657 
0.7679 
0.7701 
C.7722 

21.65 
21.33 
21.02 
20.72 
20.43 

4.75 
4,80 
4.85 
4.90 
4.95 

0.0270 
0.0283 
0.0295 
0.0307 
0.0319 

0.0708 
0.0705 
0.0702 
0.0699 
0.0696 

0.0758 
0.0759 
0.0761 
0.0763 
0.0765 

69.10 
68.14 
67.20 
66.28 
65.39 

0.7269 
0.7301 
0.7332 
0.7362 
0.7392 

0.2667 
0.2639 
0.2611 
0.2585 
0.2559 

0.7743 
0.7763 
0.7783 
0.7803 
0.7822 

20.15 
19.87 
19.60 
19.35 
19.09 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0330 
0.0341 
0.0352 
0.0363 
0.0373 

0.0693 
0.0689 
0.0686 
0.0683 
0.0680 

0.0767 
0.0769 
0.0771 
0.0773 
0.0776 

64.52 
63.67 
62.84 
62.03 
61.24 

0.7420 
0.7449 
0.7476 
0.7503 
0.7529 

0.2533 
0.2508 
0.2483 
0.2459 
0.2436 

0.7841 
0.7860 
0.7878 
0.7896 
0.7914 

18.85 
18.61 
18.38 
18.15 
17.93 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0383 
0.0393 
0.0403 
0.0413 
0.0422 

0.0677 
0.0674 
0.0670 
0.0667 
0.0664 

0.0778 
0.0780 
0.0782 
0.0785 
0.0787 

60.47 
59.71 
58.97 
58.25 
57.54 

0.7555 
0.7580 
0.7605 
0.7629 
0.7653 

0.2413 
0.2390 
0.2368 
0.2346 . 
0.2325 

0.7931 
0.7948 
0.7965 
0.7982 
0.7998 

17.71 
17.50 
17.29 
17.09 
16.90 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0432 
0.0441 
0.0450 
0.0458 
0.0467 

0.0661 
0.0658 
0.0654 
0.0651 
0.0648 

0.0789 
0.0792 
0.0794 
0.0796 
0.0799 

56.85 
56.17 
55.51 
54.86 
54.22 

0.7676 
0.7699 
0.7721 
0.7743 

. 0.7764 

0.2304 
0.2283 
0.2263 
0.2243 
0.2223 

0.8014 
0.8030 
0.8046 
0.8061 
0.8076 

16.70 
16.52 
16.33 
16.15 
15.98 

5.75 
5.80 
5.85 
5.90 
5.95 

0.0475 
0.0484 
0.0492 
0.0500 
0.0508 

0.0645 
0.0642 
0.0638 
0.0635 
0.0632 

0.0801 
0.0804 
0.0806 
0.0808 
0.0811 

53.60 
52.99 
52.39 
51.81 
51.23 

0.7785 
0.7806 
0.7826 
0.7846 
0.7866 

0.2204 
0.2185 
0.2166 
0.2148 
0.2130 

0.8091 
0.8106 
0.8121 
0.8135 
0.8149 

15.81 
15.64 
15.47 
15.31 
15.15 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0515 
0.0523 
0.0530 
0.0538 
0.0545 

0.0629 
0.0626 
0.0623 
0.0620 
0.0617 

0.0813 
0.0816 
0.0818 
0.0821 
0.0823 

50.67 
50.12 
49.58 
49.05 
48.53 

0.7885 
0.7904 
0.7922 
0.7941 
0.7959 

0.2113 
0.2095 
0.2078 
0.2061 
0.2044 

0.8163 
0.8177 
0.8190 
0.8204 
0.8217 

15.00 
14.85 
14.70 
14.55 
14.41 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0552 
0.0559 
0.0566 
0.0573 
0.0579 

0.0614 
0.0611 
0.0607 
0.0604 
0.0601 

0.0825 
0.0828 
0.0830 
0.0833 
0.0835 

48.02 
47.52 
47.03 
46.55 
46.07 

0.7976 
0.7993 
0.8010 
0.8027 
0.8043 

0.2028 
0.2012 
0.1996 
0.1980 
0.1965 

0.8230 
0.8243 
0.8255 
0.8268 
0.8280 

14.27 
14.13 
13.99 
13.86 
13.73 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0586 
0.0592 
0.0599 
0.0605 
0.0611 

0.0598 
0.0595 
0.0592 
0.0589 
0.0587 

0.0837 
0.0840 
0.0842 
0.0845 
0.0847 

45.61 
45.15 
44.71 
44.27 
43.83 

0.8060 
0.8075 
0.8091 
0.8106 
0.8121 

0.1950 
0.1935 
0.1920 
0.1906 
0.1891 

0.8292 
0.8304 
0.8316 
0.8327 
0.8339 

13.60 
13.47 
13.35 
13.23 
13.11 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0617 
0.0623 
0.0629 
0.0634 
0.0640 

0.0584 
0.0581 
0.0578 
0.0575 
0.0572 

0.0849 
0.0852 
0.0854 
0.0856 
0.0859 

43.41 
42.99 
42.58 
42.18 
41.79 

0.8136 
0.8151 
0.8165 
0.8179 
0.8193 

0.1877 
0.1863 
0.1850 
0.1836 
0.1823 

0.8350 
0.8361 
0.8372 
0.8383 
0.8394 

12.99 
12.88 
12.76 
12.65 
12.54 

WADe TR 56-614 A-55 



k= 0.2 cr = 0.25 

a 
1- crl 
~·x 

REAL /MAG. 

1 
X 2 1T ; 

-2rr 1::' 
l . X 

REAL /MAG. 

-17 

MOWLUS PHA~ 
(OcGREES) 

7.00 1.1462 -0.2217 0.9298 0.6021 0.5477 0.9354 -0.0569 0.9372 356.52 
7.05 1.1454 -0.2196 0.9302 0.5968 0.5506 0.9349 -0.0566 0.9366 356.53 
7.10 1.1446 -0.2175 0.9306 0.5916 0.5534 0.9343 -0.0564 0.9360 356.55 
7.15 1.1437 -0.2154 0.9310 0.5865 0.5563 0.9338 -0.0561 0.9355 356.56 
7.20 1.1429 -0.2134 0.9314 0.5815 0.5591 0.9333 -0.0558 0.9349 356.58 

7.25 1.1421 -0.2114 0.9318 0.5765 0.5618 0.9328 -0.0555 0.9344 356.59 
7.30 1.1414 -0.2094 0.9321 0.5717 0.5646 0.9322 -0.0553 0.9339 356.61 
7.35 1.1406 -0.2075 0.9325 0.5669 0.5673 0.9317 -0.0550 0.9334 356.62 
7.40 1.1398 -0.2056 0.9329 0.5622 0.5699 0.9312 -0.0547 0.9329 356.64 
7.45 1.1390 -0.2038 0.9333 0.5576 0.5726 0.9308 -0.0545 0.9324 356.65 

7.50 1 .1383 -0.2019 0.9337 0.5530 0.5752 0.9303 -0.0542 0.9319 356.67 
7.55 1.1375 -0.2002 0.9340 0.5486 0.5778 0.9298 -0.0539 0.9314 356.68 
7.60 1.1368 -0.1984 0.9344 0.5441 0.5803 0.9293 -0.0537 0.9309 356.69 
7.65 1.1361 -0.1967 0.9347 0.5398 0.5829 0.9289 -0.0534 0.9304 356.71 
7.70 1.1353 -0.1949 0.9351 0.5355 0.5854 0.9284 -0.0532 0.9299 356.72 

7. 75 1.1346 -0.1933 0.9354 0.5313 0.5878 0.9280 -0.0529 0.9295 356.74 
7·.80 1.1339 -0.1916 0.9358 0.5272 0.5903 0.9275 -0.0526 0.9290 356.75 
7.85 1.1332 -0.1900 0.9361 0.5231 0.5927 0.9271 -0.0524 0.9286 356.77 
7.90 1.1325 -0.1884 0.9365 0.5191 0.5951 0.9267 -0.0521 0.9281 356.78 
7.95 1.1318 -0.1868 0.9368 0.5151 0.5974 0.9262 -0.0519 0.9277 356.79 

8.00 1.1311 -0.1853 0.9371 0.5112 0.5998 0.9258 -0.0516 0.9273 356.81 
8.05 1.1304 -0.1838 0.9375 0.5074 0.6021 0.9254 -0.0514 0.9268 356.82 
8.10 1.1298 -0.1823 0.9378 0.5036 0.6044 0.9250 -0.0512 0.9264 356.83 
8.15 1.1291 -0.1808 0.9381 0.4998 0.6066 0.9246 -0.0509 0.9260 356.85 
8.20 1.1284 -0.1793 0.9384 0.4962 0.6089 0.9242 -0.0507 0.9256 356.86 

8.25 1.1278 -0.1779 0.9387 0.4925 0.6111 0.9238 -0.0504 0.9252 356.87 
8.30 1.1271 -0.1765 0.9391 0.4890 0.6133 0.9234 -0.0502 0.9248 356.89 
8.35 1.1265 -0.1751 0.9394 0.4854 0.6154 0.9230 -0.0500 0.9244 356.90 
8.40 1.1259 -0.1737 0.9397 0.4820 0.6176 0.9226 -0.0498 0.9240 356.91 
8.45 1.1252 -0.1724 0.9400 0.4785 0.6197 0.9223 -0.0495 0.9236 356.93 

8.50 1.1246 -0.1711 0.9403 0.4752 0.6218 0.9219 -0.0493 0.9232 356.94 
8.55 1.1240 -0.1698 0.9406 0.4718 0.6239 0.9215 -0.0491 0.9228 356.95 
8.60 1.1234 -0.1685 0.9409 0.4685 0.6259 0.9212 -0.0488 0.9225 356.96 
8.65 1.1228 -0.1672 0.9411 0.4653 0.6279 0.9208 -0.0486 0.9221 356.98 
!l.70 1 .1222 -0.1660 0.9414 0.4621 0.6300 0.9205 -0.0484 0.9217 356.99 

8.75 1.1216 -0.1647 0.9417 0.4590 0.6319 0.9201 -0.0482 0.9214 357.00 
8.80 1.1210 -0.1635 0.9420 0.455!l 0.6339 0.919!l -0.0480 0.9210 357.01 
8.85 1.1204 -0.1623 0.9423 0.4528 0.6359 0.91!H -0.0478 0.9207 357.03 
8.90 1.1199 -0.1611 0.9425 0.4497 0.6378 0.9191 -0.0475 0.9203 357.04 
8.95 1.1193 -0.1600 0.9428 0.4467 0.6397 0.9188 -0.0473 0.9200 357.05 

9.00 1.1187 -0.1588 0.9431 0.4438 0.6416 0.9185 -0.0471 0.9197 357.06 
9.05 1.1182 -0.1577 0.9434 0.4409 0.6435 0.9181 -0.0469 0.9193 357.08 
9.10 1.1176 -0.1566 0.9436 0.4380 0.64~3 0.9178 -0.0467 0.9190 357.09 
9.15 1.1171 -0.1555 0.9439 0.4352 0.6472 0.9175 -0.0465 0.9187 357.10 
9.20 1.1165 -0.1544 ·0.9441 0.4324 0.6490 0.9172 -0.0463 0.9183 357.11 

9.25 1.1160 -0.1533 0.9444 0.4296 0.6508 0.9169 -0.0461 0.91110 357.12 
9.30 1.1154 -0.1523 0.9447 0.4269 0.6526 0.9166 -0.0459 0.9177 357.13 
9.35 1.1149 -0.1512 0.9449 0.4242 0.6543 0.9163 -0.0457 0.9174 357.15 
9.40 1.1144 -0.1502 0.9452 0.4215 0.6561 0.9160 -0.0455 0.9171 357.16 
9.45 1.1139 -0.1492 0.9454 0.4189 0.6578 0.9157 -0.0453 0.9168 357.17 

9.50 1.1133 -0.1482 0.9457 0.4163 0.6595 0.9154 -0.0451 0.9165 357 . 18 
9.55 1.1128 -0.1472 0.9459 0.4137 0.6612 0.9151 -0.0449 0.\:1162 357.19 
9.60 1.1123 -0.1462 0.9461 0.4112 0.6629 0.9148 -0.0447 0.9159 357.20 
9.65 1.1118 -0.1452 0.9464 0.4086 0.6646 0.9145 -0.0445 0.9156 357.21 
9.70 1.1113 -0.1443 0.9466 0.4062 0.6662 0.9142 -0.0443 0.9153 357.22 

9.75 1.1108 -0.1433 0.9468 0.4037 0.6678 0.9140 -0.0442 0.9150 357.23 
9.80 1.1103 -0.1424 0.9471 0.4013 0.6695 0.9137 -0.0440 0.9148 357.25 
9.85 1.1098 -0.1415 0.9473 0.3989 0.6711 0.9134 -0.0438 0.9145 357.26 
9.90 1.1094 -0.1406 0.9475 0.3965 0.6726 0.9132 -0.0436 0.9142 357.27 
9.95 1.1089 -0.1397 0.9478 0.3942 0.6742 0.9129 -0.0434 0.9139 357.28 

10.00 1.1084 -0.1388 0.9480 0.3919 0.6758 0.9126 -0.0432 0.9137 357.2~ 

WADe TR 56-614 
A-56 



k= 0.2 (T= 0.25 

a 
/+1) / +1) fio 

REAL IMAG. MODULUS PHASE 
(OEGREES) REAL IMAG. MODULUS PHASE 

(OEGREES! 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0646 
0.0651 
0.0657 
0.0662 
0.0667 

0.0569 
0.0566 
0.0564 
0.0561 
0.0558 

0.0861 
0.0863 
0.0865 
0.0868 
0.0870 

41.40 
41.02 
40.64 
40.27 
39.91 

0.8207 
0.8221 
0.8234 
0.8247 
0.8260 

0.1810 
0.1797 
0.1784 
0.1771 
0.1759 

0.8404 
0.8415 
0.8425 
0.8435 
0.8445 

12.43 
12.33 
12.22 
12.12 
12.02 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0672 
0.0678 
0.0683 
0.0688 
0.0692 

0.0555 
0.0553 
0.0550 
0.0547 
0.0545 

0.0872 
0.0874 
0.0877 
0.0879 
0.0881 

39.55 
39.20 
38.86 
38.5:1: 
38.19 

0.8273 
0.8285 
0.8297 
0.8310 
0.8322 

0.1747 
0.1734 
0.1722 
0.1711 
0.1699 

0.8455 
0.8465 
0.8474 
0.8484 
0.8493 

11.92 
11.82 
11. 73 
11.63 
11.54 

7.50 
7.55 
7.60 
7.65 
7.70 

0.0697 
0.0702 
0.0707 
0.0711 
0.0716 

0.0542 
0.0539 
0.0537 
0.0534 
0.0532 

0.0883 
0.0885 
0.0887 
0.0889 
0.0892 

37.86 
37.53 
37.22 
36.90 
36.60 

0.8333 
0.8345 
0.8356 
0.8368 
0.8379 

0.1688 
0.1676 
0.1665 
0.1654 
0.1643 

0.8503 
0.8512 
0.8521 
0.8530 
0.8538 

11.45 
11.36 
11.27 
11.18 
11.09 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0720 
0.0725 
0.0729 
0.0733 
0.0738 

0.0529 
0.0526 
0.0524 
0.0521 
0.0519 

0.0894 
0.0896 
0.0898 
0.0900 
0.0902 

36.29 
35.99 
35.70 
35.41 
35.13 

0.8390 
0.8401 
0.8411 
0.8422 
0.8432 

0.1632 
0.1622 
0.1611 
0.1601 
0.1591 

0.8547 
0.8556 
0.8564 
0.8573 
0.8581 

11.01 
10.93 
10.84 
10.76 
10.68 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0742 
0.0746 
0.0750 
0.0754 
0.0758 

0.0516 
0.0514 
0.0512 
0.0509 
0.0507 

0.0904 
0.0906 
0.0908 
0.0910 
0.0912 

34.85 
34.57 
34.30 
34.03 
33.77 

0.8443 
0.8453 
0.8463 
0.8473 
0.8482 

0.1580 
0.1570 
0.1561 
0.1551 
0.1541 

0.8589 
0.8597 
0.8605 
0.8613 
0.8621 

10.60 
10.53 
10.45 
10.37 
10.30 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0762 
0.0766 
0.0770 
0.0774 
0.0777 

0.0504 
0.0502 
0.0500 
0.0498 
0.0495 

0.0914 
0.0916 
0.0918 
0.0920 
0.0922 

33.51 
33.25 
33.00 
32.75 
32.50 

0.8492 
0.8501 
0.8511 
0.8520 
0.8529 

0.1532 
0.1522 
0.1513 
0.1504 
0.1495 

0.8629 
0.8637 
0.8644 
0.8652 
0.8659 

10.22 
10.15 
10.08 
10.01 
9.94 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0781 
0.0785 
0.0788 
0.0792 
0.0795 

0.0493 
0.0491 
0.0488 
0.0486 
0.0484 

0.0924 
0.0925 
0.0927 
0.0929 
0.0931 

32.26 
32.02 
31. 79 
31.55 
31.33 

0.8538 
0.8547 
0.8556 
0.8564 
0.8573 

0.1486 
0.1477 
0.1468 
0.1460 
0.1451 

0.8666 
0.8674 
0.8681 
0.8688 
0.8695 

9.87 
9.80 
9.74 
9.67 
9.61 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0799 
0.0802 
0.0806 
0.0809 
0.0812 

0.0482 
0.0480 
0.0478 
0.0475 
0.0473 

0.0933 
0.0935 
0.0936 
0.0938 
0.0940 

31.10 
30.88 
30.66 
30.44 
30.23 

0.8581 
0.8590 
0.8598 
0.8606 
0.8614 

0.1443 
0.1434 
0.1426 
0.1418 
0.1410 

0.8702 
0.8709 
0.8716 
0.8722 
0.8729 

9.54 
9.48 
9.42 
9.36 
9.29 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0815 
0.0819 
0.0822 
0.0825 
0.0828 

0.0471 
0.0469 
0.0467 
0.0465 
0.0463 

0.0942 
0.0944 
0.0945 
0.0947 
0.0949 

30.02 
29.81 
29.61 
29.40 
29.20 

0.8622 
0.8630 
0.8638 
0.8646 
0.8653 

0.1402 
0.1394 
0.1386 
0.1378 
0.1371 

0.8736 
0.8742 
0.8748 
0.8755 
0.8761 

9.23 
9.18 
9.12 
9.06 
9.00 

9.25 
9.30 
9.35 
9.40 
9.45 

0.0831 
0.0834 
0.0837 
0.0840 
0.0843 

0.0461 
0.0459 
0.0457 
0.0455 
0.0453 

0.0950 
0.0952 
0.0954 
0.0956 
0.0957 

29.01 
28.81 
28.62 
28.43 
28.24 

0.8661 
0.8668 
0.8676 
0.8683 
0.8690 

0.1363 
0.1356 
0.1348 
0.1341 
0.1334 

0.8767 
0.8774 
0.8780 
0.8786 
0.8792 

8.95 
8.89 
8.83 
8.78 
8.73 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0846 
0.0849 
0.0852 
0.0855 
0.0858 

0.0451 
0.0449 
0.0447 
0.0445 
0.0443 

0.0959 
0.0961 
0.0962 
0.0964 
0.0965 

28.06 
27.88 
27.70 
27.52 
27.34 

0.8697 
0.8704 
0.8711 
0.8718 
0.8725 

0.1327 
0.1320 
0.1313 
0.1306 
0.1299 

0.8798 
0.8804 
0.8810 
0.8815 
0.8821 

8.67 
8.62 
8.57 
8.52 
8.47 

9.75 
9.80 
9.85 
9.90 
9.95 

0.0860 
0.0863 
0.0866 
0.0868 
0.0871 

0.0442 
0.0440 
0.0438 
0.0436 
0.0434 

0.0967 
0.0969 
0.0970 
0.0972 
0.0973 

27.17 
27.00 
26.83 
26.66 
26.49 

0.8732 
0.8738 
0.8745 
0.8751 
0.8758 

0.1292 
0.1285 
0.1279 
0.1272 
0.1266 

0.8827 
0.8832 
0.8838 
0.8843 
0.8849 

8.42 
8.37 
8.32 
8.27 
8.22 

10.00 0.0874 0.0432 0.0975 26.33 0.8764 0.1259 0.8854 8.18 

WADe TR 56-614 A-57 



k= 0.2 (T= 0.50 

a 

/_ (T2
-_·x

2 
REAL IMAG. 

/
X 2 7T ; 

-27T .r 
t X 

REAL IMAG. 

-7J 

MOaJWS PHASE 
(DEGREES) 

1.00 1.0032 -5.9742 0.5322 5.3161 0.0049 1.0050 -0.0014 1.0050 359.92 
1.05 1.0039 -5.4138 0.5543 5.2252 0.0054 1.0060 -0.0019 1.0060 359.89 
1.10 1.0047 -4.9276 0.5757 5.1313 0.0059 1.0071 -0.0025 1.0071 359.86 
1.15 1.0056 -4.5030 0.5966 5.0348 0.0065 1.0083­ -0.0032 1.0083 359.82 
1.20 1.0067 -4.1299 0.6168 4.9356 0.0072 1.0097 -0.0041 1.0097 359.77 

1.25 
1.30 
1.35 
1.40 
1.45 

1.0079 
1.0092 
1.0107 
1.0124 
1.0143 

-3.8002 
-3.5074 
-3.2462 
-3.0120 
-2.8013 

0.6363 
0.6552 
0.6734 
0.6909 
0.7077 

4.8340 
4.7302 
4.6244 
4.5167 
4.4074 

0.0080 
0.0088 
0.0098 
0.0109 
0.0122 

1.0112 
1. 01 ~9 
1.0146 
1.0164 
1.0183 

-0.0052 
-0.0065 
-0.0080 
-0.0098 
-0.0120 

1.0112 
1.0129 
1.0146 
1.0165 
1 .0184 

359.71 
359.63 
359.55 
35S.44 
359.33 

1.50 
1.55 
1.60 
1.65 
1. 70 

1.0163 
1.0186 
1.0211 
1.0239 
1.0269 

-2.6109 
-2.4383 
-2.2813 
-2.1381 
-2.0071 

0.7238 
0.7391 
0.7537 
0.7676 
0.7807 

4.2966 
4.1846 
4.0715 
3.9577 
3.8432 

0.0136 
0.0152 
0.0171 
0.0191 
0.0214 

1.0202 
1.0221 
1.0240 
1.0258 
1. 0274 

-0.0145 
-0.0173 
-0.0205 
-0.0241 
-0 0281 

1.0203 
1.0223 
1.0242 
1 .0261 
1.0278 

359.19 
359.03 
358.85 
358.65 
358.43 

1. 75 
1.80 
1.85 
1.90 
1.95 

1.0301 
1.0336 
1.0373 
1.0413 
1.0455 

-1.8870 
-1. 7766 
-1.6749 
-1.5810 
-1.4942 

0.7931 
0.8047 
0.8155 
0.8256 
0.8349 

3.7285 
3.6137 
3.4992 
3.3852 
3.2721 

0.0240 
0.0270 
0.0302 
0.0339 
0.0379 

1.0288 
1.0300 
1.0308 
1.0313 
1.0312 

-0.0325 
-0.0374 
-0.0426 
-0.0481 
-0.0540 

1.0294 
1.0307 
1 .0317 
1.0324 
1.0327 

358.19 
357.92 
357.63 
357.33 
357.00 

2.00 
2.05 
2.10 
2.15 
2.20 

1.0500 
1.0547 
1.0595 
1.0645 
1.0697 

-1.4139 
-1.3395 
-1.2705 
-1.2064 
-1.1469 

0.8435 
0.8513 
0.8585 
0.8649 
0.8707 

3.1602 
3.0499 
2.9415 
2.8353 
2.7317 

0.0424 
0.0474 
0.0528 
0.0587 
0.0651 

1.0307 
1.0296 
1.0279 
1.0256 
1.0227 

-0.0601 
-0.0664 
-0.0727 
-0.0791 
-0.0853 

1.0325 
1.0317 
1.0305 
1.0286 
1.0262 

356.66 
356.31 
355.95 
355.59 
355.23 

2.25 
2.30 
2.35 
2.40 
2.45 

1.0749 
1.0801 
1.0853 
1.0905 
1.0956 

-1.0916 
-1.0401 
-0.9922 
-0.9477 
-0.9062 

0.8759 
0.8805 
0.8846 
0.8882 
0.8913 

2.6310 
2.5334 
2.4393 
2.3487 
2.2618 

0.0720 
0.0794 
0.0872 
0.0955 
0.1042 

1.0192 
1. 0151 
1 .0106 
1.0056 
1.0003 

-0.0914 
-0.0972 
-0.1027 
-0.1078 
-0.1124 

1.0233 
1.0198 
1 .0158 
1.0114 
1.0066 

354.87 
354.53 
354.20 
353.88 
353.59 

2.50 
2.55 
2.60 
2.65 
2.70 

1.1005 
1.1053 
1.1099 
1.1143 
1 .1185 

-0.8675 
-0.8314 
-0.7977 
-0.7663 
-0.7369 

0.8941 
0.8965 
0.8986 
0.9004 
0.9021 

2.1786 
2.0993 
2.0237 
1.9518 
1.8836 

0.1132 
0.1225 
0.1322 
0.1420 
0.1520 

0.9947 
0.9888 
0.9829 
0.9768 
0.9708 

-0.1165 
-0.1202 
-0.1233 
-0.1260 
-0.1282 

1.0015 
0.9961 
0.9906 
0.9849 
0.9792 

353.32 
353.07 
352.85 
352.65 
352.48 

2.75 
2.80 
2.85 
2.90 
2.95 

1.1225 
1.1262 
1.1297 
1.1330 
1.1360 

-0.7093 
-0.6835 
-0.6593 
-0.6366 
-0.6152 

0.9035 
0.9047 
0.9058 
0.9067 
0.9076 

1.8189 
1.7575 
1.6994 
1.6443 
1.5922 

0.1622 
0.1725 
0.1828 
0.1931 
0.2035 

0.9648 
0.9589 
0.9531 
0.9475 
0.9420 

-0.1300 
-0.1313 
-0.1323 
-0.1330 
-0.1333 

0.9735 
0.9678 
0.9623 
0.9568 
0.9514 

352.33 
352.20 
352.10 
352.01 
351.94 

3.00 
3.05 
3.10 
3.15 
3.20 

1.1388 
1.1414 
1.1438 
1.1460 
1.1480 

-0.5951 
-0.5762 
-0.5583 
-0.5414 
-0.5254 

0.9084 
0.9091 
0.9097 
0.9103 
0.9109 

1.5428 
1.4959 
1.4516 
1.4095 
1.3696 

0.2138 
0.2240 
0.2342 
0.2443 
0.2542 

0.9367 
0.9316 
0.9267 
0.9220 
0.9175 

-0.1334 
-0.1333 
-0.1329 
-0.1324 
-0.1318 

0.9462 
0.9411 
0.9362 
0.9315 
0.9269 

351.89 
351.86 
351.84 
351.83 
351.83 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1498 
1.1514 
1.1529 
1 .1542 
1.1554 

-0.5103 
-0.4960 
-0.4824 
-0.4695 
-0.4572 

0.9114 
0.9119 
0.9124 
0.9128 
0.9132 

1.3317 
1.2957 
1.2615 
1.2290 
1.1980 

0.2640 
0.2737 
0.2·832 
0.2926 
(/.3018 

0.9132 
0.9091 
0.9052 
0.9014 
0.8979 

-0.1310 
-0.1301 
-0.1291 
-0.1280 
-0.1269 

0.9226 
0.9184 
0.9143 
0.9105 
0.9068 

351.84 
351.86 
351.88 
351.92 
351.95 

3.50 
3.55 
3.60 
3.65 
3.70 

1 .1565 
1 .1574 
1.1582 
1 .1589 
1 .1594 

-0.4456 
-0.4345 
-0.4239 
-0.4138 
-0.4041 

0.9137 
0.9141 
0.9145 
0.9149 
0.9153 

1.1686 
1.1405 
1 .1137 
1.0881 
1.0637 

0.3108 
0.3197 
0.3283 
0.3369 
0.3452 

0.8944 
0.8912 
0.8881 
0.8851 
0.8H22 

-0.1258 
-0.1246 
-0.1234 
-0.1221 
-0.1209 

0.9032 
0.8998 
0.8966 
0.8935 
0.8905 

352.00 
352.04 
352.09 
352.14 
352.20 

3.75 
3.80 
3.85 
3.90 
3.95 

1 .1599 
1.1603 
1.1606 
1.1608 
1.1610 

-0.3949 
-0.3861 
-0.3777 
-0.3696 
-0.3619 

0.9157 
0.9161 
0.9165 
0.9169 
0.9173 

1.0403 
1.0180 
0.9966 
0.9761 
0.9565 

0.3533 
0.3613 
0.3691 
0.3768 
0.3842 

0.8795 
0.8769 
0.8744 
0.8720 
0.8697 

-0.1197 
-0.1184 
-0.1172 
-0.1159 
-0.1147 

0.8876 
0.8848 
0.8822 
0.8797 
0.8772 

352.25 
352.31 
352.37 
352.43 
352.48 
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k= 0.2 (7"= 0.50 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(OE&REESI 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

(OEGREES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0050 
-0.0060 
-0.0071 
-0.0083 
-0.0097 

0.0014 
0.0019 
0.0025 
0.0032 
0.0041 

0.0052 
0.0062 
0.0075 
0.0089 
0.0105 

164.23 
162.61 
160.91 
159.13 
157.27 

0.0155 
0.0189 
0.0227 
0.0271 
0.0321 

0.1235 
0.1358 
0.1486 
0.1618 
0.1755 

0.1245 
0.1371 
0.1503 
0.1641 
0.1784 

82.82 
82.09 
81.31 
80.50 
79.65 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0112 
-0.0129 
-0.0146 
- 0.0164 
-0.0183 

0.0052 
0.0065 
0.0080 
0.0098 
0.0120 

0.0124 
0.0144 
0.0166 
0.0191 
0.0219 

155.32 
153.30 
151.20 
149.02 
146.76 

0.0377 
0.0440 
0.0510 
0.0588 
0.0674 

0.1896 
0.2039 
0.2186 
0.2336 
0.2487 

0.1933 
0.2086 
0.2245 
0.2409 
0.2577 

78.76 
77.84 
76.87 
75.87 
74.83 

1.50 
1.55 
1.60 
1.65 
1. 70 

-0.0202 
-0.0221 
-0.0240 
-0.0258 
-0.0274 

0.0145 
0.0173 
0.0205 
0.0241 
0.0281 

0.0248 
0.0281 
0.0315 
0.0353 
0.0393 

144.41 
141.99 
139.49 
136.92 
134.27 

0.0769 
0.0873 
0.0986 
0.1109 
0.1241 

0.2639 
0.2792 
0.2944 
0.3094 
0.3243 

0.2749 
0.2925 
0.3104 
0.3287 
0.3472 

73.75 
72 .64 
71.48 
70.29 
69.06 

1. 75 
1.80 
1.85 
1. 90 
1.95 

-0.0288 
-0.0300 
-0.0308 
-0.0313 
-0.0312 

0.0325 
0.0374 
0.0426 
0.0481 
0.0540 

0.0435 
0.0479 
0.0526 
0.0574 
0.0624 

131.55 
128.76 
125.92 
123.01 
120.06 

0.1383 
0.1535 
0.1696 
0.1866 
0.2045 

0.3387 
0.3528 
0.3662 
0.3790 
0.3909 

0.3659 
0.3847 
0.4036 
0.4225 
0.4412 

67.79 
66.49 
65.15 
63.78 
62.38 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0307 
-0.0296 
-0.0279 
-0.0256 
-0.0227 

0.0601 
0.0664 
0.0727 
0.0791 
0.0853 

0.0675 
0.0727 
0.0779 
0.0831 
0.0883 

117.06 
114.04 
110.99 
107.94 
104.89 

0.2232 
0.2425 
0.2625 
0.2828 
0.3035 

0.4020 
0.4120 
0.4209 
0.4286 
0.4351 

0.4598 
0.4781 
0.4960 
0.5135 
0.5305 

60.96 
59.51 
58.05 
56.58 
55.10 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0192 
-0.0151 
-0.0106 
-0.0056 
-0.0003 

0.0914 
0.0972 
0.1027 
0.1078 
0.1124 

0.0934 
0.0984 
0.1032 
0.1079 
0.1124 

101.85 
98.85 
95.89 
92.99 
90.15 

0.3243 
0.3451 
0.3658 
0.3862 
0.4062 

0.4403 
0.4442 
0.4468 
0.4483 
0.4486 

0.5468 
0.5625 
0.5775 
0.5917 
0.6052 

53.62 
52.15 
50.69 
49.25 
47.84 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0053 
0.0112 
0.0171 
0.0232 
0.0292 

0.1165 
0.1202 
0.1233 
0.1260 
0.1282 

0.1166 
0.1207 
0.1245 
0.1281 
0.1315 

87.38 
84.70 
82.10 
79.59 
77.17 

0.1257 
0.4445 
0.4627 
0.4801 
0.4968 

0.4479 
0.4461 
0.4436 
0.4402 
0.4362 

0.6179 
0.6298 
0.6410 
0.6514 
0.6611 

46.46 
45.10 
43.79 
42.52 
41.29 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0352 
0.0411 
0.0469 
0.0525 
0.0580 

0.1300 
0.1313 
0.1323 
0.1330 
0.1333 

0.1346 
0.1376 
0.1404 
0.1430 
0.1454 

74.85 
72.62 
70.49 
68.44 
66.49 

0.5127 
0.5278 
0.5421 
0.5557 
0.5685 

0.4317 
0.4267 
0.4213 
0.4157 
0.4098 

0.6702 
0.6787 
0.6866 
0.6939 
0.7008 

,,0.10 
38.96 
37.86 
36.80 
35.79 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0633 
0.0684 
0.0733 
0.0780 
0.0825 

0.1334 
0.1333 
0.1329 
0.1324 
0.1318 

0.1477 
0.1498 
0.1518 
0.1537 
0.1554 

64.62 
62.84 
61.14 
59.51 
57.96 

0.5806 
0.5920 
0.6028 
0.6130 
0.6226 

0.4038 
0.3976 
0.3914 
0.3852 
0.3790 

0.7072 
0.7132 
0.7188 
0.7240 
0.7289 

34.82 
33.89 
33.00 
32.14 
31.33 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0868 
0.0909 
0.0948 
0.0986 
0.1021 

0.1310 
0.1301 
0.1291 
0.1280 
0.1269 

0.1571 
0.1587 
0.1602 
0.1616 
0.1629 

56.47 
55.06 
53.70 
52.41 
51.17 

0.6317 
0.6403 
0.6484 
0.6561 
0.6634 

0.3728 
0.3667 
0.3607 
0.3548 
0.3490 

0.7335 
0.7379 
0.7420 
0.7459 
0.7496 

30.55 
29.80 
29.09 
28.40 
27.75 

3.50 
3.55 
3.60 
3.65 
3.70 

0.1056 
0.1088 
0.1119 
0.1149 
0.1178 

0.1258 
0.1246 
0.1234 
0.1221 
0.1209 

0.1642 
0.1654 
0.1666 
0.1677 
0.1688 

49.99 
48.86 
47.78 
46.74 
45.75 

0.6703 
0.6768 
0.6830 
0.6889 
0.6946 

0.3433 
0.3378 
0.3324 
0.3271 
0.3219 

0.7531 
0.7564 
0.7596 
0.7626 
0.7655 

27.12 
26.52 
25.95 
25.40 
24.87 

3.75 
3.80 
3.85 
3.90 
3.95 

0.1205 
0.1231 
0.1256 
0.1280 
0.1303 

0.1197 
0.1184 
0.1172 
0.1159 
0.1147 

0.1698 
0.1708 
0.1718 
0.1727 
0.1736 

44.80 
43.88 
43.01 
42.17 
41.36 

0.6999 
0.7051 
0.7099 
0.7146 
0.7191 

0.3169 
0.3121 
0.3073 
0.3027 
0.2983 

0.7683 
0.7710 
0.7736 
0.7761 
0.7785 

24.36 
23.88 
23.41 
22.96 
22.53 
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k; 0.2 (T = 0.50 

a 
1- (T2

-r' X 

REAL IMAG. 

1 
X 2 1T; 

-21T .r 
{ X 

REAL IMAG. 

-1J 

MOWLUS PHASE 
(O£6R£ESI 

4.00 1.1610 -0.3544 0.9177 0.9377 0.3915 0.8675 -0.1135 0.8749 352.54 
4.05 1.1610 -0.3473 0.9181 0.9196 0.3987 0.8653 -0.1123 0.8726 352.60 
4.10 1.1610 -0.3404 0.9185 0.9022 0.4057 0.8633 -0.1112 0.8704 352.66 
4.15 1.1609 -0.3338 0.9189 0.8855 0.4125 0.8613 -0.1100 0.8683 352.72 
4.20 1.1607 -0.3275 0.9193 0.8695 0.4192 0.8594 -0.1089 0.8663 352.78 

4.25 1.1605 -0.3214 0.9197 0.8540 0.4257 0.8576 -0.1078 0.8643 352.84 
4.30 1.1602 -0.3155 0.9201 0.8391 0.4321 0.8558 -0.1067 0.8624 352.90 
4.35 1.1599 -0.3098 0.9205 0.8247 0.4384 0.8541 -0.1056 0.8606 352.95 
4.40 1.1595 -0.3043 0.9209 0.8108 0.4445 0.8524 -0.1045 0.8588 353.01 
4.45 1.1592 -0.2991 0.9213 0.7975 0.4505 0.8508 -0.1035 0.8571 353.06 

4.50 1.1587 -0.2939 0.9217 0.7845 0.4563 0.8493 -0.1025 0.8554 353.12 
4.55 1.1583 -0.2890 0.9221 0.7720 0.4621 0.8477 -0.1015 0.8538 353.17 
4.60 1.1578 -0.2842 0.9225 0.7599 0.4677 0.8463 -0.1005 0.8522 353.23 
4.65 1.1573 -0.2796 0.9229 0.7482 0.4732 0.8449 -0.0995 0.8507 353.28 
4.70 1.1568 -0.2751 0.9234 0.7369 0.4786 0.8435 -0.0986 0.8492 353.33 

4.75 1.1562 -0.2708 0.9238 0.7259 0.4839 0.8421 -0.0977 0.8478 353.38 
4.80 1.1556 -0.2666 0.9242 0.7152 0.4891 0.8408 -0.0968 0.8464 353.43 
4.85 1.1550 -0.2625 0.9246 0.7049 0.4942 0.8395 -0.0959 0.8450 353.48 
4.90 1.1544 -0.2585 0.9250 0.6949 0.4991 0.8383 -0.0950 0.8436 353.53 
4.95 1.1538 -0.2547 0.9254 0.6851 0.5040 0.8371 -0.0942 0.8423 353.58 

5.00 1.1532 -0.2509 0.9258 0.6757 0.5088 0.8359 -0.0933 0.8411 353.63 
5.05 1.1525 -0.2473 0.9262 0.6665 0.5135 0.8347 -0.0925 0.8398 353.68 
5.10 1.1519 -0.2437 0.9266 0.6575 0.5181 0.8336 -0.0917 0.8386 353.72 
5.15 1.1512 -0.2403 0.9270 0.6488 0.5227 0.8325 -0.0909 0.8374 353.77 
5.20 1.1505 -0.2370 0.9274 0.6403 0.5271 0.8314 -0.0901 0.8363 353.81 

5.25 1.1498 -0.2337 0.9278 0.6321 0.5315 0.8303 -0.0894 0.8351 353.86 
5.30 
5.35 

1.1491 
1.1484 

-0.2305 
-0.2274 

0.9282 
0.9286 

0.6240 
0.6162 

0.5358 
0.5400 

0.8293 
0.8283 

-0.0886 
-0.0879 

0.8340 
0.8329 

353.90 
353.94 

5.40 1.1477 -0.2244 0.9290 0.6085 0.5442 0.8273 -0.0872 0.8319 353.99 
5.45 1.1470 -0.2215 0.9294 0.6010 0.5482 0.8263 -0.0864 0.8308 354.03 

5.50 1.1463 -0.2186 0.9298 0.5937 0.5523 0.8253 -0.0857 0.8298 354.07 
5.55 
5.60 

1.1456 
1.1449 

-0.2158 
-0.2131 

0.9302 
0.9306 

0.5866 
0.5797 

0.5562 
0.5601 

0.8244 
0.8235 

-0.0850 
-0.0844 

0.8288 
0.8278 

354.11 
354.15 

5.65 1.1442 -0.2104 0.9310 0.5729 0.5639 0.8226 -0.0837 0.8268 354.19 
5.70 1.1435 -0.2078 0.9313 0.5663 0.5677 0.8217 -0.0830 0.8259 354.23 

5.75 
5.80 
5.85 

1.1428 
1.1421 
1.1414 

-0.2053 
-0.2028 
-0.2003 

0.9317 
0.9321 
0.9324 

0.5598 
0.5534 
0.5472 

0.5713 
0.5750 
0.5786 

0.8209 
0.8200 
0.8192 

-0.0824 
-0.0817 
-0.0811 

0.8250 
0.8241 
0.8232 

354.27 
354.31 
354.35 

5.90 
5.95 

1.1407 
1.1400 

-0.1980 
-0.1956 

0.9328 
0.9332 

0.5411 
0.5352 

0.5821 
0.5856 

0.8184 
0.8176 

-0.0805 
-0.0799 

0.8223 
0.8215 

354.38 
354.42 

6.00 
6.05 
6.10 
6.15 

1.1394 
1.1387 
1.1380 
1.1373 

-0.1934 
-0.1911 
-0.1890 
-0.1868 

0.9335 
0.9339 
0.9342 
0.9346 

0.5294 
0.5237 
0.5181 
0.5126 

0.5890 
0.5923 
0.5957 
0.5989 

0.8168 
0.8160 
0.8152 
0.8145 

-0.0793 
-0.0787 
-0.0781 
-0.0775 

0.8206 
0.8198 
0.8190 
0.8182 

354.46 
354.49 
354.53 
354.56 

6.20 1.1366 -0.1847 0.9349 0.5073 0.6021 0.8138 -0.0769 0.8174 354.60 

6.25 
6.30 
6.35 

1.1360 
1.1353 
1 .1346 

-0.1827 
-0.1807 
-0.1787 

0.9352 
0.9356 
0.9359 

0.5020 
0.4969 
0.4918 

0.6053 
0.6084 
0.6115 

0.8130 
0.8123 
0.8116 

-0.0764 
-0.0758 
-0.0753 

0.8166 
0.8159 
0.8151 

354.63 
354.67 
354.70 

6.40 
6.45 

1.1340 
1.1333 

-0.1768 
-0.1749 

0.9362 
0.9366 

0.4869 
0.4820 

0.6145 
0.6175 

0.8110 
0.8103 

-0.0747 
-0.0742 

0.8144 
0.8137 

354.73 
354.77 

6.50 1.1327 -0.1731 0.9369 0.4773 0.6205 0.8096 -0.0737 0.8130 354.80 
6.55 
6.60 
6,65 
6,70 

1.1320 
1,1314 
1,1308 
1,1302 

-0,1713 
-0.1695 
-0.1677 
-0,1660 

0.9372 
0.9375 
0.9378 
0.9381 

0,4726 
0.4680 
0.4635 
0.4591 

0,6234 
0.6262 
0.6291 
0,6319 

0.8090 
0.8083 
0.8077 
0,8071 

-0.0732 
-0.0726 
-0,0721 
-0.0716 

0.8123 
0.8116 
0.8109 
0.8103 

354.83 
354.86 
354.90 
354.93 

6.75 1.1295 -0.1644 0.9384 0.4548 0.6346 0.8065 -0.0711 0.8096 354.96 
6.80 1.1289 -0.1627 0.9387 0.4505 0.6373 0.8059 -0.0707 0.8090 354.\.19 
6.85 1.1283 -0.1611 0.9390 0.4463 0.6400 0.8053 -0.0702 0.8083 355.02 
6,90 1.1277 -0.1595 0.9393 0.4422 0.6426 0.8047 -0.0697 0.8077 355.05 
6.95 1.1271 -0.1580 0.9396 0.4382 0.6452 0.8041 -0.0692 0.8071 355.08 
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k: 0.2 (T: 0.50 

a 
/+17 /+17 Fjo 

REAL IMAG. MODULUS PHASE 
(OEGREESI 

REAL IMAG. MODULUS PHASE 
(OEGREESI 

4.00 
4.05 
4.10 
4.15 
4.20 

0.1325 
0.1347 
0.1367 
0.1387 
0.1406 

0.1135 
0.1123 
0.1112 
0.1100 
0.1089 

0.1745 
0.1754 
0.1762 
0.1770 
0.1778 

40.58 
39.83 
39.11 
38.4,'G 
37.7:i 

0.7234 
0.7276 
0.7316 
0.7354 
0.7391 

0.2939 
0.2897 
0.2856 
0.2816 
0.2777 

0.7809 
0.7831 
0.7853 
0.7875 
0.7896 

22.11 
21. 71 
21.32 
20.95 
20.60 

4.25 
4.30 
4.35 
4.40 
4.45 

0.1424 
0.1442 
0.1459 
0.1476 
0.1492 

0.1078 
0.1067 
0.1056 
0.1045 
0.1035 

0.1786 
0.1794 
0.1801 
0.1808 
0.1816 

37.11 
36.49 
35.89 
35.31 
34.75 

0.7427 
0.7461 
0.7495 
0.7527 
0.7558 

0.2740 
0.2703 
0.2668 
0.2634 
0.2600 

0.7916 
0.7936 
0.7955 
0.7974 
0.7993 

20.25 
19.92 
19.60 
19.28 
18.98 

4.50 
4.55 
4.60 
4.65 
4.70 

0.1507 
0.1523 
0.1537 
0.1551 
0.1565 

0.1025 
0.1015 
0.1005 
0.0995 
0.0986 

0.1823 
0.1830 
0.1837 
0.1843 
0.1850 

34.21 
33.68 
33.18 
32.68 
32.21 

0.7589 
0.7618 
0.7647 
0.7675 
0.7702 

0.2567 
0.2536 
0.2505 
0.2475 
0.2445 

0.8011 
0.8029 
0.8047 
0.8064 
0.8081 

18.69 
18.41 
18.14 
17.87 
17.62 

4.75 
4.80 
4.85 
4.90 
4.95 

0.1579 
0.1592 
0.1605 
0.1617 
0.1629 

0.0977 
0.0968 
0.0959 
0.0950 
0.0942 

0.1857 
0.1863 
0.1869 
0.1876 
0.1882 

31.75 
31.30 
30.86 
30.44 
30.03 

0.7728 
0.7754 
0.7779 
0.7804 
0.7828 

0.2417 
0.2389 
0.2362 
0.2336 
0.2310 

0.8097 
0.8114 
0.8130 
0.8146 
0.8161 

17.37 
17.12 
16.89 
16.66 
16.44 

5.00 
5.05 
5.10 
5.15 
5.20 

0.1641 
0.1653 
0.1664 
0.1675 
0.1686 

0.0933 
0.0925 
0.0917 
0.0909 
0.0901 

0.1888 
0.1894 
0.1900 
0.1906 
0.1912 

29.63 
29.24 
28.86 
28.49 
28.13 

0.7851 
0.7874 
0.7896 
0.7918 
0.7940 

0.2285 
0.2260 
0.2236 
0.2212 
0.2189 

0.8177 
0.8192 
0.8207 
0.8222 
0.8236 

16.22 
16.01 
15.81 
15.61 
15.42 

5.25 
5.30 
5.35 
5.40 
5.45 

0.1697 
0.1707 
0.1717 
0.1727 
0.1737 

0.0894 
0.0886 
0.0879 
0.0872 
0.0864 

0.1918 
0.1923 
0.1929 
0.1935 
0.1940 

27.78 
27.43 
27.10 
26.78 
26.46 

0.7961 
0.7981 
0.8001 
0.8021 
0.8041 

0.2167 
0.2145 
0.2123 
0.2102 
0.2082 

0.8250 
0.8264 
0.8278 
0.8292 
0.8306 

15.23 
15.04 
14.86 
14.69 
14.51 

5.50 
5.55 
5.60 
5.65 
5.70 

0.1747 
0.1756 
0.1765 
0.1774 
0.1783 

0.0857 
0.0850 
0.0844 
0.0837 
0.0830 

0.1946 
0.1951 
0.1956 
0.1962 
0.1967 

26.15 
25.84 
25.55 
25.26 
24.97 

0.8059 
0.8078 
0.8096 
0.8114 
0.8132 

0.2061 
0.2041 
0.2022 
0.2003 
0.1984 

0.8319 
0.8332 
0.8345 
0.83:>8 
0.8370 

14.35 
14.18 
14.02 
13.87 
13.71 

5.75 
5.80 
5.85 
5.90 
5.95 

0.1791 
0.1800 
0.1808 
0,1816 
0,1824 

0.0824 
0.0817 
0.0811 
0,0805 
0,0799 

0.1972 
0.1977 
0.1982 
0,1987 
0,1992 

24.70 
24.43 
24.16 
23.90 
23.65 

0.8149 
0.8166 
0.8183 
0.8199 
0,8215 

0.1966 
0.1948 
0.1930 
0,1913 
0.1895 

0.8383 
0.8395 
0,8407 
0,8419 
0,8431 

13.56 
13.41 
13.27 
13,13 
12.99 

6.00 
6.05 
6.10 
6.15 
6.20 

0.1832 
0.1840 
0.1848 
0.1855 
0.1862 

0.0793 
0.0787 
0.0781 
0.0775 
0.0769 

0.1996 
0.2001 
0.2006 
0,2011 
0,2015 

23.40 
23.15 
22.91 
22.68 
22.45 

0.8231 
0.8246 
0.8261 
0.8276 
0.8291 

0,1879 
0.1862 
0.1846 
0.1830 
0,1814 

0,8442 
0.8454 
0.8465 
0,8476 
0.8487 

12.86 
12.72 
12.60 
12.47 
12,34 

6.25 
6.30 
6.35 
6.40 
6.45 

0.1870 
0.1877 
0.1884 
0.1890 
0.1897 

0.0764 
0.0758 
0.0753 
0.0747 
0.0742 

0.2020 
0.2024 
0.2028 
0,2033 
0.2037 

22.22 
22.00 
21.78 
21.57 
21.36 

0.8305 
0.8320 
0.8334 
0.8347 
0.8361 

0.1799 
0.1784 
0.1769 
0.1754 
0.1740 

0.8498 
0.8509 
0.8519 
0.8530 
0.8540 

12.22 
12.10 
11.98 
11.87 
11.75 

6.50 
6.55 
6.60 
6,65 
6,70 

0.1904 
0.1910 
0.1917 
0.1923 
0.1929 

0.0737 
0.0732 
0.0726 
0.0721 
0.0716 

0.2041 
0.2046 
0.2050 
0.2054 
0.2058 

21.16 
20,96 
20.76 
20.56 
20,37 

0.8374 
0.8387 
0.8400 
0.8413 
0.8425 

0.1725 
0.1711 
0.1698 
0.1684 
0.1671 

0.8550 
0.8560 
0.8570 
0.8580 
0.8589 

11.64 
11.53 
11.43 
11.32 
11.22 

6.75 
6.80 
6.85 
6.90 
6.95 

0.1935 
0.1941 
0.1947 
0.1953 
0.1959 

0.0711 
0.0707 
0.0702 
0.0697 
0.0692 

0.2062 
0.2066 
0.2070 
0.2074 
0.2077 

20.19 
20.00 
19.82 
19,64 
19.47 

0.8437 
0.8449 
0,8461 
0,8473 
0.8484 

0.1658 
0.1645 
0.1632 
0.1619 
0.1607 

0.8599 
0.8608 
0.8617 
0.8626 
0.8635 

11.12 
11.02 
10,92 
10.82 
10.73 
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k: 0.2 cr = 0.50 

a 
/_ cr 2 

-r' X 

REAL IMAG. 

/
X 27Tk 

-27T .r 
( X 

REAL IMAG. 

-"I 

MOWLUS PHA:x:. 
(OCfiRCCSI 

7.00 1.1265 -0:1565 0.9399 0.4342 0.6478 0.8036 -0.0688 0.8065 355.11 
7.05 1.1260 -0.1550 0.9402 0.4303 0.6503 0.8030 -0.0683 0.8059 355.14 
7.10 1.1254 -0.1535 0.9405 0.4265 0.6528 0.8025 -0.0679 0.8053 355.17 
7.15 1.1248 -0.1520 0.9408 0.4227 0.6553 0.8019 -0.0674 0.8048 355.19 
7.20 1.1242 -0.1506 0.9410 0.4190 0.6577 0.8014 -0.0670 0.8042 355.22 

7.25 1.1237 -0.1492 0.9413 0.4154 0.6601 0.8009 -0.0666 0.8037 355.25 
7.30 1.1231 -0.1479 0.9416 0.4118 0.6624 0.8004 -0.0661 0.8031 355.28 
7.35 1.1226 -0.1465 0.9418 0.4083 0.6648 0.7999 -0.0657 0.8026 355.30 
7.40 1.1220 -0.1452 0.9421 0.4048 0.6671 0.7994 -0.0653 0.8020 355.33 
7.45 1.1215 -0.1439 0.9424 0.4014 0.6694 0.7989 -0.0649 0.8015 355.36 

7,50 1.1209 -0.1426 0.9426 0.3981 0.6716 0.7984 -0.0645 0.8010 355.38 
7.55 1.1204 -0.1414 0.9429 0.3948 0.6738 0.7979 -0.0641 0.8005 355.41 
7.60 1.1199 -0.1401 0.9431 0.3916 0.6760 0.7975 -0.0637 0.8000 355.44 
7.65 1.1194 -0.1389 0.9434 0.3884 0.6782 0.7970 -0.0633 0.7995 355.4.6 
7.70 1.1188 -0.1377 0.9436 0.3852 0.6803 0.7965 -0.0621:1 0.7990 355.49 

7.75 1.1183 -0.1365 0.9439 0.3821 0.6824 0.7961 -0.0625 0.7985 355.51 
7.80 1.1178 -0.1354 0.9441 0.3791 0.6845 0.7957 -0.0621 0.7981 355.54 
7.85 1.1173 -0.1342 0.9443 0.3761 0.6865 0.7952 -0.0617 0.7976 355.56 
7,90 1.1168 -0.1331 0.9446 0.3731 0.6886 0.7948 -0.0614 0.7971 355.59 
7.95 1.1163 -0.1320 0.9448 0.3702 0.6906 0.7944 -0.0610 0.7967 355.61 

8.00 1.1158 -0.1309 0.9450 0.3674 0.6925 0.7939 -0.0606 0.7962 355.63 
8.05 1.1154 -0.1299 0.9453 0.3646 0.6945 0.7935 -0.0603 0.7958 355.66 
8.10 1.1149 -0.1288 0.9455 0.3618 0.6964 0.7931 -0.0599 0.7954 355.68 
8.15 1.1144 -0.1278 0.9457 0.3591 0.6983 0.7927 -0.0596 0.7949 355.70 
8.20 1.1139 -0.1268 0.9460 0.3564 0.7002 0.7923 -0.0592 0.7945 355.73 

8.25 1.1135 -0.1258 0.9462 0.3537 0.7021 0.7919 -0.0589 0.7941 355.75 
8.30 1.1130 -0.1248 0.9464 0.3511 0.7039 0.7915 -0.0585 0.7937 355.77 
8.35 1.1126 -0.1238 0.9466 0.3485 0.7057 0.7911 -0.0582 0.7933 355.79 
8.40 1.1121 -0.1228 0.9468 0.3460 0.7075 0.7908 -0.0579 0.7929 355.81 
8.45 1.1117 -0.1219 0.9470 0.3435 0.7093 0.7904 -0.0575 0.7925 355.84 

8.50 1.1112 -0.1210 0.9472 0.3410 0.7111 0.7900 -0.0572 0.7921 355.86 
8.55 1.1108 -0.1201 0.9474 0.3386 0.7128 0.7897 -0.0569 0.7917 355.88 
8.60 1.1103 -0.1191 0.9476 0.3362 0.7145 0.7893 -0.0566 0.7913 355.90 
8.65 1.1099 -0.1183 0.9479 0.3338 0.7162 0.7889 -0.0563 0.7910 355.92 
8.70 1.1095 -0.1174 0.9481 0.3314 0.7179 0.7886 -0.0560 0.7906 355.94 

8.75 1.1091 -0.1165 0.9483 0.3291 0.7195 0.7883 -0.0556 0.7902 355.96 
8.80 1.1087 -0.1157 0.9484 0.3269 0.7212 0.7879 -0.0553 0.7899 355.98 
8.85 1.1082 -0.1148 0.9486 0.3246 0.7228 0.7876 -0.0550 0.7895 356.00 
8.90 1.1078 -0.1140 0.9488 0.3224 0.7244 0.7872 -0.0547 0.7891 356.02 
8.95 1.1074 -0.1132 0.9490 0.3202 0.7260 0.7869 -0.0545 0.7888 356.04 

9.00 1.1070 -0.1124 0.9492 0.3181 0.7275 0.7866 -0.0542 0.7884 356.06 
9.05 1.1066 -0.1116 0.9494 0.3160 0.7291 0.7863 -0.0539 0.7881 356.08 
9.10 1.1062 -0.1108 0.9496 0.3139 0.7306 0.7859 -0.0536 0.7878 356.10 
9.15 1.1058 -0.1100 0.9498 0.3118 0.7321 0.7856 -0.0533 0.7874 356.12 
9.20 1.1054 -0.1093 0.9500 0.3097 0.7336 0.7853 -0.0530 0.7871 356.14 

9.25 1.1051 -0.1085 0.9501 0.3077 0.7351 0.7850 -0.0527 0.7868 356.16 
9.30 1.1047 -0.1078 0.9503 0.3057 0.7366 0.7847 -0.0525 0.7865 356.17 
9.35 1.1043 -0.1070 0.9505 0.3038 0.7380 0.7844 -0.0522 0.7861 356.19 
9.40 1.1039 -0.1063 0.9507 0.3018 0.7395 0.7841 -0.0519 0.7858 356.21 
9.45 1.1035 -0.1056 0.9508 0.2999 0.7409 0.7838 -0.0517 0.7855 356.23 

9.50 1.1032 -0.1049 0.9510 0.2980 0.7423 0.7835 -0.0514 0.7852 356.25 
9.55 1.1028 -0.1042 0.9512 0.2961 0.7437 0.7832 -0.0511 0.7849 356.26 
9.60 1.1024 -0.1035 0.9514 0.2943 0.7451 0.7829 -0.0509 0.7846 356.28 
9.65 1 .1021 -0.1028 0.9515 0.2925 0.7464 0.7827 -0.0506 0.7843 356.30 
9.70 1.1017 -0.1022 0.9517 0.2907 0.7478 0.7824 -0.0504 0.7840 356.32 

9.75 
9.80 
9.85 
9.90 
9.95 

1.1014 
1.1010 
1.1007 
1.1003 
1.1000 

-0.1015 
-0.1008 
-0.1002 
-0.0996 
-0.0989 

0.9519 
0.9520 
0.9522 
0.9523 
0.9525 

0.2889 
0.2871 
0.2854 
0.2837 
0.2820 

0.7491 
0.7504 
0.7517 
0.7530 
0.7543 

0.7821 
0.7818 
0.7816 
0.7813 
0.7810 

-0.0501 
-0.0499 
-0.0496 
-0.0'494 
-0.0492 

0.7837 
0.7834 
0.7831 
0.7829 
0.7826 

356.33 
356.35 
356.37 
356.38 
356.40 

10.00 1.0997 -0.0983 0.9527 0.2803 0.7556 0.7808 -0.0489 0.7823 356.41 
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REAL IMAG. MODULUS PHASE 
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REAL IMAG. MODULUS PHASE 
(O£6R££SJ 

7.00 
7.05 
7.10 
7.15 
7.20 

0.1964 
0.1970 
0.1975 
0.1981 
0.1986 

0.0688 
0.0683 
0.0679 
0.0674 
0.0670 

0.2081 
0.2085 
0.2089 
0.2092 
0.2096 

19.30 
19.13 
18.96 
18.80 
18.64 

0.8496 
0.8507 
0.8518 
0.8529 
0.8539 

0.1595 
0.1583 
0.1571 
0.1559 
0.1548 

0.8644 
0.8653 
0.8662 
0.8670 
0.8679 

10.63 
10.54 
10.45 
10.36 
10.27 

7.25 
7.30 
7.35 
7.40 
7.45 

0.1991 
0.1996 
0.2001 
0.2006 
0.2011 

0.0666 
0.0661 
0.0657 
0.0653 
0.0649 

0.2099 
0.2103 
0.2106 
0.2110 
0.2113 

18.48 
18.33 
18.17 
18.02 
17.88 

0.8550 
0.8560 
0.8570 
0.8581 
0.8590 

0.1537 
0.1525 
0.1514 
0.1504 
0.1493 

0.8687 
0.8695 
0.8703 
0.8711 
0.8719 

10.19 
10.10 
10.02 

9.94 
9.86 

7.50 
7.55 
7.60 
7.65 
7.70 

0.2016 
0.2021 
0.2025 
0.2030 
0.2035 

0.0645 
0.0641 
0.0637 
0.0633 
0.0629 

0.2116 
0.2120 
0.2123 
0.2126 
0.2129 

17.73 
17.59 
17.45 
17.31 
17.17 

0.8600 
0.8610 
0.8619 
0.8629 
0.8638 

0.1482 
0.1472 
0.1462 
0.1451 
0.1441 

0.8727 
0.8735 
0.8742 
0.8750 
0.8757 

9.78 
9.70 
9.62 
9.55 
9.47 

7.75 
7.80 
7.85 
7.90 
7.95 

0.2039 
0.2043 
0.2048 
0.2052 
0.2056 

0.0625 
0.0621 
0.0617 
0.0614 
0.0610 

0.2133 
0.2136 
0.2139 
0.2142 
0.2145 

17.04 
16.90 
16.77 
16.65 
16.52 

0.8647 
0.8656 
0.8665 
0.8674 
0.8682 

0.1432 
0.1422 
0.1412 
0.1403 
0.1393 

0.8765 
0.8772 
0.8779 
0.8786 
0.8793 

9.40 
9.33 
9.26 
9.19 
9.12 

8.00 
8.05 
8.10 
8.15 
8.20 

0.2061 
0.2065 
0.2069 
0.2073 
0.2077 

0.0606 
0.0603 
0.0599 
0.0596 
0.0592 

0.2148 
0.2151 
0.2154 
0.2157 
0.2160 

16.39 
16.27 
16.15 
16.03 
15.91 

0.8691 
0.8699 
0.8707 
0.8716 
0.8724 

0.1384 
0.1375 
0.1366 
0.1357 
0.1349 

0.8800 
0.8807 
0.8814 
0.8821 
0.8827 

9.05 
8.98 
8.92 
8.85 
8.79 

8.25 
8.30 
8.35 
8.40 
8.45 

0.2081 
0.2085 
0.2089 
0.2092 
0.2096 

0.0589 
0.0585 
0.0582 
0.0579 
0.0575 

0.2162 
0.2165 
0.2168 
0.2171 
0.2174 

15.80 
15.68 
15.57 
15.46 
15.35 

0.8732 
0.8739 
0.8747 
0.8755 
0.8763 

0.1340 
0.1331 
0.1323 
0.1315 
0.1306 

0.8834 
0.8840 
0.8847 
0.8853 
0.8859 

8.72 
8.66 
8.60 
8.54 
8.48 

8.50 
8.55 
8.60 
8.65 
8.70 

0.2100 
0.2103 
0.2107 
0.2111 
0.2114 

0.0572 
0.0569 
0.0566 
0.0563 
0.0560 

0.2176 
0.2179 
0.2182 
0.2184 
0.2187 

15.24 
15.14 
15.03 
14.93 
14.83 

0.8770 
0.8777 
0.8785 
0.8792 
0.8799 

0.1298 
0.1290 
0.1282 
0.1275 
0.1267 

0.8866 
0.8872 
0.8878 
0.8884 
0.8890 

8.42 
8.36 
8.31 
8.25 
8.19 

8.75 
8.80 
8.85 
8.90 
8.95 

0.2117 
0.2121 
0.2124 
0.2128 
0.2131 

0.0556 
0.0553 
0.0550 
0.0547 
0.0545 

0.2189 
0.2192 
0.2194 
0.2197 
0;2199 

14.72 
14.62 
14.53 
14.43 
14.33 

0.8806 
0.8813 
0.8820 
0.8827 
0.8833 

0.1259 
0.1252 
0.1244 
0.1237 
0.1229 

0.8896 
0.8901 
0.8907 
0.8913 
0.8919 

8.14' 
8.08 
8.03 
7.98 
7.92 

9.00 
9.05 
9.10 
9.15 
9.20 

0.2134 
0.2137 
0.2141 
0.2144 
0.2147 

0.0542 
0.0539 
0.0536 
0.0533 
0.0530 

0.2202 
0.2204 
0.2207 
0.2209 
0.2211 

14.24 
14.15 
14.05 
13.96 
13.87 

0.8840 
0.8847 
0.8853 
0.8860 
0.8866 

0.1222 
0.1215 
o~ 1208 
0.1201 
0.1194 

0.8924 
0.8930 
0.8935 
0.8941 
0.8946 

7.87 
7.82 
7.77 
7.72 
7.67 

9.25 
9.30 
9.35 
9.40 
9.45 

0.2150 
0.2153 
0.2156 
0.2159 
0.2162 

0.0527 
0.0525 
0.0522 
0.0519 
0.0517 

0.2214 
0.2216 
0.2218 
0.2221 
0.2223 

13.79 
13.70 
13.61 
13.53 
13.44 

0.8872 
0.8878 
0.8884 
0.8891 
0.8897 

0.1188 
0.1181 
0.1174 
0.1168 
0.1161 

0.8951 
0.8957 
0.8962 
0.8967 
0.8972 

7.62 
7.58 
7.53 
7.48 
7.44 

9.50 
9.55 
9.60 
9.65 
9.70 

0.2165 
0.2168 
0.2171 
0.2173 
0.2176 

0.0514 
0.0511 
0.0509 
0.0506 
0.0504 

0.2225 
0.2227 
0.2229 
0.2232 
0.2234 

13.36 
13.28 
13.20 
13.11 
13.04 

0.8902 
0.8908 
0.8914 
0.8920 
0.8926 

0.1155 
0.1148 
0.1142 
0.1136 
0.1130 

0.8977 
0.8982 
0.8987 
0.8992 
0.8997 

7.39 
7.34 
7.30 
7.26 
7.21 

9.75 
9.80 
9.85 
9.90 
9.95 

0.2179 
0.2182 
0.2184 
0.2187 
0.2190 

0.0501 
0.0499 
0.0496 
0.0494 
0.0492 

0.2236 
0.2238 
0.2240 
0.2242 
0.2244 

12.96 
12.88 
12.80 
12.73 
12.65 

0.8931 
0.8937 
0.8942 
0.8948 
0.8953 

0.1124 
0.1117 
0.1112 
0.1106 
0.1100 

0.9002 
0.9006 
0.9011 
0.9016 
0.9020 

7.17 
7.13 
7.09 
7.04 
7.00 

10.00 0.2192 0.0489 0.2246 12.58 0.8958 0.1094 0.9025 6.96 
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k= 0.3 er : 0.00 

a 
/- erl---r- .x 

REAL IMAG. 

/ 
X 2 fT ; 

-2fT .r 
! X 

REAL IMAG. 

-1J 

MOCVLUS PHASE 
(D£~RUSI 

1.00 
1.05 
1.10 
1.15 
1,20 

1.2474 
1,2476 
1.2478 
1.2480 
1.2483 

-9.9972 
-9.0672 
-8.2611 
-7.5';>78 
-6.9406 

0,4203 
0.4385 
0.4564 
0.4738 
0.4909 

5.5479 
5,4778 
';>.4054 
5.3307 
5.2540 

0.0039 
0,0042 
0.0045 
0.0048 
0.0052 

1,0051 
1,0062 
1.0074 
1.0088 
1,0103 

0.0241 
0,0264 
0.0287 
0.0311 
0,0335 

1.0054 
1.0065 
1.0078 
1.0093 
1.0109 

1.38 
1.50 
1.63 
1.77 
1,90 

1,25 
1.30 
1.35 
1.40 

1.2485 
1.2488 
1.2492 
1.2496 

-6.3958 
-5.9127 
-5,4822 
-5.0970 

0,5075 
0.5237 
0,5395 
0.5548 

5,17';>2 
5.0947 
5.0125 
4.9289 

0,0057 
0.0061 
0.0067 
0.0072 

1,0120 
1.0140 
1,0160 
1.0183 

0,0359 
0.0382 
0.0406 
0.0429 

1.0127 
1.0147 
1.0169 
1.0192 

2.03 
2.16 
2,29 
2.41 

1.45 1.2500 -4,7510 0.5697 4.8439 0.0079 1.0208 0.0451 1.0218 2.53 

1.50 1.2504 -4.4389 0.5841 4.7578 0.0086 1.0235 0.0472 1.0245 2.64 
1.55 1.2509 -4.1566 0.5981 4.6706 0.0094 1.0263 0.0492 1.0275 2.74 
1.60 1.2515 -3.9003 0.6116 4.5826 0.0102 1.0293 0.0510 1.0306 2.84 
1.65 
1.70 

1,2521 
1.2527 

-3.6669 
-3.4538 

0.6246 
0.6371 

4,4940 
4.4048 

0.0112 
0.0122 

1,0325 
1.0358 

0.0527 
0.0542 

1.0338 
1,0373 

2.92 
3.00 

1.75 
1.80 
1.85 

1,2534 
1.2541 
1.2549 

-3.2588 
-3.0798 
-2.9152 

0.6492 
0.6609 
0.6720 

4.3153 
4.2256 
4.1359 

0.0134 
0.0146 
0.0160 

1.0393 
1,0429 
1.0466 

0.0555 
0,0566 
0.0574 

1.0408 
1,0444 
1.0482 

3.06 
3.11 
3.14 

1.90 1.2557 -2.7634 0.6827 4.0464 0.0175 1.0503 0.0580 1.0519 3.16 
1,95 1,2565 -2.6232 0.6929 3,9572 0.0191 1.0541 0.0583 1.0558 3.17 

2.00 1.2574 -2.4934 0.7027 3.8684 0.0209 1.0580 0.0583 1.0596 3,16 
2.05 1.2583 -2.3731 0.7121 3.7802 0.0228 1.0618 0.0581 1.0634 3.13 
2.10 
2.15 
2.20 

1.2593 
1.2603 
1.2613 

-2.2614 
-2.1574 
-2.0606 

0.7210 
0.7294 
0.7375 

3,6928 
3.6063 
3.5208 

0.0249 
0.0272 
0.0296 

1.0656 
1,0693 
1.0729 

0.0576 
0.0568 
0,0558 

1.0671 
1.0708 
1,0744 

3.09 
3.04 
2,98 

2.25 1.2623 -1.9702 0.7451 3.4365 0.0322 1.0764 0.0545 1.0778 2.90 
2,30 
2.35 
2.40 
2.45 

1,2634 
1.2645 
1.2655 
1,2666 

-1.8857 
-1.8068 
-1.7328 
-1.6634 

0.7524 
0.7592 
0.7657 
0.7718 

3.3534 
3,2718 
3.1916 
3.1130 

0.0350 
0.0379 
0.0411 
0.0445 

1.0798 
1.0830 
1,0860 
1.0888 

0.0530 
0.0512 
0.0493 
0.0471 

1.0811 
1.0842 
1.0871 
1.0898 

2.81 
2,71 
2.60 
2.48 

2.50 
2.55 
2.60 

1.2677 
1.2687 
1.2697 

-1.5983 
-1.5371 
-1.4796 

0.7776 
0.7830 
0.7882 

3.0361 
2.9610 
2.8876 

0.0480 
0.0518 
0.0557 

1.0914 
1.0938 
1.0960 

, 0.0448 
0.0424 
0.0399 

1.0923 
1.0946 
1.0967 

2.35 
2,22 
2.09 

2.65 1.2707 -1.4254 0.7930 2.8 t61 0.0598 1.0979 0.0373 1.0985 1.95 
2.70 1.2717 -1.3744 0.7976 2.7465 0.0642 1.0996 0.0346 1.1001 1.80 

2.75 
2.80 
2.85 
2.90 
2.95 

1.2726 
1.2735 
1. 2743 
1.2751 
1.2758 

-1.3262 
-1.2808 
-1.2379 
-1.1974 
-1.1590 

0.8018 
0.8059 
0.8097 
0.8132 
0.8166 

2.6788 
2.6132 
2.5494 
2.4877 
2.4279 

0.0686 
0.0733 
0.0781 
0.0831 
0,0882 

1.1011 
1.1023 
1,1033 
1.1042 
1.1048 

0.0320 
0.0293 
0.0266 
0.0239 
0.0213 

1,1015 
1.1027 
1.1037 
1.1044 
1.1050 

1,66 
1. 52 
1.38 
1. 24 
1.10 

3.00 
3.05 
3.10 
3.15 
3.20 

1.2764 
1.2769 
1.2774 
1.2778 
1.2781 

-1.1227 
-1.0883 
-1.0556 
-1.0247 
-0.9953 

0.8197 
0.8227 
0.8255 
0.8282 
0.8307 

2.3701 
2.3142 
2.2602 
2.2081 
2.1579 

0.0935 
0.0988 
0.1043 
0.1099 
0.1156 

1.1053 
1,1056 
1,1057 
1.1057 
1.1056 

0.0187 
0.0162 
0.0138 
0,0114 
0.0091 

1,1;:154 
1.1057 
1.1058 
1.1058 
1.1057 

0.97 
0.84 
0.71 
0.59 
0.47 

3.25 
3.30 
3.35 
3.40 
3,45 

1.2784 
1.2785 
1.2786 
1.2786 
1.2785 

-0.9674 
-0.9408 
-0.9156 
-0.8915 
-0.8686 

0.8331 
0.8354 
0.83'i5 
0.8396 
0.8415 

2.1094 
2.0627 
2.0177 
1.9743 
1.9326 

0,1213 
0.1271 
0.1330 
0.1389 
0.1448 

1.1054 
1.1051 
1.1046 
1,1042 
1.1036 

0.0070 
0.0049 
0.0029 
0.0010 

-0.0008 

1.1054 
I, 1051 
1.1047 
1.1042 
1.1036 

0,36 
0,25 
0,15 
0.05 

359.96 

3.50 1.2783 -0.8468 0.8434 1.8923 0.1507 1.1030 -0.0025 1.1030 359.87 
3.55 
3.60 
3.65 
3.70 

1.2780 
1,2777 
1.2773 
1.2768 

-0.8260 
-0.8061 
-0.7871 
-0.7689 

0.8452 
0.8469 
0.8486 
0.8501 

1.8536 
1.8163 
1.7804 
1.7458 

0.1567 
0.1626 
0.1686 
0.1745 

1.1023 
1. 1016 
1.1009 
1.1001 

-0.0041 
-0.0057 
-0.0071 
-0.0085 

1.1023 
1.1016 
1.1009 
1.1002 

359.79 
359.71 
359.63 
359.56 

3.75 
3,80 
3.85 
3.90 
3,95 

1.2762 
1.2756 
1.2749 
1.2741 
1.2733 

-0.7515 
-0.7348 
-0.7189 
-0.7036 
~0.6889 

0.8517 
0.8532 
0.8546 
0.8560 
0.8573 

1.7125 
1.6804 
1.6494 
1.6196 
1.5909 

0.1804 
0.1863 
0.1922 
0.1980 
0.2037 

1.0993 
1.0985 
1.0977 
1.0969 
1.0961 

-0.0098 
-0.0110 
-0.0121 
-0.0132 
-0.0142 

1.0994 
1.0986 
1.0978 
1.0970 
1.0962 

359.49 
359.43 
359.37 
359.31 
359.26 
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k= 0,3 CT= 0,00 

0 

1,00 
1.05 
1.10 
1.15 
1,20 

REAL 

-0,0051 
-0,0062 
-0,0074 
-0,0088 
-0,0103 

/+1J 

IMAG. MODULUS 

-0,0241 0.0247 
-0,0264 0,0271 
-0,0287 0,0297 
-0,0311 0,0323 
-0,0335 0,0350 

PHASE 
(DEGREES) 

258,04 
256,83 
255,56 
254,24 
252,86 

REAL 

0,0123 
0,0149 
0,0179 
0.0213 
0,0251 

/+1J Fio 
IMAG. MODULUS 

0,0985 0,0993 
0,1082 0,1093 
0,1183 0,1197 
0,1288 0,1305 
0,1396 0,1418 

PHASE 
(OEGREESJ 

82,89 
82,17 
81,41 
80,62 
79,80 

1.25 
1,30 
1,35 
1,40 
1,45 

-0,0120 
-0,0140 
-0,0160 
-0,0183 
-0,0208 

-0,0359 
-0.0382 
-0,0406 
-0,0429 
-0,0451 

0,0378 
0,0407 
0,0436 
0,0466 
0,0496 

251,43 
249,96 
248,43 
246,85 
245,24 

0,0294 
0,0342 
0,0395 
0,0454 
0,0518 

0,1506 
0,1619 
0~1734 
0,1851 
0,1969 

0,1535 
0,1655 
0,1778 
0,1906 
0,2036 

78,95 
78,07 
77,16 
76,23 
75,26 

1,50 
1. 55 
1.60 
1,65 
1,70 

-0,0235 
-0,0263 
-0,0293 
-0,0325 
-0,0358 

-0,0472 
-0,0492 
-0,0510 
-0,0527 
-0,0542 

0,0527 
0,0558 
0,0589 
0,0619 
0,0650 

243,57 
241,87 
240,13 
238,35 
236,54 

0,0588 
0,0664 
0,0746 
0,0834 
0,0928 

0,2087 
0,2206 
0,2325 
0,2442 
0,2559 

0,2168 
0,2304 
0,2441 
0,2581 
0,2722 

74,27 
73,25 
72,21 
71,15 
70,06 

1,75 
1.80 
1.85 
1. 90 
1,95 

-0,0393 
-0,0429 
-0,0466 
-0,0503 
-0,0541 

-0,0555 
-0,0566 
-0,0574 
-0,0580 
-0,0583 

0,0680 
0,0710 
0,0739 
0,0768 
0,0796 

234,70 
232,84 
230,95 
229.04 
227,12 

0,1028 
0,1134 
0,1246 
0,1363 
0,1485 

0,2673 
0,2785 
0,2894 
0,2999 
0,3101 

0,2864 
0,3007 
0,3151 
0,3295 
0,3438 

68,96 
67,84 
66,71 
65,56 
64,41 

2,00 
2,05 
2,10 
2,15 
2,20 

-0,0580 
-0,0618 
-0,0656 
-0,0693 
-0,0729 

-0,0583 
-0,0581 
-0,0576 
-0,0568 
-0,0558 

0,0823 
0,0848 
0,0873 
0,0896 
0,0918 

225,19 
223,24 
221,30 
219,36 
217,42 

0,1612 
0,1744 
0,1880 
0,2019 
0,2161 

0,3197 
0,3289 
0,3375 
0,3456 
0,3530 

0,3581 
0,3723 
0,3863 
0,4002 
0,4139 

63,24 
62,07 
60,89 
59,71 
58,53 

2,25 
2,30 
2,35 
2,40 
2,45 

-0,0764 
-0,0798 
-0,0830 
-0,0860 
-0,0888 

-0,0545 
-0,0530 
-0,0512 
-0,0493 
-0,0471 

0,0939 
0,0958 
0,0975 
0,0991 
0,1005 

215,49 
213,57 
211,67 
209,80 
207,95 

0,2306 
0,2452 
0,2600 
0,2749 
0,2898 

0,3598 
0,3660 
0,3715 
0,3764 
0,3805 

0,4274 
0,4406 
0,4535 
0,4660 
0,4783 

57,35 
56,18 
55,01 
53,86 
52,71 

2,50 
2,55 
2,60 
2,65 
2,70 

-0,0914 
-0.0938 
-0.0960 
-0.0979 
-0,0996 

-0,0448 
-0.0424 
-0,0399 
-0,0373 
-0,0346 

0.1018 
0,1030 
0,1039 
0,1048 
0,1054 

206,12 
204,33 
202.58 
200.86 
199,18 

0.3046 
0.3194 
0,3340 
0,3485 
0,3627 

0.3841 
0.3870 
0.3892 
0,3909 
0.3920 

0,4902 
0.5017 
0.5129 
0,5237 
0,5341 

51.58 
50,46 
49,36 
48,28 
47,22 

2,75 
2,80 
2,85 
2,90 
2,95 

-0.1011 
-0,1023 
-0,1033 
-0,1042 
-0,1048 

-0,0320 
-0,0293 
-0,0266 
-0.0239 
-0,0213 

0,1060 
0,1064 
0,1067 
0,1069 
0,1069 

197,55 
195,96 
194,42 
192,92 
191,47 

0,3767 
0,3904 
0,4037 
0,4168 
0,4294 

0,3926 
0,3926 
0,3922 
0,3914 
0,3901 

0,5441 
0,5537 
0,5629 
0,5717 
0,5802 

46,18 
45,16 
44,17 
43,20 
42,25 

3,00 
3,05 
3,10 
3,15 
3,20 

-0.1053 
-0,1056 
-0,1057 
-0,1057 
-0,1056 

-0,0187 
-0,0162 
-0,0138 
-0,0114 
-0,0091 

0.1069 
0,1068 
0,1066 
0,1063 
0,1060 

190.07 
188,72 
187,41 
186,15 
184,94 

0.4417 
0,4536 
0,4652 
0,4763 
0,4870 

0,3885 
0,3866 
0,3844 
0,3819 
0,3793 

0,5883 
0,5960 
0,6034 
0,6105 
0,6173 

41,33 
40,44 
39,57 
38,73 
37,91 

3,25 
3,30 
3,35 
3,40 
3,45 

-0.1054 
-0.1051 
-0.1046 
-0.1042 
-0,1036 

-0,0070 
-0,0049 
-0,0029 
-0,0010 
0,0008 

0,1056 
0,1052 
0,1047 
0,1042 
0,1036 

183,78 
182,66 
181,58 
180,55 
179,56 

0.4974 
0,5074 
0,5170 
0.5262 
0,5351 

0,3764 
0,3734 
0,3702 
0,3669 
0,3636 

0,6238 
0,6300 
0,6359 
0,6416 
0,6470 

37,12 
36,35 
35,61 
34.89 
34,19 

3,50 
3,55 
3,60 
3,65 
3,70 

-0,1030 
-0,1023 
-0,1016 
-0.1009 
-0,1001 

0,0025 
0,0041 
0,0057 
0,0071 
0,0085 

0.1030 
0,1024 
0,1018 
0.1011 
0,1005 

178,60 
177,69 
176,81 
175,97 
175,16 

0.5437 
0,5519 
0,5598 
0,5675 
0,5748 

0,3602 
0,3567 
0,3532 
0,3497 
0,3461 

0,6522 
0,6572 
0.6619 
0,6665 
0,6709 

33,52 
32,87 
32,25 
31,64 
31,06 

3,75 
3,80 
3,85 
3,90 
3,95 

-0,0993 
-0.0985 
-0,0977 
-0.0969 
-0,0961 

0,0098 
0,0110 
0,0121 
0,0132 
0,0142 

0,0998 
0,0992 
0,0985 
0,0978 
0,0971 

174,39 
173,64 
172,93 
172,24 
171,57 

0,5818 
0,5886 
0,5951 
0,6014 
0,6075 

0,3426 
0,3391 
0,3356 
0,3321 
0,3287 

0.6752 
0.6793 
0,6833 
0,6871 
0,6908 

30,49 
29,95 
29,42 
28,91 
28,42 

WADe TR 56-614 A-65 



k= 0.3 (T = 0.00 

a 

/_ (T2 

~·X 

REAL IMAG. 

/ 
X 

Y 
27TX 

-27T X. 
I X 

REAL IMAG. 

-7J 

MOCULUS PHASE 
(OEGREESI 

4.00 1.2724 -0.6748 0.8587 1.5631 0.2095 1.0953 -0.0152 1.0954 359.21 
4.05 1.2714 -0.6613 0.8599 1.5364 0.2152 1.0944 -0.0161 1.0945 359.16 
4.10 1.2704 -0.6483 0.8612 1.5106 0.2208 1.0936 -0.0170 1.0937 359.11 
4.15 1.2693 -0.6358 0.8624 1.4856 0.2264 1.0928 -0.0178 1.0929 359.07 
4.20 1.2682 -0.6237 0.8636 1.4615 0.2319 1.0920 -0.0185 1.0921 359.03 

4.25 1.2670 -0.6121 0.8648 1.4382 0.2373 1.0911 -0.0192 1.0913 358.99 
4.30 1.2658 -0.6009 0.8660 1.4157 0.2428 1.0903 -0.0199 1.0905 358.95 
4.35 1.2646 -0.5901 0.8671 1.3939 0.2481 1.0895 -0.0206 1.0897 358.92 
4.40 1.2633 -0.5797 0.8682 1.3728 0.2534 1.0887 -0.0212 1.0890 358.89 
4.45 1.2620 -0.5697 0.8693 1.3524 0.2586 1.0880 -0.0217 1.0882 358.86 

4.50 1.2607 -0.5599 0.8704 1.3326 0.2638 1.0872 -0.0223 1.0874 358.83 
4.55 1.2593 -0.5505 0.8714 1.3134 0.2689 1.0864 -0.0228 1.0867 358.80 
4.60 1.2579 -0.5414 0.8725 1.2949 0.2739 1.0857 -0.0233 1.01l59 358.77 
4.65 1.2565 -0.5326 0.8735 1.2768 0.2789 1.0849 -0.0237 1.0852 358.75 
4.70 1.2550 -0.5241 0.8745 1.2593 0.2839 1.0842 -0.0242 1.0845 358.72 

4.75 1.2535 -0.5158 0.8755 1.2423 0.2887 1.0835 -0.0246 1.0838 358.70 
4.80 1.2521 -0.5078 0.8765 1.2257 0.2935 1.0828 -0.0250 1.0831 358.68 
4.85 1.2506 -0.5001 0.8775 1.2096 0.2983 1.0821 -0.0253 1.0824 358.66 
4.90 1.2491 -0.4925 0.8785 1.1940 0.3030 1.0814 -0.0257 1.0817 358.64 
4.95 1.2475 -0.4852 0.8794 1.1788 0.3077 1 .0807 -0.0260 1.0810 358.62 

5.00 1.2460 -0.4781 0.8803 1.1640 0.3122 1.0800 -0.0263 1.0803 358.60 
5.05 1.2445 -0.4711 0.8813 1.1495 0.3168 1.0793 -0.0266 1.0797 358.59 
5.10 1.2429 -0.4644 0.8822 1.1355 0.3213 1.0787 -0.0269 1.0790 358.57 
5.15 1.2414 -0.4578 0.8831 1.1217 0.3257 1.0780 -0.0272 1.0784 358.56 
5.20 1.2399 -0.4515 0.8840 1.1084 0.3301 1.0774 -0.0274 1.0777 358.54 

5.25 1.2383 -0.4453 0.8849 1.0953 0.3344 1.0768 -0.0277 1.0771 358.53 
5.30 1.2368 -0.4392 0.8857 1.0826 0.3387 1.0761 -0.0279 1.0765 358.52 
5.35 1.2352 -0.4333 0.8866 1.0701 0.3430 1.0755 -0.0281 1.0759 358.50 
5.40 1.2337 -0.4276 0.8875 1.0579 0.3472 1.0749 -0.0283 1.0753 358.49 
5.45 1.2322 -0.4220 0.8883 1.0461 0.3513 1.0743 -0.0285 1.0747 358.48 

5.50 1.2306 -0.4165 0.8891 1.0344 0.3554 1.0737 -0.0287 1 .0741 358.47 
5.55 1.2291 -0.4112 0.8900 1.0231 0.3595 1.0731 -0.0288 1.0735 358.46 
5.60 1.2276 -0.4060 0.8908 1.0120 0.3635 1.0726 -0.0290 1.0730 358.45 
5.65 1.2261 -0.4009 0.8916 1.0011 0.3675 1.0720 -0.0291 1.0724 358.44 
5.70 1.2246 -0.3959 0.8924 0.9904 0.3714 1.0714 -0.0293 1.0718 358.43 

5.75 1.2231 -0.3911 0.8931 0.9800 0.3753 1.0709 -0.0294 1.0713 358.43 
5.80 1.2216 -0.3863 0.8939 0.9698 0.3792 1.0703 -0.0295 1.0707 358.42 
5.85 1.2202 -0.3817 0.8947 0.9598 0.3830 1.0698 -0.0297 1.0702 358.41 
5.90 1.2187 -0.3771 0.8954 0.9500 0.386'8 1.0693 -0.0298 1.0697 358.41 
5.95 1.2172 -0.3727 0.8962 0.940'1 0.3905 1.0687 -0.0299 1.0691 358.40 

6.00 1.2158 -0.3684 0.8969 0.9309 0.3942 1.0682 -0.0300 1.0686 358.39 
6.05 1.2144 -0.3641 0.8976 0.9217 0.3978 1.0677 -0.0300 1.0681 358.39 
6.10 1.2130 -0.3600 0.8983 0.9126 0.4015 1.0672 -0.0301 1.0676 358.38 
6.15 1.2116 -0.3559 0.8991 0.9037 0.4051 1.0667 -0.0302 1.0671 358.38 
6.20 1.2102 -0.3519 0.8997 0.8950 0.4086 1.0662 -0.0303 1.0666 358.37 

6.25 1.2088 -0.3480 0.9004 0.8864 0.4121 1.0657 -0.0303 1.0661 358.37 
6.30 1 .2075 -0.3442 0.9011 0.8780 0.4156 1.0652 -0.0304 1.0657 358.37 
6.35 1.2061 -0.3404 0.9018 0.8698 0.4190 1.0647 -0.0304 1.0652 358.36 
6.40 1.2048 -0.3368 0.9025 0.8617 0.4225 1.0643 -0.0305 1.0647 358.36 
6.45 1.2035 -0.3332 0.9031 0.8537 0.4258 1.0638 -0.0305 1.0643 358.36 

6.50 
6.55 
6.60 
6.65 
6.70 

1.2021 
1.2009 
1.1996 
1.1983 
1.1970 

-0.3297 
-0.3262 
-0.3228 
-0.3195 
-0.3162 

0.9038 
0.9044 
0.9050 
0.9056 
0.9063 

0.8459 
0.8382 
0.8307 
0.8232 
0.8160 

0.4292 
0.4325 
0.4358 
0.4390 
0.4422 

1.0634 
1.0629 
1.0625 
1.0620 
1.0616 

-0.0306 
-0.0306 
-0.0306 
-0.0306 
-0.0307 

1.0638 
1.0633 
1.0629 
1.0625 
1.0620 

358.35 
358.35 
358.35 
358.35 
358.35 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1958 
1 .1946 
1.1934 
1.1922 
1 .1910 

-0.3130 
-0.3099 
-0.3068 
-0.3038 
-0.3008 

0.9069 
0.9075 
0.9081 
0.9086 
0.9092 

0.8088 
0.8017 
0.7948 
0.7880 
0.7813 

0.4454 
0.4485 
0.4517 
0.4548 
0.4578 

1.0611 
1.0607 
1.0603 
1.0599 
1.0595 

-0.0307 
-0.0307 
-0.0307 
-0.0307 
-0.0307 

1.0616 
1.0612 
1.0607 
1.0603 
1.0599 

358.34 
358.34 
358.34 
358.34 
358.34 

WADe TR 56-614 A-fi6 



k= 0.3 (7"= 0.00 

a 
/+1J / 1-1J 00 

REAL IMAG. MODULUS PHASE 
(OEGREES) REAL IMAG. MODULUS PHASE 

(OEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

-0.0953 
-0.0944 
-0.0936 
-0.0928 
-0.0920 

0.0152 
0.0161 
0.0170 
0.0178 
0.0185 

0.0965 
0.0958 
0,0951 
0.0945 
0.0938 

170,94 
170.32 
169,73 
169.16 
168.61 

0.6134 
0.6191 
0.6245 
0.6298 
0.6349 

0.3253 
0.3220 
0.3187 
0.3155 
0,3123 

0,6943 
0.6978 
0,7011 
0.7044 
0.7076 

27.94 
27.48 
27.04 
26.61 
26.19 

4.25 
4.30 
4.35 
4.40 
4.45 

-0.0911 
-0.0903 
-0.0895 
-0.0887 
-0.0880 

0.0192 
0.0199 
0.0206 
0.0212 
0.0217 

0.0931 
0.0925 
0.0919 
0.0912 
0.0906 

168.08 
167.56 
167.07 
166.58 
166.12 

0.6399 
0.6447 
0.6494 
0.6539 
0.6583 

0.3091 
0.3061 
0.3030 
0,3001 
0.2971 

0.7107 
0.7137 
0.7166 
0.7194 
0.7222 

25.79 
25.40 
25.02 
24.65 
24.29 

4.50 
4.55 
4.60 
4.65 
4.70 

-0.0872 
-0.0864 
-0.0857 
-0.0849 
-0.0842 

0.0223 
0.0228 
0.0233 
0.0237 
0.0242 

0.0900 
0.0894 
0,0888 
0.0882 
0.0876 

165.67 
165.23 
164,80 
164.39 
163.99 

0.6625 
0.6667 
0.6707 
0.6746 
0.6785 

0.2943 
0.2915 
0.2887 
0.2860 
0,2833 

0.7249 
0.7276 
0.7302 
0.7328 
0.7353 

23.95 
23.61 
23.29 
22.97 
22.67 

4.75 
4.80 
4.85 
4.90 
4.95 

-0.0835 
-0.0828 
-0.0821 
-0.0814 
":0.0807 

0.0246 
0.0250 
0.0253 
0.0257 
0.0260 

0.0870 
0.0865 
0.0859 
0.0853 
0.0848 

163.60 
163.22 
162.84 
162.48 

.162.13 

0.6822 
0.6859 
0.6894 
0.6929 
0.6963 

0.2807 
0.2782 
0,2757 
0.2732 
0.2708 

0.7377 
0.7401 
0.7425 
0.7448 
0.7471 

22.37 
22.08 
21.79 
21.52 
21.25 

5,00 
5.05 
5.10 
5.15 
5.20 

-0.0800 
-0.0793 
-0.0787 
-0.0780 
-0.0774 

0.0263 
0.0266 
0.0269 
0.0272 
0.0274 

0.0842 
0.0837 
0.0832 
0.0826 
0.0821 

161.79 
161.45 
161.12 
160.80 
160.49 

0.6996 
0.7028 
0.7060 
0.7091 
0.7121 

0,2684 
0,2661 
0.2638 
0.2615 
0.2593 

0.7493 
0.7515 
0.7537 
0.7558 
0.7579 

20.99 
20.74 
20.49 
20.24 
20.01 

5.25 
5.30 
5.35 
5.40 
5.45 

-0.0768 
-0.0761 
-0.0755 
-0.0749 
-0.0743 

0.0277 
0.0279 
0.0281 
0.0283 
0.0285 

0.0816 
0.0811 
0.0806 
0.0801 
0.0796 

160,19 
159,89 
159.59 
159.31 
159.03 

0.7151 
0.7180 
0.7209 
0.7236 
0.7264 

0.2571 
0.2550 
0,2529 
0.2508 
0.2488 

0,7599 
0.7619 
0.7639 
0.7659 
0.7678 

19.78 
19,55 
19.33 
19.12 
18.90 

5.50 
5.55 
5.60 
5.65 
5.70 

-0.0737 
-0.0731 
-0.0726 
-0.0720 
-0.0714 

0.0287 
0.0288 
0.0290 
0.0291 
0.0293 

0.0791 
0.0786 
0.0781 
0,0777 
0.0772 

158.75 
158.48 
158.22 
157.96 
157.71 

0.7291 
0.7317 
0.7343 
0.7368 
0.7393 

0.2468 
0.2448 
0.2428 
0.2409 
0,2390 

0.7697 
0.7716 
0.7734 
0.7752 
0.7770 

18.70 
18.50 
18.30 
18.11 
17.92 

5.75 
5.80 
5.85 
5,90 
5.95 

-0.0709 
-0.0703 
-0.0698 
-0.0693 
-0.0687 

0.0294 
0.0295 
0.0297 
0.0298 
0.0299 

0.0767 
0.0763 
0,0758 
0.0754 
0.0749 

157.46 
157.21 
156,98 
156.74 
156,51 

0.7418 
0.7442 
0.7465 
0.7488 
0.7511 

0.2372 
0.2353 
0.2335 
0.2317 
0.2300 

0.7788 
0.7805 
0,7822 
0.7839 
0,7855 

17.73 
17.55 
17.37 
17.20 
17.02 

6.00 
6.05 
6.10 
6.15 
6.20 

-0.0682 
-0.0677 
-0.0672 
-0.0667 
-0.0662 

0.0300 
0.0300 
0.0301 
0.0302 
0.0303 

0.0745 
0,0741 
0,0736 
0.0732 
0.0728 

156.29 
156,07 
155.85 
155.64 
155.43 

0.7533 
0,7555 
0.7577 
0.7598 
0.7619 

0.2282 
0.2265 
0.2249 
0,2232 
0.2215 

0.7872 
0.7888 
0.7903 
0.7919 
0.7934 

16.86 
16.69 
16.53 
16.37 
16.21 

6.25 
6.30 
6.35 
6.40 
6.45 

-0.0657 
-0.0652 
-0.0647 
-0.0643 
-0.0638 

0.0303 
0.0304 
0.0304 
0.0305 
0.0305 

0.0724 
0.0720 
0.0715 
0.0711 
0.0707 

155,22 
155,02 
154,82 
154.63 
154.44 

0.7639 
0,7659 
0.7679 
0.7699 
0.7718 

0.2199 
0.2183 
0.2168 
0.2152 
0.2137 

0.7950 
0.7965 
0.7979 
0.7994 
0.8008 

16.06 
15.91 
15.76 
15.62 
15.48 

6.50 
6.55 
6.60 
6.65 
6.70 

-0.0634 
-0.0629 
-0.0625 
-0.0620 
-0.0616 

0.0306 
0.0306 
0.0306 
0.0306 
0.0307 

0.0703 
0.0699 
,).06~6 
0,0692 
0.0688 

154.25 
154.06 
153.88 
153,71 
153.53 

0.7737 
0,7755 
0.7773 
0.7791 
0.7809 

0,2122 
0.2107 
0.2092 
0.2077 
0.2063 

0.8022 
0,8036 
0,8050 
0.8063 
0.8077 

15.34 
15.20 
15,06 
14.93 
14.80 

6.75 
5.80 
6.85 
6.90 
6.95 

-0.0611 
-0.0607 
-0.0603 
-0.0599 
-0.0595 

0,0307 
0.0307 
0.0307 
0.0307 
0.0307 

0.0684 
0.0680 
0.0677 
0,0673 
0,0669 

153.36 
~53.19 
153.03 
152,86 
152.70 

0.7826 
0,7843 
0.7860 
0.7877 
0.7893 

0,2049 
0.2035 
0.2021 
0,2007 
0.1994 

0.8090 
0.8103 
0.8116 
0.8128 
0,8141 

14.67 
14.54 
14.42 
14.30 
14.18 

WADe TR 56-614 A-57 



k= 0.3 (T = 0.00 

a 
/- erE 
--·X

2 
REAL IMAG. 

/
X 27Tk 

-27T .r 
{ X 

REAL IMAG. 

-"7 

MOWLUS PHASE 
(OcliRccSI 

7.00 1.1898 -0.2979 0.9098 0.7747 0.4608 1.0591 -0.0307 1.0595 358.34 
7.05 1.1886 -0.2951 0.9103 0.7682 0.4638 1.0587 -0.0307 1.0591 358.34 
7.10 
7.15 
7.20 

1.1875 
1.1863 
1.1852 

-0.2923 
-0.2895 
-0.2868 

0.9109 
0.9115 
0.9120 

0.7618 
0.7556 
0.7494 

0.4668 
0.4697 
0.4727 

1.0583 
1.0579 
1.0575 

-0.0307 
-0.0307 
-0.0306 

1.0587 
1.0583 
1.0579 

358.34 
358.34 
358.34 

7.25 1.1841 -0.2841 0.9125 0.7433 0.4755 1.0571 -0.0306 1.0576 358.34 
7.30 1.1830 -0.2815 0.9131 0.7373 0.4784 1.0567 -0.0306 1.0572 358.34 
7.35 1.1819 -0.2789 0.9136 0.7314 0.4812 1.0564 -0.0306 1.0568 358.34 
7.40 1.1808 -0.2764 0.9141 0.7256 0.4840 1.0560 -0.0306 1.0564 358.34 
7.45 1.1797 -0.2739 0.9146 0.7199 0.4868 1.0556 -0.0305 1.0561 358.34 

7.50 1.1787 -0.2715 0.9151 0.7143 0.4895 1.0553 -0.0305 1.0557 358.34 
7.55 1.1776 -0.2691 0.9156 0.7087 0.4923 1.0549 -0.0305 1.0554 358.35 
7.60 1.1766 -0.2667 0.9161 0.7033 0.4950 1.0546 -0.0304 1.0550 358.35 
7.65 1.1756 -0.2644 0.9166 0.6979 0.4976 1.0542 -0.0304 1.0547 358.35 
7.70 1.1746 -0.2621 0.9171 0.6926 0.5003 1.0539 -0.0304 1.0543 358.35 

7.75 1.1736 -0.2599 0.9176 0.6874 0.5029 1.0536 -0.0303 1.0540 358.35 
7.80 1.1726 -0.2577 0.9180 0.6822 0.5055 1.0532 -0.0303 1.0537 358.35 
7.85 1.1716 -0.2555 0.9185 0.6772 0.5080 1.0529 -0.0303 1.0533 358.35 
7.90 1.1706 -0.2534 0.9190 0.6722 0.5106 1.0526 -0.0302 1.0530 358.36 
7.95 1.1696 -0.2513 0.9194 0.6673 0.5131 1.0522 -0.0302 1.0527 358.36 

8.00 1.1687 -0.2492 0.9199 0.6624 0.5156 1.0519 -0.0301 1.0524 358.36 
8.05 1.1677 -0.2472 0.9203 0.6576 0.5181 1.0516 -0.0301 1.0520 358.36 
8.10 1.1668 -0.2451 0.9208 0.6529 0.5205 1.0513 -0.0300 1.0517 358.36 
8.15 1.1659 -0.2432 0.9212 0.6483 0.5230 1.0510 -0.0300 1.0514 358.37 
8.20 1.1650 -0:2412 0.9216 0.6437 0.5254 1.0507 -0.0299 1.0511 358.37 

8.25 1.1641 -0.2393 0.9220 0.6392 0.5277 1.0504 -0.0299 1.0508 358.37 
8.30 1.1632 -0.2374 0.9225 0.6347 0.5301 1.0501 -0.0298 1.0505 358.37 
8.35 1.1623 -0.2356 0.9229 0.6303 0.5324 1.0498 -0.0298 1.0502 358.38 
8.40 1.1614 -0.2337 0.9233 0.6260 0.5347 1.0495 -0.0297 1.0499 358.38 
8.45 1.1605 -0.2319 0.9237 0.6217 0.5370 1.0492 -0.0297 1.0496 358.38 

8.50 1.1597 -0.2301 0.9241 0.6175 0.5393 1.0489 -0.0296 1.0494 358.38 
8.55 1.1588 -0.2284 0.9245 0.6133 0.5416 1.041:17 -0.0296 1.0491 358.39 
8.60 1.1580 -0.2267 0.9249 0.6092 0.5438 1.0484 -0.0295 1.0488 358.39 
8.65 1.1571 -0.2250 0.9253 0.6051 0.5460 1.0481 -0.0294 1.0485 358.39 
8.70 1.1563 -0.2233 0.9257 0.6011 0.5482 1.0478 -0.0294 1.0482 358.39 

8.75 1.1555 -0.2216 0.9261 0.5972 0.5504 1.0476 -0.0293 1.0480 358.40 
8.80 1.1547 -0.2200 0.9265 0.5933 0.5525 1 .0473 -0.0293 1.0477 358.40 
8.85 1.1539 -0.2184 0.9268 0.5894 0.5547 1.0470 -0.0292 1.0474 358.40 
8.90 1.1531 -0.2168 0.9272 0.5856 0.5568 1.0468 -0.0291 1.0472 358.41 
8.95 1.1523 -0.2153 0.9276 0.5818 0.5589 1.0465 -0.0291 1.0469 358.41 

9.00 1.1515 -0.2137 0.9279 0.5781 0.5609 1.0463 -0.0290 1.0467 358.41 
9.05 1.1508 -0.2122 0.9283 0.5745 0.5630 1.0460 -0.0290 1.0464 358.41 
9.10 1.1500 -0.2107 0.9287 0.5709 0.5650 1.0458 -0.0289 1.0462 358.42 
9.15 1.1492 -0.2092 0.9290 0.5673 0.5671 1.0455 -0.0288 1.0459 358.42 
9.20 1.1485 -0.2078 0.9294 0.5638 0.5691 1.0453 -0.0288 1. 0457 358.42 

9.25 1.1477 -0.2063 0.9297 0.5603 0.5711 1.0450 -0.0287 1.0454 358.43 
9.30 1.1470 -0.2049 0.9300 0.5568 0.5730 1.0448 -0.0286 1.0452 358.43 
9.35 1.1463 -0.2035 0.9304 0.5534 0.5750 1.0445 -0.0286 1.0449 358.43 
9.40 1.1455 -0.2021 0.9307 0.5501 0.5769 1.0443 -0.0285 1.0447 358.44 
9.45 1.1448 -0.2008 0.9311 0.5468 0.5788 1.0441 -0.0284 1.0445 358.44 

9.50 1.1441 -0.1994 0.9314 0.5435 0.5807 1.0439 -0.0284 1.0442 358.44 
9.55 1.1434 -0.1981 0.9317 0.5402 0.5826 1.0436 -0.0283 1.0440 358.45 
9.60 1.1427 -0.1968 0.9320 0.5370 0.5845 1.0434 -0.0283 1.0438 358.45 
9.65 1.1420 -0.1955 0.9324 0.5339 0.5863 1.0432 -0.0282 1.0436 358.45 
9.70 1.1414 -0.1942 0.9327 0.5307 0.5882 1.0430 -0.0281 1.0433 358.46 

9.75 
9.80 
9.85 
9.90 
9.95 

1.1407 
1.1400 
1.1393 
1.1387 
1.1380 

-0.1929 
-0.1917 
-0.1905 
-0.1892 
-0.1880 

0.9330 
0.9333 
0.9336 
0.9339 
0.9342 

0.5276 
0.5246 
0.5215 
0.5186 
0.5156 

0.5900 
0.5918 
0.5936 
0.5954 
0.5971 

1.0427 
1.0425 
1.0423 
1.0421 
1. 0419 

-0.0281 
-0.0280 
-0.0279 
-0.0279 
-0.0278 

1.0431 
1.0429 
1.0427 
1.0425 
1.0423 

358.46 
358.46 . 
358.47 
358.47 
358.47 

10.00 1.1374 -0.1869 0.9345 0.5127 0.5989 1.0417 -0.0277 1.0420 358.48 
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k:: 0.3 CT:: 0.00 

a /+17 / +"1 Fio 
REAL /MAG. MODULUS PHASE 

(DEGREES) 
REAL /MAG. MODULUS PHASE 

(DEGREES) 

7.00 
7.05 
7.10 
7.15 
7.20 

-0.0591 
-0.0587 
-0.0583 
-0,0579 
-0.0575 

0.0307 
0.0307 
0.0307 
0.0307 
0.0306 

0.0666 
0.0662 
0.0659 
0.0655 
0.0652 

152.54 
152.39 
152.24 
152.09 
151.94 

0.7909 
0.7925 
0.7940 
0.7956 
0.7971 

0.1980 
0.1967 
0.1954 
0.1941 
0.1929 

0.8153 
0.8165 
0.8177 
0.8189 
0.8201 

14.06 
13.94 
13.83 
13.71 
13.60 

7.25 
7.30 
7.35 
7.40 
7,45 

-0.0571 
-0.0567 
-0.0564 
-0.0560 
-0,0556 

0.0306 
0.0306 
0.0306 
0.0306 
0.0305 

0.0648 
0.0645 
0.0641 
0.0638 
0.0635 

151.80 
15t.65 
151.51 
151. 38 
151.24 

0.7986 
0.8000 
0.8015 
0.8029 
0,8043 

0.1916 
0.1904 
0.1892 
0.1879 
0.1868 

0.8212 
0.8224 
0.8235 
0.8246 
0.8257 

13.49 
13.39 
13.28 
13.18 
13.07 

7.50 
7.55 
7.60 
7.65 
7.70 

-0.0553 
-0.0549 
-0.0546 
-0.0542 
-0.0539 

0.0305 
0,0305 
0.0304 
0.0304 
0.0304 

0.0631 
0.0628 
0.0625 
0.0622 
0.0619 

151.11 
150.97 
150.84 
150.72 
150.59 

0,8057 
0.8070 
0.8084 
0.8097 
0.8110 

0.1856 
0.1844 
0,1833 
0.1821 
0.1810 

0,8258 
0.8278 
0.8289 
0.8299 
0.8309 

12,97 
12.87 
12.77 
12.68 
12.58 

7.75 
7.80 
7.85 
7.90 
7.95 

-0.0536 
-0.0532 
-0.0529 
-0.0526 
-0.0522 

0.0303 
0.0303 
0.0303 
0.0302 
0.0302 

0.0615 
0.0612 
0.0609 
0.0606 
0.0603 

150.47 
150.35 
150.23 
150.11 
149.99 

0.8123 
0,8135 
0.8148 
0.8160 
0.8173 

0.1799 
0.1788 
0.1777 
0.1766 
0.1756 

0.8320 
0.8330 
0.8340 
0.8349 
0,8359 

12.49 
12,39 
12.30 
12,21 
12.12 

8.00 
8,05 
8,10 
8.15 
8.20 

-0,0519 
-0,0516 
-0.0513 
-0.0510 
-0.0507 

0.0301 
0.0301 
0.0300 
0.0300 
0.0299 

0.0600 
0,0597 
0.0594 
0.0592 
0.0589 

149.88 
149.76 
149.65 
149.54 
149.44 

0,8185 
0.8196 
0.8208 
0.8220 
0.8231 

0.1745 
0.1735 
0.1724 
0.1714 
0.1704 

0.8368 
0.8378 
0.8387 
0.8396 
0.8406 

12.04 
11.95 
11.87 
11,78 
11.70 

8.25 
8.30 
8.35 
8.40 
8.45 

-0.0504 
-0.0501 
-0.0498 
-0,0495 
-0.0492 

0.0299 
0.0298 
0.0298 
0.0297 
0.0297 

0.0586 
0.0583 
0.0580 
0.0577 
0.0575 

149.33 
149.22 
149.12 
149.02 
148.92 

0.8242 
0,8253 
0.8264 
0.8275 
0.8286 

0.1694 
0.1685 
0.1675 
0.1665 
0.1656 

0.8415 
0.8423 
0.8432 
0.8441 
0.8450 

11.62 
11.54 
11.46 
11.38 
11.30 

8.50 
8.55 
8.60 
8.65 
8.70 

-0.0489 
-0.0487 
-0.0484 
-0.0481 
-0.0478 

0.0296 
0.0296 
0.0295 
0.0294 
0,0294 

0.0572 
0.0569 
0.0567 
0,0564 
0.0561 

148.82 
148.72 
148.62 
148,53 
148.44 

0.8296 
0.8307 
0,8317 
0.8327 
0.8337 

0.1646 
0.1637 
0.1628 
0.1619 
0,1610 

0.8458 
0.8467 
0.8475 
0.8483 
0.8491 

11.23 
11.15 
11:08 
11,00 
10.93 

8.75 
8.80 
8.85 
8,90 
8.95 

-0.0476 
-0.0473 
-0.0470 
-0.0468 
-0.0465 

0.0293 
0.0293 
0,0292 
0.0291 
0.0291 

0.0559 
0.0556 
0.0554 
0.0551 
0.0549 

148,34 
148,25 
148.16 
148.07 
147.98 

0.8347 
0.8357 
0.8367 
0.8376 
0.8386 

0.1601 
0,1592 
0.1584 
0.1575 
0.1567 

0.8499 
0.8507 
0.8515 
0.8523 
0.8531 

10.86 
10.79 
10.72 
10.65 
10.58 

9.00 
9.05 
9.10 
9.15 
9.20 

-0.0463 
-0.0460 
-0.0458 
-0.0455 
-0.0453 

0,0290 
0.0290 
0.0289 
0.0288 
0.0288 

0.0546 
0.0544 
0.0541 
0.0539 
0.0536 

147.90 
147.81 
147.73 
147.64 
147.56 

0.8395 
0.8404 
0.8413 
0.8422 
0.8431 

0.1558 
0.1550 
0.1542 
0.1533 
0.1525 

0.8538 
0.8546 
0.8553 
0.8561 
0.8568 

10.51 
10.45 
10.38 
10.32 
10,25 

9.25 
9.30 
9,35 
9.40 
9.45 

-0.0450 
-0.0448 
-0.0445 
-0.0443 
-0.0441 

0.0287 
0.0286 
0.0286 
0.0285 
0.0284 

0.0534 
0.0532 
0.0529 
0.0527 
0.0525 

147.48 
147.40 
147.32 
147.24 
147.16 

0.8440 
0.8449 
0.8457 
0.8466 
0.8474 

0.1517 
0.1509 
0.1502 
0.1494 
0,1486 

0,8575 
0,8583 
0.8590 
0.8597 
0.8604 

10.19 
10.13 
10.07 
10.01 
9.95 

9.50 
9.55 
9.60 
9.65 
9.70 

-0.0439 
-0.0436 
-0.0434 
-0.0432 
-0.0430 

0.0284 
0.0283 
0.0283 
0.0282 
0.0281 

0.0522 
0.0520 
0.0518 
0.0516 
0.0513 

147.09 
147.01 
146.94 
146.86 
146.79 

0.8483 
0.8491 
0.8499 
0.8507 
0.8515 

0.1478 
0.1471 
0.1464 
0.1456 
0.1449 

0.8611 
0.8617 
0.8624 
0.8631 
0.8637 

9.89 
9.83 
9.77 
9.71 
9.66 

9.75 
9.80 
9.85 
9.90 
9.95 

-0.0427 
-0.0425 
-0.0423 
-0.0421 
-0,0419 

0.0281 
0.0280 
0.0279 
0.0279 
0.0278 

0.0511 
0.0509 
0.0507 
0.0505 
0.0503 

146.72 
146.65 
146.58 
146.51 
146.44 

0.8523 
0.8531 
0.8538 
0.8546 
0.8554 

0.1442 0.8644 
0.1434 . 0.8650 
0.1427 0,8657 
0.1420 0.8663 
0,1413 0,8670, 

9.60 
9.54 
9.49 
9.44 
9,38 

10,00 -0.0417 0.0277 0.0501 146.37 0,8561 0.1406 0.8676 9.33 
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k= 0.3 (7" = 0.25 

(J 

/- (7"'
-_·X

2 
REAL IMAG. 

.. /
X 27Tk 

-27T 1::' 
! X 

REAL IMAG. 

-1') 

MOWLUS PHASE 
(ocGR£ESi 

1.00 1.1098 -7.9883 0.4669 5.4706 0.0042 1.0051 0.0146 1.0052 0.83 
1.05 1 .11 01 -7.2434 0.4868 5.3936 0.0045 1.0062 0.0159 1.0063 0.90 
1.10 
1.15 

1.1105 
1.1109 

-6.5975 
-6.0338 

0.5063 
0.5254 

5.3140 
5.2320 

0.0049 
0.0053 t· 0074 

.0088 
0.0171 
0.0184 

1.0076 
1.0089 

0.97 
1.04 

1.20 1.1114 -5.5389 0.5439 5.1477 0.0058 1.0103 0.0195 1.0105 1.11 

1.25 1.1119 -5.1020 0.5619 5.0613 0.0063 1.0120 0.0207 1.0122 1.17 
1.30 1.1125 -4.7144 0.5795 4.9730 0.0069 1.0138 0.0217 1.0141 1.23 
1.35 1.1132 -4.3688 0.5965 4.8829 0.0076 1.0159 0.0226 1.0161 1.28 
1.40 1.1140 -4.0594 0.6129 4.7913 0.0083 1.0181 0.0234 1.0183 1.32 
1.45 1'.1148 -3.7813 0.6289 4.6982 0.0091 1.0204 0.0241 1.0207 1.35 

1.50 1.1157 -3.5304 0.6443 4.6038 0.0100 1.0229 0.0245 1.0232 1.37 
1.55 
1.60 

,1.1167 
1.1178 

-3.3032 
-3.0968 

0.6591 
0.6734 

4.5084 
4.4120 

0.0110 
0.0121 

1.0256 
1.0284 

0.0248 
0.0248 

1.0259 
1.0287 

1.39 
1.38 

1.65 1.1190 -2.9088 0.6872 4.3150 0.0134 1.0313 0.0246 1.0316 1.37 
1. 70 1.1203 -2.7370 0.7003 4.2173 0.0147 1.0342 0.0241 1.0345 1.34 

1. 75 1.1217 -2.5796 0.7130 4.1193 0.0163 1.0373 0.0233 1.0375 1.29 
1.80 1.1232 -2.4351 0.7250 4.0212 0.0179 1.0403 0.0222 1.0406 1.23 
1.85 1.1249 -2.3020 0.7365 3.9230 0.0198 1.0434 0.0208 1.0436 1.14 
1.90 1.1266 -2.1792 0.7475 3.8249 0.0218 1.0464 0.0191 1.0466 1.05 
1.95 1.1284 -2.0657 0.7578 3.7273 0.0241 1.0493 0.0170 1.0495 0.93 

2.00 1.1304 -1.9606 0.7677 3.6302 0.0265 1.0521 0.0146 1.0522 0.80 
2.05 1 .1324 -1.8631 0.7770 3.5338 0.0292 1.0548 0.0119 1. 0549 0.65 
2.10 1.1346 -1.7725 0.7858 3.4382 0.0321 1.0572 0.0089 1.0573 0.48 
2.15 
2.20 

1.1368 
1.1392 

-1.6881 
-1.6095 

0.7940 
0.8018 

3.3438 
3.2506 

0.0353 
0.0387 

1.0594 
1.0614 

0.0056 
0.0020 

1.0595 
1. 0614 

0.30 
0.11 

2.25 
2.30 
2.35 
2.40 
2.45 

1.1416 
1 .1441 
1.1467 
1.1493 
1.1519 

-1.5362 
-1.4676 
-1.4035 
-1.3435 
-1.2873 

0.8090 
0.8158 
0.8221 
0.8280 
0.8334 

3.1589 
3.0687 
2.9802 
2.8936 
2.8091 

0.0425 
0.0465 
0.0508 
0.0554 
0.0603 

1.0630 
1.0643 
1.0653 
1.0659 
1.0661 

-0.0017 
-0.0057 
-0.0098 
-0.0140 
-0.0182 

1.0630 
1.0643 
1.0653 
1.0660 
1.0663 

359.91 
359.69 
359.47 
359.25 
359.02 

2.50 
2.55 
2.60 
2.65 
2.70 

1.1546 
1.1573 
1.1599 
1.1626 
1.1652 

-1.2346 
-1.1851 
-1.1386 
-1.0949 
-1.0539 

0.8385 
0.8431 
0.8474 
0.8513 
0.8549 

2.7266 
2.6464 
2.5685 
2.4930 
2.4200 

0.0654 
0.0709 
0.0766 
0.0827 
0.0889 

1.0660 
1.0655 
1.0647 
1.0636 
1.0621 

-0.0225 
-0.0267 
-0.0309 
-0.0349 
-0.0389 

1.0662 
1.0659 
1.0652 
1.0641 
1.0628 

358.79 
358.56 
358.34 
358.12 
357.90 

2.75 
2.80 
2.85 
2.90 
2.95 

1.1677 
1.1702 
1 .1726 
1.1749 
1.1771 

-1.0152 
-0.9788 
-0.9445 
-0.9121 
-0.8816 

0.8583 
0.8613 
0.8641 
0.8667 
0.8691 

2.3494 
2.2813 
2.2157 
2.1526 
2.0920 

0.0954 
0.1021 
0.1091 
0.1162 
0.1234 

1.0604 
1.0585 
1.0563 
1.0540 
1.0515 

-0.0426 
-0.0462 
-0.0495 
-0.0527 
-0.0556 

1.0613 
1.0595 
1.0575 
1.0553 
1.0530 

357.70 
357.50 
357.32 
357.14 
356.97 

3.00 
3.05 
3.10 
3.15 
3.20 

1.1792 
1.1812 
1.1831 
1.1849 
1.1865 

-0.8528 
-0.8255 
-0.7998 
-0.7754 
-0.7523 

0.8713 
0.8733 
0.8752 
0.8769 
0.8785 

2.0338 
1.9780 
1.9245 
1.8732 
1.8241 

0.1308 
0.1383 
0.1460 
0.1536 
0.1614 

1.0489 
1.0462 
1.0434 
1.0406 
1.0377 

-0.0583 
-0.0607 
-0.0630 
-0.0650 
-0.0669 

1.0505 
1.0479 
1.0453 
1.0426 
1.0399 

356.82 
356.68 
356.55 
356.42 
356.31 

3.25 
3.30 
3.35 
3.40 
3.45 

1 .1880 
1.1894 
1.1906 
1.1917 
1.1928 

-0.7304 
-0.7097 
-0.6900 
-0.6713 
-0.6535 

0.8800 
0.8814 
0.8827 
0.8840 
0.8851 

1.7771 
1. 7321 
1.6890 
1.6478 
1.6084 

0.1691 
0.1769 
0.1847 
0.1925 
0.2002 

1.0349 
1.0321 
1.0292 
1.0265 
1.0237 

-0.0685 
-0.0699 
-0.0712 
-0.0723 
-0.0733 

1.0372 
1.0344 
1 .0317 
1.0290 
1.0264 

356.21 
356.12 
356.04 
355.97 
355.90 

3.50 
3.55 
3.60 
3.65 
3.70 

1 .1936 
1 .1944 
1.1951 
1.1956 
1.1961 

-0.6365 
-0.6204 
-0.6050 
-0.5904 
-0.5764 

0.8862 
0.8873 
0.8883 
0.8893 
0.8902 

1.5706 
1.5345 
1.4999 
1.4667 
1.4350 

0.2079 
0.2156 
0.2232 
0.2307 
0.2381 

1.0210 
1.0184 
1.0158 
1.0133 
1.0109 

-0.0742 
-0.0749 
-0.0755 
-0.0760 
-0.0764 

1.0237 
1.0212 
1.0186 
1.0162 
1.0138 

355.85 
355.79 
355.75 
355.71 
355.68 

3.75 
3.80 
3.85 
3.90 
3.95 

1.1964 
1 .1967 
1 .1968 
1.1969 
1.1969 

-0.5630 
-0.5502 
-0.5380 
-0.5263 
-0.5151 

0.8911 
0.8920 
0.8928 
0.8936 
0.8944 

1.4045 
1.3753 
1.3473 
1.3204 
1.2946 

0.2455 
0.2528 
0.2599 
0.2670 
0.2740 

1.0085 
1.0062 
1.0039 
1. 0017 
0.9996 

-0.0767 
-0.0770 
-0.0772 
-0.0773 
-0.0774 

1.0114 
1.0091 
1.0069 
1.0047 
1.0026 

355.65 
355.63 
355.61 
355.59 
355.58 

WADe TR 56-614 A-70 



k= 0.3 CT= 0.25 

a /+17 / +17 Fio 
REAL IMAG. MODULUS PHASE 

(OEGREESI REAL IMAG. MODULUS PHASE 
(OEGREESI 

1. 00 -0.0051 -0.0146 0.0155 250.65 0.0134 0.1078 0.1087 82.90 
1.05 -0.0062 -0.0159 0.0170 24B.68 0.0163 0.1185 0.1196 82.18 
1.10 -0.0074 -0.0171 0.0187 246.62 0.0196 0.1296 0.1311 81.42 
1.15 -0.0088 -0.0184 0.0203 244.46 0.0233 0.1411 0.1430 80.63 
1.20 -0.0103 -0.0195 0.0221 242.22 0.0275 0.1529 0.1554 79.81 

1.25 -0.0120 -0.0207 0.0239 239.BB 0.0322 0.1651 0.1682 78.95 
1.30 -0.0138 -0.0217 0.0257 237.46 0.0375 0.1775 0.1814 78.06 
1.35 -0.0159 -0.0226 0.0276 234.95 0.0434 0.1902 0.1951 77.14 
1.40 -O.OlBl -0.0234 0.0296 232.36 0.0499 0.2031 0.2091 76.19 
1.45 -0.0204 -0.0241 0.0316 229.6B 0.0570 0.2161 0.2235 75.21 

1.50 -0.0229 -0.0245 0.0336 226.93 0.0648 0.2292 0.2382 74.20 
1.55 -0.0256 -0.024B 0.0356 224.10 0.0733 0.2423 0.2532 73.17 
1.60 -0.0284 -0.0248 0.0377 221.19 0.0825 0.2554 0.2684 72.10 
1.65 
1.70 

-0.0313 
-0.0342 

-0.0246 
-0.0241 

0.0398 
0.0419 

218.21 
215.16 

0.0924 
0.1030 

0.26B4 
0.2813 

0.2839 
0.2996 

71.01 
69.90 

1.75 -0.0373 -0.0233 0.0440 212.05 0.1143 0.2940 0.3154 68.76 
1.80 -0.0403 -0.0222 0.0461 208.88 0.1263 0.3063 0.3313 67.60 
1.85 
1.90 

-0.0434 
-0.0464 

-0.0208 
-0.0191 

0.0481 
0.0502 

205.6~ 
202.3 

0.1389 
0.1523 

0.3183 
0.3299 

0.3473 
0.3634 

66.42 
65.22 

1.95 -0.0493 -0.0170 0.0522 199.04 0.1663 0.3410 0.3794 64.01 

2.00 -0.0521 -0.0146 0.0542 195.67 0.1808 0.3516 0.3953 62.78 
2.05 -0.0548 -0.0119 0.0561 192.27 0.1959 0.3615 0.4112 61.54 
2.10 -0.0572 -0.0089 0.0579 188.83 0.2115 0.3707 0.4269 60.29 
2.15 -0.0594 -0.0056 0.0597 185.38 0.2276 0.3793 0.4423 59.03 
2.20 -0.0614 -0.0020 0.0614 181.91 0.2440 0.3870 0.4575 57.77 

2.25 -0.0630 0.0017 0.0630 178.43 0.2607 0.3940 0.4724 56.51 
2.30 -0.0643 0.0057 0.0646 174.95 0.2776 0.4002 0.4870 55.25 
2.35 -0.0653 0.0098 0.0660 171.48 0.2946 0.4055 0.5012 54.00 
2,40 -0.0659 0.0140 0.0674 168.03 0.3117 0.4099 0.5150 52.75 
2.45 -0.0661 0.0182 0.0686 164.59 0.3288 0.4135 0.5283 51.51 

2.50 -0.0660 0.0225 0.0697 161.18 0.3458 0.4163 0.5412 50.28 
2.55 -0.0655 0.0267 0.0708 157.81 0.3627 0.4183 0.5536 49.07 
2.60 -0.0647 0.0309 0.0717 154.49 0.3793 0.4195 0.5655 47.88 
2.65 -0.0636 0.0349 0.0725 151.21 0.3955 0.4199 0.5769 46.71 
2.70 -0.0621 0.0389 0.0733 147.98 0.4115 0.4197 0.5878 45.57 

2.75 -0.0604 0.0426 0.0739 144.81 0.4270 0.4188 0.5981 44.44 
2.80 -0.0585 0.0462 0.0745 141.71 0.4421 0.4174 0.6080 43.35 
2.85 -0.0563 0.0495 0.0750 138.67 0.4568 0.4153 0.6174 42.28 
2.90 -0.0540 0.0527 0.0754 135.70 0.4709 0.4128 0.6262 41.24 
2.95 -0.0515 0.0556 0.0758 132.81 0.4845 0.4099 0.6346 40.23 

3.00 -0.0489 0.0583 0.0761 129.98 0.4976 0.4066 0.6426 39.26 
3.05 -0.0462 0.0607 0.0763 127.24 0.5101 0.4030 0.6501 38.31 
3.10 -0.0434 0.0630 0.0765 124.57 0.5222 0.3992 0.6573 37.39 
3.15 -0.0406 0.0650 0.0767 121.97 0.5337 0.3950 0.6640 36.51 
3.20 -0.0377 0.0669 0.0768 119.45 0.5447 0.3908 0.6704 35.66 

3.25 -0.0349 0.0685 0.0769 117.00 0.5552 0.3863 0.6764 34.83 
3.30 -0.0321 0.0699 0.0769 114.63 0.5652 0.3818 0.6821 34.04 
3.35 -0.0292 0.0712 0.0770 112.33 0.5748 0.3772 0.6875 33.27 
3.40 -0.0265 0.0723 0.0770 110.10 0.5840 0.3725 0.6927 32.54 
3.45 -0.0237 0.0733 0.0771 107.93 0.5927 0.3679 0.6976 31.83 

3.50 -0.0210 0.0742 0.0771 105.84 0.6010 0.3632 0.7022 31.14 
3.55 -0.0184 0.0749 0.0771 103.81 0.6089 0.3585 0.7066 30.49 
3.60 -0.0158 0.0755 0.0771 101.85 0.6165 0.3539 0.7108 29.86 
3.65 -0.0133 0.0760 0.0771 99.94 0.6237 0.3493 0.7149 29.25 
3.70 -0.0109 0.0764 0.0772 98.10 0.6307 0.3447 0.7187 28.66 

3.75 -0.0085 0.0767 0.0772 96.31 0.6373 0.3403 0.7224 28.10 
3.80 -0.0062 0.0770 0.0772 94.58 0.6436 0.3358 0.7260 27.56 
3.85 -0.0039 0.0772 0.0773 92.90 0.6497 0.3315 0.7294 27.03 
3.90 -0.0017 0.0773 0.0773 91.27 0.6555 0.3273 0.7326 26.53 
3.95 0.0004 0.0774 0.0774 89.70 0.6611 0.3231 0.7358 26.05 
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k= 0.3 er= 0.25 

a 

/_ erE 
--·X

2 
REAL IMAG. 

/ 
X 21Tk 

-21T .r 
{ X 

REAL IMAG. 

-"I 

MOWLUS 
PHASE 
(OEGREes) 

4.00 1.1968 -0.5043 0.8952 1.2697 0.2809 0.9975 -0.0774 1.0005 355.56 
4.05 1.1967 -0.4940 0.8960 1.2459 0.2877 0.9955 -0.0774 0.9985 355.56 
4.10 1.1964 -0.4841 0.8967 1.2229 0.2944 0.9936 -0.0773 0.9966 355.55 
4.15 1.1961 -0.4745 0.8975 1.2008 0.3010 0.9917 -0.0772 0.9947 355.55 
4.20 1.1958 -0.4654 0.8982 1.1795 0.3074 0.9898 -0.0771 0.9928 355.55 

4.25 1.1954 -0.4565 0.8989 1.1590 0.3138 0.9881 -0.0769 0.9910 355.55 
4.30 1.1949 -0.4480 0.8997 1.1392 0.3201 0.9863 -0.0768 0.9893 355.55 
4.35 1.1944 -0.4398 0.9004 1.1201 0.3262 0.9846 -0.0766 0.9876 355.55 
4.40 1.1938 -0.4319 0.9011 1.1017 0.3323 0.9830 -0.0764 0.9860 355.56 
4.45 1.1932 -0.4243 0.9017 1.0839 0.3383 0.9814 -0.0761 0.9843 355.56 

4.50 1.1925 -0.4169 0.9024 1.0666 0.3442 0.9798 -0.0759 0.9828 355.57 
4.55 1.1919 -0.4098 0.9031 1.0500 0.3499 0.9783 -0.0756 0.9813 355.58 
4.60 1.1911 -0.4029 0.9038 1.0339 0.3556 0.9769 -0.0754 0.9798 355.59 
4.65 
4.70 

1.1904 
1.1896 

-0.3962 
-0.3898 

0.9044 
0.9051 

1.0183 
1.0031 

0;3612 
0.3667 

0.9754 
0.9740 

-0.0751 
-0.0748 

0.9783 
0.9769 

355.60 
355.61 

4.75 1.1888 -0.3835 0.9058 0.9885 0.3721 0.9727 -0.0745 0.9755 355.62 
4.80 1.1879 -0.3775 0.9064 0.9743 0.3775 0.9713 -0.0742 0.9742 355.63 
4.85 1.1871 -0.3716 0.9070 0.96040 0.3827 0.9700 -0.0739 0.9728 355.64 
4.90 1.1862 -0.3659 0.9077 0.9470 0.3879 0.9687 -0.0736 0.9715 355.65 
4.95 1.1853 -0.3604 0.9083 0.9340 0.3930 0.9675 -0.0733 0.9703 355.67 

5.00 1.1844 -0.3550 0.9089 0.9214 0.3980 0.9663 -0.0730 0.9690 355.68 
5.05 1.1835 -0.3498 0.9096 0.9090 0.4029 0.9651 -0.0727 0.9678 355.69 
5.10 1.1825 -0.3447 0.9102 0.8971 0.4078 0.9639 -0.0724 0.9666 355.71 
5.15 1.1816 -0.3397 0.9108 0.8854 0.4126 0.9628 -0.0721 0.9655 355.72 
5.20 1.1806 -0.3349 0.9114 0.8740 0.4173 0.9617 -0.0717 0.9643 355.73 

5.25 1. 1797 -0.3303 0.9120 0.8629 0.4219 0.9606 -0.0714 0.9632 355.75 
5.30 1.1787 -0.3257 0.9126 0.8522 0.4265 0.9595 -0.0711 0.9621 355.76 
5.35 1.1777 -0.3213 0.9132 0.8416 0.4310 0.9585 -0.0708 0.9611 355.78 
5.40 1.1767 -0.3169 0.9137 0.8314 0.4355 0.9574 -0.0704 0.9600 355.79 
5.45 1.1758 -0.3127 0.9143 0.8213 0.4398 0.9564 -0.0701 0.9590 355.81 

5.50 1.1748 -0.3086 0.9149 0.8116 0.4442 0.9554 -0.0698 0.9580 355.82 
5.55 1.1738 -0.3046 0.9155 0.8020 0.4484 0.9545 -0.0694 0.9570 355.84 
5.60 1.1728 -0.3007 0.9160 0.7927 0.4526 0.9535 -0.0691 0.9560 355.85 
5.65 1.1718 -0.2969 0.9166 0.7835 0.4568 0.9526 -0.0688 0.9551 355.87 
5.70 1.1708 -0.2931 0.9171 0.7746 0.4609 0.9517 -0.0685 0.9541 355.89 

5.75 1.1699 -0.2895 0.9177 0.7659 0.4649 0.9508 -0.0681 0.9532 355.90 
5.80 1.1689 -0.2859 0.9182 0.7573 0.4689 0.9499 -0.0678 0.9523 355.92 
5.85 
5.90 

1.1679 
1.1669 

-0.2825 
-0.2791 

0.9187 
0.9193 

0.7490 
0.7408 

0.4728 
0.4767 

0.9490 
0.9482 

-0.0675 
-0.0672 

0.9514 
0.9505 

355,93 
355.95 

5.95 1.1660 -0.2757 0.9198 0.7328 0.4806 0.9473 -0.0668 0.9497 355.96 

6.00 1.1650 -0.2725 0.9203 0.7250 0.4843 0.9465 -0.0665 0.9488 355.98 
6.05 1.1641 -0.2693 0.9208 0.7173 0.4881 0.9457 -0.0662 0.9480 356.00 
6.10 1.1631 -0.2662 0.9213 0.7098 0.4918 0.9449 -0.0659 0.9472 356.01 
6.15 1.1622 -0.2631 0.9218 0.7024 0.4954 0.9441 -0.0655 0.9464 356.03 
6.20 1.1613 -0.2602 0.9223 0.6952 0.4990 0.9433 -0.0652 0.9456 356.05 

6.25 
6.30 
6.35 

1.1603 
1.1594 
1.1585 

-0.2572 
-0.2544 
-0.2516 

0.9228 
0.9232 
0.9237 

0.6881 
0.6812 
0.6743 

0.5025 
0.5060 
0.5095 

0.9426 
0.9418 
0.9411 

-0.0649 
-0.0646 
-0.0643 

0.9448 
0.9440 
0.9433 

356.06 
356.08 
356.09 

6.40 
6.45 

1.1576 
1.1567 

-0.2488 
-0.2461 

0.9242 
0.9246 

0.6677 
0.6611 

0.5129 
0.5163 

0.9404 
0.9397 

-0.0639 
-0.0636 

0.9426 
0.9418 

356.11 
351\.13 

6.50 
6.55 
6.60 
6.65 
6.70 

1.1558 
1.1549 
1.1541 
1.1532 
1.1523 

-0.2435 
-0.2409 
-0.2384 
-0.2359 
-0.2335 

0.9251 
0.9255 
0.9260 
0.9264 
0.9269 

0.6547 
0.6484 
0.6422 
0.6361 
0.6301 

0.5196 
0.5229 
0.5261 
0.5294 
0.5325 

0.9390 
0.9383 
0.9376 
0.9370 
0.9363 

-0.0633 
-0.0630 
-0.0627 
-0.0624 
-0.0621 

0.9411 
0.9404 
0.9397 
0.9390 
0.9384 

356.14 
356.16 
356.18 
356.19 
356.21 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1515 
1.1506 
1.1498 
1.1490 
1.1481 

-0.2311 
-0.2287 
-0.2264 
-0.2242 
-0.2220 

0.9273 
0.9277 
0.9281 
0.9286 
0.9290 

0.6243 
0.6185 
0.6128 
0.6073 
0.6018 

0.5357 
0.5388 
0.5418 
0.5448 
0.5478 

0.9357 
0.9350 
0.9344 
0.9338 
0.9332 

-0.0618 
-0.0615 
-0.0612 
-0.0609 
-0.0606 

0.9377 
0.9370 
0.9364 
0.9358 
0.9352 

356.22 
356.24 
356.26 
356.27 
356.29 
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k= 0.3 (T= 0.25 

a 
REAL 

/ +1} 

IMAG. MOOULUS PHASE 
fO£IiRCESJ 

REAL 

/+"1 Fio 
IMAG. MOOULUS PHASE 

fD£IiR££SJ 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0025 
0.0045 
0.0064 
0.0083 
0.0102 

0.0774 
0.0774 
0.0773 
0.0772 
0.0771 

0.0774 
0.0775 
0.0776 
0.0776 
0.0777 

88.17 
86.68 
85.25 
83.85 
82.49 

0.6664 
0.6716 
0.6766 
0.6814 
0.6860 

0.3190 
0.3150 
0.3111 
0.3073 
0.3035 

0.7389 
0.7418 
0.7447 
0.7474 
0.7501 

25.58 
25.13 
24.69 
24.27 
23.87 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0119 
0.0137 
0.0154 
0.0170 
0.0186 

0.0769 
0.0768 
0.0766 
0.0764 
0.0761 

0.0778 
0.0780 
0.0781 
0.0782 
0.0784 

81.18 
79.90 
78.65 
77.44 
76.27 

0.6904 
0.6947 
0.6989 
0.7029 
0.7068 

0.2999 
0.2963 
0.2928 
0.2894 
0.2861 

0.7527 
0.7553 
0.7577 
0.7602 
0.7625 

23.48 
23.10 
22.73 
22.38 
22.04 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0202 
0.0217 
0.0231 
0.0246 
0.0260 

0.0759 
0.0756 
0.0754 
0.0751 
0.0748 

0.0785 
0.0787 
0.0788 
0.0790 
0.0792 

75.13 
74.01 
72.93 
71.88 
70.85 

0.7106 
0.7143 
0.7178 
0.7213 
0.7247 

0.2828 
0.2797 
0.2766 
0.2736 
0.2706 

0.7648 
0.7671 
0.7693 
0.7714 
0.7735 

21.70 
21.38 
21.07 
20.77 
20.48 

4.75 
4.80 
4.85 
4.90 
4.95 

0.0273 
0.0287 
0.0300 
0.0313 
0.0325 

0.0745 
0.0742 
0.0739 
0.0736 
0.0733 

0.0794 
0.0796 
0.0798 
0.0800 
0.0802 

69.85 
68.88 
67.93 
67.00 
66.09 

0.7280 
0.7311 
0.7343 
0.7373 
0.7403 

0.2677 
0.2649 
0.2621 
0.2594 
0.2568 

0.7756 
0.7777 
0.7796 
0.7816 
0.7835 

20.19 
19.91 
19.65 
19.38 
19.13 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0337 
0.0349 
0.0361 
0.0372 
0.0383 

0.0730 
0.0727 
0.0724 
0.0721 
0.0717 

0.0804 
0.0806 
0.0809 
0.0811 
0.0813 

65.21 
64.35 
63.51 
62.69 
61.89 

0.7432 
0.7460 
0.7487 
0.7514 
0.7541 

0.2542 
0.2517 
0.2492 
0.2467 
0.2444 

0.7854 
0.7873 
0.7891 
0.7909 
0.7927 

18.88 
18.64 
18.41 
18.18 
17.95 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0394 
. 0.0405 

0.0415 
0.0426 
0.0436 

0.0714 
0.0711 
0.0708 
0.0704 
0.0701 

0.0816 
0.0818 
0.0820 
0.0823 
0.0825 

61.10 
60.34 
59.59 
58.85 
58.14 

0.7567 
0.7592 
0.7617 
0.7641 
0.7665 

0.2420 
0.2397 
0.2375 
0.2353 
0.2331 

0.7944 
0.7961 
0.7978 
0.7995 
0.8011 

17.74 
17.52 
17.32 
17.12 
16.92 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0446 
0.0455 
0.0465 
0.0474 
0.0483 

0.0698 
0.0694 
0.0691 
0.0688 
0.0685 

0.0828 
0.0830 
0.0833 
0.0835 
0.0838 

57.44 
56.75 
56.08 
55.42 
54.78 

0.7688 
0.7711 
0.7733 
0.7755 
0.7776 

0.2310 
0.2289 
0.2269 
0.2249 
0.2229 

0.8027 
0.8043 
0.8059 
0.8074 
0.8090 

16.72 
16.54 
16.35 
16.17 
15.99 

5.75 
5.80 
5,85 
5,90 
5.95 

0.0492 
0.0501 
0.0510 
0.0518 
0.0527 

0.0681 
0.0678 
0.0675 
0,0672 
0.0668 

0.0841 
0.0843 
0,0846 
0,0848 
0.0851 

54.15 
53.53 
52,92 
52,33 
51.75 

0.7798 
0.7818 
0,7839 
0.7858 
0.7878 

0.2209 
0.2190 
0.2171 
0.2153 
0,2135 

0,8104 
0.8119 
0,8134 
0,8148 
0.8162 

15.82 
15.65 
15.48 
15.32 
15.16 

6.00 
6.05 
6;10 
6.15 
6.20 

0.0535 
0.0543 
0.0551 
0,0559 
0.0567 

0.0665 
0.0662 
0.0859 
0.0655 
0,0652 

0.0854 
0.0856 
0.0859 
0,0861 
0.0864 

51.18 
50.62 
50.08 
49.54 
49.01 

0.7897 
0.7916 
0.7935 
0.7953 
0.7971 

0.2117 
0.2099 
0.2082 
0.2065 
0.2048 

0.8176 
0.8190 
0.8203 
0.8216 
0.8230 

15.01 
14.85 
14,70 
14.56 
14.41 

6,25 
6.30 
6.35 
6,40 
6,45 

0.0574 
0.0582 
0.0589 
0.0596 
0,0603 

0.0649 
0.0646 
0.0643 
0.0639 
0.0636 

0.0866 
0.0869 
0.0872 
0.0874 
0.0877 

48,50 
47.99 
47.49 
47.00 
46,53 

0.7988 
0.8005 
0.8022 
0.8039 
0.8055 

0.2032 
0.2015 
0.1999 
0.1984 
0.1968 

0.8243 
0.8255 
0.8268 
0.8280 
0.8292 

14,27 
14.13 
13.99 
13.86 
13.73 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0610 
0.0617 
0.0624 
0.0630 
0.0637 

0.0633 
0.0630 
0.0627 
0.0624 
0.0621 

0.0879 
0.0882 
0.0884 
0.0887 
0.0889 

46.06 
45.59 
45.14 
44.70 
44.26 

0.8072 
0.8087 
0.8103 
0.8118 
0.8133 

0.1953 
0.1938 
0.1923 
0.1908 
0.1894 

0.8304 
0.8316 
0.8328 
0.8340 
0.8351 

13,60 
13.47 
13.35 
13.23 
13.11 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0643 
0.0650 
0.0656 
0,0662 
0,0668 

0.0618 
0.0615 
0.0612 
0.0609 
0,0606 

0.0892 
0.0894 
0.0897 
0.0899 
0.0902 

43.83 
43.41 
42.99 
42.59 
42.19 

0.8148 
0.8163 
0.8177 
0.8191 
0.8205 

0.1879 
0.1865 
0.1852 
0.1838 
0.1825 

0.8362 
0.8373 
0.8384 
0.8395 
0.8406 

12.99 
12.87 
12.76 
12.65 
12.54 

WADe TR 56-614 A-73 



k= 0.3 cr=0.25 

a 
/- cr'
--·X

2 
REAL IMAG. 

/ 
X 27Tk 

-27T .r 
t X 

REAL IMAG. 

-"7 

MOCVLUS PHASl:. 
(OEGR££SJ_ 

7.00 1.1473 -0.2198 0.9294 0.5964 0.5508 0.9326 -0.0603 0.9345 356.30 
7.05 1.1465 -0.2177 0.9298 0.5912 0.5537 0.9320 -0.0600 0.9339 356.32 
7.10 1 .1457 -0.2156 0.9302 0.5860 0.5566 0.9314 -0.0597 0.9333 356.33 
7.15 1 .1449 -0.2135 0.9306 0.5809 0.5594 0.9309 -0.0594 0.9328 356.35 
7.20 1.1442 -0.2115 0.9309 0.5758 0.5622 0.9303 -0.0591 0.9322 356.37 

7.25 1.1434 -0.2095 0.9313 0.5709 0.5650 0.9297 -0.0588 0.9316 356.38 
7.30 1.1426 -0.2076 0.9317 0.5661 0.5678 0.9292 -0.0585 0.9310 356.40 
7.35 1.1419 -0.2057 0.9321 . 0.5613 0.5705 0.9287 -0.0582 0.9305 356.41 
7.40 1.1411 -0.2038 0.9324 0.5566 0.5732 0.9281 -0.0579 0.9299 356.43 
7.45 1.1404 -0.2019 0.9328 0.5520 0.5758 0.9276 -0.0577 0.9294 356.44 

7.50 1 .1396 -0.2001 0.9332 0.5474 0.5784 0.9271 -0.0574 0.9289 356.46 
7.55 1 .1389 -0.1983 0.9335 0.5430 0.5810 0.9266 -0.0571 0.9284 356.47 
7.60 1 .1382 -0.1966 0.9339 0.5386 0.5836 0.9261 -0.0568 0.9278 356.49 
7.65 1.1375 -0.1948 0.9342 0.5342 0.5861 0.9256 -0.0566 0.9273 356.50 
7.70 1.1368 -0.1931 0.9346 0.5300 0.5886 0.9251 -0.0563 0.9268 356.52 

7. 75 1 .1360 -0.1915 0.9349 0.5258 0.5911 0.9246 -0.0560 0.9263 356.53 
7.80 1.1354 -0.1898 0.9353 0.5216 0.5936 0.9242 -0.0558 0.9259 356.55 
7.85 1 .1347 -0.1882 0.9356 0.5176 0.5960 0.9237 -0.0555 0.9254 356.56 
7.90 1.1340 -0.1866 0.9359 0.5135 0.5984 0.9233 -0.0552 0.9249 356.58 
7.95 1.1333 -0.1851 0.9363 0.5096 0.6007 0.9228 -0.0550 0.9244 356.59 

8.00 1 .1326 -0.1835 0.9366 0.5057 0.6031 0.9224 -0.0547 0.9240 356.61 
8.05 1 .1320 -0.1820 0.9369 0.5019 0.6054 0.9219 -0.0544 0.9235 356.62 
8.10 1.1313 -0.1805 0.9372 0.4981 0.6077 0.9215 -0.0542 0.9231 356.63 
8.15 1 .1307 -0.1790 0.9375 0.4944 0.6100 0.9210 -0.0539 0.9226 356.65 
8.20 1.1300 -0.1776 0.9378 0.4907 0.6122 0.9206 -0.0537 0.9222 356.66 

8.25 1.1294 -0.1762 0.9381 0.41171 0.6144 0.9202 -0.0534 0.9218 356.68 
8.30 1.1288 -0.1748 0.9384 0.4835 0.6166 0.9198 -0.0532 0.9213 356.69 
8.35 1.1281 -0.1734 0.9387 0.4800 0.618B 0.9194 -0.0529 0.9209 356.70 
8.40 1.1275 -0.1720 0.9390 0.4766 0.6209 0.9190 -0.0527 0.9205 356.72 
8.45 1.1269 -0.1707 0.9393 0.4731 0.6230 0.9186 -0.0525 0.9201 356.73 

8.50 1.1263 -0.1694 0.9396 0.469B 0.6251 0.9182 -0.0522 0.9197 356.74 
8.55 1 .1257 -0.1681 0.9399 0.4665 0.6272 0.9178 -0.0520 0.9193 356.76 
8.60 1 .1251 -0.1668 0.9402 0.4632 0.6293 0.9174 -0.0517 0.9189 356.77 
8.65 1.1245 -0.1655 0.9405 0.4600 0.6313 0.9170 -0.0515 0.9185 356.78 
8.70 1.1239 -0.1643 0.9408 0.4568 0.6333 0.9167 -0.0513 0.9181 356.80 

8.75 1.1233 -0.1631 0.9410 0.4536 0.6353 0.9163 -0.0510 0.9177 356.81 
8.80 1.1228 -0.1618 0.9413 0.4505 0.6373 0.9159 -0.0508 0.9173 356.82 
8.85 
8.90 

1.1222 
1.1216 

-0.1607 
-0.1595 

0.9416 
0.9419 

0.4475 
0.4444 

0.6392 
0.6412 

0.9156 
0.9152 

-0.0506 
-0.0504 

0.9170 
0.9166 

356.84 
356.85 

8.95 1.1211 -0.1583 0.9421 0.4415 0.6431 0.9149 -0.0501 0.9162 356.86 

9.00 
9.05 
9.10 
9.15 
9.20 

1 .1205 
1.1200 
1.1194 
1.1189 
1.1184 

-0.1572 
-0.1561 
-0.1549 
-0.1538 
-0.1528 

0.9424 
0.9426 
0.9429 
0.9432 
0.9434 

0.4385 
0.4356 
0.4328 
0.4299 
0.4271 

0.6450 
0.6469 
0.6487 
0.6506 
0.6524 

0.9145 
0.9142 
0.9138 
0.9135 
0.9132 

-0.0499 
-0.0497 
-0.0495 
-0.0493 
-0.0491 

0.9159 
0.9155 
0.9152 
0.9148 
0.9145 

356.88 
356.89 
356.90 
356.91 
356.93 

9.25 
9.30 

1.1178 
1.1173 

-0.1517 
-0.1506 

0.9437 
0.9439 

0.4244 
0.4217 

0.6542 
0.6560 

0.9128 
0.9125 

-0.0488 
-0.0486 

0.9141 
0.9138 

356.94 
356.95 

9.35 
9.40 
9.45 

1.1168 
1 .1163 
1.1158 

-0.1496 
-0.1486 
-0.1476 

0.9442 
0.9444 
0.9446 

0.4190 
0.4163 
0.4137 

0.6577 
0.6595 
0.6612 

0.9122 
0.9119 
0.9116 

-0.0484 
-0.0482 
-0.0480 

0.9135 
0.9131 
0.9128 

356.96 
356.97 
356.99 

9.50 1.1153 -0.1466 0.9449 0.4111 0.6629 0.9112 -0.0478 0.9125 357.00 
9.55 
9.60 

1 .1140 
1.1143 

-0.1456 
-0.1446 

0.9451 
0.9454 

0.4086 
0.4060 

0.6646 
0.6663 

0.9109 
0.9106 

-0.0476 
-0.0474 

0.9122 
0.9119 

357.01 
357.02 

9.65 
9.70 

1.1138 
1.1133 

-0.1437 
-0.1427 

0.9456 
0.9458 

0.4035 
0.4011 

0.6679 
0.6696 

0.9103 
0.9100 

-0.0472 
-0.0470 

0.9116 
0.9113 

357.03 
357.04 

9.75 
9.80 
9.85 
9.90 

1.1128 
1.1123 
1.1119 
1.1114 

-0.1418 
-0.1409 
-0.1399 
-0.1390 

0.9460 
0.9463 
0.9465 
0.9467 

0.3986 
0.3962 
0.3939 
0.3915 

0.6712 
0.6728 
0.6744 
0.6760 

0.9097 
0.9095 
0.9092 
0.9089 

-0.0468 
-0.0466 
-0.0464 
-0.0462 

0.9109 
0.9106 
0.9104 
0.9101 

357.06 
357.07 
357.08 
357.09 

9.95 1 .1109 -0.1382 0.9469 0.3892 0.6776 0.9086 -0.0460 0.9098 357.10 

10.00 1.1105 -0.1373 0.9472 0.3869 0.6792 0.9083 -0.0458 0.9095 357.11 

A-74WADe TR 56-614 



k= 0.3 (T= 0.25 

a /+1J /+1J 00 
REAL IMAG. MOWLUS PHASE 

rOEGREESI 
REAL IMAG. MOWLUS PHASE 

rOE(;RUSI 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0674 
0.0680 
0.0686 
0.0691 
0.0697 

0.0603 
0.0600 
0.0597 
0.0594 
0.0591 

0.0904 
0.0907 
0.0909 
0.0911 
0.0914 

41.80 
41.41 
41.03 
40.66 
40.29 

0.8219 
0.8232 
0.8246 
0.8259 
0.8272 

0.1811 
0.1798 
0.1785 
0.1773 
0.1760 

0.8416 
0.8426 
0.8437 
0.8447 
0.8457 

12.43 
12.32 
12.'22 
12.11 
12.01 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0703 
0.0708 
0.0713 
0.0719 
0.0724 

0.0588 
0.0585 
0.0582 
0.0579 
0.0577 

0.0916 
0.0918 
0.0921 
0.0923 
0.0925 

39.93 
39.57 
39.23 
38.88 
38.54 

0.8284 
0.8297 
0.8309 
0.8321 
0.8333 

0.1748 
0.1735 
0.1723 
0.1711 
0.1700 

0.8467 
0.8476 
0.8486 
0.8495 
0.8505 

11.91 
11.81 
11.72 
11.62 
11.53 

7.50 
7.55 
7.60 
7.65 
7.70 

0.0729 
0.0734 
0.0739 
0.0744 
0.0749 

0.0574 
0.0571 
0.0568 
0.0566 
0.0563 

0.0928 
0.0930 
0.0932 
0.0935 
0.0937 

38.21 
37.89 
37.56 
37.25 
36.94 

0.8345 
0.8356 
0.8368 
0.8379 
0.8390 

0.1688 
0.1677 
0.1665 
0.1654 
0.1643 

0.8514 
0.8523 
0.8532 
0.8541 
0.8550 

11.44 
11.35 
11.26 
11.17 
11.08 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0754 
0.0758 
0.0763 
0.0767 
0.0772 

0.0560 
0.0558 
0.0555 
0.0552 
0.0550 

0.0939 
0.0941 
0.0943 
0.0946 
0.0948 

36.63 
36.33 
36.03 
35.74 
35.45 

0.8401 
0.8412 
0.8423 
0.8433 
0.8443 

0.1633 
0.1622 
0.1611 
0.1601 
0.1590 

0.8558 
0.8567 
0.8575 
0.6584 
0.8592 

11.00 
10.91 
10.83 
10.75 
10.67 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0776 
0.0781 
0.0785 
0.0790 
0.0794 

0.0547 
0.0544 
0.0542 
0.0539 
0.0537 

0.0950 
0.0952 
0.0954 
0.0956 
0.0958 

35.17 
34.89 
34.61 
34.34 
34.07 

0.8454 
0.8464 
0.8474 
0.8483 
0.8493 

0.1580 
0.1570 
0.1560 
0.1551 
0.1541 

0.8600 
0.8608 
0.8616 
0.8624 
0.8632 

10.59 
10.51 
10.43 
10.36 
10.28 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0798 
0.0802 
0.0806 
0.0810 
0.0814 

0.0534 
0.0532 
0.0529 
0.0527 
0.0525 

0.0960 
0.0962 
0.0965 
0.0967 
0.0969 

33.81 
33.55 
33.30 
33.04 
32.80 

0.8503 
0.8512 
0.8521 
0.8531 
0.8540 

0.1531 
0.1522 
0.1512 
0.1503 
0.1494 

0.8640 
0.8647 
0.8655 
0.8662 
0.8669 

10.21 
10.14 
10.06 
9.99 
9.92 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0818 
0.0822 
0.0826 
0.0830 
0.0833 

0.0522 
0.0520 
0.0517 
0.0515 
0.0513 

0.0971 
0.0973 
0.0975 
0.0977 
0.0978 

32.55 
32.31 
32.07 
31.84 
31.61 

0.8549 
0.8558 
0.8566 
0.8575 
0.8583 

0.1485 
0.1476 
0.1467 
0.1459 
0.1450 

0.8677 
0.8684 
0.8691 
0.8698 
0.8705 

9.86 
9.79 
9.72 
9.65 
9.59 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0837 
0.0841 
0.0844 
0.0848 
0.0851 

0.0510 
0.0508 
0.0506 
0.0504 
0.0501 

0.0980 
0.0982 
0.0984 
0.0986 
0.0988 

31.38 
31.15 
30.93 
30.71 
30.50 

0.8592 
0.8600 
0.8608 
0.8617 
0.8625 

0.1442 
0.1433 
0.1425 
0.1417 
0.1409 

0.8712 
0.8719 
0.8726 
0.8732 
0.8739 

9.52 
9.46 
9.40 
9.34 
11.28 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0855 
0.0858 
0.0862 
0.0865 
0.0868 

0.0499 
0,0497 
0.0495 
0.0493 
0.0491 

0.0990 
0.0992 
0.0994 
0.0996 
0.0997 

30.28 
30.07 
29.87 
29.66 
29.46 

0.8633 
0.8640 
0.8648 
0.8656 
0.8663 

0.1401 
0.1393 
0.1385 
0.1377 
0.1369 

0.8745 
0.8752 
0.8758 
0.8765 
0.8771 

9.22 
9.16 
9.10 
9.04 
8.98 

9.25 
9.30 
9.35 
9,40 
9.45 

0.0872 
0.0875 
0.0878 
0.0881 
0.0884 

0.0488 
0.0486 
0.0484 
0.0482 
0.0480 

0.0999 
0.1001 
0.1003 
0.1005 
0.1006 

29.26 
29.06 
28.87 
28.68 
28.49 

0.8671 
0.8678 
0.8686 
0.8693 
0.8700 

0.1362 
0.1354 
0.1347 
0.1339 
0.1332 

0.8777 
0.8783 
0.8789 
0.8795 
0.8801 

8.93 
8.87 
8.81 
8.76 
8.71 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0888 
0.0891 
0.0894 
0.0897 
0.0900 

0.0478 
0.0476 
0.0474 
0.0472 
0.0470 

0.1008 
0.1010 
0.1012 
0.1013 
0.1015 

28.30 
28.12 
27.94 
27.76 
27.58 

0.8707 
0.8714 
0.8721 
0.8728 
0.8735 

0.1325 
0.1318 
0.1311 
0.1304 
0.1297 

0.8807 
0.8813 
0.8819 
0.8825 
0.8830 

8.65 
8.60 
8.55 
8.50 
8.45 

9.75 
9.80 
9.85 
9.90 
9.95 

0.0903 
0.0905 
0.0908 
0.0911 
0.0914 

0.0468 
0.0466 
0.0464 
0.0462 
0.0460 

0.1017 
0.1018 
0.1020 
0.1022 
0.1023 

27.40 
27.23 
27.06 
26.89 
26.72 

0.8741 
0.8748 
0.8754 
0.8761 
0.8767 

0.1290 
0.1283 
0.1277 
0.1270 
0.1264 

0.8836 
0.8842 
0.8847 
0.8853 
0.8858 

8.40 
8.35 
8.30 
8.25 
8.20 

10.,00 0.0917 0.0458 0.1025 26.56 0.8774 0.1257 0.8863 8.15 

WADe TR 56-614 A75 



k: 0.3 tr = 0.50 

a 

/_ (/2 
--·X

2 
REAL IMAG. 

/
X 2 1T ; 

-21T .r 
( X 

REAL IMAG. 

-'7 

MOWLUS 
PHASE 
(OCGRCCS) 

1.00 1.0030 -5.9741 0.5322 5.3163 0.0049 1.0050 -0.0014 1.0050 359.92 
1.05 1.0036 -5.4137 0.5543 5.2254 0.0054 1.0060 -0.0018 1.0060 359.90 
1.10 1.0043 -4.9275 0.5758 5.1317 0.0059 1.0071 -0.0024 1.0071 359.86 
1.15 1.0052 -4.5028 0.5966 5.0352 0.0065 1.0084 -0.0031 1.0084 359.82 
1.20 1 •00~2 -4.1297 0.6168 4.9361 0.0072 1.0098 -0.0040 1.0098 359.77 

1.25 1.0073 -3.8000 0.6364 4.8347 0.0079 1.0113 -0.0050 1.0113 359.72 
1.30 1.0085 -3.5072 0.6553 4.7310 0.0088 1.0130 -0.0063 1.0130 359.64 
1.35 1.0099 -3.2458 0.6735 4.6253 0.0098 1.0148 -0.0078 1.0148 359.56 
1.40 1.0115 -3.0116 0.6910 4.5178 0.0109 1.0166 -0.0096 1.0167 359.46 
1.45 1.0132 -2.8008 0.7078 4.4086 0.0122 1.0186 -0.0117 1.0186 359.34 

1.50 1.0152 -2.6103 0.7240 4.2980 0.0136 1.0206 -0.0141 1.0207 359.21 
1.55 1.0173 -2.4375 0.7394 4.1861 0.0152 1.0226 -0.0169 1.0227 359.05 
1.60 1.0197 -2.2804 0.7540 4.0732 0.0170 1.0246 -0.0201 1.0248 358.88 
1.65 1.0223 -2.1370 0.7680 3.9594 0.0191 1.0265 -0.0237 1.0268 358.68 
1. 70 1.0251 -2.0058 0.7811 3.8450 0.0214 1.0283 -0.0277 1.0287 358.46 

1.75 1.0282 -1.8854 0.7936 3.7303 0.0240 1.0299 -0.0321 1.0304 358.21 
1.80 1.0316 -1.7747 0.8053 3.6154 0.0269 1.0313 -0.0370 1.0320 357.94 
1.85 1.0352 -1.6727 0.8162 3.5006 0.0302 1.0324 -0.0423 1.0333 357.65 
1.90 1.0391 -1.5785 0.8263 3.3863 0.0338 1.0331 -0.0480 1.0342 357.34 
1.95 1.0433 -1.4914 0.8358 3.2726 0.0379 1.0333 -0.0540 1.0347 357.01 

2.00 1.0477 -1.4107 0.8444 3.1601 0.0424 1.0331 -0.0603 1.0348 356.66 
2.05 1.0524 -1.3358 0.8524 3.0489 0.0474 1.0322 -0.0668 1.0344 356.30 
2.10 1.0573 -1.2663 0.8596 2.9394 0.0529 1.0308 -0.0735 1.0334 355.92 
2.15 1.0623 -1.2018 0.8661 2.8320 0.0589 1.0287 -0.0802 1.0318 355.54 
2.20 1.0676 -1.1418 0.8719 2.7270 0.0654 1.0259 -0.0869 1.0296 355.16 

2.25 1.0730 -1.0860 0.8771 2.6248 0.0725 1.0225 -0.0934 1.0268 354.78 
2.30 1.0785 -1.0341 0.8817 2.5256 0.0800 1.0185 -0.0998 1.0234 354.41 
2.35 1.0840 -0.9858 0.8857 2.4298 0.0881 1.0140 -0.1057 1.0195 354.05 
2.40 
2.45 

1.0895 
1.0950 

-0.9409 
-0.8990 

0.8893 
0.8923 

2.3375 
2.2489 

0.0966 
0.1055 

1.0089 
1.0034 

-0.1113 
-0.1164 

1.0150 
1.0101 

353.70 
353.38 

2.50 1.1003 -0.8600 0.8950 2.1641 0.1148 0.9976 -0.1210 1.0049 353.08 
2.55 1.1055 -0.8236 0.8973 2.0833 0.1245 0.9915 -0.1251 0.9993 352.81 
2.60 1.1106 -0.7897 0.8992 2.0062 0.1345 0.9852 -0.1287 0.9936 352.56 
2.65 1.1154 -0.7581 0.9009 1.9331 0.1447 0.9788 -0.1317 0.9876 352.34 
2.70 1.1201 -0.7285 0.9024 1.8637 0.1551 0.9724 -0.1342 0.9816 352.14 

2.75 1.1245 -0.7009 0.9036 1.7979 0.1656 0.9660 -0.1362 0.9756 351.97 
2.80 1.1286 -0.6750 0.9047 1.7356 0.1763 0.9597 -0.1378 0.9695 351.83 
2.85 
2.90 

1.1325 
1.1362 

-0.6508 
-0.6281 

0.9056 
0.9064 

1.6767 
1.6210 

0.1870 
0.1977 

0.9535 
0.9475 

-0.1389 
-0.1397 

0.9636 
0.9577 

351.71 
351.61 

2.95 1.1396 -0.6067 0.9071 1.5683 0.2084 0.9416 -0.1401 0.9520 351.53 

3.00 1.1428 -0.5866 0.9077 1.5185 0.2190 0.9360 -0.1403 0.9464 351.48 
3.05 1.1457 -0.5677 0.9083 1.4713 0.2296 0.9305 -0.1402 0.9410 351.43 
3.10 1.1484 -0.5499 0.9088 1.4267 0.2401 0.9253 -0.1399 0.9358 351.41 
3.15 1.1509 -0.5331 0.9092 1.3844 0.2505 0.9203 -0.1393 0.9308 351.39 
3.20 1.1532 -0.5172 0.9096 1.3444 0.2607 0.9155 -0.1386 0.9259 351.39 

:L25 1.1553 -0.5022 0.9100 1.3065 0.2708 0.9109 -0.1378 0.9213 351.40 
3.30 1.1572 -0.4879 0.9104 1.2705 0.2807 0.9065 -0.1368 0.9168 351.42 
3.35 
3.40 
3.45 

1.1590 
1.1605 
1.1619 

-0.4744 
-0.4616 
-0.4495 

0.9107 
0.9111 
0.9114 

1.2363 
1.2038 
1.1730 

0.2905 
0.3000 
0.3094 

0.9023 
0.8983 
0.8945 

-0.1358 
-0.1347 
-0.1335 

0.9125 
0.9084 
0.9044 

351.44 
351.47 
351.51 

3.50 
3.55 
3.60 

1.1632 
1.1643 
1.1653 

-0.4379 
-0.4269 
-0.4164 

0.9117 
0.9120 
0.9124 

1.1436 
1.1157 
1.0890 

0.3187 
0.3277 
0.3365 

0.8909 
0.8874 
0.8841 

-0.1323 
-0.1310 
-0.1297 

0.9007 
0.8970 
0.8936 

351.56 
351.60 
351.65 

3.65 
3.70 

1 .1661 
1.1669 

-0.4065 
-0.3969 

0.9127 
0.9130 

1.0636 
1.0394 

0.3452 
0.3537 

0.8810 
0.8780 

-0.1284 
-0.1271 

0.8903 
0.8871 

351.71 
351.77 

3.75 1.1675 -0.3878 0.9133 1.0162 0.3620 0.8751 -0.1257 0.8841 351.82 
3.80 
3.85 

1.1680 
1.1685 

-0.3791 
-0.3708 

0.9136 
0.9139 

0.9941 
0.9729 

0.3701 
0.3780 

0.8723 
0.8697 

-0.1244 
-0.1231 

0.8811 
0.8783 

351.88 
351.95 

3.90 1.1688 -0.3628 0.9143 0.9526 0.3857 0.8671 -0.1218 0.8756 352.01 
3.95 1.1691 -0.3551 0.9146 0.9332 0.3933 0.8647 -0.1205 0.8731 352.07 
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k= 0.3 (T= 0.50 

a 
/+1') / +1J Fio 

REAL IMAG. MOWLUS PHASE 
IOEGREESI 

REAL IMAG. MODULUS PHASE 
IOEliREESJ 

1. 00 
1. 05 
1.10 
1.15 
1.20 

-0.0050 
-0.0060 
-0.0071 
-0.0084 
-0,0098 

0.0014 
0.0018 
0.0024 
0.0031 
0.0040 

0.0052 
0.0063 
0.0075 
0.0089 
0.0106 

164.71 
163.14 
161.49 
159.76 
157.96 

0.0155 
0.0188 
0.0227 
0.0270 
0.0320 

0.1235 
0.1357 
0.1485 
0.1617 
0.1754 

0.1244 
0.1371 
0.1502 
0.1640 
0.1783 

82.83 
82.10 
81.32 
80.51 
79.67 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0113 
-0.0130 
-0.0148 
-0.0166 
-0.0186 

0.0050 
0.0063 
0.0078 
0.0096 
0.0117 

0,0124 
0.0144 
0.0167 
0.0192 
0.0220 

156.07 
154.11 
152.07 
149.96 
147.76 

0.0376 
0.0438 
0.0508 
0.0585 
0.0671 

0.1894 
0.2038 
0.2185 
0.2334 
0.2485 

0.1931 
0.2085 
0.2243 
0.2406 
0.2574 

78.79 
77.87 
76.91 
75.92 
74.89 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0206 
-0.0226 
-0.0246 
-0.0265 
-0.0283 

0.0141 
0.0169 
0.0201 
0.0237 
0.0277 

0.0250 
0.0282 
0.0318 
0.0356 
0.0396 

145.49 
143.14 
140.71 
138.20 
135.62 

0.0765 
0.0868 
0.0980 
0.1101 
0.1232 

0.2637 
0.2790 
0.2942 
0.3093 
0.3242 

0.2746 
0.2922 
0.3101 
0.3283 
0.3468 

73.82 
72.72 
71.58 
70.40 
69.19 

1.75 
1.80 
1.85 
1.90 
1.95 

-0.0299 
-0.0313 
-0.0324 
-0.0331 
-0.0333 

0.0321 
0.0370 
0.0423 
0.0480 
0.0540 

0.0439 
0.0485 
0.0533 
0.0583 
0.0634 

132.97 
130.24 
127.45 
124.60 
121.69 

0.1373 
0.1523 
0.1682 
0.1851 
0.2029 

0.3387 
0.3529 
0.3665 
0.3794 
0.3916 

0.3655 
0.3843 
0.4033 
0.4222 
0.4411 

67.94 
66.66 
65.34 
63.99 
62.61 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0331 
-0.0322 
-0.0308 
-0.0287 
-0.0259 

0.0603 
0.0668 
0.0735 
0.0802 
0.0869 

0.0687 
0.0742 
0.0797 
0.0852 
0.0907 

113.74 
115.74 
112.71 
109.66 
106.61 

0.2214 
0.2407 
0.2606 
0.2810 
0.3018 

0.4029 
0.4133 
0.4225 
0.4305 
0.4374 

0.4598 
0.4782 
0.4964 
0.5141 
0.5314 

61.21 
59.78 
58.33 
56.87 
55.40 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0225 
-0.0185 
-0.0140 
-0.0089 
-0,0034 

0.0934 
0.0998 
0.1057 
0.1113 
0.1164 

0.0961 
0.1015 
0.1067 
0.1117 
0.1165 

103.56 
100.53 
97.53 
94.58 
91.68 

0.3227 
0.3438 
0.3647 
0.3854 
0.4057 

0.4429 
0.4472 
0.4501 
0.4518 
0.4523 

0.5480 
0.5640 
0.5793 
0.5939 
0.6077 

53.92 
52.45 
50.98 
49.54 
48.11 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0024 
0.0085 
0.0148 
0.0212 
0.0276 

0.1210 
0.1251 
0.1287 
0.1317 
0.1342 

0.1211 
0.1254 
0.1295 
0.1334 
0.1370 

88.85 
86.10 
83.44 
80.36 
78.38 

0.1256 
0.4448 
0.4633 
0.4811 
0.4981 

0.4518 
0.4501 
0.4476 
0.4443 
0.4402 

0.6206 
0.6328 
0.6442 
0.6549 
0.6648 

46.71 
45.34 
44.01 
42.72 
41.47 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0340 
0.0403 
0.0465 
0.0525 
0.0584 

0.1362 
0.1378 
0.1389 
0.1397 
0.1401 

0.1404 
0.1435 
0.1465 
0.1492 
0.1518 

75.99 
73.70 
71.50 
69.40 
67.39 

0.5143 
0.5297 
0.5443 
0.5581 
0.5711 

0.4356 
0.4305 
0.4250 
0.4192 
0.4131 

0.6740 
0.6826 
0.6906 
0.6980 
0.7049 

40.26 
39.10 
37.98 
36.91 
35.88 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0640 
0.0695 
0.0747 
0.0797 
0.0845 

0.1403 
0.1402 
0.1399 
0.1393 
0.1386 

0.1542 
0.1565 
0.1586 
0.1605 
0.1624 

65.47 
63.64 
61.89 
60.22 
58.63 

0.5834 
0.5950 
0.6060 
0.6163 
0.6260 

0.4069 
0.4006 
0.3942 
0.3878 
0.3815 

0.7113 
0.7173 
0.7229 
0.7281 
0.7330 

34.89 
33.95 
33.05 
32.18 
31.36 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0891 
0.0935 
0.0977 
0.1017 
0.1055 

0.1378 
0.1368 
0.1358 
0.1347 
0.1335 

0.1641 
0.1657 
0.1673 
0.1687 
0.1701 

57.11 
55.66 
54.27 
52.95 
51.69 

0.6351 
0.6438 
0.6519 
0.6596 
0.6669 

0.3751 
0.3689 
0.3627 
0.3566 
0.3507 

0.7376 
0.7420 
0.7460 
0.7499 
0.7535 

30.57 
29.81 
29.09 
28.40 
27.74 

3,50 
3.55 
3.60 
3.65 
3.70 

0.1091 
0.1126 
0.1159 
0.1190 
0.1220 

0.1323 
0.1310 
0.1297 
0.1284 
0.1271 

0.1715 
0.1727 
0.1739 
0.1751 
0.1762 

50.48 
49.33 
48.22 
47.16 
46.15 

0.6738 
0.6804 
0.6866 
0.6925 
0.6981 

0.3449 
0.3392 
0.333-7 
0.3283 
0.3230 

0.7570 
0.7603 
0.7634 
0.7664 
0.7692 

27.10 
26.50 
25.92 
25.36 
24.83 

3.75 
3.80 
3.85 
3.90 
3.95 

0.1249 
0.1277 
0.1303 
0.1329 
0.1353 

0.1257 
0.1244 
0.1231 
0.1218 
0.1205 

0.1772 
0.1783 
0.1793 
0.1802 
0.1811 

45.18 
44.25 
43.36 
42.50 
41.68 

0.7035 
0.7086 
0.7135 
0.7181 
0.7226 

0.3179 
0.3129 
0.3081 
0.3034 
0.2989 

0.7720 
0.7746 
0.7772 
0.7796 
0.7820 

24.32 
23.83 
23.36 
22.90 
22.47 
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k= 0.3 cr = 0.50 

a 
/_ cr Z 

-Z'X 
REAL iMAG. 

/
X 2 7T ; 

-27T ..r 
! .X 

REAL IMAG. 

-'7 

MOWLUS PHA:r. 
(OE6REES) 

4.00 1.1693 -0.3478 0.9149 0.9146 0.4007 0.8624 -0.1192 0.8706 352.13 
4.05 1.1694 -0.3407 0.9153 0.8967 0.4079 0.8601 -0.1179 0.8682 352.19 
4.10 1.1695 -0.3340 0.9156 0.8795 0.4150 0.8580 -0.1167 0.8659 352.26 
4.15 1.1695 -0.3275 0.9159 0.8631 0.4219 0.8559 -0.1154 0.8636 352.32 
4.20 1.1694 -0.3212 0.9163 0.8472 0.4286 0.8539 -0.1142 0.8615 352.38 

4.25 1.1693 -0.3152 0.9166 0.8319 0.4352 0.6520 -0.1130 0.6594 352.44 
4.30 1.1691 -0.3094 0.9170 0.8172 0.4417 0.8501 -0.1119 0.8574 352.50 
4.35 1.1689 -0.3037 0.9174 0.8030 0.4480 0.6483 -0.1107 0.8555 352.56 
4.40 1.1686 -0.2983 0.9177 0.7894 0.4541 0.8466 -0.1096 0.8536 352.62 
4.45 1.1683 -0.2931 0.9181 0.7762 0.4602 0.6449 -0.1065 0.8518 352.68 

4.50 1.1680 -0.2881 0.9164 0.7634 0.4661 0.6432 -0.1074 0.8501 352.74 
4.55 1.1676 -0.2832 0.9188 0.7511 0.4718 0.8417 -0.1063 0.8484 352.80 
4.60 1.1672 -0.2785 0.9192 0.7392 0.4775 0.8401 -0.1053 0.8467 352.86 
4.65 1.1668 -0.2739 0.9196 0.7277 0.4830 0.8386 -0.1043 0.845,1 352.91 
4.70 1.1663 -0.2695 0.9199 0.7166 0.4884 0.8372 -0.1033 0.8435 352.97 

4.75 1.1658 -0.2652 0.9203 0.7057 0.4937 0.6358 -0.1023 0.6420 353.02 
4.60 1.1653 -0.2611 0.9207 0.6953 0.4989 0.8344 -0.1014 0.8405 353.07 
4.85 1.1648 -0.2571 0.9210 0.6851 0.5040 0.8330 -0.1004 0.8391 353.13 
4.90 1.1642 -0.2532 0.9214 0.6753 0.5090 0.6317 -0.0995 0.6377 353.16 
4.95 1.1637 -0.2494 0.9218 0.6657 0.5139 0.8305 -0.0986 0.8363 353.23 

5.00 1.1631 -0.2457 0.9222 0.6564 0.5187 0.8292 -0.0977 0.8350 353.28 
5.05 1.1625 -0.2421 0.9225 0.6473 0.5234 0.6280 -0.0968 0.8337 353.33 
5.10 1.1619 -0.2386 0.9229 0.6385 0.5281 0.8268 -0.0960 0.8324 353.38 
5.15 1.1613 -0.2352 0.9233 0.6300 0.5326 0.8257 -0.0951 0.8311 353.43 
5.20 1.1607 -0.2319 0.9237 0.6216 0.5371 0.8245 -0.0943 0.8299 353.48 

5.25 1.1600 -0.2287 0.9240 0.6135 0.5414 0.8234 -0.0935 0.8287 353.52 
5.30 1.1594 -0.2256 0.9244 0.6056 0.5457 0.8224 -0.0927 0.8276 353.57 
5.35 1.1588 -0.2226 0.9248 0.5979 0.5499 0.8213 -0.0919 0.8264 353.61 
5.40 1.1581 -0.2196 0.9251 0.5904 0.5541 0.8203 -0.0911 0.8253 353.66 
5.45 1.1575 -0.2167 0.9255 0.5831 0.5562 0.8192 -0.0904 0.6242 353.70 

5.50 1.1568 -0.2139 0.9256 0.5759 0.5622 0.6162 -0.0896 0.6231 353.75 
5.55 1.1562 -0.2111 0.9262 0.5690 0.5661 0.6173 -0.0889 0.8221 353.79 
5.60 1.1555 -0.2084 0.9266 0.5622 0.5700 0.8163 -0.0662 0.8211 353.63 
5.65 1.1548 -0.2058 0.9269 0.5555 0.5736 0.8154 -0.0875 0.6201 353.88 
5.70 1.1542 -0.2032 0.9273 0.5490 0.5775 0.8145 -0.0868 0.6191 353.92 

5.75 1.1535 -0.2007 0.9276 0.5426 0.5612 0.6136 -0.0661 0.8181 353.96 
5.80 1.1529 -0.1983 0.9279 0.5364 0.5646 0.6127 -0.0654 0.8172 354.00 
5.85 1.1522 -0.1959 0.9263 0.5303 0.5664 0.8118 -0 .. 0848 0.6162 354.04 
5.90 1.1516 -0.1936 0.9286 0.5244 0.5919 0.8110 -0.0641 0.8153 354.06 
5.95 1.1509 -0.1913 0.9290 0.5186 0.5954 0.8101 -0.0635 0.6144 354.12 

6.00 1.1503 -0.1690 0.9293 0.5129 0.5986 0.8093 -0.0828 0.8135 354.16 
6.05 1.1496 -0.1869 0.9296 0.5073 0.6021 0.8085 -0.0822 0.8127 354.20 
6.10 1.1490 -0.1647 0.9299 0.5016 0.6054 0.8077 -0.0816 0.8118 354.23 
6.15 1.1483 -0.1826 0.9303 0.4965 0.6087 0.8069 -0.0610 0.8110 354.27 
6.20 1.1477 -0.1806 0.9306 0.4912 0.6119 0.6062 -0.0604 0.8102 354.31 

6.25 1 .1471 -0.1786 0.9309 0.4861 0.6150 0.8054 -0.0798 0.8094 354.34 
6.30 1.1464 -0.1766 0.9312 0.4811 0.6181 0.8047 -0.0792 0.6086 354.38 
6.35 1.1458 -0.1747 0.9315 0.4761 0.6212 0.6040 -0.0786 0.8078 354.42 
6.40 
6.45 

1.1452 
1.1446 

-0.1728 
-0.1709 

0.9318 
0.9321 

0.4713 
0.4666 

0.6242 
0.6272 

0.8033 
0.8026 

-0.0780 
-0.0775 

0.8070 
0.8063 

354.45 
354.49 

6.50 1.1439 -0.1691 0.9324 0.4619 0.6301 0.8019 -0.0769 0.8056 354.52 
6.55 1.1433 -0.1673 0.9327 0.4573 0.6330 0.8012 -0.0764 0.8048 354.56 
6.60 1.1427 -0.1656 0.9330 0.4529 0.6358 0.8005 -0.0758 0.8041 354.59 
6.65 1 .1421 -0.1639 0.9333 0.4485 0.6386 0.7999 -0.0753 0.8034 354.62 
6.70 1.1415 -0.1622 0.9336 0.4441 0.6414 0.7992 -0.0748 0.8027 354.66 

6.75 
6.60 
6.85 
6.90 
6.95 

1.1410 
1.1404 
1.1398 
1.1392 
1.1387 

-0.1606 
-0.1569 
-0.1574 
-0.1558 
-0.1543 

0.9339 
0.9342 
0.9345 
0.9347 
0.9350 

0.4399 
0.4357 
0.4317 
0~4277 
0.4237 

0.6441 
0.6468 
0.6494 
0.6520 
0.6546 

0.7986 
0.7980 
0.7974 
0.7968 
0.7962 

-0.0742 
-0.0737 
-0.0732 
-0.0727 
-0.0722 

0.8020 
0.8014 
0.8007 
0.8001 
0.7994 

354.69 
354.72 
354.75 
354.78 
354.82 

WADe TR 56-614 
A-78 



k= 0.3 (T= 0.50 

a 

4.00 
4.05 
4.10 
4.15 
4.20 

4.25 
4.30 
4.35 
4.40 
4.45 

4.50 
4.55 
4.60 
4.65 
4.70 

4,75 
4.80 
4,85 
4,90 
4.95 

5.00 
5.05 
5.10 
5,15 
5.20 

5.25 
5.30 
5.35 
5.40 
5.45 

5.50 
5.55 
5.60 
5.65 
5.70 

5.75 
5.80 
5.85 
5,90 
5.95 

6.00 
6.05 
6,10 
6,15 
6.20 

6.25 
6.30 
6.35 
6.40 
6.45 

6.50 
6.55 
6.60 
6.65 
6.70 

6.75 
6.80 
6.85 
6.90 
6.95 

REAL 

0.1376 
0.1399 
0.1420 
0.1441 
0,1461 

0.1480 
0.1499 
0,1517 
0.1534 
0,1551 

0.1568 
0,1583 
0.1599 
0,1614 
0.1628 

0,1642 
0.1656 
0.1670 
0.1683 
0.1695 

0,1708 
0,1720 
0.1732 
0.1743 
0.1755 

0.1766 
0.1776 
0.1787 
0.1797 
0,1808 

0.1818 
0.1827 
0.1837 
0,1846 
0.1855 

0.1864 
0.1873 
0.1882 
0.1890 
0,1899 

0.1907 
0.1915 
0.1923 
0.1931 
0.1938 

0.1946 
0.1953 
0.1960 
0.1967 
0.1974 

0.1981 
0.1988 
0.1995 
0.2001 
0.2008 

0.2014 
0.2020 
0.2026 
0.2032 
0,2038 

1+1J 

IMAG. MOCULUS PHASE REAL(DEGREES; 

0,1192 0,1821 40.89 0.7269 
0,1179 0.1829 40.13 0.7310 
0.1167 0.1838 39,40 0.7350 
0,1154 0,1846 38.69 0.7388 
0,1142 0.1854 38.02 0.7425 

0.1130 0,1862 37.36 0.7460 
0.1119 0.1870 36.p 0.7494 
0.1107 0,1878 36, 2 0,7527 
0.1096 0.1886 35,54 0.7559 
0,1085 0,1893 34.97 0,7591 

0.1074 0.1900 34,42 0.7621 
0.1063 0,1907 33.89 0.7650 
0.1053 0.1914 33,37 0.7678 
0.1043 0,1921 32.87 0.7706 
0.1033 0,1928 32.39 0.7733 

0.1023 0,1935 31.92 0,7759 
0.1014 0.1942 31.47 0.7785 
0.1004 0.1948 31.02 0.7809 
0.0995 0,1955 30.60 0.7834 
0.0986 0.1961 30.18 0.7857 

0.0977 0.1967 29.77 0.7881 
0,0968 0,1974 29,38 0.7903 
0,0960 0.1980 29.00 0.7925 
0,0951 0.1986 28.62 0.7947 
0.0943 0,1992 28.26 0.7968 

0.0935 0,1998 27.90 0.7989 
0.0927 0.2004 27.56 0.8009 
0.0919 0.2010 27.22 0.8029 
0.0911 0.2015 26.89 0.8049 
0,0904 0,2021 26.57 0.8068 

0,0896 0,2027 26.25 0.8087 
0,0889 0.2032 25.95 0.8105 
0,0882 0.2038 25.65 0.8123 
0,0875 0.2043 25.36 0.8141 
0.0868 0.2048 25.07 0.8158 

0.0861 0,2054 24.79 0.8175 
0,0854 0.2059 24.51 0.8192 
0,0848 0,2064 24.25 0.8208 
0.0841 0.2069 23.98 0.8224 
0,0835 0,2074 23.73 0.8240 

0.0828 0.2079 23.48 0.8256 
0.0822 0,2084 23,23 0,8271 
0.0816 0.2089 22.99 0.8286 
0.0810 0,2093 22.75 0,8301 
0.0804 0.2098 22.52 0.8315 

0.0798 0.2103 22.29 0.8330 
0.0792 0.2107 22.07 0.8344 
0.0786 0.2112 21.85 0.8357 
0.0780 0.2116 21.63 0.8371 
0.0775 0.2121 21.42 0.8384 

0,0769 0.2125 21.22 0.8397 
0.0764 0.2130 21.01 0.8410 
0.0758 0.2,134 20.81 0.8423 
0.0753 0.2138 20.62 0.8435 
0.0748 0.2142 20.42 0.8448 

0.0742 0.2146 20.24 0.8460 
0,0737 0,2150 20,05 0.8472 
0.0732 0.2155 19.87 0.8483 
0.0727 0.2158 19.69 0.8495 
0.0722 '0.2162 19.51 0.8506 

1+"700 

IMAG. MODULUS PHASE 
(OEGREES; 

0.2944 0.7843 22,05 
0.2901 0.7865 21.65 
0.2860 0.7887 21.26 
0.2819 0.7908 20.89 
0,2780 0.7928 20.53 

0.2742 0.7948 20.18 
0,2705 0.7968 19.85 
0.2669 0.7987 19,52 
0,2634 0.8005 19.21 
0.2600 0.8024 18.91 

0.2567 0.8041 18.62 
0.2535 0,8059 18,33 
0.2504 0.8076 18.06 
0.2473 0,8093 17.79 
0.2444 0.8110 17,54 

0.2415 0.8126 17,29 
0.2387 0.8142 17.04 
0,2359 0.8158 16,81 
0.2332 0.8174 16,58 
0.2306 0.8189 16.36 

0.2281 0.8204 16,14 
0.2256 0.8219 15.93 
0.2232 0.8234 15,73 
0.2208 0.8248 15.53 
0.2185 0.8262 15.33 

0.2162 0,8276 15.14 
0.2140 0.8290 14,96 
0.2118 0,8304 14.78 
0.2097 0.8317 14.60 
0.2076 0,8331 14,43 

0,2056 0.8344 14,26 
0.2036 0.8357 14,10 
0.2016 0.8369 13.94 
0.1997 0.8382 13,78 
0.1978 0.8394 13.63 

0.1959 0.8407 13.48 
0,1941 0.8419 13.33 
0.1923 0,8430 13.19 
0.1906 0.8442 13.05 
0,1888 0.8454 12,91 

0.1872 0.8465 12.77 
0.1855 0.8476 12,64 
0.1839 0.8488 12,51 
0,1823 0.8498 12.38 
0.1807 0.8509 12.26 

0,1791 0.8520 12.14 
0.1776 0.8530 12.02 
0.1761 0.8541 11.90 
0.1746 0.8551 11.78 
0.1732 0.8561 11.67 

0.1718 0.8571 11.56 
0.1703 0.8581 11.45 
0.1690 0.8591 11.34 
0.1676 0.8600 11.24 
0.1663 0.8610 11.13 

0.1649 0.8619 11.03 
0.1636 0.8628 10.93 
0.1624 0.8637 10.84 
0.1611 0.8646 10.74 
0.1599 0.8655 10.64 

WADe TR 56--614 A 79 



k= 0.3 cr = 0.50 

a 
I i-cr
-r' X 

REAL IMAG 

I 
X 2 1T ; 

-27T .r 
t X 

REAL IMAG. 

-"I 

MOWLUS PHASE 
(OE6REESI 

7.00 1.1381 -0.1528 0.9353 0.4198 0.6571 0.7956 -0.0717 0.7988 354.85 
7.05 1.1375 -0.1513 0.9355 0.4160 0.6597 0.7950 -0.0713 0.7982 354.88 
7.10 1.1370 -0.1499 0.9358 0.4123 0.6621 0.7945 -0.0708 0.7976 354.91 
7.15 1.1364 -0.1484 0.9361 0.4086 0.6646 0.7939 -0.0703 0.7970 354.94 
7.20 1.1359 -0.1471 0.9363 0.4050 0.6670 0.7933 -0.0699 0.7964 354.97 

7.25 1.1354 -0.1457 0.9366 0.4015 0.6693 0.7928 -0.0694 0.7958 355.00 
7.30 1.1348 -0.1443 0.9368 0.3980 0.6717 0.7923 -0.0689 0.7953 355.03 
7.35 1.1343 -0.1430 0.9371 0.3946 0.6740 0.7918 -0.0685 0.7947 355.06 
7.40 1.1338 -0.1417 0.9373 0.3912 0.6763 0.7912 -0.0681 0.7942 355.08 
7.45 1.1333 -0.1405 0.9376 0.3879 0.6785 0.7907 -0.0676 0.7936 355.11 

7.50 1.1327 -0.1392 0.9378 0.3846 0.6807 0.7902 -0.0672 0.7931 355.14 
7.55 1.1322 -0.1380 0.9381 0.3814 0.6829 0.7897 -0.0668 0.7925 355.17 
7.60 1.1317 -0.1368 0.9383 0.3782 0.6851 0.7892 -0.0664 0.7920 355.19 
7.65 1.1312 -0.1356 0.9385 0.3751 0.6872 0.7888 -0.0659 0.7915 355.22 
7.70 1.1307 -0.1344 0.9388 0.3721 0.6893 0.7883 -0.0655 0.7910 355.25 

7.75 1.1303 -0.1332 0.9390 0.3691 0.6914 0.7878 -0.0651 0.7905 355.27 
7.80 1.1298 -0.1321 0.9392 0.3661 0.6934 0.7874 -0.0647 0.7900 355.30 
7.85 1.1293 -0.1310 0.9394 0.3632 0.6955 0.7869 -0.0643 0.7895 355.33 
7.90 1.1288 -0.1299 0.9397 0.3603 0.6975 0.7865 -0.0639 0.7891 355.35 
7.95 1.1283 -0.1288 0.9399 0.3575 0.6994 0.7860 -0.0636 0.7886 355.38 

8.00 1.1279 -0.1277 0.9401 0.3547 0.7014 0.7856 -0.0632 0.7881 355.40 
8.05 1.1274 -0.1267 0.9403 0.3519 0.7033 0.7852 -0.0628 0.7877 355.43 
8.10 1.1270 -0.1257 0.9405 0.3492 0.7052 0.7847 -0.0624 0.7872 355.45 
8.15 1.1265 -0.1247 0.9407 0.3466 0.7071 0.7843 -0.0621 0.7868 355.48 
8.20 1.1261 -0.1237 0.9410 0.3440 0.7090 0.7839 -0.0617 0.7863 355.50 

8.25 1.1256 -0.1227 0.9412 0.3414 0.7108 0.7835 -0.0613 0.7859 355.52 
8.30 1.1252 -0.1217 0.9414 0.3388 0.7126 0.7831 -0.0610 0.7855 355.55 
8.35 1.1247 -0.1208 0.9416 0.3363 0.7144 0.7827 -0.0606 0.7850 355.57 
8.40 1.1243 -0.1198 0.9418 0.3338 0.7162 0.7823 -0.0603 0.7846 355.59 
8.45 1.1239 -0.1189 0.9420 0.3314 0.7179 0.7819 -0.0599 0.7842 355.62 

8.50 1.1234 -0.1180 0.9422 0.3290 0.7196 0.7815 -0.0596 0.7838 355.64 
8.55 1.1230 -0.1171 0.9424 0.3266 0.7213 0.7812 -0.0593 0.7834 355.66 
8.60 1.1226 -0.1162 0.9426 0.3243 0.7230 0.7808 -0.0589 0.7830 355.68 
8.65 1.1222 -0.1153 0.9427 0.3220 0.7247 0.7804 -0.0586 0.7826 355.71 
8.70 1.1218 -0.1145 0.9429 0.3197 0.7263 0.7801 -0.0583 0.7822 355.73 

8.75 1.1214 -0.1136 0.9431 0.3175 0.7280 0.7797 -0.0579 0.7818 355.75 
8.80 1.1210 -0.1128 0.9433 0.3153 0.7296 0.7793 -0.0576 0.7815 355.77 
8.85 1.1206 -0.1120 0.9435 0.3131 0.7312 0.7790 -0.0573 0.7811 355.79 
8.90 1.1202 -0.1111 0.9437 0.3109 0.7328 0.7786 -0.0570 0.7807 355.31 
8.95 1.1198 -0.1103 0.9439 0.3088 0.7343 0.7783 -0.0567 0.7804 355.83 

9.00 1.1194 -0.1096 0.9440 0.3067 0.7359 0.7780 -0.0564 0.7800 355.85 
9.05 1.1190 -0.1088 0.9442 0.3047 0.7374 0.7776 -0.0561 0.7796 355.88 
9.10 1.11 86 -0.1080 0.9444 0.3026 0.7389 0.7773 -0.0558 0.7793 355.90 
9.15 1.1183 -0.1072 0.9446 0.3006 0.7404 0.7770 -0.0555 0.7789 355.92 
9.20 1.1179 -0.1065 0.9447 0.2986 0.7418 0.7766 -0.0552 0.7786 355.93 

9.25 1.1175 -0.1058 0.9449 0.2967 0.7433 0.7763 -0.0549 0.7783 355.95 
9.30 1.1171 -0.1050 0.9451 0.2947 0.7447 0.7760 -0.0546 0.7779 355.97 
9.35 
9.40 
9.45 

1.1168 
1.1164 
1.1161 

-0.1043 
-0.1036 
-0.1029 

0.9452 
0.9454 
0.9456 

0.2928 
0.2909 
0.2891 

0.7462 
0.7476 
0.7490 

0.7757 
0.7754 
0.7751 

-0.0543 
-0.0541 
-0.0538 

0.7776 
0.7773 
0.7770 

355.99 
356.01 
356.03 

9.50 1.1157 -0.1022 0.9457 0.2872 0.7503 0.7748 -0.0535 0.7766 356.05 
9.55 1.1154 -0.1015 0.9459 0.2854 0.7517 0.7745 -0.0532 0.7763 356.07 
9.60 1.1150 -0.1009 0.9461 0.2836 0.7531 0.7742 -0.0530 0.7760 356.09 
9.65 1.1147 -0.1002 0.9462 0.2818 0.7544 0.7739 -0.0527 0.7757 356.11 
9.70 1.1143 -0.0995 0.9464 0.2801 0.7557 0.7736 -0.0524 0.7754 356.12 

9.75 1.1140 -0.0989 0.9465 0.2784 0.7570 0.7733 -0.0522 0.7751 356.14 
9.80 1.1136 -0.0983 0.9467 0.2767 0.7583 0.7730 -0.0519 0.7748 356.16 
9.85 1.1133 -0.0976 0.9468 0.2750 0.7596 0.7728 -0.0516 0.7745 356.18 
9.90 1.1130 -0.0970 0.9470 0.2733 0.7609 0.7725 -0.0514 0.7742 356.19 
9.95 1.1127 -0.0964 0.9471 0.2716 0.7621 0.7722 -0.0511 0.7739 356.21 

10.00 1.1123 -0.0958 0.9473 0.2700 0.7634 0.7719 -0.0509 0.7736 356.23 

WADe TR 56-614 A-SO 



k: 0.3 17: 0.50 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
fOeGHeeSI 

REAL 

/+1J Fio 
IMAG. MODULUS PHASE 

fO£:GHeeSI 

7.00 
7.05 
7.10 
7.15 
7.20 

0.2044 
0.2050 
0.2055 
0.2061 
0.2067 

0.0717 
0.0713 
0.0708 
0.0703 
0.0699 

0.2166 
0.2170 
0.2174 
0.2178 
0.2181 

19.34 
19.17 
19.00 
18.84 
18.68 

0.8517 
0.8528 
0.8539 
0.8550 
0.8560 

0.1586 
0.1574 
0.1562 
0.1551 
0.1539 

0.8664 
0.8672 
0.8681 
0.8689 
0.8698 

10.55 
10.46 
10.37 
10.28 
10.19 

7.25 
7.30 
7.35 
7.40 
7.45 

0.2072 
0.2077 
0.2082 
0.2088 
0.2093 

0.0694 
0.0689 
0.0685 
0.0681 
0.0676 

0.2185 
0.2189 
0.2192 
0.2196 
0.2199 

18.52 
18.36 
18.21 
18.06 
17.91 

0.8571 
0~8581 
0.8591 
0.8601 
0.8611 

0.1528 
0.1517 
0.1506 
0.1495 
0.1484 

0.8706 
0.8714 
0.8722 
0.8730 
0.8738 

10.11 
10.02 
9.94 
9.86 
9.78 

7.50 
7.55 
7.60 
7.65 
7.70 

0.2098 
0.2103 
0.2108 
0.2112 
0.2117 

0.0672 
0.0668 
0.0664 
0.0659 
0.0655 

0.2203 
0.2206 
0.2210 
0.2213 
0.2216 

17.76 
17.62 
17.48 
17.34 
17.20 

0.8620 
0.8630 
0.8639 
0.8648 
0.8658 

0.1473 
0.1463 
0.1453 
0.1443 
0.1433 

0.8745 
0.8753 
0.8760 
0.8768 
0.8775 

9.70 
9.62 
9.55 
9.47 
9.40 

7.75 
7.80 
7.85 
7.90 
7.95 

0.2122 
0.2126 
0.2131 
0.2135 
0.2140 

0.0651 
0.0647 
0.0643 
0.0639 
0.0636 

0.2219 
0.2223 
0.2226 
0.2229 
0.2232 

17.06 
16.93 
16.80 
16.67 
16.54 

0.8666 
0.8675 
0.8684 
0.8693 
0.8701 

0.1423 
0.1413 
0.1403 
0.1394 
0.1385 

0.8782 
0.8790 
0.8797 
0.8804 
0.8811 

9.32 
9.25 
9.18 
9.11 
9.04 

8.00 
8.05 
8.10 
8.15 
8.20 

0.2144 
0.2148 
0.2153 
0.2157 
0.2161 

0.0632 
0.0628 
0.0624 
0.0621 
0.0617 

0.2235 
0.2238 
0.2241 
0.2244 
0,2247 

16.42 
16.29 
16.17 
16.05 
15.93 

0.8710 
0.8718 
0.8726 
0.8734 
0.8742 

0.1375 
0.1366 
0.1357 
0.1348 
0,1340 

0.8818 
0.8824 
0.8831 
0.8838 
0.8844 

8.97 
8.91 
8.84 
8.78 
8,71 

8.25 
8.30 
8.35 
8.40 
8.45 

0.2165 
0.2169 
0.2173 
0.2177 
0.2181 

0.0613 
0.0610 
0.0606 
0.0603 
0.0599 

0.2250 
0.2253 
0.2256 
0.2259 
0.2262 

15.82 
15.70 
15.59 
15.48 
15.37 

0.8750 
0.8758 
0.8765 
0,8773 
0,8780 

0.1331 
0.1322 
0,1314 
0,1306 
0.1297 

0.8851 
0.8857 
0.8863 
0.8870 
0.8876 

8.65 
8,59 
8.53 
8.47 
8.41 

8.50 
8.55 
8.60 
8.65 
8.70 

0.2185 
0.2188 
0.2192 
0.2196 
0.2199 

0.0596 
0.0593 
0,0589 
0.0586 
0.0583 

0,2264 
0.2267 
0.2270 
0.2273 
0.2275 

15,26 
15,15 
15.04 
1<'.94 
14.84 

0.8788 
0.8795 
0.8802 
0.8809 
0.8816 

0.1289 
0.1281 
0,1273 
0.1266 
0.1258 

0.8882 
0.8888 
0.8894 
0,8900 
0.8906 

8.35 
8,29 
8.23 
8.18 
8,12 

8.75 
8.80 
8,85 
8.90 
8,95 

0.2203 
0.2207 
0.2210 
0.2214 
0,2217 

0.0579 
0.0576 
0.0573 
0.0570 
0.0567 

0,2278 
0.2281 
0,2283 
0.2286 
0,2288 

14.74 
14.64 
14.54 
14.44 
14.34 

0.8823 
0.8830 
0.8837 
0.8844 
0.8850 

0.1250 
0.1243 
0.1235 
0.1228 
0.1221 

0.8911 
0.8917 
0.8923 
0.8929 
0,8934 

8.06 
8.01 
7.96 
7.90 
7,85 

9.00 
9,05 
9.10 
9.15 
9.20 

0.2220 
0.2224 
0.2227 
0.2230 
0.2234 

0.0564 
0.0561 
0.0558 
0.0555 
0,0552 

0.2291 
0.2293 
0.2296 
0.2298 
0.2301 

14.25 
14.15 
14,06 
13.97 
13.88 

0.8857 
0.8863 
0.8870 
0,8876 
0.8882 

0.1213 
0.1206 
0.1199 
0,1192 
0.1185 

0.8940 
0.8945 
0,8950 
0.8956 
0,8961 

7.80 
7,75 
7,70 
7.65 
7.60 

9.25 
9,30 
9.35 
9.40 
9.45 

0.2237 
0.2240 
0.2243 
0.2246 
0.2249 

0.0549 
0.0546 
0.0543 
0,0541 
0.0538 

0,2303 
0.2305 
0.2308 
0.2310 
0.2313 

13.79 
13,70 
13.62 
13. ~3 
13.45 

0,8888 
0.8895 
0,8901 
0,8907 
0.8913 

0.1179 
0.1172 
0.1165 
0.1159 
0,1152 

0.8966 
0.8971 
0.8977 
0.8982 
0.8987 

7.55 
7.51 
7,46 
7.41 
7,37 

9.50 
9.55 
9.60 
9.65 
1l.70 

0.2252 
0.2255 
0.2258 
0.2261 
0.2264 

0.0535 
0.0532 
0.0530 
0.0527 
0.0524 

0,2315 
0.2317 
0.2319 
0.2322 
0.2324 

13.36 
13.28 
13.20 
13.12 
13.04 

0.8918 
0.8924 
0.8930 
0.8936 
0.8941 

0,1146 
0.1139 
0,1133 
0.1127 
0.1121 

0.8992 
0.8997 
0.9001 
0.9006 
0.9011 

7.32 
7.28 
7.23 
7.19 
7,14 

9,75 
9.80 
9,85 
9.90 
9.95 

0,2267 
0.2270 
0.2272 
0.2275 
0.2278 

0.0522 
0.0519 
0.0516 
0.0514 
0.0511 

0,2326 
0.2328 
0,2330 
0.2332 
0.2335 

12.96 
12,88 
12.81 
12.73 
12.65 

0,8947 
0.8952 
0.8958 
0.8963 
0,8968 

0,1115 
0.1109 
0,1103 
0,1097 
0.1091 

0.9016 
0.9021 
0.9025 
0.9030 
0.9034 

7.10 
7.06 
7.02 
6.98 
6.94 

10.00 0.2281 0.0509 0.2337 12.58 0.8974 0.1085 0.9039 6.90 
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k~ 0.4 (T = 0.00 

a 
/ - (Tz
-_·X

2 
REAL IMAG. 

/ 
X 21Tk 

-2rr y
( X 

REAL IMAG 

-1J 

MOCVWS PHASE 
(OC(;RECS) 

1.00 1.2573 -9.9985 0.4201 5.5426 0.0039 1.0050 0.0242 1.0053 1.38 
1.05 1.2574 -9.0687 0.4383 5.4721 0.0042 1.0061 0.0264 1.0064 1.51 
1.10 1. 2576 -8.2627 0.4561 5.3992 0.0045 1.0073 0.0288 1.0077 1.64 
1.15 1.2577 -7.5595 0.4735 5.3~42 0.0049 1.0086 0.0312 1.0091 1. 77 
1.20 1.2579 -6.9424 0.4905 5.2470 0.0053 1.0101 0.0336 1.0107 1.90 

1.25 1.2582 -6.3978 0.5071 5.1679 0.0057 1.0118 0.0360 1.0125 2.04 
1.30 1. 2584 -5.9149 0.5232 5.0870 0.0062 1.0137 0.0384 1.0144 2.17 
1.35 1.2587 -5.4845 0.5389 5.0046 0.0067 1.0158 0.0407 1.0166 2.30 
1.40 1.2590 -5.0995 0.5542 4.9206 0.0073 1.0180 0.0430 1.0189 2.42 
1.45 1.2593 -4.7536 0.5690 4.8354 0.0079 1.0204 0.0453 1.0214 2.54 

1.50 1.2597 -4.4417 0.5834 4.7490 0.0087 1.0231 0.0475 1.0242 2.66 
1.55 t .2601 -4.1595 0.5973 4.6617 0.0095 1.0259 0.0495 1.0270 2.76 
1.60 1. 2605 -3.9034 0.6107 4.5736 0.0103 1.0288 0.0514 1.0301 2.86 
1.65 1.2610 -3.6702 0.6237 4.4849 0.0113 1.0320 0.0532 1..0333 2.95 
1.70 1.2615 -3.4573 0.6362 4.3958 0.0123 1. 0353 0.0547 1.0367 3.03 

1.75 1.2620 -3.2624 0.6482 4.3063 0.0135 1.0387 0.0561 1.0402 3.09 
1.80 1.2626 -3.0836 0.6598 4.2168 0.0147 1.0423 0.0573 1.0438 3.15 
1.85 1.2632 -2.9191 0.6709 4.1273 0.0161 1.0459 0.0582 1.0475 3.19 
1.90 1.2639 -2.7675 0.6815 4.0379 0.0176 1.0497 0.0589 1.0513 3.21 
1.95 1.2646 -2.6274 0.6917 3.9490 0.0193 1.0534 0.0593 1.0551 3.22 

2.00 1.2653 -2.4978 0.7014 3.8606 0.0211 1.0573 0.0595 1.0589 3.22 
2.05 1.2660 -2.3776 0.7107 3.7728 0.0230 1.0611 0.0594 1.0628 3.20 
2.10 1.2668 -2.2660 0.7196 3.6858 0.0251 1.0649 0.0590 1.0665 3.17 
2.15 1.2676 -2.1622 0.7280 3.5998 0.0273 1.0686 0.0584 1.0702 3.13 
2.20 1.2684 -2.0654 0.7360 3.5149 0.0298 1.0723 0.0575 1.0738 3.07 

2.25 1.2692 -1.9752 0.7436 3.4311 0.0324 1.0759 0.0564 1.0773 3.00 
2.30 1.2700 -1.8908 0.7508 3.3487 0.0351 1.0793 0.0550 1.0807 2.92 
2.35 1.2709 -1.8119 0.7577 3.2676 0.0381 1.0826 0.0534 1.0839 2.82 
2.40 1.2717 -1.7380 0.7641 3.1881 0.0413 1.0857 0.0516 1.0869 2.72 
2.45 1.2726 -1.8687 0.7702 3.11 01 0.0446 1. 0886 0.0496 1.0898 2.61 

2.50 1.2734 -1.6036 0.7760 3.0339 0.0481 1.0914 0.0474 1.0924 2.49 
2.55 1.2742 -1.5424 0.7815 2.9593 0.0519 1.0939 0.0451 1.0948 2.36 
2.60 1.2750 -1.4849 0.7866 2.8866 0.0558 1.0962 0.0427 1.0970 2.23 
2.65 1.2758 -1.4308 0.7915 2.8157 0.0599 1.0983 0.0402 1.0990 2.10 
2.70 1.2765 -1.3797 0.7960 2.7467 0.0641 1. 1001 0.0376 1.1008 1.96 

2.75 1.2772 -1.3316 0.8003 2.6796 0.0686 1. 101 7 0.0350 1.1023 1.82 
2,80 1.2779 -1.2861 0.8044 2.6144 0.0732 1.1032 0.0324 1.1036 1.68 
2.85 1.2785 -1.2432 0.8082 2.5512 0.0780 1.1044 0.0297 1.1048 1.54 
2.90 1.2791 -1.2026 0.8118 2.4899 0.0829 1.1054 0.0271 1.1057 1.40 
2.95 1.2796 -1. 1642 0.8152 2.4306 0.0880 1.1062 0.0244 1.1065 1.27 

3.00 1.2800 -1.1278 0.8184 2.3732 0.0932 1.1068 0.0219 1.1071 1.13 
3.05 1.2804 -1.0933 0.8214 2.3176 0.0985 1.1073 0.0193 1.1075 1.00 
3.10 1.2807 -1.0607 0.8243 2.2640 0.1039 1. 1076 0.0169 1.1077 0.87 
3.15 1.2810 -1.0296 0.8270 2.2122 0.1095 1.1078 0.0145 1.1079 0.75 
3.20 1.2811 -1.0002 0.8295 2.1622 0.1151 1.1078 0.0122 1.1079 0.63 

3.25 1.2812 -0.9722 0.8320 2.1140 0.1208 1.1077 0.0100 1.1078 0.52 
3.30 1.2812 -0.9456 0.8343 2.0675 0.1265 1 .1075 0.0078 1. 1076 0.40 
3.35 1.2812 -0.9202 0.8364 2.0227 0.1323 1.1073 0.0058 1.1073 0.30 
3.40 1.2810 -0.8961 0.8385 1.9795 0.1381 1.1069 0.0038 1.1069 0.20 
3.45 1.2808 -0.8731 0.8405 1.9379 0.1440 1.1064 0.0019 1.1064 0.10 

3.50 1.2805 -0.8512 0.8424 1.8978 0.1499 1.1059 0.0002 1.1059 0.01 
3.55 1.2802 -0.8303 0.8442 1.8592 0.1558 1.1054 -0.0015 1.1054 359.92 
3.60 1.2797 -0.8103 0.8460 1.8219 0.1617 1.1048 -0.0032 1.1048 359.84 
3.65 1.2792 -0.7912 0.8477 1. 7861 0.1676 1.1041 -0.0047 1.1041 359.76 
3.70 1.2786 -0.7730 0.8493 1.7516 0.1735 1 .1034 -0.0061 1.1034 359.68 

3.75 1.2780 -0.7555 0.8509 1.7183 0.1794 1.1027 -0.0075 1.1027 359.61 
3.80 1.2773 -0.738B 0.8524 1.6862 0.1852 1.1020 -0.0088 1.1020 359.54 
3.85 1.2765 -0.7227 0.8538 1.6553 0.1910 1.1012 -0.0100 1.1013 359.48 
3.90 1.2756 -0.7074 0.8552 1.6255 0.1968 1.1004 -0.0112 1.1005 359.42 
3.95 1.2747 -0.6926 0.8566 1.5967 0.2026 1.0997 -0.0123 1.0997 359.36 
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k: 0.4 tr: 0.00 

a 
REAL 

/ +1/ 

IMAG. MOWLUS PHASE 
fOEGRE£S) 

REAL 

/+"7 Fio 
IMAG. MODULUS PHASE 

fOEGREES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0050 
-0.0061 
-0.0073 
-0.0086 
-0.0101 

-0.0242 
-0.0264 
-0.0288 
-0.0312 
-0.0336 

0.0247 
0.0271 
0.0297 
0.0323 
0.0351 

258.27 
257.08 
255.84 
254.54 
253.19 

0.0124 
0.0150 
0.0180 
0.0214 
0.0253 

0.0985 
0.1082 
0.1183 
0.1287 
0.1395 

0.0992 
0.1092 
0.1196 
0.1305 
0.1417 

82.83 
82.11 
81.35 
80.55 
79.73 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0118 
-0.0137 
-0.0158 
-0.0180 
-0.0204 

-0.0360 
-0.0384 
-0.0407 
-0.0430 
-0.0453 

0.0379 
0.0407 
0.0437 
0.0467 
0.0497 

251.79 
250.35 
248.85 
247.31 
245.72 

0.0296 
0.0344 
0.0398 
0.0456 
0.0521 

0.1505 
0.1617 
0.1732 
0.1848 
0.1966 

0.1534 
0.1654 
0.1777 
0.1904 
0.2034 

78.87 
77.99 
77.07 
76.13 
75.16 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0231 
-0.0259 
-0.0288 
-0.0320 
-0.0353 

-0.0475 
-0.0495 
-0.0514 
-0.0532 
-0.0547 

0.0528 
0.0558 
0.0589 
0.0620 
0.0651 

244.09 
242.43 
240.72 
238.98 
237.21 

0.0591 
0.0667 
0.0749 
0.0837 
0.0931 

0.2084 
0.2202 
0.2320 
0.2437 
0.2553 

0.2166 
0.2301 
0.2438 
0.2577 
0.2717 

74.17 
73.15 
72.10 
71.04 
69.95 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0387 
-0.0423 
-0.0459 
-0.0497 
-0.0534 

-0.0561 
-0.0573 
-0.0582 
-0.0589 
-0.0593 

0.0682 
0.0712 
0.0742 
0.0770 
0.0799 

235.41 
233.59 
231. 74 
229.87 
227.99 

0.1031 
0.1137 
0.1249 
0.1365 
0.1487 

0.2666 
0.2777 
0.2885 
0.2990 
0.3090 

0.2859 
0.3001 
0.3144 
0.3287 
0.3429 

68.85 
67.73 
66.60 
65.45 
64.30 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.057S 
-0.0611 
-0.0649 
-0.0686 
-0.0723 

-0.0595 
-0.0594 
-0.0590 
-0.0584 
-0.0575 

0.0826 
0.0852 
0.0877 
0.0901 
0.0924 

226.10 
224.20 
222.30 
220.40 
218.50 

0.1614 
0.1745 
0.1880 
0.2018 
0.2159 

0.3186 
0.3277 
0.3362 
0.3442 
0.3516 

0.3571 
0.3712 
0.3852 
0.3990 
0.4126 

63.14 
61.97 
60.79 
59.62 
58.45 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0759 
-0.0793 
-0.0826 
-0.0857 
-0.0886 

-0.0564 
-0.0550 
-0.0534 
-0.0516 
-0.0496 

0.0945 
0.0965 
0.0983 
0.1000 
0.1015 

216.61 
214.73 
212.87 
211.03 
209.22 

0.2303 
0.2448 
0.2595 
0.2742 
0.2890 

0.3583 
0.3644 
0.3699 
0.3747 
0.3789 

0.4259 
0.4390 
0.4518 
0.4643 
0.4765 

57.28 
56.11 
54.95 
53.81 
52.67 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0914 
-0.0939 
-0.0962 
-0.0983 
-0.1001 

-0.0474 
-0.0451 
-0.0427 
-0.0402 
-0.0376 

0.1029 
0.1041 
0.1052 
0.1062 
0.1069 

207.43 
205.67 
203.94 
202.25 
200.60 

0.3037 
0.3183 
0.3328 
0.3472 
0.3613 

0.3824 
0.3853 
0.3876 
0.3894 
0.3905 

0.4884 
0.4998 
0.5109 
0.5217 
0.5320 

51.55 
50.44 
49.35 
48.28 
47.22 

2.75 
2.80 
2.85 
2.90 
2.95 

-0.1017 
-0.1032 
-0.1044 
-0.1054 
-0.1062 

-0.0350 
-0.0324 
-0.0297 
-0.0271 
-0.0244 

0.1076 
0.1081 
0.1085 
0.1088 
0.1090 

198.98 
197.41 
195.88 
194.40 
192.96 

0.3752 
0.3888 
0.4020 
0.4150 
0.4276 

0.3911 
0.3913 
0.3909 
0.3992 
0.3890 

0.5420 
0.5516 
0.5608 
0.5696 
0.5781 

46.19 
45.18 
44.20 
43.24 
42.30 

3.00 
3.05 
3.10 
3.15 
3.20 

-0.1068 
-0.1073 
-0.1076 
-0.1078 
-0.1078 

-0.0219 
-0.0193 
-0.0169 
-0.0145 
-0.0122 

0.1091 
0.1090 
0.1089 
0.1088 
0.1085 

191. 57 
190.22 
188.92 
187.66 
186.45 

0.4398 
0.4517 
0.4631 
0.4743 
0.4850 

0.3875 
0.3857 
0.3836 
0.3812 
0.3786 

0.5862 
0.5939 
0.6014 
0.6085 
0.6153 

41.38 
40.49 
39.63 
38.79 
37.98 

3.25 
3.30 
3.35 
3.40 
3.45 

-0.1077 
-0.1075 
-0.1073 
-0.1069 
-0.1064 

-0.0100 
-0.0078 
-0.0058 
-0.0038 
-0.0019 

0.1082 
0.1078 
0.1074 
0.1070 
0.1065 

185.29 
184.16 
183.08 
182.04 
181.04 

0.4953 
0.5053 
0.5149 
0.5241 
0.5330 

0.3758 
0.3729 
0.3698 
0.3666 
0.3634 

0.6218 
0.6280 
0.6339 
0.6397 
0.6451 

37.19 
36.43 
35.69 
34.97 
34.28 

3.50 
3.55 
3.60 
3.65 
3.70 

-0.1059 
-0.1054 
-0.1048 
-0.1041 
-0.1034 

-0.0002 
0.0015 
0.0032 
0.0047 
0.0061 

0.1059 
0.1054 
0.1048 
0.1042 
0.1036 

180.08 
179.16 
178.27 
177.42 
176.60 

0.5416 
0.5499 
0.5578 
0.5654 
0.5728 

0.3600 
0.3566 
0.3532 
0.3497 
0.3462 

0.6504 
0.6554 
0.6602 
0.6648 
0.6693 

33.61 
32.97 
32.34 
31. 74 
31.15 

3.75 
3.80 
3.85 
3.90 
3 •.95 

-0.1027 
-0.1020 
-0.1012 
-0.1004 
-0.0997 

0.0075 
0.0088 
0.0100 
0.0112 
0.0123 

0.1030 
0.1024 
0.1017 
0.1011 
0.1004 

175.82 
175.06 
174.33 
173.63 
172.95 

0.5798 
0.5867 
0.5932 
0.5996 
0.6057 

0.3428 
0.3393 
0.3359 
0.3325 
0.3291 

0.6736 
0.6777 
0.6817 
0.6856 
0.6893 

30.59 
30.04 
29.52 
29.01 
28.52 
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k= 0.4 0­ = 0.00 

a 
/- (FE--r 'X 

REAL IMAG. 

/
X 27Tk 

-27T .r 
{ X 

REAL IMAG. 

-'7 

MOWLUS PHAY 
(OEGREES) 

4.00 1.2738 -0.6785 0.8580 1.5690 0.2083 1.0989 -0.0134 1.0990 359.30 
4.05 1.2728 -0.6649 0.8593 1.5422 0.2139 1.0981 -0.0143 1.0982 359.25 
4.10 1.2717 -0.6518 0.8606 1.5164 0.2195 1.0973 -0.0153 1.0974 359.20 
4.15 1.2706 -0.6392 0.8618 1.4914 0.2251 1.0965 -0.0162 1.0966 359.16 
4.20 1.2694 -0.6271 0.8630 1.4673 0.2305 1.0957 -0.0170 1.0958 359.11 

4.25 1.2682 -0.6154 0.8642 1.4440 0.2360 1.0949 -0.0178 1.0951 359.07 
4.30 1.2670 -0.6042 0.8654 1.4214 0.2414 1.0941 -0.0185 1.0943 359.03 
4.35 1.2657 -0.5933 0.8665 1.3996 0.2467 1.0934 -0.0193 1.0935 358.99 
4.40 1.2644 -0.5828 0.8677 1.3785 0.2520 1.0926 . -0.0199 1.0928 358.95 
4.45 1.2630 -0.5727 0.8688 1.3580 0.2572 1.0918 -0.0206 1.0920 358.92 

4.50 1.2616 -0.5629 0.8699 1.3382 0.2623 1. 0911 -0.0212 1. 0913 358.89 
4.55 1.2602 -0.5535 0.8709 1.3190 0.2674 1.0903 -0.0217 1.0905 358.86 
4.60 1.2588 -0.5443 0.8720 1.3003 0.2724 1.0896 -0.0223 1.0898 358.83 
4.65 1.2573 -0.5355 0.8730 1.2822 0.2774 1.0888 -0.0228 1.0891 358.80 
4.70 1.2559 -0.5269 0.8741 1.2647 0.2823 1.0881 -0.0233 1.0883 358.77 

4.75 1.2544 -0.5186 0.8751 1. 2476 0.2872 1.0874 -0.0238 1.0876 358.75 
4.80 1.2529 -0.5105 0.8761 1.2310 0.2920 1.0867 -0.0242 1.0869 358.72 
4.85 1.2513 -0.5027 0.8771 1.2149 0.2967 1.0859 -0.0246 1.0862 358.70 
4.90 1.2498 -0.4951 0.8781 1.1992 0.3014 1.0853 -0.0250 1.0855 358.68 
4.95 1.2483 -0.4877 0.8790 1.1839 0.3061 1.0846 -0.0254 1.0849 358.66 

5.00 1.2467 -0.4806 0.8800 1.1691 0.3107 1.0839 -0.0258 1.0842 358.64 
5.05 1.2452 -0.4736 0.8809 1.1546 0.3152 1.0832 -0.0261 1.0835 358.62 
5.10 1.2436 -0.4668 0.8818 1.1404 0.3197 1.0825 -0.0265 1.0829 358.60 
5.15 1.2420 -0.4602 0.8827 1.1267 0.3241 1.0819 -0.0268 1.0822 358.58 
5.20 1.2405 -0.4538 0.8836 1.1132 0.3285 1.0812 -0.0271 1.0816 358.57 

5.25 1.2389 -0.4476 0.8845 1.1001 0.3328 1.0806 -0.0273 1.0810 358.55 
5,30 1.2374 -0.4415 0.8854 1.0873 0.3371 1.0800 -0.0276 1.0803 358.54 
5.35 1.2358 -0.4356 0.8863 1.0748 0.3414 1.0793 -0.0279 1.0797 358.52 
5.40 1. 2342 -0.4298 0.8872 1.0626 0.3455 1.0787 -0.0281 1.0791 358.51 
5.45 1.2327 -0.4241 0.8880 1.0507 0.3497 1.0781 -0.0283 1.0785 358.49 

5.50 1.2311 -0.4186 0.8888 1.0390 0.3538 1.0775 -0.0286 1.0779 358.48 
5.55 1.2296 -0.4133 0.8897 1.0276 0.3579 1.0769 -0.0288 1.0773 358.47 
5.60 1.2281 -0.4080 0.8905 1.0165 0.3619 1.0763 -0.0290 1.0767 358.46 
5.65 1.2266 -0.4029 0.8913 1.0055 0.3659 1.0758 -0.0291 1.0761 358.45 
5.70 1.2250 -0.3979 0.8921 0.9948 0.3698 1.0752 -0.0293 1.0756 358.44 

5.75 1.2235 -0.3930 0.8929 0.9844 0.3737 1.0746 -0.0295 1.0750 358.43 
5.80 1. 2221 -0.3882 0.8937 0.9741 0.3775 1.0741 -0.0296 1.0745 358.42 
5.85 1.2206 -0.3836 0.8944 0.9640 0.3813 1.0735 -0.0298 1.0739 358.41 
5.90 1.2191 -0.3790 0.8952 0.9542 0.3851 1.0730 -0.0299 1.0734 358.40 
5.95 1.2176 -0.3746 0.8959 0.9445 0.3889 1.0724 -0.0300 1.0728 358.40 

6.00 1.2162 -0.3702 0.8967 0.9351 0.3926 1. 0719 -0.0302 1.0723 358.39 
6.05 1.2148 -0.3659 0.8974 0.9258 0.3962 1.0713 -0.0303 1.0718 358.38 
6.10 1.2133 -0.3617 0.8981 0.9167 0.3999 1.0708 -0.0304 1.0713 358.37 
6.15 1.2119 -0.3576 0.8988 0.9077 0.4034 1.0703 -0.0305 1.0707 358.37 
6.20 1.2105 -0.3536 0.8995 0.8990 0.4070 1.0698 -0.0306 1.0702 358.36 

6.25 
6.30 
6.35 
6.40 
6.45 

1.2092 
1.2078 
1.2064 
1.2051 
1.2038 

-0.3497 
-0.3459 
-0.3421 
-0.3384 
-0.3348 

0.9002 
0.9009 
0.9016 
0.9023 
0.9029 

0.8904 
0.8819 
0.8736 
0.8655 
0.8575 

0.4105 
0.4140 
0.4174 
0.4209 
0.4242 

1.0693 
1.0688 
1.0683 
1.0678 
1.0673 

-0.0307 
-0.0307 
-0.0308 
-0.0309 
-0.0310 

1.0697 
1.0692 
1.0687 
1.0683 
1.0678 

358.36 
358.35 
358.35 
358.34 
358.34 

6.50 
6.55 
6.60 
6.65 
6.70 

1.2024 
1.2011 
1.1998 
1.1986 
1.1973 

-0.3312 
-0.3278 
-0.3244 
-0.3210 
-0.3177 

0.9036 
0.9042 
0.9048 
0.9055 
0.9061 

0.8496 
0.8419 
0.8343 
0.8268 
0.8195 

0.4276 
0.4309 
0.4342 
0.4374 
0.4407 

1;0669 
1.0664 
1.0659 
1.0655 
1.0650 

-0.0310 
-0.0311 
-0.0311 
-0.0312 
-0.0312 

1.0673 
1.0668 
1.0664 
1.0659 
1. 0655 

358.34 
358.33 
358.33 
358.33 
358.32 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1961 
1.1948 
1.1936 
1.1924 
1.1912 

-0.3145 
-0.3114 
-0.3083 
-0.3052 
-0.3022 

0.9067 
0.9073 
0.9079 
0.9085 
0.9091 

0.8123 
0.8052 
0.7982 
0.7914 
0.7847 

0.4438 
0.4470 
0.4501 
0.4532 
0.4563 

1.0646 
1.0641 
1.0637 
1.0633 
1.0628 

-0.0312 
-0.0313 
-0.0313 
-0.0313 
-0.0313 

1.0650 
1.0646 
1.0642 
1.0637 
1.0633 

358.32 
358.32 
358.32 
358.31 
358.31 

WADe TR 56-614 A-84 



k: 0.4 (T: 0.00 

a 
REAL 

/+1) 

/MAG. MODULUS PHASE 
(DEGREES) 

REAL 

/+1) Fio 
/MAG. MODULUS PHASE 

(DEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

-0.0989 
-0.0981 
-0.0973 
-0.0965 
-0.0957 

0.0134 
0.0143 
0.0153 
0.0162 
0.0170 

0.0998 
0.0991 
0.0985 
0.0978 
0.0972 

172.30 
171.68 
171.07 
170.49 
169.93 

0.6116 
0.6173 
0.6228 
0.6281 
0.6332 

0.3257 
0.3224 
0.3192 
0.3160 
0.3128 

0.6929 
0.6964 
0.6998 
0.7031 
0.7063 

28.04 
27.58 
27.14 
26.71 
26.29 

4.25 
4.30 
4.35 
4.40 
4.45 

-0.0949 
-0.0941 
-0.0934 
-0.0926 
-0.0918 

0.0178 
0.0185 
0.0193 
0.0199 
0.0206 

0.0966 
0.0959 
0.0953 
0.0947 
0.0941 

169.38 
168.85 
168.34 
167.85 
167.37 

0.6382 
0.6431 
0.6477 
0.6523 
0.6567 

0.3097 
0.3066 
0.3036 
0.3007 
0.2978 

0.7094 
0.7124 
0.7154 
0.7183 
0.7211 

25.89 
25.49 
25.12 
24.75 
24.39 

4.50 
4.55 
4.60 
4.65 
4.70 

-0.0911 
-0.0903 
-0.0896 
-0.0888 
-0.0881 

0.0212 
0.0217 
0.0223 
0.0228 
0.0233 

0.0935 
0.0929 
0.0923 
0.0917 
0.0911 

166.91 
166.46 
166.02 
165.60 
165.18 

0.6610 
0.6652 
0.6693 
0.6732 
0.6771 

0.2949 
0.2922 
0.2894 
0.2867 
0.2841 

0.7238 
0.7265 
0.7292 
0.7317 
0.7343 

24.05 
23.71 
23.38 
23.07 
22.76 

4.75 
4.80 
4.85 
4.90 
4.95 

-0.0874 
-0.0867 
-0.0859 
-0.0853 
-0.0846 

0.0238 
0.0242 
0.0246 
0.0250 
0.0254 

0.0905 
0.0900 
0.0894 
0.0889 
0.0883 

164.78 
164.39 
164.01 
163.63 
163.27 

0.6808 
0.6845 
0.68B1 
0.6916 
0.6950 

0.2815 
0.2789 
0.2764 
0.2740 
0.2716 

0.7367 
0.7392 
0.7415 
0.7439 
0.7462 

22.46 
22.17 
21.89 
21.61 
21.34 

5.00 
5.05 
5.10 
5.15 
5.20 

-0.0839 
-0.0832 
-0.0825 
-0.0819 
-0.0812 

0.0258 
0.0261 
0.0265 
0.0268 
0.0271 

0.0878 
0.0872 
0.0867 
0.0862 
0.0856 

162.92 
162.57 
162.23 
161.90 
161.58 

0.6983 
0.7016 
0.7048 
0.7079 
0.7110 . 

0.2692 
0.2669 
0.2646 
0.2623 
0.2601 

0.7484 
0.7506 
0.7528 
0.7550 
0.7571 

21.08 
20.82 
20.58 
20.33 
20.09 

5.25 
5.30 
5.35 
5.40 
5.45 

-0.0806 
-0.0800 
-0.0793 
-0.0787 
-0.0781 

0.0273 
0.0276 
0.0279 
0.0281 
0.0283 

0.0851 
0.0846 
0.0841 
0.0836 
0.0831 

161.26 
160.95 
160.65 
160.36 
160.07 

0.7140 
0.7169 
0.7198 
0.7226 
0.7254 

0.2579 
0.2558 
0.2537 
0.2516 
0.2496 

0.7591 
0.7612 
0.7632 
0.7652 
0.7671 

19.86 
19.64 
19.41 
19.20 
18.99 

5.50 
5.55 
5.60 
5.65 
5.70 

-0.0775 
-0.0769 
-0.0763 
-0.0758 
-0.0752 

0.0286 
0.0288 
0.0290 
0.0291 
0.0293 

0.0826 
0.0821 
0.0816 
0.0812 
0.0807 

159.78 
159.50 
159.23 
158.96 
158.70 

0.7281 
0.7307 
0.7333 
0.7359 
0.7384 

0.2476 
0.2456 
0.2436 

'0.2417 
0.2398 

0.7690 
0.7709 
0.7727 
0.7746 
0.7764 

18.78 
18.58 
18.38 
18.18 
17.99 

5.75 
5.80 
5.85 
5.90 
5.95 

-0.0746 
-0.0741 
-0.0'135 
-0.0730 
-0.0724 

0.0295 
0.0296 
0.0298 
0.0299 
0.0300 

0.0802 
0.0798 
0.0793 
0.0788 
0.0784 

158.44 
158.19 
157.94 
157.70 
157.46 

0.7409 
0.7433 
0.7456 
0.7480 
0.7503 

0.2380 
0.2361 
0.2343 
0.2325 
0.2308 

0.7781 
0.7799 
0.7816 
0.7833 
0.7850 

17.81 
17.62 
17.45 
17.27 
17.10 

6.00 
6.05 
6.10 
6.15 
6.20 

-0.0719 
-0.0713 
-0.0708 
-0.0703 
-0.0698 

0.0302 
0.0303 
0.0304 
0.0305 
0.0306 

0.0779 
0.0775 
0.0771 
0.0766 
0.0762 

157.23 
157.00 
156.78 
156.56 
156.34 

0.7525 
0.7547 
0.7569 
0.7590 
0.7611 

0.2291 
0.2273 
0.2257 
0.2240 
0.2223 

0.7866 
0.7882 
0.7898 
0.7914 
0.7929 

16.93 
16.76 
16.60 
16.44 
16.28 

6.25 
6.30 
6.35 
6.40 
6.45 

-0.0693 
-0.0688 
-0.0683 
-0.0678 
-0.0673 

0.0307 
0.0307 
0.0308 
0.0309 
0.0310 

0.0758 
0.0754 
0.0749 
0.0745 
0.0741 

156.13 
155.92 
155.71 
155.51 
155.31 

0.7632 
0.7652 
0.7672 
0.7692 
0.7711 

0.2207 
0.2191 
0.2175 
0.2160 
0.2145 

0.7945 
0.7960 
0.7975 
0.7989 
0.8004 

16.13 
15.98 
15.83 
15.69 
15.54 

6.50 
6.55 
6.60 
6.65 
6.70 

-0.0669 
-0.0664 
-0.0659 
-0.0655 
-0.0650 

0.0310 
0.0311 
0.0311 
0.0312 
0.0312 

0.0737 
0.0733 
0.0729 
0.0725 
0.012 1 

155.12 
154.93 
154.74 
154.55 
154.37 

0.7730 
0.7748 
0.7767 
0.7785 
0.7803 

0.2129 
0.2114 
0.2100 
0.2085 
0.2071 

0.8018 
0.8032 
0.8046 
0.8059 
0.8073 

15.40 
15.26 
15.13 
14.99 
14.86 

6.75 
6.80 
6.85 
6.90 
6.95 

-0.0646 
-0.0641 
-0.0637 
-0.0633 
-0.0628 

0.0312 
0.0313 
0.0313 
0.0313 
0.0313 

0.0717 
0.0713 
0.0710 
0.0706 
0.0'( 02 

154.20 
154.02 
153.85 
153.68 
153.51 

0.7820 
0.7837 
0.7854 
0.7871 
0.7887 

0.2056 
0.2042 
0.2028 
0.2015 
0.2001 

0.8086 
0.8099 
0.8112 
0.8125 
0.8137 

14.73 
14.61 
14.48 
14.36 
14.24 

WADe TR 56-614 A-85 



k= 0.4 cr = 0.00 

a 
/- cr 1 

-Z·x 
REAL IMAG. 

/
X 2 1r; 

-21f'1:' 
( X 

REAL IMAG. 

-'7 

MOlXlLUS PHASE 
(OC6RCCS) 

7.00 1.1900 -0.2993 0.9096 0.7780 0.4593 1.0624 -0.0313 1.0629 358.31 
7.05 1.1888 -0.2964 0.9102 0.7715 0.4623 1.0620 -0.0313 1.0625 358.31 
7.10 1.1877 -0.2936 0.9108 0.7651 0.4653 1.0616 -0.0313 1.0621 358.31 
7.15 1.1865 -0.2908 0.9113 0.7588 0.4682 1.0612 -0.0313 1.0616 358.31 
7.20 1.1854 -0.2881 0.9119 0.7526 0.4712 1.0608 -0.0313 1.0612 358.31 

7.25 1.1843 -0.2854 0.9124 0.7464 0.4740 1.0604 -0.0313 1.0608 358.31 
7.30 1.1832 -0.2828 0.9129 0.7404 0.4769 1.0600 -0.0313 1.0605 358.31 
7.35 1.1821 -0.2802 0.9135 0.7345 0.4797 1.0596 -0.0313 1.0601 358.31 
7.40 1.1810 -0.2777 0.9140 0.7287 0.4826 1.0592 -0.0313 1.0597 358.31 
7.45 1.1799 -0.2752 0.9145 0.7229 0.4853 1.0588 -0.0313 1.0593 358.31 

7.50 1.1789 -0.2727 0.9150 0.7173 0.4881 1.0585 -0.0313 1.0589 358.31 
7.55 1.1778 -0.2703 0.9155 0.7117 0.4908 1.0581 -0.0313 t .0586 358.31 
7.60 1.1768 -0.2679 0.9160 0.7062 0.4935 1.0577 -0.0312 1.0582 358.31 
7.65 1.1757 -0.2656 0.9165 0.7008 0.4962 1.0574 -0.0312 1.0578 358.31 
7.70 1.1747 -0.2633 0.9170 0.6955 0.4988 1.0570 -0.0312 1.0575 358.31 

7.75 
7,80 

1.1737 
1.1727 

-0.2610 
-0.2588 

0.9175 
0.9179 

0.6902 
0.6851 

0.5015 
0.5041 

1.0567 
1.0563 

-0.0312 
-0.0311 

1.0571 
1.0568 

358.31 
358.31 

7.85 1.1717 -0.2566 0.9184 0.6800 0.5066 1.0560 -0.0311 1.0564 358.31 
7.90 1.1708 -0.2545 0.9189 0.6749 0.5092 1.0556 -0.0311 1. 0561 358.31 
7.95 1.1698 -0.2523 0.9193 0.6700 0.5117 1.0553 -0.0310 1.0557 358.32 

8.00 1.1688 -0.2503 0.9198 0.6651 0.5142 1.0550 -0.0310 1.0554 358.32 
8.05 1.1679 -0.2482 0.9202 0.6603 0.5167 1.0546 -0.0310 1.0551 358.32 
8.10 1.1669 -0.2462 0.9207 0.6556 0.5191 1.0543 -0.0309 1.0548 358.32 
8.15 1.1660 -0.2442 0.9211 0.6509 0.5216 1.0540 -0.0309 1.0544 358.32 
8.20 1.1651 -0.2422 0.9215 0.6463 0.5240 1.0537 -0.0308 1.0541 358.32 

8.25 1.1642 -0.2403 0.9220 0.6417 0.5264 1.0533 -0.0308 1.0538 358.33 
8.30 1.1633 -0.2384 0.9224 0.6372 0.5287 1.0530 -0.0308 1.0535 358.33 
8.35 1.1624 -0.2365 0.9228 0.6328 0.5311 1.0527 -0.0307 1.0532 358.33 
8.40 1.1615 -0.2347 0.9232 0.6285 0.5334 1.0524 -0.0307 1.0529 358.33 
8.45 1.1607 -0.2329 0.9236 0.6242 0.5357 1.0521 -0.0306 1.0526 358.33 

8.50 1.1598 -0.2311 0.9240 0.6199 0.5380 1.0518 -0.0306 1.0523 358.34 
8.55 1.1589 -0.2293 0.9244 0.6157 0.5403 1.0515 -0.0305 1.0520 358.34 
8.60 1.1581 -0.2276 0.9248 0.6116 0.5425 1.0512 -0.0305 1.0517 358.34 
8.65 1.1573 -0.2259 0.9252 0.6075 0.5447 1.0509 -0.<1304 1.0514 358.34 
8.70 1.1564 -0.2242 0.9256 0.6035 0.5469 1.0507 -0.0304 1.0511 358.34 

8.75 1.1556 -0.2225 0.9260 0.5995 0.5491 1.0504 -0.0303 1.0508 358.35 
8.80 1.1548 -0.2209 0.9264 0.5956 0.5512 1.0501 -0.0303 1.0505 358.35 
8.85 
8.90 
8.95 

1.1540 
1.1532 
1.1524 

-0.2193 
-0.2177 
-0.2161 

0.9268 
0.9271 
0.9275 

0.5917 
0.5879 
0.5841 

0.5534 
0.5555 
0.5576 

1.0498 
1.0496 
1.0493 

-0.0302 
-0.0301 
-0.0301 

1.0503 
1.0500 
1.0497 

358.35 
358.36 
358.36 

9.00 
9.05 
9.10 
9.15 
9.20 

1.1516 
1.1508 
1.1501 
1.1493 
1.1486 

-0.2146 
-0.2130 
-0.2115 
-0.2101 
-0.2086 

0.9279 
0.9282 
0.9286 
0.9289 
0.9293 

0.5804 
0.5767 
0.5730 
0.5695 
0.5659 

0.5597 
0.5618 
0.5638 
0.5658 
0.5678 

1.0490 
1.0487 
1.0485 
1.0482 
1.0480 

-0.0300 
-0.0300 
-0.0299 
-0.0299 
-0.0298 

1.0494 
1.0492 
1.0489 
1.0487 
1.0484 

358.36 
358.36 
358.37 
358.37 
358.37 

9.25 
9.30 
9.35 
9.40 
9.45 

1.1478 
1.1471 
1.1464 
1.1456 
1.1449 

-0.2071 
-0.2057 
-0.2043 
-0.2029 
-0.2015 

0.9296 
0.9300 
0.9303 
0.9307 
0.9310 

0.5624 
0.5589 
0.5555 
0.5521 
0.5488 

0.5698 
0.5718 
0.5738 
0.5757 
0.5776 

1.0477 
1.0475 
1.0472 
1.0470 
1.0467 

-0.0297 
-0.0297 
-0.0296 
-0.0296 
-0.0295 

1. 0481 
1.0479 
1.0476 
1.0474 
1.0471 

358.37 
358.38 
358.38 
358.38 
358.39 

9.50 
9.55 
9.60 
9.65 
9.70 

1.1442 
1.1435 
1.1428 
1.1421 
1.1414 

-0.2002 
-0.1988 
-0.1975 
-0.1962 
-0.1949 

0.9313 
0.9317 
0.9320 
0.9323 
0.9326 

0.5455 
0.5422 
0.5390 
0.5358 
0.5327 

0.5796 
0.5814 
0.5833 
0.5852 
0.5870 

1.0465 
1.0462 
1.0460 
1.0458 
1. 0455 

-0.0294 
-0.0294 
-0.0293 
-0.0292 
-0.0292 

1.0469 
1.0467 
1.0464 
1.0462 
1.0459 

358.39 
358.39 
358.40 
358.40 
358.40 

9.75 
9.80 
9.85 
9.90 
9.95 

1.1407 
1.1401 
1.1394 
1.1387 
1.1381 

-0.1937 
-'0.1924 
-0.1912 
-0.1900 
-0.1887 

0.9329 
0.9333 
0.9336 
0.9339 
0.9342 

0.5296 
0.5265 
0.5235 
0.5204 
0.5175 

0.5889 
0.5907 
0.5925 
0.5943 
0.5960 

1.0453 
1.0451 
1.0449 
1.0446 
1.0444 

-0.0291 
-0.0291 
-0.0290 
-0.0289 
-0.0289 

1.0457 
1.0455 
1.0453 
1.0450 
1.0448 

358.40 
358.41 
358.41 
358.41 
358.42 

10.00 1.1374 -0.1875 0.9345 0.5145 0.5978 1.0442 -0.0288 1.0446 358.42 

WADe TR 56-614 A-B6 



k= 0.4 (T= 0.00 

a 
/ +1/ / +7J 00 

REAL IMAG MODULUS PHASE 
(OUiREESI 

REAL IMAG. MODULUS PHASE 
(OEGREES) 

7.00 
7.05 
7.10 
7.15 
7.20 

-0.0624 
-0.0620 
-0.0616 
-0.0612 
-0.0608 

0.0313 
0.0313 
0.0313 
0.0313 
0.0313 

0.0698 
0.0695 
0.0691 
0.0687 
0.0684 

153.35 
153.19 
153.03 
152.87 
152.72 

0.7903 
0.7919 
0.7935 
0.7950 
0.7965 

0.1988 
0.1975 
0.1962 
0.1949 
0.1936 

0.8149 
0.8162 
0.8174 
0.8186 
0.8197 

14.12 
14.00 
13.89 
13.77 
13.66 

7.25 
7.30 
7.35 
7.40 
7.45 

-0.0604 
-0.0600 
-0.0596 
-0.0592 
-0.0588 

0.0313 
0.0313 
0.0313 
0.0313 
0.0313 

0.0680 
0.0677 
0.0673 
0.0670 
0.0666 

152.57 
152.42 
152.28 
152.13 
151.99 

0.79tlO 
0.7995 
0.8010 
0.8024 
0.8038 

0.1923 
0.1911 
0.1899 
0.1886 
0.1874 

0.8209 
0.8220 
0.8232 
0.8243 
0.8254 

13.55 
13.44 
13.34 
13.23 
13.13 

7.50 
7.55 
7.60 
7.65 
7.70 

-0.0585 
-0.0581 
-0.0577 
-0.0574 
-0.0570 

0.0313 
0.0313 
0.0312 
0.0312 
0.0312 

0.0663 
0.0660 
0.0656 
0.0653 
0.0650 

151.85 
151.71 
151.58 
151.45 
151.32 

0.8052 
0.8066 
0.8079 
0.8092 
0.8106 

0.1863 
0.1851 
0.1839 
0.1828 
0.1817 

0.8265 
0.8275 
0.8286 
0.8296 
0.8307 

13.03 
12.92 
12.83 
12.73 
12.63 

7.75 
7.80 
7.85 
7.90 
7.95 

-0.0567 
-0.0563 
-0.0560 
-0.0556 
-0.0553 

0.0312 
0.0311 
0.0311 
0.0311 
0.0310 

0.0647 
0.0643 
0.0640 
0.0637 
0.0634 

151.19 
151.06 
150.94 
150.81 
150.69 

0.8118 
0.8131 
0.8144 
0.8156 
0.8168 

0.1805 
0.1794 
0.1784 
0.1773 
0.1762 

0.8317 
0.8327 
0.8337 
0.8347 
0.8356 

12.54 
12.44 
12.35 
12.26 
12.17 

8.00 
8.05 
8.10 
8.15 
8.20 

-0.0550 
-0.0546 
-0.0543 
-0.0540 
-0.0537 

0.0310 
0.0310 
0.0309 
0.0309 
0.0308 

0.0631 
0.0628 
0.0625 
0.0622 
0.0619 

150.57 
150.46 
150.34 
150.23 
150.11 

0.8181 
0.8192 
0.8204 
0.8216 
0.8227 

0.1752 
0.1741 
0.1731 
0.1721 
0.1711 

0.8366 
0.8375 
0.8385 
0.8394 
0.8403 

12.09 
12.00 
11.91 
11.83 
11.75 

8.25 
8.30 
8.35 
8.40 
8.45 

-0.0533 
-0.0530 
-0.0527 
-0.0524 
-0.0521 

0.0308 
0.0308 
0.0307 
0.0307 
0.0306 

0.0616 
0.0613 
0.0610 
0.0607 
0.0604 

150.00 
149.89 
149.78 
149.68 
149.57 

0.8239 
0.8250 
0.8261 
0.8272 
0.8282 

0.1701 
0.1691 
0.1681 
0.1671 
0.1662 

0.8412 
0.8421 
0.8430 
0.843\J 
0.8447 

11.66 
11.58 
11. 50 
11.42 
11.35 

8.50 
8.55 
8.60 
8.65 
8.70 

-0.0518 
-0.0515 
-0.0512 
-0.0509 
-0.0507 

0.0306 
0.0305 
0.0305 
0.0304 
0.0304 

0.0602 
0.0599 
0.0596 
0.0593 
0.0591 

149.47 
149.37 
149.27 
149.17 
149.07 

0.8293 
0.8303 
0.8314 
0.8324 
0.8334 

0.1652 
0.1643 
0.1634 
0.1625 
0.1616 

0.8456 
0.8464 
0.8473 
0.8481 
0.8489 

11.27 
11.19 
11.12 
11.05 
10.97 

8.75 
8.80 
8.85 
8.90 
8.95 

-0.0504 
-0.0501 
-0.0498 
-0.0496 
-0.0493 

0.0303 
0.0303 
0.0302 
0.0301 
0.0301 

0.0588 
0.0585 
0.0583 
0.0580 
0.0577 

148.97 
148.88 
148.78 
148.69 
148.60 

0.8344 
0.8354 
0.8364 
0.8373 
0.8383 

0.1607 
0.1598 
0.1589 
0.1581 
0.1572 

0.8497 
0.8505 
0.8513 
0.8521 
0.8529 

10.g0 
10.83 
10.76 
10.69 
10.62 

9.00 
9.05 
9.10 
9.15 
9.20 

-0.0490 
-0.0487 
-0.0485 
-0.0482 
-0.0480 

0.0300 
0.0300 
0.0299 
0.0299 
0.0298 

0.0575 
0.0572 
0.0570 
0.0567 
0.0565 

148.51 
148.42 
148.33 
148.24 
148.16 

0.8392 
0.8401 
0.8411 
0.8420 
0.8429 

0.1564 
0.1555 
0.1547 
0.1539 
0.1531 

0.8536 
0.8544 
0.8552 
0.8559 
0.8566 

10.55 
10.49 
10.42 
10.36 
10.29 

9.25 
9.30 
9.35 
9.40 
9.45 

-0.0477 
-0.0475 
-0.0472 
-0.0470 
-0.0467 

0.0297 
0.0297 
0.0296 
0.0296 
0.0295 

0.0562 
0.0560 
0.0557 
0.0555 
0.0553 

148.07 
147.99 
147.90 
147.82 
147.74 

0.8437 
0.8446 
0.8455 
0.8463 
0.8472 

0.1523 
0.1515 
0.1507 
0.1499 
0.1491 

0.8574 
0.8581 
0.8588 
0.8595 
0.8602 

10.23 
10.17 
10.11 
10.04 
9.98 

9.50 
9.55 
9.60 
9.65 
9.70 

-0.0465 
-0.0462 
-0.0460 
-0.0458 
-0.0455 

0.0294 
0.0294 
0.0293 
0.0292 
0.0292 

0.0550 
0.0548 
0.0545 
0.0543 
0.0541 

147.66 
147.51; 
147.50 
147.43 
147.35 

0.8480 
0.8488 
0.8497 
0.8505 
0.8513 

0.1484 
0.1476 
0.1469 
0.1461 
0.1454 

0.8609 
0.8616 
0.8623 
0.8629 
0.8636 

9.92 
9.86 
9.81 
9.75 
9.69 

9.75 
9.80 
9.85 
9.90 
9.95 

-0.0453 
-0.0451 
-0.0449 
-0.0446 
-0.0444 

0.0291 
0.0291 
0.0290 
0.0289 
0.0289 

0.0539 
0.0536 
0.0534 
0.0532 
0.0530 

147.28 
147.20 
147.13 
147.05 
146.98 

0.8521 
0.8528 
0.8536 
0.8544 
0.8551 

0.1447 
0.1439 
0.1432 
0.1425 
0.1418 

0.8643 
0.8649 
0.8656 
0.8662 
0.8668 

9.64 
9.58 
9.52 
9.47 
9.42 

10.00 -0.0442 0.0288 0.0527 146.91 0.8559 0.1411 0.8675 !i.36 

WADe TR 56-614 A-87 



k;: 0.4 17 ;: 0.25 

a 
/- 17 

1 

---r- ·x 
REAL IMAG. 

/
X 21Tk 

-21T 1::' 
l X 

REAL IMAG. 

-1J 

MOWLUS PHASE 
(O£/iR£CSI 

1.00 1.1127 -7.9894 0.4668 5.4687 0.0042 1.0050 0.0146 1.0052 0.83 
1.05 1.1130 -7.2446 0.4867 5.3916 0.0046 1.0061 0.0159 1.0062 0.91 
1.10 1.1133 -6.5989 0.5062 5.3119 0.0049 1.0073 0.0172 1.0074 0.98 
1.15 1.1137 -6.0353 0.5252 5.2298 0.0054 1.0086 0.0184 1.0088 1.05 
1 •. 20 1.1141 -5.5405 0.5437 5.1455 0.0058 1.0101 0.0196 1.0103 1.11 

1.25 1.1146 -5.1037 0.5617 5.0591 0.0064 1.0118 0.0208 1.0120 1.18 
1.30 1.1151 -4.7162 0.5792 4.9708 0.0069 1.0136 0.0219 1.0139 1.24 
1.35 1.1157 -4.3708 0.5962 4.8808 0.0076 1.0156 0.0228 1.0159 1.29 
1.40 1.1163 -4.0615 0.6127 4.7892 0.0083 1.0178 0.0237 1.0181 1.33 
1.45 1.1171 -3.7835 0.6286 4.6963 0.0091 1.0202 0.0244 1.0205 1.37 

1.50 
1.55 
1.60 
1.65 
1. 70 

1.1179 
1.1187 
1.1197 
1.1207 
1.1219 

-3.5327 
-3.3057 
-3.0994 
-2.9115 
-2.7398 

0.6439 
0.6588 
0.6730 
0.6868 
0.6999 

4.6021 
4.5068 
4.4108 
4.3140 
4.2167 

0.0100 
0.0110 
0.0121 
0.0134 
0.0147 

1.0227 
1.0253 
1.0281 
1.0310 
1.0340 

0.0249 
0.0252 
0.0253 
0.0252 
0.0248 

1.0230 
1.0256 
1.0284 
1.0313 
1.0342 

1.39 
1.41 
1.41 
1.40 
1.37 

1. 75 
1.80 
1.85 
1.90 
1.95 

1.1231 
1.1244 
1.1258 
1.1274 
1.1290 

-2.5825 
-2.4380 
-2.3050 
-2.1823 
-2.0689 

0.7125 
0.7246 
0.7361 
0.7470 
0.7575 

4.1192 
4.0214 
3.9237 
3.8262 
3.7291 

0.0163 
0.0179 
0.0198 
0.0218 
0.0240 

1.0370 
1 .0401 
1.0432 
1.0463 
1.0493 

0.0241 
0.0231 
0.0218 
0.0202 
0.0182 

1.0373 
1.0404 
1.0434 
1.0465 
1.0494 

1.33 
1.27 
1.20 
1.11 
1.00 

2.00 
2.05 
2.10 
2.15 
2.20 

1.1307 
1.1326 
1.1345 
1.1365 
1.1386 

-1.9638 
-1.8663 
-1.7757 
-1.6913 
-1.6127 

0.7673 
0.7767 
0.7855 
0.7938 
0.8016 

3.6326 
3.5367 
3.4418 
3.3479 
3.2553 

0.0264 
0.0291 
0.0320 
0.0352 
0.0386 

1.0522 
1.0550 
1.0575 
1.0599 
1.0620 

0.0160 
0.0134 
0.0104 
0.0072 
0.0038 

1.0523 
1.0550 
1.0576 
1.0599 
1.0620 

0.87 
0.73 
0.57 
0.39 

. 0.20 

2.25 
2.30 
2.35 
2.40 
2.45 

1.1408 
1.1431 
1.1454 
1.1478 
1.1502 

-1.539,1 
-1.4707 
-1.4065 
-1.3463 
-1.2900 

0.8089 
0.8157 
0.8221 
0.8280 
0.8335 

3.1640 
3.0743 
2.9863 
2.9000 
2.8157 

0.0423 
0.0462 
0.0505 
0.0550 
0.0599 

1.0639 
1.0654 
1.0666 
1.0674 
1.0679 

0.0000 
-0.0039 
-0.0080 
-0.0122 
-0.0165 

1.0639 
1.0654 
1.0666 
1.0675 
1.0680 

0.00 
359.79 
359.57 
359.35 
359.11 

2.50 
2.55 
2.60 
2.65 
2.70 

1.1527 
1.1552 
1 .1577 
1.1602 
1.1627 

-1.2371 
-1.1874 
-1.1408 
-1.0969 
-1.0556 

0.8386 
0.8434 
0.8477 
0.8517 
0.8554 

2.7335 
2.6534 
2.5755 
2.5000 
2.4268 

0.0650 
0.0704 
0.0761 
0.0821 
0.0883 

1.0680 
1.0678 
1.0672 
1.0663 
1.0650 

-0.0209 
-0.0252 
-0.0295 
-0.0337 
-0.0378 

1.0682 
1.0681 
1.0676 
1.0668 
1.0657 

358.88 
358.65 
358.42 
358.19 
357.96 

2.75 
2.80 
2.85 
2.90 
2.95 

1.1651 
1.1675 
1.1699 
1.1721 
1.1743 

-1.0168 
-0.9801 
-0.9456 
-0.9131 
-0.8823 

0.8588 
0.8620 
0.864B 
0.8674 
0.8699 

2.3560 
2.2877 
2.2218 
2.1584 
2.0974 

0.0948 
0.1015 
0.1084 
0.1155 
0.1228 

1.0635 
1.0617 
1.0596 
1.0574 
1.0549 

-0.0418 
-0.0456 
-0.0492 
-0.0526 
-0.0558 

1.0643 
1.0626 
1.0608 
1.0587 
1.0564 

357.75 
357.54 
357.34 
357 .15 
356.97 

3.00 
3.05 
3.10 
3.15 
3.20 

1.1764 
1.1784 
1.1803 
1.1821 
1.1838 

-0.8533 
-0.8259 
-0.7999 
-0.7753 
-0.7521 

0.8721 
0.8741 
0.8760 
0.8778 
0.8794 

2.0387 
1. 9825 
1.9285 
1. 8767 
1.8272 

0.1302 
0.1377 
0.1454 
0.1531 
0.1609 

1.0524 
1.0497 
1.0469 
1.0440 
1.0411 

-0.0587 
-0.0615 
-0.0640 
-0.0663 
-0.0683 

1.0540 
1.0515 
1.0488 
1.0461 
1.0434 

356.81 
356.65 
356.50 
356.37 
356.25 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1853 
1.1868 
1.1881 
1.1893 
1.1904 

-0.7301 
-0.7091 
-0.6893 
-0.6705 
-0.6525 

0.8809 
0.8823 
0.8836 
0.8848 
0.8860 

1.7797 
1.7342 
1.6907 
1.6491 
1.6092 

0.16B7 
0.1765 
0.1844 
0.1922 
0.2000 

1.0382 
1.0353 
1.0324 
1.0295 
1.0267 

-0.0702 
-0.0719 
-0.0733 
-0.0747 
-0.0758 

1.0406 
1.0378 
1.0350 
1.0322 
1.0295 

356.13 
356.03 
355.94 
355.85 
355.78 

3.50 
3.55 
3.60 
3.65 
3.70 

1.1913 
1.1922 
1 .1929 
1.1936 
1.1941 

-0.6355 
-0.6193 
-0.6038 
-0.5891 
-0.5750 

0.8871 
0.8881 
0.8891 
0.8901 
0.8910 

1.5710 
1.5345 
1.4995 
1.4660 
1.4339 

0.2078 
0.2156 
0.2232 
0.2308 
0.2384 

1 .0238 
1.0211 
1.0184 
1.0157 
1 .0131 

-0.0768 
-0.0777 
-0.0784 
-0.0791 
-0.0796 

1.0267 
1.0240 
1.0214 
1.0188 
1.0163 

355.71 
355.65 
355.60 
355.55 
355.51 

3.75 
3.80 
3.85 
3.90 
3.95 

1.1945 
1.1949 
1 .1951 
1.1953 
1.1953 

-0.5615 
-0.5487 
-0.5364 
-0.5246 
-0.5133 

0.8918 
0.8927 
0.8935 
0.8943 
0.8951 

1.4032 
1.3737 
1.3454 
1.3182 
1.2921 

0.2458 
0.2532 
0.2604 
0.2676 
0.2747 

1.0106 
1.0082 
1.0058 
1.0034 
1.0012 

-0.0800 
-0.0804 
-0.0806 
-0.0808 
-0.0810 

1.0138 
1.0114 
1.0090 
1.0067 
1.0045 

355.47 
355.44 
355.42 
355.39 
355.38 
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k= 0.4 <T= 0.25 

a 

1,00 
1,05 
1, 10 
1, 15 
1,20 

1,25 
1,30 
1.35 
1,40 
1.45 

1.50 
1,55 
1.60 
1.65 
1. 70 

1, 75 
1.80 
1.85 
1.90 
1.95 

2.00 
2.05 
2.10 
2.15 
2.20 

2.25 
2.30 
2.35 
2.40 
2.45 

2.50 
2.55 
2.60 
2.65 
2.70 

2.75 
2.80 
2.85 
2.90 
2.95 

3.00 
3.05 
3.10 
3.15 
3.20 

3.25 
3.30 
3.35 
3.40 
3.45 

3.50 
3.55 
3.60 
3.65 
3.70 

3.75 
3.80 
3.85 
3.90 
3.95 

REAL 

-0.0050 
-0.0061 
-0.0073 
-0.0086 
-0.0101 

-0.0118 
-0.0136 
-0.0156 
-0.0178 
-0.0202 

-0.0227 
-0.0253 
-0.0281 
-0.0310 
-0.0340 

-0.0370 
-0.0401 
-0.0432 
-0.0463 
-0.0493 

-0.0522 
-0.0550 
-0.0575 
-0.0599 
-0.0620 

-0.0639 
-0.0654 
-0.0666 
-0.0674 
-0.0679 

-0.0680 
-0.0678 
-0.0672 
-0.0663 
-0.0650 

-0.0635 
-0.0617 
-0.0596 
-0.0574 
-0.0549 

-0.0524 
-0.0497 
-0.0469 
-0.0440 
-0.0411 

-0.0382 
-0.0353 
-0.0324 
-0.0295 
-0.0267 

-0.0238 
-0.0211 
-0.0184 
-0.0157 
-0.0131 

-0.0106 
-0.0082 
-0.0058 
-0.0034 
-0.0012 

/+1J 

IMAG. MODULUS 

-0.0146 0.0155 
-0.0159 0.0176 
-0.0172 0.0187 
-0.0184 0.0204 
-0.0196 0.0221 

-0.0208 0.0239 
-0.0219 0.0258 
-0.0228 0.0277 
-0.0237 0.0296 
-0.0244 0.0316 

-0.0249 0.0337 
-0.0252 0.0357 
-0.0253 0.0378 
-0.0252 0.0399 
-0.0248 0.0420 

-0.0241 0.0442 
-0.0231 0.0463 
-0.0218 0.0484 
-0.0202 0.0505 
-0.0182 0.0525 

-0.0160 0.0546 
-0.0134 0.0566 
-0.0104 0.0585 
-0.0072 0.0603 
-0.0038 0.0621 

-0.0000 0.0639 
0.0039 0.0655 
0.0080 0.0671 
0.0122 0.0685 
0.0165 0.0699 

0.0209 0.0711 
0.0252 0.0723 
0.0295 0.0734 
0.0337 0.0743 
0.0378 0.0752 

0.0418 0.0760 
0.0456 0.0767 
0.0492 0.0773 
0.0526 0.0778 
0.0558 0.0783 

0.0587 0.0787 
0.0615 0.0790 
0.0640 0.0793 
0.0663 0.0796 
0.0683 0.0798 

0.0702 0.0799 
0.0719 0.0801 
0.0733 0.0802 
0.0747 0.0803 
0.0758 0.0804 

0.0768 0.0804 
0.0777 0.0805 
0.0784 0.0805 
0.0791 0.0806 
0.0796 0.0807 

0.0800 0.0807 
0.0804 0.0808 
0.0806 0.0808 
0.0808 0.0809 
0.0810 0.0810 

PHASE 
fOeGReeSI 

250.99 
249.05 
247.03 
244.91 
242.70 

240.41 
238.03 
235.57 
233.03 
230.40 

227.70 
224.91 
222.06 
219.14 
216.15 

213.09 
209.98 
206.80 
203.58 
200.31 

197.00 
193.66 
190.28 
186.88 
183.46 

180.03 
176.60 
173.17 
169.75 
166.34 

162.96 
159.61 
156.29 
153.02 
149.79 

146.62 
143.51 
140.46 
137.47 
134.56 

131.71 
128.94 
126.24 
123.61 
121 .05 

118.58 
116.17 
113.83 
111.57 
109.37 

107.25 
105.19 
103.19 
101.25 
99.38 

97.56 
95.80 
94.10 
92.44 
90.84 

REAL 

0.0135 
0.0164 
0.0197 
0.0234 
0.0276 

0.0324 
0.0377 
0.0436 
0.0501 
0.0572 

0.0650 
0.0735 
0.0826 
0.0925 
0.1030 

0.1143 
0.1262 
0.1388 
0.1520 
0.1659 

0.1803 
0.1953 
0.2108 
0.2266 
0.2429 

0.2594 
0.2762 
0.2931 
0.3101 
0.3270 

0.3440 
0.3607 
0.3773 
0.3935 
0.4095 

0.4250 
0.4402 
0.4549 
0.4691 
0.4828 

0.4960 
0.5087 
0.5209 
0.5325 
0.5436 

0.5543 
0.5645 
0.5742 
0.5834 
0.5923 

0.6007 
0.6087 
0.6164 
0.6238 
0.6308 

0.6375 
0.6439 
0.6500 
0.6559 
0.6616 

/+1J 00 
IMAG. MODULUS 

0.1078 0.1086 
0.1185 0.1196 
0.1295 0.1310 
0.1410 0.1429 
0.1528 0.1553 

0.1649 0.1681 
0.1773 0.1813 
0.1900 0.1949 
0.2028 0.2089 
0.2157 0.2232 

0.2288 0.2378 
0.2418 0.2528 
0.2549 0.2679 
0.2678 0.2834 
0.2806 0.2990 

0.2932 0.3147 
0.3055 0.3306 
0.3175 0.3465 
0.3290 0.3624 
0.3400 0.3784 

0.3505 0.3942 
0.3605 0.4100 
0.3697 0.4256 
0.3783 0.4410 
0.3861 0.4561 

0.3931 0;4710 
0.3993 0.4855 
0.4048 0.4997 
0.4093 0.5135 
0.4131 0.5269 

0.4161 0.5398 
0.4182 0.5523 
0.4196 0.5643 
0.4203 0.5757 
0.4202 0.5867 

0.4195 0.5972 
0.4182 0.6072 
0.4164 0.6167 
0.4141 0.6257 
0.4113 0.6342 

0.4081 0.6423 
0.4046 0.6500 
0.4009 0.6572 
0.3968 0.6641 
0.3926 0.6706 

0.3883 0.6767 
0.3838 0.6826 
0.3792 0.6881 
0.3745 0.6933 
0.3699 0.6983 

0.3652 0.7030 
0.3605 0.7075 
0.3559 0.7118 
0.3512 0.7158 
0.3467 0.7198 

0.3422 0.7235 
0.3377 0.7271 
0.3334 0.7305 
0.3291 0.7338 
0.3249 0.7370 

PHASE 
fOeGRCCSI 

82.86 
82.13 
81.37 
80.58 
79.75 

78.89 
78.00 
77.08 
76.13 
75.15 

74.14 
73.10 
72.04 
70.95 
69.84 

68.71 
67.56 
66.39 
65.20 
63.99 

62.78 
61.55 
60.31 
59.07 
57.83 

56.58 
55.33 
54.09 
52.86 
51.63 

50.42 
49.22 
48.04 
46.88 
45.74 

44.62 
43.53 
42.47 
41.43 
40.43 

39.45 
38.50 
37.58 
36.69 
35.84 

35.01 
34.21 
33.44 
32.70 
31.99 

31.30 
30.64 
30.00 
29.38 
28.79 

28.23 
27.68 
27.15 
26.64 
26.15 

I 
WADe TR 56-614 A-89 



k= 0.4 er = 0.25 

(1 

/- er 2 

~·X. 

REAL IMAG. 

/
X 21Tk 

-21T .r 
{ X 

REAL IMAG. 

-"I 

MOWLUS PHAst 
(DEGReES) 

4.00 1.1953 -0.5025 0.8959 1.2671 0.2817 0.9990 -0.0811 1.0023 355.36 
4.05 1.1953 -0.4922 0.8966 1.2430 0.2885 0.9968 -0.0811 1.0001 355.35 
4.10 1.1951 -0.4822 0.8973 1.2198 0.2953 0.9948 -0.0811 0.9981 355.34 
4.15 1.1949 -0.4726 0.8981 1.1975 0.3020 0.9928 -0.0811 0.9961 355.33 
4.20 1.1946 -0.4634 0.8988 1.1760 0.3085 0.9908 -0.0810 0.9941 355.33 

4.25 1.1943 -0.4546 0.8995 1.1553 0.3150 0.9889 -0.0809 0.9922 355.32 
1.30 1.1939 -0.4460 0.9002 1.1354 0.3213 0.9870 -0.0807 0.9903 355.32 
4.35 1.1934 -0.4378 0.9008 1.1161 0.3276 0.9852 -0.0806 0.9885 355.32 

·4.40 1.1929 -0.4299 0.9015 1.0975 0.3337 0.9835 -0.0804 0.9868 355.33 
4.45 1.1924 -0.4222 0.9022 1.0796 0.3397 0.9818 -0.0802 0.9850 355.33 

4.50 1.1918 -0.4148 0.9028 1.0622 0.3457 0.9801 -0.0800 0.9834 355.34 
4.55 1.1911 -0.4077 0.9035 1.0455 0.3515 0.9785 -0.0797 0.9817 355.34 
4.60 1.1905 -0.4008 0.9041 1.0292 0.3573 0.9769 -0.0795 0.9801 355.35 
4.65 1.1898 -0.3941 0.9048 1.0135 0.3629 0.9754 -0.0792 0.9786 355.36 
4.70 1.1890 -0.3876 0.9054 0.9983 0.3685 0.9739 -0.0789 0.9771 355.37 

4.75 1.1883 -0.3814 0.9060 0.9835 0.3740 0.9724 -0.0787 0.9756 355.38 
4.80 1.1875 -0.3753 0.9067 0.9692 0.3794 0.9710 -0.0784 0.9741 355.39 
4.85 1.1867 -0.3694 0.9073 0.9553 0.3847 0.9696 -0.0781 0.9727 355.40 
4.90 1.1859 -0.3637 0.9079 0.9418 0.3899 0.9682 -0.0778 0.9713 355.41 
4.95 1.1850 -0.3582 0.9085 0.9287 0.3951 0.9669 -0.0775 0.9700 355.42 

5.00 1.1842 -0.3528 0.9091 0.9160 0.4001 0.9656 -0.0772 0.9687 355.43 
5.05 1.1833 -0.3475 0.9097 0.9036 0.4051 0.9643 -0.0768 0.9674 355.44 
5.10 1.1824 -0.3425 0.9103 0.8916 0.4100 0.9631 -0.0765 0.9661 355.46 
5.15 1.1815 -0.3375 0.9109 0.8798 0.4149 0.9618 -0.0762 0.9649 355.47 
5.20 1.1806 -0.3327 0.9115 0.8684 0.4196 0.9606 -0.0759 0.9636 355.48 

5.25 1. 1797 -0.3280 0.9121 0.8573 0.4243 0.9595 -0.0755 0.9624 355.50 
5.30 1.1788 -0.3235 0.9127 0.8464 0.4289 0.9583 -0.0752 0.9613 355.51 
5.35 1.1778 -0.3190 0.9132 0.8359 0.4335 0.9572 -0.0749 0.9601 355.53 
5.40 1.1769 -0.3147 0.9138 0.8256 0.4380 0.9561 -0.0746 0.9590 355.54 
5.45 1.1760 -0.3105 0.9144 0.8155 0.4424 0.9550 -0.0742 0.9579 355.56 

5.50 1.1750 -0.3064 0.9149 0.8057 0.4468 0.9540 -0.0739 0.9568 355.57 
5.55 1.1741 -0.3024 0.9155 0.7961 0.4511 0.9529 -0.0735 0.9558 355.59 
5.60 1.1731 -0.2985 0.9160 0.7867 0.4553 0.9519 -0.0732 0.9547 355.60 
5.65 1.1722 -0.2946 0.9165 0.7775 0.4595 0.9509 -0.0729 0.9537 355.62 
5.70 1.1713 -0.2909 0.9171 0.7686 0.4637 0.9499 -0.0725 0.9ti27 355.63 

5.75 1.1703 -0.2873 0.9176 0.7598 0.4677 0.9490 -0.0722 0.9517 355.65 
5.80 1.1694 -0.2837 0.9181 0.7513 0.4718 0.9480 -0.0719 0.9507 355.67 
5.85 1.1684 -0.2802 0.9186 0.7429 0.4757 0.9471 -0.0715 0.9498 355.68 
5.90 1.1675 -0.2768 0.9191 0.7347 0.4796 0.9462 -0.0712 0.9488 355.70 
5.95 1.1666 -0.2735 0.9196 0.7267 0.4835 0.9453 -0.0708 0.9479 355.71 

6.00 1.1657 -0.2703 0.9201 0.7188 0.4873 0.9444 -0.0705 0.9470 355.73 
6.05 1.1647 -0.2671 0.9206 0.7111 0.4911 0.9435 -0.0702 0.9461 355.75 
6.10 1.1638 -0.2640 0.9211 0.7036 0.4948 0.9427 -0.0698 0.9452 355.76 
6.15 1.1629 -0.2609 0.9216 0.6962 0.4985 0.9418 -0.0695 0.9444 355.78 
6.20 1.1620 -0.2579 0.9221 0.6890 0.5021 0.9410 -0.0692 0.9435 355.80 

6.25 1.1611 -0.2550 0.9225 0.6819 0.5057 0.9402 -0.0688 0.9427 355.81 
6.30 1.1602 -0.2522 0.9230 0.6749 0.5092 0.9394 -0.0685 0.9419 355.83 
6.35 1.1594 -0.2494 0.9235 0.6681 0.5127 0.9386 -0.0682 0.9411 355.85 
6.40 1.1585 -0.2466 0.9239 0.6614 0.5161 0.9378 -0.0678 0.9403 355.86 
6.45 1.1576 -0.2440 0.9244 0.6549 0.5195 0.9371 -0.0675 0.9395 355.88 

6.50 1.1568 -0.2413 0.9248 0.6484 0.5229 0.9363 -0.0672 0.9387 355.90 
6.55 1.1559 -0.2387 0.9252 0.6421 0.5262 0.9356 -0.0668 0.9380 355.91 
6.60 1.1551 -0.2362 0.9257 0.6359 0.5295 0.9349 -0.0665 0.9372 355.93 
6.65 1.1542 -0.2337 0.9261 0.6298 0.5327 0.9342 -0.0662 0.9365 355.95 
6.70 1.1534 -0.2313 0.9265 0.6238 0.5359 0.9335 -0.0659 0.9358 355.96 

6.75 1.1526 -0.2289 0.9269 0.6180 0.5390 0.9328 -0.0655 0.9351 355.98 
6.80 1.1518 -0.2266 0.9274 0.6122 0.5421 0.9321 -0.0652 0.9344 356.00 
6.85 1.1509 -0.2243 0.9278 0.6066 0.5452 0.9314 -0.0649 0.9337 356.01 
6.90 1.1501 -0.2221 0.9262 0.6010 0.5483 0.9308 -0.0646 0.9330 356.03 
6.95 1.1493 -0.2198 0.9286 0.5955 0.5513 0.9301 -0.0643 0.9324 356.05 

WADe TR 56-614 A-gO 



k= 0.4 (7'= 0.25 

a 
REAL 

/+7J 

/MAG. MOOULUS PHASE 
(DEGREES) 

REAL 

/ +:7J 00 
/MAG. MODULUS PHASE 

(DEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0010 
0.0032 
0.0052 
0.0072 
0.0092 

0.0811 
0.0811 
0.0811 
0.0811 
0.0810 

0.0811 
0.0812 
0.0813 
0.0814 
0.0815 

89.28 
87.78 
86.31 
84.89 
83.51 

0.6670 
0.6722 
0.6772 
0.6821 
0.6867 

0.3207 
0.3167 
0.3127 
0.3089 
0.3051 

0.7401 
0.7431 
0.7460 
0.7488 
0.7515 

25.68 
25.23 
24.79 
24.36 
23.95 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0111 
0.0130 
0.0148 
0.0165 
0.0182 

0.0809 
0.0807 
0.0806 
0.0804 
0.0802 

0.0816 
0.0818 
0.0819 
0.0821 
0.0822 

82.18 
80.88 
'i9.61 
78.38 
77.19 

0.6912 
0.6956 
0.6998 
0.7038 
0.7078 

0.3014 
0.2978 
0.2943 
0.2908 
0.2875 

0.7541 
0.7566 
0.7591 
0.7616 
0.7639 

23.56 
23.18 
22.81 
22.45 
22.11 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0199 
0.0215 
0.0231 
0.0246 
0.0261 

0.0800 
0.0797 
0.0795 
0.0792 
0.0789 

0.0824 
0.0826 
0.0828 
0.0830 
0.0832 

76.03 
74.90 
73.80 
72.73 
71.69 

0.7116 
0.7153 
0.7189 
0.7224 
0.7258 

0.2842 
0.2810 
0.2779 
0.2748 
0.2718 

0.7662 
0.7685 
0.7707 
0.7729 
0.7750 

21. 77 
21.45 
21 .13 
20.83 
20.53 

4.75 
4.80 
4.85 
4.90 
4.95 

0.0276 
0.0290 
0.0304 
0.0318 
0.0331 

0.0787 
0.0784 
0.0781 
0.0778 
0.0775 

0.0834 
0.0836 
0.0838 
0.0840 
0.0843 

'70.67 
39.68 
68.72 
67.78 
66.86 

0.7291 
0.7323 
0.7354 
0.7385 
0.7415 

0.2689 
0.2660 
0.2632 
0.2605 
0.2578 

0.7771 
0.7791 
0.7811 
0.7831 
0.7850 

20.24 
19.97 
19.69 
19.43 
19.17 

5.00 
5.05 
5.10 
5.15­
5.20 

0.0344 
0.0357 
0.0369 
0.0382 
0.0394 

0.0772 
0.0768 
0.0765 
0.0762 
0.0759 

0.0845 
0.0847 
0.0850 
0.0852 
0.0855 

65.96 
65.09 
64.24 
63.40 
62.59 

0.7444 
0.7472 
0.7500 
0.7527 
0.7553 

0.2552 
0.2526 
0.2501 
0.2477 
0.2453 

0.7869 
0.7888 
0.7906 
0.7924 
0.7942 

18.92 
18.68 
18.44 
18.21 
17.99 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0405 
0.0417 
0.0428 
0.0439 
0.0450 

0.0755 
0.0752 
0.0749 
0.0746 
0.0742 

0.0857 
0.0860 
0.0863 
0.0865 
0.0868 

61. 79 
61.01 
60.25 
59.51 
58.78 

0.7579 
0.7605 
0.7629 
0.7654 
0.7678 

0.2429 
0.2406 
0.2383 
0.2361 
0.2339 

0.7959 
0.7976 
0.7993 
0.8010 
0.8026 

17.77 
17.55 
17.35 
17.14 
16.94 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0460 
0.0471 
0.0481 
0.0491 
0.0501 

0.0739 
0.0735 
0.0732 
0.0729 
0.0725 

0.0871 
0.0873 
0.0876 
0.0879 
0.0881 

58.07 
57.38 
56.70 
56.03 
55.38 

0.7701 
0.7724 
0.7746 
0.776& 
0.7790 

0.2317 
0.2296 
0.2276 
0.2255 
0.2235 

0.8042 
0.8058 
0.8073 
0.8089 
0.8104 

16.75 
16.56 
16.37 
16.19 
16.01 

5.75 
5.80 
5.85 
5.90 
5.95 

0.0510 
0.0520 
0.0529 
0.0538 
0.0547 

0.0722 
0.0719 
0.0715 
0.0712 
0.0708 

0.0884 
0.0887 
0.0890 
0.0892 
0.0895 

54.74 
54.11 
53.50 
52.90 
52.31 

0.7811 
0.7831 
0.7852 
0.7872 
0.7891 

0.2216 
0.2196 
0.2177 
0.2159 
0.2140 

0.8119 
0.8134 
0.8148 
0.8162 
0.8176 

15.84 
15.67 
15.50 
15.33 
15.17 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0556 
0.0565 
0.0573 
0.0582 
0.0590 

0.0705 
0.0702 
0.0698 
0.0695 
0.0692 

0.0898 
0.0901 
0.0904 
0.0906 
0.0909 

51.73 
51.17 
50.61 
50.07 
49.53 

0.7910 
0.7929 
0.7948 
0.7966 
0.7984 

0.2122 
0.2104 
0.2087 
0.2070 
0.2053 

0.8190 
0.8204 
0.8217 
0~8230 
0.8244 

15.02 
14.86 
14.71 
14.56 
14.42 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0598 
0.0606 
0.0614 
0.0622 
0.0629 

0.0688 
0.0685 
0.0682 
0.0678 
0.0675 

0.0912 
0.0915 
0.0917 
0.0920 
0.0923 

49.01 
48.50 
47.99 
47.50 
47.01 

0.8001 
0.8019 
0.8036 
0.8052 
0.8069 

0.2036 
0.2019 
0.2003 
0.1987 
0.1972 

0.8256 
0.8269 
0.8282 
0.8294 
0.8306 

14.28 
14.14 
14.00 
13.86 
13.73 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0637 
0.0644 
0.0651 
0.0658 
0.0665 

0.0672 
0.0668 
0.0665 
0.0662 
0.0659 

0.0925 
0.0928 
0.0931 
0.0934 
0.0936 

46.54 
46.07 
45.61 
45.16 
44.72 

0.8085 
0.8101 
0.8116 
0.8131 
0.8147 

0.1956 
0.1941 
0.1926 
0.1911 
0.1896 

0.8318 
0.8330 
0.8342 
0.8353 
0.8364 

13.60 
13.47 
13.35 
13.23 
13.10 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0672 
0.0679 
0.0686 
0.0692 
0.0699 

0.0655 
0.0652 
0.0649 
0.0646 
0.0643 

0.0939 
0.0941 
0.0944 
0.0947 
0.0949 

44.28 
43.85 
43.43 
43.02 
42.62 

0.8161 
0.8176 
0.8190 
0.8204 
0.8218 

0.1882 
0.1868 
0.1854 
0.1840 
0.1827 

0.8376 
0.8387 
0.8397 
0.8408 
0.8419 

12.99 
12.87 
12.75 
12.64 
12.53 

WADe TR 56-614 A-ill 



k: 0.4 (T : 0.25 

a 

1_ (T2 

---y- ·x 

REAL IMAG. 

1 
X 2 1T § -21T .r 

t X 
REAL IMAG. 

-'7 

MOWLUS PHASE 
(O.GREESJ 

7.00 
7.05 
7.10 

1.1486 
1.1478 
1.1470 

-0.2177 
-0.2156 
-0.2135 

0.9290 
0.9294 
0.9297 

0.5902 
0.5849 
0.5797 

0.5542 
0.5572 
0.5601 

0.9295 
0.9289 
0.9283 

-0.0640 
-0.0637 
-0.0633 

0.9317 
0.9311 
0.9304 

356.06 
356.08 
356.10 

7.15 1.1462 -0.2114 0.9301 0.5746 0.5629 0.9276 -0.0630 0.9298 356.11 
7.20 1.1455 -0.2094 0.9305 0.5696 0.5658 0.9271 -0.0627 0.9292 356.13 

7.25 1.1447 -0.2074 0.9309 0.5647 0.5685 0.9265 -0.0624 0.9286 356.15 
7.30 
'{ .35 

1.1440 
1.1433 

-0.2055 
-0.2036 

0.9312 
0.9316 

0.5598 
0.5551 

0.5713 
0.5740 

0.9259 
0.9253 

-0.0621 
-0.0618 

0.9280 
0.9274 

356.16 
356.18 

7.40 1.1425 -0.2017 0.9320 0.5504 0.5767 0.9247 -0.0615 0.9268 356.19 
7.45 1.1418 -0.1999 0.9323 0.5458 0.5794 0.9242 -0.0612 0.9262 356.21 

7.50 
7.55 

1.1411 
1.1404 

-0.1981 
-0.1963 

0.932'{ 
0.9330 

0.5412 
0.5368 

0.5820 
0.5846 

0.9236 
0.9231 

-0.0609 
-0.0606 

0.9256 
0.9251 

356.23 
356.24 

7.60 1.1397 -0.1945 0.9333 0.5324 0.5872 0.9226 -0.0604 0.9245 356.26 
7.65 1.1390 -0.1928 0.9337 0.5280 0.5898 0.9220 -0.0601 0.9240 356.27 
7.70 1.1383 -0.1911 0.9340 0.5238 0.5923 0.9215 -0.0598 0.9235 356.29 

7.75 1.1376 -0.1894 0.9344 0.5196 0.5948 0.9210 -0.0595 0.9229 356.30 
7.80 1.1369 -0.1878 0.9347 0.5155 0.5972 0.9205 -0.0592 0.9224 356.32 
7.85 
7.90 

1.1363 
1.1356 

-0.1862 
-0.1846 

0.9350 
0.9353 

0.5114 
0.5074 

0.5996 
0.6021 

0.9200 
0.9195 

-0.0589 
-0.0587 

0.9219 
0.9214 

356.33 
356.35 

7.95 1.1350 -0.1831 0.9356 0.5035 0.6044 0.9190 -0.0584 0.9209 356.37 

8.00 1.1343 -0.1815 0.9360 0.4996 0.6068 0.9186 -0.0581 0.9204 356.38 
8.05 
8.10 
8.15 

1.1337 
1.1330 
1.1324 

-0.1800 
-0.1785 
-0.1771 

0.9363 
0.9366 
0.9369 

0.4958 
0.4920 
0.4883 

0.6091 
0.6114 
0.6137 

0.9181 
0.9176 
0.9172 

-0.0578 
-0.0576 
-0.0573 

0.9199 
0.9194 
0.9189 

356.40 
356.41 
356.43 

8.20 1.1318 -0.1756 0.9372 0.4846 0.6159 0.9167 -0.0570 0.9185 356.44 

8.25 1.1311 -0.1742 0.9375 0.4810 0.6181 0.9163 -0.0568 0.9180 356.45 
8.30 1.1305 -0.1728 0.9378 0.4775 0.6203 0.9158 -0.0565 0.9176 356.47 
8.35 1.1299 -0.1715 0.9381 0.4740 0.6225 0.9154 -0.0562 0.9171 356.48 
8.40 1.1293 -0.1701 0.9384 0.4705 0.6247 0.9149 -0.0560 0.9167 356.50 
8.45 1.1287 -0.1688 0.9386 0.4671 0.6268 0.9145 -0.0557 0.9162 356.51 

8.50 1.1281 -0.1675 0.9389 0.4638 0.6289 0.9141 -0.0555 0.9158 356.53 
8.55 1.1276 -0.1662 0.9392 0.4605 0.6310 0.9137 -0.0552 0.9154 356.54 
8.60 1.1270 -0.1649 0.9395 0.4572 0.6330 0.9133 -0.0550 0.9149 356.56 
8.65 1.1264 -0.1636 0.9398 0.4540 0.6351 0.9129 -0.0547 0.9145 356.57 
8.70 1.1258 -0.1624 0.9400 0.4508 0.6371 0.9125 -0.0545 0.9141 356.58 

8.75 1.1253 -0.1612 0.9403 0.4477 0.6391 0.9121 -0.0542 0.9137 356.60 
8.80 1.1247 -0.1600 0.9406 0.4446 0.6411 0.9117 -0.0540 0.9133 356.61 
8.85 1.1242 -0.1588 0.9408 0.4416 0.6430 0.9113 -0.0539 0.9129 356.62 
8.90 1.1236 -0.1576 0.9411 0.4386 0.6450 0.9109 -0.0535 0.9125 356.64 
8.95 1.1231 -0.1565 0.9414 0.4356 0.6469 0.9106 -0.0533 0.9121 356.65 

9.00 
9.05 
9.10 
9.15 
9.20 

1.1225 
1.1220 
1.1215 
1.1209 
1.1204 

-0.1553 
-0.1542 
-0.1531 
-0.1520 
-0.1509 

0.9416 
0.9419 
0.9421 
0.9424 
0.9426 

0.4327 
0.4298 
0.4269 
0.4241 
0.4213 

0.6488 
0.6506 
0.6525 
0.6543 
0.6562 

0.9102 
0.9098 
0.9095 
0.9091 
0.9087 

-0.0530 
-0.0528 
-0.0526 
-0.0523 
-0.0521 

0.9117 
0.9113 
0.9110 
0.9106 
0.9102 

356.66 
356.68 
356.69 
356.70 
356.72 

9.25 
9.30 
9.35 
9.40 
9.45 

1.1199 
1.1194 
1.1189 
1.1184 
1.1179 

··0.1499 
-0.1488 
-0.1478 
-0.1468 
-0.1458 

0.9429 
0.9431 
0.9433 
0.9436 
0.9438 

0.4186 
0.4159 
0.4132 
0.4106 
0.4080 

0.6580 
0.6597 
0.6615 
0.6633 
0.6650 

0.9084 
0.9080 
0.9077 
0.9074 
0.9070 

-0.0519 
-0.0517 
-0.0514 
-0.0512 
-0.0510 

0.9099 
0.9095 
0.9092 
0.9088 
0.9085 

356.73 
356.74 
356.76 
356.77 
356.78 

9.50 
9.55 
9.60 
9.65 
9.70 

1.1174 
1.1169 
1.1164 
1.1160 
1.1155 

-0.1448 
-0.1438 
-0.1429 
-0.1419 
-0.1410 

0.9440 
0.9443 
0.9445 
0.9447 
0.9449 

0.4054 
0.4029 
0.4004 
0.3979 
0.3954 

0.6667 
0.6684 
0.6701 
0.6717 
0.6734 

0.9067 
0.9064 
0.9060 
0.9057 
0.9054 

-0.0508 
-0.0506 
-0.0504 
-0.0501 
-0.0499 

0.9081 
0.9078 
0.9074 
0.9071 
0,9068 

356.79 
356.81 
356.82 
356.83 
356.84 

9.75 
9.80 
9.85 

1.1150 
1.1145 
1.1141 

-0.1400 
-0.1391 
-0.1382 

0.9452 
0.9454 
0.9456 

0.3930 
0.3906 
0.3882 

0.6750 
0.6766 
0.6782 

0.9051 
0.9048 
0.9045 

-0.0497 
-0.0495 
-0.0493 

0.9065 
0.9061 
0.9058 

356.86 
356.87 
356.88 

9.90 
9.95 

1 .1136 
1.1132 

-0.1373 
-0.1364 

0.9458 
0.9460 

0.3859 
0.3836 

0.6798 
0.6814 

0.9042 
0.9039 

-0.0491 
-0.0489 

0.9055 
0.9052 

356.89 
356.90 

10.00 1.1127 -0.1356 0.9463 0.3813 0.6830 0.9036 -0.0487 0.9049 356.92 
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k= 0.4 (T= 0.25 

a 

7.00 
7.05 
7.10 
7.15 
7.20 

7.25 
7.30 
7.35 
7.40 
7.45 

7.50 
7.55 
7.60 
7.65 
7.70 

7.75 
7.80 
7.85 
7.90 
7.95 

8.00 
8.05 
8.10 
8.15 
8.20 

8.25 
8.30 
8.35 
8.40 
8.45 

8.50 
8.55 
8.60 
8.65 
8.70 

8.75 
8.80 
8.85 
8.90 
8.95 

9.00 
9.05 
9.10 
9.15 
9.20 

9.25 
9.30 
9.35 
9.40 
9.45 

9.50 
9.55 
9.60 
9.65 
9.70 

9.75 
9.80 
9.85 
9.90 
9.95 

10.00 

REAL 

0.0705 
0.0711 
0.0717 
0.0724 
0.0729 

0.0735 
0.0741 
0.0747 
0.0753 
0.0758 

0.0764 
0.0769 
0.0774 
0.0780 
0.0785 

0.0790 
0.0795 
0.0800 
0.0805 
0.0810 

0.0814 
0.0819 
0.0824 
0.0828 
0.0833 

0.0837 
0.0842 
0.0846 
0.0851 
0.0855 

0.0859 
0.0863 
0.0367 
0.0871 
0.0875 

0.oa79 
0.0883 
0.0887 
0.0891 
0.0894 

0.0898 
0.0902 
0.0905 
0.0909 
0.0913 

0.0916 
0.0920 
0.0923 
0.0926 
0.0930 

0.0933 
0.0936 
0.0940 
0.0943 
0.0946 

0.0949 
0.0952 
0.0955 
0.0958 
0.0961 

0.0964 

/+1J 

/MAG. MODULUS PHASE REAL 
(OEGREESI 

0.0640 0.0952 42.22 0.8232 
0.0637 0.0955 41.83 0.8245 
0.0633 0.0957 41.44 0.8259 
0.0630 0.0960 41.07 0.8272 
0.0627 0.0962 40.69 0.8284 

0.0624 0.0965 40.33 0.8297 
0.0621 0.0967 39.97 0.8309 
0.0618 0.0970 39.62 0.8322 
0.0615 0.0972 39.27 0.8334 
0.0612 0.0975 38.93 0.8346 

0.0609 0.0977 38.59 0.8357 
0.0606 0.0979 38.26 0.8369 
0.0604 0.0982 37.93 0.8380 
0.0601 0.0984 37.61 0.8392 
0.0598 0.0987 37.30 0.8403 

0.0595 0.0989 36.99 0.8414 
0.0592 0.0991 36.68 0.8424 
0.0589 0.0994 36.38 0.8435 
0.0587 0.0996 36.08 0.8445 
0.0584 0.0998 35.79 0.8456 

0.0581 0.1001 35.51 0.8466 
0.0578 0.1003 35.22 0.8476 
0.0576 0.1005 34.94 0.8486 
0.0573 0.1007 34.67 0.8496 
0.0570 0.1010 34.40 0.8505 

0.0568 0.1012 34.13 0.8515 
0.0565 0.1014 33.87 0.8524 
0.0562 0.1016 33.61 0.8533 
0.0560 0.1018 33.36 0.8543 
0.0557 0.1020 33.11 0.8552 

0.0555 0.1023 32.86 0.8560 
0.0552 0.1025 32.61 0.8569 
0.0550 0.1027 32.37 0.8578 
0.0547 0.1029 32.14 0.8587 
0.0545 0.1031 31.90 0.8595 

0.0542 0.1033 31.67 0.8603 
0.0540 0.1035 31.44 0.8612 
0.0538 0.1037 31.22 0.8620 
0.0535 0.1039 31.00 0.8628 
0.0533 0.1041 30.78 0.8636 

0.0530 0.1043 30.56 0.8644 
0.0528 0.1045 30.35 0.8652 
0.0526 0.1047 30.14 0.8659 
0.0523 0.1049 29.93 0.8667 
0.0521 0.1051 29.73 0.8675 

0.0519 0.1053 29.53 0.8682 
0.0517 0.1055 29.33 0.8689 
0.0514 0.1057 29.13 0.8697 
0.0512 0.1059 28.94 0.8704 
0.0510 0.1060 28.75 0.8711 

0.0508 0.1062 28.56 0.8718 
0.0506 0.1064 28.37 0.8725 
0.0504 0.1066 28.111 0.8732 
0.0501 0.1068 28.01 0.8739 
0.0499 0.1070 27.83 0.8745 

0.0497 0.1071 27.65 0.8752 
0.0495 0.1073 27.47 0.8759 
0.0493 0.1075 27.30 0.8765 
0.0491 0.1077 27.13 0.8772 
0.0489 0.1078 26.96 0.8778 

0.0487 0.1080 26.79 0.8784 

/+1J Fio 
/MAG. MODULUS PHASE 

(OEGREESI 

0.1813 0.8429 12.42 
0.1800 0.8439 12.31 
0.1787 0.8450 12.21 
0.1774 0.8460 12.11 
0,1761 0.8470 12.00 

0.1749 0.8479 11.90 
0.1737 0.8489 11.80 
0.1724 0.8499 11. 71 
0.1712 0.8508 11.61 
0.1701 0.8517 11.52 

0.1689 0.8526 11.43 
0.1677 0.8535 11.33 
0.1666 0.8544 11.24 
0.1655 0.8553 11 .16 
0.1644 0.8562 11.07 

0.1633 0.8571 10.98 
0.1622 0.8579 10.90 
0.1611 0.8587 10.82 
0.1601 0.8596 10.73 
0.1590 0.8604 10.65 

0.1580 0.8612 10.57 
0.1570 0.8620 10.49 
0.1560 0.8628 10.42 
0.1550 0.8636 10.34 
0.1540 0.8644 10.27 

0.1531 0.8651 10.19 
0.1521 0.8659 10.12 
0.1512 0.8666 10.05 
0.1503 0.8674 9.98 
0.1493 0.8681 9.91 

0.1484 0.8688 9.84 
0.1475 0.8695 9.77 
0.1466 0.8702 9.70 
0.1458 0.8709 9.64 
0.1449 0.8716 9.57 

0.1441 0.8723 9.51 
0.1432 0.8730 9.44 
0.1424 0.8737 9.38 
0.1415 0.8743 9.32 
0.1407 0.8750 9.26 

0.1399 0.8756 9.19 
0.1391 0.8763 9.14 
0.1383 0.8769 9.08 
0.1376 0.8775 9.02 
0.1368 0.8782 8.96 

0.1360 0.8788 8.90 
0.1353 0.8794 8.85 
0.1345 0.8800 8.79 
0.1338 0.8806 8.74 
0.1330 0.8812 8.68 

0.1323 0.8818 8.63 
0.1316 0.8824 8.58 
0.1309 0.8829 8.53 
0.1302 0.8835 8.47 
0.1295 0.8841 8.42 

0.1288 0.8846 8.37 
0.1281 0.8852 8.32 
0.1275 0.8857 8.27 
0.1268 0.8863 8.23 
0.1261 0.8868 8.18 

0.1255 0.8873 8.13 
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k: 0.4 (T ;: 0.50 

a 

1_ (T2 

~·x 

REAL IMAG. 

1 
X 2 1T ; 

-21T .r 
( X 

REAL IMAG. 

-1J 

MOCVLUS PHASE 
(Oc6RUSI 

1.00 1.0027 -5.9741 0.5322 5.3165 0.0049 1.0050 -0.0013 1.0050 359.92 
1.05 1.0033 -5.4136 0.5543 5.2257 0.0054 1.0060 -0.0018 1.0060 359.90 
1.10 
1.15 

1.0040 
1.0048 

-4.9274 
-4.5027 

0.5758 
0.5966 

5.1321 
5.0357 

0.0059 
0.0065 

1.0072 
1.0084 

-0.0023 
-0.0030 

1.0072 
1.0084 

359.87 
359.83 

1.20 1.0056 -4.1296 0.6169 4.9367 0.0072 1.0099 -0.0039 1.0099 359.78 

1.25 1.0067 -3.7998 0.6364 4.8354 0.0079 1.0114 -0.0049 1.0114 359.72 
1.30 1.0078 -3.5069 0.6554 4.7319 0.0088 1.0131 -0.0061 1 .0131 359.65 
1.35 1.0091 -3.2455 0.6736 4.6263 0.0098 1.0149 -0.0076 1.0149 359.57 
1.40 1.0105 -3.0112 0.6912 4.5190 0.0109 1.0168 -0.0094 1.0169 359.47 
1.45 1.0122 -2.8003 0.7080 4.4100 0.0122 1.0189 -0.0114 1.0189 359.36 

1.50 1.0140 -2.6097 0.7242 4.2995 0.0136 1.0209 -0.0138 1.0210 359.22 
1.55 1.0160 -2.4368 0.7396 4.1878 0.0152 1.0231 -0.0166 1.0232 359.07 
1.60 1.0182 -2.2795 0.7543 4.0750 0.0170 1. 0252 -0.0197 1.0254 358.90 
1.65 1.0206 -2.1360 0.7683 3.9614 0.0190 1.0272 -0.0233 1.0275 358.70 
1. 70 1. 0233 -2.0046 0.7816 3.8471 0.0213 1. 0292 -0.0273 1.0296 358.48 

1. 75 1.0262 -1.8839 0.7941 3.7323 0.0239 1.0310 -0.0317 1.0315 358.24 
1.80 1.0294 -1.7730 0.8059 3.6173 0.0269 1.0327 -0.0366 1. 0333 357.97 
1.85 1.0329 -1.6706 0.8169 3.5024 0.0301 1.0340 -0.0419 1.0348 357.68 
1.90 1.0367 -1.5761 0.8272 3.3877 0.0338 1.0349 -0.0477 1.0360 357.36 
1.95 1.0407 -1.4885 0.8367 3.2736 0.0379 1.0355 -0.0538 1.0369 357.02 

2.00 1.0451 -1.4074 0.8454 3.1604 0.0424 1.0355 -0.0603 1.0373 356.67 
2.05 1.0497 -1.3321 0.8535 3.0484 0.0474 1.0350 -0.0671 1.0371 356.29 
2.10 1.0546 -1.2622 0.8608 2.9379 0.0530 1.0338 -0.0741 1.0365 355.90 
2.15 1.0597 -1.1971 0.8674 2.8293 0.0591 1.0320 -0.0812 1.0352 355.50 
2.20 1.0651 -1.1366 0.8732 2.7228 0.0657 1.0295 -0.0884 1.0332 355.09 

2.25 1 .0707 -1.0803 0.8785 2.6190 0.0729 1.0262 -0.0954 1.0307 354.69 
2.30 1.0764 -1.0278 0.8831 2.5181 0.0806 1.0223 -0.1023 1.0274 354.29 
2.35 1.0822 -0.9790 0.8871 2.4204 0.0889 1. 017 8 -0.1088 1.0236 353.90 
2.40 1.0880 -0.9336 0.8906 2.3262 0.0977 1.0127 -0.1150 1.0192 353.52 
2.45 1.0939 -0.8913 0.8935 2.2357 0.1069 1.0070 -0.1206 1.0142 353.17 

2.50 
2.55 
2.60 
2.65 
2.70 

1.0997 
1.1054 
1.1109 
1.1163 
1.1214 

-0.8519 
-0.8152 
-0.7811 
-0.7492 
-0.7194 

0.8961 
0.8982 
0.9000 
0.9016 
0.9028 

2.1491 
2.0664 
1.9877 
1.9130 
1.8422 

0.1166 
0.1266 
0.1370 
0.1476 
0.1585 

1.0010 
0.9946 
0.9879 
0.9812 
0.9743 

-0.1258 
-0.1304 
-0.1344 
-0.1378 
-0.1407 

1.0088 
1.0031 
0.9970 
0.9908 
0.9844 

352.84 
352.53 
352.25 
352.00 
351.78 

2.75 
2.80 
2.85 
2.90 
2.95 

1.1263 
1.1309 
1.1353 
1.1395 
1.1433 

-0.6917 
-0.6657 
-0.6414 
-0.6186 
-0.5973 

0.9039 
0.9048 
0.9055 
0.9061 
0.9066 

1.7752 
1.7119 
1.6521 
1.5956 
1.5423 

0.1694 
0.1805 
0.1916 
0.2028 
0.2139 

0.9675 
0.9607 
0.9541 
0.9476 
0.9413 

-0.1430 
-0.1448 
-0.1462 
-0.1471 
-0.1476 

0.9780 
0.9716 
0.9652 
0.9590 
0.9528 

351.59 
351.43 
351.29 
351.18 
351.09 

3.00 
3.05 
3.10 
3.15 
3.20 

1.1469 
1.1502 
1.1533 
1.1562 
1.1588 

-0.5772 
-0.5584 
-0.5406 
-0.5239 
-0.5081 

0.9071 
0.9074 
0.9078 
0.9081 
0.9083 

1.4920 
1.4445 
1.3996 
1.3571 
1.3170 

0.2249 
0.2359 
0.2467 
0.2574 
0.2680 

0.9353 
0.9294 
0.9238 
0.9184 
0.9133 

-0.1478 
-0.1477 
-0.1474 
-0.1469 
-0.1461 

0.9469 
0.9411 
0.9355 
0.9301 
0.9249 

351.02 
350.97 
350.93 
350.92 
350.91 

3.25 
3.30 
3.35 
3.40 
3.45 

1.1612 
1.1634 
1.1654 
1.1672 
1.1689 

-0.4932 
-0.4790 
-0.4657 
-0.4530 
-0.4409 

0.9086 
0.9088 
0.9090 
0.9092 
0.9094 

1.2789 
1.2430 
1.2088 
1.1765 
1.1457 

0.2783 
0.2885 
0.2985 
0.3084 
0.3180 

0.9084 
0.9037 
0.8992 
0.8950 
0.8909 

-0.1452 
-0.1442 
-0.1431 
-0.1419 
-0.1406 

0.9199 
0.9151 
0.9105 
0.9061 
0.9019 

350.92 
350.93 
350.96 
350.99 
351.03 

3.50 
3.55 
3.60 
3.65 
3.70 

1.1704 
1.1717 
1.1729 
1.1739 
1.1749 

-0.4295 
-0.4186 
-0.4083 
-0.3984 
-0.3890 

0.9096 
0.9099 
0.9101 
0.9103 
0.9105 

1.116'5 
1.0887 
1.0623 
1.0371 
1.0130 

0.3274 
0.3366 
0.3457 
0.3545 
0.3631 

0.8870 
0.8834 
0.8799 
0.8765 
0.8733 

-0.1393 
-0.1379 
-0.1365 
-0.1351 
-0.1337 

0.8979 
0.8941 
0.8904 
0.8869 
0.8835 

351.08 
351.13 
351.18 
351.24 
351.30 

3.75 
3.80 
3.85 
3.90 
3.95 

1.1757 
1.1764 
1.1770 
1.1775 
1.1779 

-0.3800 
-0.3714 
-0.3631 
-0.3553 
-0.3477 

0.9107 
0.9110 
0.9112 
0.9115 
0.9117 

0.9901 
0.9682 
0.9472 
0.9272 
0.9080 

0.3715 
0.3798 
0.3878 
0.3957 
0.4033 

0.8703 
0.8673 
0.8645 
0.8619 
0.8593 

-0.1322 
-0.1308 
-0.1294 
-0.1280 
-0.1266 

0.8802 
0.8771 
0.8'142 
0.8713 
0.8686 

351.36 
351.42 
351.49 
351. 55 
351.62 
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k= 0.4 er= 0.50 

a /+1J /+1J Fio 
REAL IMAG. MOWLUS PHASE 

(OEGREESI 
REAL IMAG. MODULUS PHASE 

(OEGREESI 

1.00 
1. 05 
1.10 
1.15 
1.20 

-0.0050 
-0.0060 
-0.0072 
-0.0084 
-0.0099 

0.0013 
0.0018 
0.0023 
0.0030 
0.0039 

0.0052 
0.0063 
0.0075 
0.0090 
0.0106 

165.19 
163.67 
162.07 
160.40 
158.65 

0.0155 
0.0188 
0.0226 
0.0270 
0.0319 

0.1234 
0.1357 
0.1485 
0.1617 
0.1753 

0.1244 
0.1370 
0.1502 
0.1639 
0.1782 

82.84 
82.11 
81.34 
80.53 
79.69 

1.25 
1.30 
1. 35 
1.40 
1.45 

-0.0114 
-0.0131 
-0.0149 
-0.0168 
-0.0189 

0.0049 
0.0061 
0.0076 
0.0094 
0.0114 

0.0124 
0.0145 
0.0168 
0.0193 
0.0220 

156.83 
154.93 
152.95 
150.90 
148.78 

0.0374 
0.0437 
0.0506 
0.0583 
0.0668 

0.1893 
0.2037 
0.2183 
0.2332 
0.2483 

0.1930 
0.2083 
0.2241 
0.2404 
0.2571 

78.81 
77.90 
76.95 
75.97 
74 .95 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0209 
-0.0231 
-0.0252 
-0.0272 
-0.0292 

0.0138 
0.0166 
0.0197 
0.0233 
0.0273 

0.0251 
0.0284 
0.0320 
0.0358 
0.0400 

146.5'7 
144.29 
141. 94 
139.50 
137.00 

0.0761 
0.0863 
0.0973 
0.1093 
0.1223 

0.2635 
0.2788 
0.2940 
0.3091 
0.3241 

0.2743 
0.2918 
0.3097 
0.3279 
0.3464 

73.90 
72.81 
71.68 
70.52 
69.32 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0310 
-0.0327 
-0.0340 
-0.0349 
-0.0355 

0.0317 
0.0366 
0.0419 
0.0477 
0.0538 

0.0444 
0.0490 
0.0540 
0.0591 
0.0645 

134.41 
131.76 
129.04 
126.25 
123.40 

0.1362 
0.1510 
0.1668 
0.1835 
0.2011 

0.3387 
0.3529 
0.3667 
0.3798 
0.3922 

0.3650 
0.3839 
0.4029 
0.4218 
0.4408 

68.10 
66.83 
65.54 
64.21 
62.85 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0355 
-0.0350 
-0.0338 
-0.0320 
-0.0295 

0.0603 
0.0671 
0.0741 
0.0812 
0.0884 

0.0700 
0.0757 
0.0815 
0.0873 
0.0931 

120.49 
117.53 
114.52 
111.49 
108.44 

0.2195 
0.2387 
0.2586 
0.2790 
0.2998 

0.4038 
0.4145 
0.4240 
0.4325 
0.4397 

0.4596 
0.4783 
0.4967 
0.5146 
0.5322 

61.47 
60.06 
58.63 
57.18 
55.71 

2.25 
2.30 
2.35 
2.40 
2.45 

-0.0262 
-0.0223 
-0.0178 
-0.0127 
-0.0070 

0.0954 
0.1023 
0.1088 
0.1150 
0.1206 

0.0989 
0.1047 
0.1102 
0.1157 
0.1208 

105.38 
102.32 

99.28 
96.28 
93.33 

0.3209 
0.3421 
0.3633 
0.3843 
0.4050 

0.4456 
0.4503 
0.4536 
0.4556 
0.4564 

0.5491 
0.5655 
0.5812 
0.5961 
0.6102 

54.24 
52.77 
51.31 
49.85 
48.41 

2.50 
2.55 
2.60 
2.65 
2.70 

-0.0010 
0.0054 
0.0121 
0.0188 
0.0257 

0.1258 
0.1304 
0.1344 
0.1378 
0.1407 

0.1258 
0.1305 
0.1349 
0.1391 
0.1430 

90.44 
87.61 
84.87 
82.22 
79.66 

0.4253 
0.4449 
0.4639 
0.4821 
0.4995 

0.4560 
0.4545 
0.4521 
0.4487 
0.4447 

0.6235 
0.6360 
0.6477 
0.6586 
0.6687 

47.00 
45.61 
44.26 
42.95 
41.68 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0325 
0.0393 
0.0459 
0.0524 
0.0587 

0.1430 
0.1448 
0.1462 
0.1471 
0.1476 

0.1466 
0.1500 
0.1532 
0.1561 
0.1588 

77.20 
74.83 
72 .57 
70.40 
68.33 

0.5160 
0.5318 
0.5467 
0.5607 
0.5740 

0.4399 
0.4347 
0.4291 
0.4231 
0.4168 

0.6781 
0.6868 
0.6949 
0;7024 
0.7094 

40.45 
39.27 
38.13 
37.03 
35.99 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0647 
0.0706 
0.0762 
0.0816 
0.0867 

0.1478 
0.1477 
0.1474 
0.1469 
0.1461 

0.1614 
0.1637 
0.1659 
0.1680 
0.1699 

66.35 
64.46 
62.66 
60.95 
59.31 

0.5865 
0.5983 
0.6093 
0.6198 
0.6296 

0.4104 
0.4039 
0.3973 
0.3907 
0.3841 

0.7158 
0.7218 
0.7274 
0.7327 
0.7375 

34.98 
34.02 
33.11 
32.23 
31.39 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0916 
0.0963 
0.1008 
0.1050 
0.1091 

0.1452 
0.1442 
0.1431 
0.1419 
0.1406 

0.1717 
0.1734 
0.1750 
0.1765 
0.1780 

57.75 
56.26 
54.84 
53.49 
52.19 

0.6388 
0.6475 
0.6557 
0.6635 
0.6708 

0.3776 
0.3712 
0.3648 
0.3586 
0.3525 

0.7421 
0.7464 
0.7504 
0.7542 
0.7578 

30.59 
29.82 
29.09 
28.39 
27.72 

3.50 
3.55 
3.60 
3.65 
3.70 

0.1130 
0.1166 
0.1201 
0.1235 
0.1267 

0.1393 
0.1379 
0.1:165 
0.1351 
0.1337 

0.1793 
0.1806 
0.1819 
0.1830 
0.1842 

50.96 
49.78 
48.65 
47.57 
46.54 

0.6777 
0.6843 
0.6905 
0.6964 
0.7020 

0.3465 
0.3407 
0.3350 
0.3295 
0.3241 

0.7612 
0.7644 
0.7675 
0.7704 
0.7732 

27.08 
26.47 
25.88 
25.32 
24.78 

3.75 
3.80 
3.85 
3.90 
3.95 

0.1297 
0.1327 
0.1355 
0.1381 
0.1407 

0.1322 
0.1308 
0.1294 
0.1280 
0.1266 

0.1853 
0.1863 
0.1873 
0.1883 
0.1893 

45.55 
44.60 
43.69 
42.82 
41.98 

0.7073 
0.7124 
0.7173 
0.7219 
0.7264 

0.3189 
0.3138 
0.3089 
0.3041 
0.2995 

0.7759 
0.7785 
0.7810 
0.7834 
0.7857 

24.27 
23.77 
23.30 
22.84 
22.41 
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k= 0.4 (T = 0.50 

a 
/- (T2
--·X

2 
REAL IMAG. 

/
X 

Y 
2 rr X 

-2rr .r 
{ X 

REAL IMAG. 

-1J 

MOa.JWS PHASE 
(O£5R££Si 

4.00 1.1782 -0.3405 0.9120 0.8896 0.4108 0.8569 -0.1252 0.8660 351.69 
4.05 1.1785 -0.3335 0.9123 0.8720 0.4181 0.8545 -0.1239 0.8634 351.75 
4.10 1.1786 -0.3269 0.9125 0.8551 0.4252 0.8522 -0.1225 0.8610 351.82 
4.15 1.1788 -0.3204 0.9128 0.8388 0.4322 0.8500 -0.1212 0.8586 351.89 
4.20 1.1788 -0.3143 0.9131 0.8232 0.4390 0.8479 -0.1199 0.8564 351.95 

4.25 1.1788 -0.3083 0.9134 0.8082 0.4457 0.8459 -0.1186 0.8542 352.02 
4.30 1.1787 -0.3026 0.9137 0.7937 0.4522 0.8440 -0.1174 0.8521 352.08 
4.35 1.1786 -0.2971 0.9140 0.7797 0.4585 0.8421 -0.1162 0.8500 352.15 
4.40 1.1784 -0.2918 0.9143 0.7663 0.4647 0.8402 -0.1150 0.8481 352.21 
4.45 1 .1782 -0.2866 0.9146 0.7533 0.4708 0.8385 -0.1138 0.8462 352.27 

4.50 1.1780 -0.2817 0.9149 0.7408 0.4767 0.8368 -0.1126 0.8443 352.33 
4.55 1 .1777 -0.2769 0.9153 0.7287 0.4825 0.8351 -0.1115 0.8425 352.40 
4.60 1.1774 -0.2723 0.9156 0.7170 0.4882 0.8335 -0.1104 0.8408 352.46 
4.65 1.1770 -0.2678 0.9159 0.7057 0.4938 0.8319 -0.1093 0.8391 352.51 
4.70 1.1766 -0.2634 0.9162 0.6948 0.4992 0.8304 -0.1082 0.8374 352.57 

4.75 1.1762 -0.2592 0.9166 0.6841 0.5045 0.8289 -0.1072 0.8358 352.63 
4.80 1.1758 -0.2551 0.9169 0.6739 0.5097 0.8275 -0.1062 0.8343 352.69 
4.85 1.1753 -0.2512 0.9172 0.6639 0.5148 0.8261 -0.1052 0.8328 352.74 
4.90 1.1749 -0.2473 0.9176 0.6542 0.5198 0.8247 -0.1042 0.8313 352.80 
4.95 1.1744 -0.2436 0.9179 0.6448 0.5247 0.8234 -0.1032 0.8298 352.85 

5.00 1.1738 -0.2400 0.9182 0.6357 0.5296 0.8221 -0.1023 0.8284 352.91 
5.05 1.1733 -0.2365 0.9186 0.6269 0.5343 0.8208 -0.1014 0.8271 352.96 
5.10 1.1728 -0.2330 0.9189 0.6182 0.5.389 0.8196 -0.1005 0.8257 353.01 
5.15 1.1722 -0.2297 0.9193 0.6099 0.5434 0.8184 -0.0996 0.8244 353.06 
5.20 1.1717 -0.2265 0.9196 0.6017 0.5479 0.8172 -0.0987 0.8231 353.11 

5.25 1.1711 -0.2233 0.9199 0.5937 0.5523 0.8161 -0.0978 0.8219 353.16 
5.30 
5.35 

1.1705 
1.1699 

-0.2203 
-0.2173 

0.9203 
0.9206 

0.5860 
0.5785 

0.5565 
0.5608 

0.8149 
0.8138 

-0.0970 
-0.0961 

0.8207 
0.8195 

353.21 
353.26 

5.40 
5.45 

1.1693 
1.1687 

-0.2143 
-0.2115 

0.9209 
0.9213 

0.5711 
0.5640 

0.5649 
0.5690 

0.8127 
0.8117 

-0.0953 
-0.0945 

0.8183 
0.8172 

353.31 
353.36 

5.50 1 .1681 -0.2087 0.9216 0.5570 0.5729 0.8107 -0.0937 0.8161 353.40 
5.55 
5.60 

1.1675 
1.1669 

-0.2060 
-0.2034 

0.9219 
0.9222 

0.5501 
0.5435 

0.5769 
0.5807 

0.8096 
0.8086 

-0.0930 
-0.0922 

0.8150 
0.8139 

353.45 
353.50 

5.65 
5.70 

1.1663 
1.1657 

-0.2008 
-0.1983 

0.9226 
0.9229 

0.5370 
0.5306 

0.5845 
0.5883 

0.8077 
0.8067 

-0.0914 
-0.0907 

0.8128 
0.8118 

353.54 
353.58 

5.75 
5.80 
5.85 
5.:30 
5.95 

1.1651 
1.1645 
1.1639 
1.1633 
1.1627 

-0.1958 
-0.1934 
-0.1911 
-0.11388 
-0.1866 

0.9232 
0.9235 
0.9238 
0.9242 
0.9245 

0.5244 
0.5183 
0.5124 
0.5066 
0.5009 

0.5919 
0.5955 
0.5991 
0.6026 
0.6060 

0.8058 
0.8049 
0.8040 
0.8031 
0.8022 

-0.0900 
-0.0893 
-0.0886 
-0.0879 
-0.0872 

0.8108 
0.8098 
0.8088 
0.8079 
0.8069 

353.63 
353.67 
353.71 
353.76 
353.80 

6.00 
6.05 
6.10 
6.15 
6.20 

1. 1,620 
1.1614 
1.1608 
1.1602 
1.1596 

-0.1844 
-0.1822 
-0.1801 
-0.1781 
-0.1760 

0.9248 
0.9251 
0.9254 
0.9257 
0.9260 

0.4953 
0.4899 
0.4845 
0.4793 
0.4742 

0.6094 
0.6127 
0.6160 
0.6192 
0.6224 

0.8014 
0.8005 
0.7997 
0.7989 
0.7981 

-0.0865 
-0.0858 
-0.0852 
-0.0845 
-0.0839 

0.8060 
0.8051 
0.8042 
0.8033 
0.8025 

353.84 
353.88 
353.92 
353.96 
354.00 

6.25 
6.30 
6.35 
6.40 
6.45 

1.1590 
1.1584 
1.1579 
1.1573 
1.1567 

-0.1741 
-0.1721 
-0.1702 
-0.1684 
-0.1666 

0.9263 
0.9266 
0.9268 
0.9271 
0.9274 

0.4692 
0.4643 
0.4595 
0.4547 
0.4501 

0.6255 
0.6286 
0.6316 
0.6346 
0.6376 

0.7973 
0.7966 
0.7958 
0.7951 
0.7943 

-0.0833 
-0.0826 
-0.0820 
-0.0814 
-0.0808 

0.8017 
0.8008 
0.8000 
0.7992 
0.7984 

354.04 
354.08 
354.11 
354.15 
354.19 

6.50 
6.55 
6.60 
6.65 
6.70 

1.1561 
1.1555 
1.1550 
1.1544 
1.1539 

-0.1648 
-0.1631 
-0.1614 
-0.1597 
-0.1580 

0.9277 
0.9280 
0.9282 
0.9285 
0.9288 

0.4456 
0.4411 
0.4368 
0.4325 
0.4283 

0.6405 
0.6433 
0.6461 
0.6489 
0.6516 

0.7936 
0.7929 
0.7922 
0.7916 
0.7909 

-0.0803 
-0.0797 
-0.0791 
-0.0785 
-0.0780 

0.7977 
0.7969 
0.7962 
0.7954 
0.7947 

354.23 
354.26 
354.30 
354.33 
354.37 

6.75 
6.80 
6.85 
6.90 
6.95 

1.1533 
1.1527 
1.1522 
1.1517 
1.1511 

-0.1564 
-0.1548 
-0.1533 
-0.1518 
-0.1503 

0.9290 
0.9293 
0.9296 
0.9298 
0.9301 

0.4242 
0.4201 
0.4161 
0.4122 
0.4084 

0.6543 
0.6570 
0.6596 
0.6622 
0.6647 

0.7902 
0.7896 
0.7890 
0.7883 
0.7877 

-0.0774 
-0.0769 
-0.0764 
-0.0758 
-0.0753 

0.7940 
0.7933 
0.7926 
0.7920 
0.7913 

354.40 
354.44 
354.47 
354.50 
354.54 
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k= 0.4 CT= 0.50 

a 
/+1J / +1J Fio 

REAL IMAG. MODULUS PHASE REAL IMAG. MODULUS PHASE 
{OE(;REESJ (OEGREES) 

4.00 0.1431 0.1252 0.1902 41.18 0.7306 0.2950 0.7879 21.99 
4.05 0.1455 0.1239 0.1911 40.40 0.7347 0.2906 0.7901 21.58 
4.10 0.1478 0.1225 0.1920 39.66 0.7387 0.2864 0.7922 21.19 
4.15 0.1500 0.1212 0.1928 38.94 0.7424 0.2823 0.7943 20.82 
4.20 0.1521 0.1199 0.1936 38.26 0.7461 0.2783 0.7963 20.45 

4.25 0.1541 0.1186 0.1945 37.59 0.7496 0.2744 0.7982 20.11 
4.30 0.1560 0.1174 0.1953 36.95 0.7530 0.2706 0.8001 19.77 
4.35 0.1579 0.1162 0.1961 36.33 0.7563 0.2670 0.8020 19.44 
4.40 0.1598 0.1150 0.1968 35.74 0.7594 0.2634 0,8038 19.13 
4.45 0.1615 0.1138 0.1976 35.16 0.7625 0.2600 0.B056 18.83 

4.50 0.1632 0.1126 0.1983 34.60 0.7655 0.2566 0.8074 18.53 
4.55 0.1649 0.1115 0.1991 34.06 0.7684 0.2534 0.8091 18.25 
4.60 0.1665 0.1104 0.1998 33.54 0.7712 0.2502 0.8108 17.98 
4.65 0.1681 0.1093 0.2005 33.04 0.7739 0.2471 0.8124 17.71 
4.70 0.1696 0.1082 0.2012 32.55 0.7766 0.2441 0.8141 17.45 

4.75 0.1711 0.1072 0.2019 32.07 0.7792 0.2412 0.8157 17.20 
4.80 0.1725 0.1062 0.2026 31.61 0.7817 0.2384 0.8172 16.96 
4.85 0.1739 0.1052 0.2032 31.16 0.7842 0.2356 0.8188 16.72 
4.90 0.1753 0.1042 0.2039 30.73 0.7866 0.2329 0.8203 16.49 
4.95 0.1766 0.1032 0.2046 30.31 0.7889 0.2302 0.8218 16.27 

5.00 0.1779 0.1023 0.2052 29.90 0.7912 0.2277 0.8233 16.05 
5.05 0.1792 0.1014 0.2059 29.50 0.7934 0.2252 0.8248 15.84 
5.10 0.1804 0.1005 0.2065 29.11 0.7956 0.2227 0.8262 15.64 
5.15 0.1816 0.0996 0.2071 28.73 0.7978 0.2203 0.8276 15.44 
5.20 0.1828 0.0987 0.2077 28.36 0.7998 0.2180 0.8290 15.24 

5.25 0.1839 0.0978 0.2083 28.00 0.8019 0.2157 0.8304 15.05 
5.30 0.1851 0.0970 0.2089 27.65 0.8039 0.2134 0.8317 14.87 
5.35 0.1862 0.0961 0.2095 27.31 0.8059 0.2112 0.8331 14.69 
5.40 0.1873 0.0953 0.2101 26.98 0.8078 0.2091 0.8344 14.51 
5.45 0.1883 0.0945 0.2107 26.66 0.8097 0.2070 0.8357 14.34 

5.50 0.1893 0.0937 0.2113 26.34 0.8115 0.2049 0.8370 14 .17 
5.55 0.1904 0.0930 0.2118 26.03 0.8133 0.2029 0.8383 14.01 
5.60 0.1914 0.0922 0.2124 25.73 0.8151 0.2009 0.8395 13.85 
5.65 0.1923 0.0914 0.2130 25.43 0.81lt9 0.1990 0.8407 13.69 
5.70 0.1933 0.0907 0.2135 25.14 0.8186 0.1971 0.8420 13.54 

5.75 0.1942 0.0900 0.2141 24.86 0.B203 0.1952 0.8432 13.39 
5.80 0.1951 0.0893 0.2146 24.58 0.8219 0.1934 0.8444 13.24 
5.85 0.1960 0.0886 0.2151 24.31 0.8235 0.1916 0.8455 13.10 
5.90 0.1969 0.0879 0.2156 24.04 0.8251 0.1898 0.8467 12.96 
5.95 0.1978 0.0872 0.2162 23.78 0.8267 0.1881 0.8478 12.82 

6.00 0.1986 0.0865 0.2167 23.53 0.8282 0.1864 0.8489 12.68 
6.05 0.1995 0.0858 0.2172 23.28 0.8297 0.1847 0.8500 12.55 
6.10 0.2003 0.0852 0.2177 23.04 0.8312 0.1831 0.8511 12.42 
6.15 0.2011 0.0845 0.2182 22.80 0.8327 0.1815 0.8522 12.29 
6.20 0.2019 0.0839 0.2186 22.56 0.8341 0.1799 0.8533 12.17 

6.25 0.2027 0.0833 0.2191 22.33 0.8355 0.1783 0.8543 12.05 
6.30 0.2034 0.0826 0.2196 22.11 0.8369 0.1768 0.8553 11.93 
6.35 0.2042 0.0820 0.2201 21.89 0.8382 0.1753 0.8564 11.81 
6.40 0.2049 0.0814 0.2205 21.67 0.8396 0.1738 0.8574 11.69 
6.45 0.2057 0.0808 0.2210 21.46 0.8409 0.1723 0.8584 11.58 

6.50 0.2064 0.0803 0.2214 21.25 0.~422 0.1709 0.8593 11.47 
6.55 0.2071 0.0797 0.2219 21.05 O. 434 0.1695 0.8603 11.36 
6.60 0.2078 0.0791 0.2223 20.84 0.8447 0.1681 0.8613 11.25 
6.65 0.2084 0.0785 0.2228 20.65 0.8459 0.1667 0.8622 11.15 
6.70 0.2091 0.0780 0.2232 20.45 0.8471 0.1654 0.8631 11.05 

6.75 0.2098 0.0774 0.2236 20.26 0.8483 0.1641 0.8640 10.94 
6.80 0.2104 0.0769 0.2240 20.08 0.8495 0.1627 0.8650 10.85 
6.85 0.2110 0.0764 0.2244 19.89 0.8507 0.1615 0.8658 10.75 
6.90 0.2117 0.0758 0.2248 19.71 0.8518 0.1602 0.8667 10.65 
6.95 0.2123 0.0753 0.2253 19.54 0.8529 0.1590 0.8676 10.56 

WADe TR 56-614 A-97 

/
 



k; 0.4 cr = 0.50 

a 
/- cr 2 

--·x2 
REAL IMAG. 

/
X 2'; 

-21T .r 
! X 

REAL IMAG. 

-'7 

MO(XJLUS PHA~ 
(D£6Rt:F:SJ 

7.00 1.1506 -0.1488 0.9303 0.4046 0.6672 0.7871 -0.0748 0.7907 354.57 
7~05 1 .1501 -0.1474 0.9306 0.4009 0.6697 0.7865 -0.0743 0.7900 354.60 
7.10 1.1495 -0.1460 0.9308 0.3973 0.6721 0.7859 -0.0738 0.7894 354.64 
7.15 1.1490 -0.1446 0.9311 0.3937 0.6745 0.7853 -0.0733 0.7888 354.67 
7.20 1.1485 -0.1432 0.9313 0.3902 0.6769 0.7848 -0.0728 0.7882 354.70 

7.25 1.1480 -0.1419 0.9316 0.3868 0.6793 0.7842 -0.0723 0.7876 354.73 
7.30 1.1475 -0.1405 0.9318 0.3834 0.6816 0.7837 -0.0719 0.7870 354.76 
7.35 1.1470 -0.1393 0.9320 0.3800 0.6838 0.7831 -0.0714 0.7864 354.79 
7.40 
7.45 

1.1465 
1.1460 

-0.1380 
-0.1367 

0.9323 
0.9325 

0.3767 
0.3735 

0.6861 
0.6883 

0.7826 
0.7821 

-0.0709 
-0.0705 

0.7858 
0.7852 

354.82 
354.85 

7.50 1.1455 -0.1355 0.9327 0.3704 0.6905 0.7815 -0.0700 0.7847 354.88 
7.55 
7.60 
7.65 
7.70 

1.1450 
1.1445 
1 .1441 
1.1436 

-0.1343 
-0.1331 
-0.1320 
-0.1308 

0.9329 
0.9332 
0.9334 
0.9336 

0.3672 
0.3642 
0.3611 
0.3582 

0.6927 
0.6948 
0.6969 
0.6990 

0.7810 
0.7805 
0.7800 
0.7795 

-0.0696 
-0.0691 
-0.0687 
-0.0683 

0.7841 
0.7836 
0.7830 
0.7825 

354.91 
354.94 
354.97 
355.00 

7.75 1.1431 -0.1297 0.9338 0.3552 0.7010 0.7791 -0.0678 0.7820 355.02 
7.80 
7.85 
7.90 
7.95 

1.1427 
1.1422 
1.1418 
1.1413 

-0.1286 
-0.1275 
-0.1264 
-0.1253 

0.9340 
0.9342 
0.9344 
0.9346 

0.3524 
0.3495 
0.3467 
0.3440 

0.7030 
0.7050 
0.7070 
0.7089 

0.7786 
0.7781 
0.7776 
0.7772 

-0.0674 
-0.0670 
-0.0666 
-0.0662 

0.7815 
0.7810 
0.7805 
0.7800 

355.05 
355.08 
355.11 
355.13 

8.00 
8.05 
8.10 
8.15 
8.20 

1.1409 
1.1404 
1.1400 
1.1396 
1.1391 

-0.1243 
-0.1233 
-0.1223 
-0.1213 
-0.1203 

0.9348 
0.9351 
0.9353 
0.9355 
0.9356 

0.3413 
0.3386 
0.3360 
0.3334 
0.3309 

0.7109 
0.7127 
0.7146 
0.7165 
0.7183 

0.7767 
0.7763 
0.7759 
0.7754 
0.7750 

-0.0658 
-0.0654 
-0.0650 
-0.0646 
-0.0642 

0.7795 
0.7790 
0.7786 
0.7781 
0.7776 

355.16 
355.19 
355.21 
355.24 
355.26 

8.25 
8.30 
8.35 
8.40 
8.45 

1.1387 
1. 1383 
1.1379 
1.1374 
1.1370 

-0.1193 
-0.1184 
-0.1175 
-0.1165 
-0.1156 

0.9358 
0.9360 
0.9362 
0.9364 
0.9366 

0.3284 
0.3259 
0.3235 
0.3211 
0.3187 

0.7201 
0.7219 
0.7236 
0.7254 
0.7271 

0.7746 
0.7742 
0.7737 
0.7733 
0.7729 

-0.0639 
-0.0635 
-0.0631 
-0.0627 
-0.0624 

0.7772 
0.7768 
0.7763 
0.7759 
0.7755 

355.29 
355.31 
355.34 
355.36 
355.39 

8.50 
8.55 
8.60 
8.65 
8.70 

1.1366 
1.1362 
1.1358 
1.1354 
1.1350 

-0.1148 
-0.1139 
-0.1130 
-0.1122 
-0.1113 

0.9368 
0.9370 
0.9371 
0.9373 
0.9375 

0.3164 
0.3141 
0.3118 
0.3096 
0.3074 

0.7288 
0.7305 
0.7321 
0.7338 
0.7354 

0.7725 
0.7722 
0.7718 
0.7714 
0.7710 

-0.0620 
-0.0617 
-0.0613 
-0.061L 
-0.0606 

0.7750 
0.7746 
0.7742 
0.7738 
0.7734 

355.41 
355.43 
355.46 
355.48 
355.50 

8.75 
8.80 
8.85 
8.90 
8.95 

1.1347 
1.1343 
1.1339 
1.1335 
1. 1331 

-0.1105 
-0.1097 
-0.1089 
-0.1081 
-0.1073 

0.9377 
0.9379 
0.9380 
0.9382 
0.9384 

0.3052 
0.3030 
0.3009 
0.2989 
0.2968 

0.7370 
0.7386 
0.7401 
0.7417 
0.7432 

0.7706 
0.7703 
0.7699 
0.7695 
0.7692 

-0.0603 
-0.0600 
-0.0596 
-0.0593 
-0.0590 

0.7730 
0.7726 
0.7722 
0.7718 
0.7715 

355.53 
355.55 
355.57 
355.59 
355.62 

9.00 
9.05 
9.10 
9.15 
9.20 

1.1328 
1.1324 
1.1320 
1.1317 
1.1313 

-0.1065 
-0.1058 
-0.1050 
-0.1043 
-0.1035 

0.9385 
0.9387 
0.9389 
0.9390 
0.93g2 

0.2948 
0.2928 
0.2908 
0.2888 
0.2869 

0.7447 
0.7462 
0.7477 
0.7491 
0.7506 

0.7688 
0.7685 
0.7682 
0.7678 
0.7675 

-0.0587 
-0.0583 
-0.0580 
-0.0577 
-0.0574 

0.7711 
0.7707 
0.7703 
0.7700 
0.7696 

355.64 
355.66 
355.68 
355.70 
355.72 

9.25 
9.30 
9.35 
9.40 
9.45 

1.1310 
1. 1306 
1.1303 
1.1299 
1.1296 

-0.1028 
-0.1021 
-0.1014 
-0.1007 
-0.1000 

0.9394 
0.9395 
0.9397 
0.9398 
0.9400 

0.2850 
0.2831 
0.2813 
0.2795 
0.2777 

0.7520 
0.7534 
0.7548 
0.7562 
0.7576 

0.7672 
0.7668 
0.7665 
0.7662 
0.7659 

-0.0571 
-0.0568 
-0.0565 
-0.0562 
-0.0559 

0.7693 
0.7689 
0.7686 
0.7682 
0.7679 

355.74 
355.76 
355.78 
355.80 
355.82 

9.50 
9.55 
9.60 
9.65 
9.70 

1.1292 
1. 1289 
1.1286 
1.1282 
1.1279 

-0.0994 
-0.0987 
-0.0980 
-0.0974 
-0.0967 

0.9401 
0.9403 
0.9404 
0.9406 
0.9407 

0.2759 
0.2741 
0.2724 
0.2707 
0.2690 

0.7589 
0.7602 
0.7616 
0.7629 
0.7642 

0.7656 
0.7653 
0.7649 
0.7646 
0.7643 

-0.0556 
-0.0554 
-0.0551 
-0.0548 
-0.0545 

0.7676 
0.7673 
0.7669 
0.7666 
0.7663 

355.84 
355.86 
355.88 
355.90 
355.92 

9.75 
9.80 
9.85 
9.90 
9.95 

1.1276 
1.1273 
1.1269 
1.1266 
1.1263 

-0.0961 
-0.0955 
-0.0949 
-0.0943 
-0.0937 

0.9409 
0.9410 
0.9412 
0.9413 
0.9415 

0.2673 
0.2656 
0.2640 
0.2624 
0.2608 

0.7654 
0.7667 
0.7680 
0.7692 
0.7704 

0.7641 
0.7638 
0.7635 
0.7632 
0.7629 

-0.0542 
-0.0540 
-0.0537 
-0.0534 
-0.0532 

0.7660 
0.7657 
0.7654 
0.7651 
0.7648 

355.94 
355.96 
355.98 
356.00 
356.01 

10.00 1.1260 -0.0931 0.9416 0.2592 0.7716 0.7626 -0.0529 0.7645 356.03 

WADe TR 56-614 A-98 



k= 0.4 (T= 0.50 

a 
REAL 

/+"1 

IMAG. MOWLUS PHASE 
(O£GRE£SI 

REAL 

/+7J Fio 
IMAG. MODULUS PHASE 

(0£6R££51 

7.00 
7.05 
7.10 
7.15 
7.20 

0.2129 
0.2135 
0.2141 
0.2147 
0.2152 

0.0748 
0.0743 
0.0738 
0.0733 
0.0728 

0.2257 
0.2260 
0.2264 
0.2268 
0.2272 

19.36 
19.19 
19.02 
18.86 
18.69 

0.8540 
0.8551 
0.8562 
0.8572 
0.8582 

0.1577 
0.1565 
0.1553 
0.1542 
0.1530 

0.8685 
0.8693 
0.8701 
0.8710 
0.8718 

10.46 
10.37 
10.28 
10.19 
10.11 

7.25 
7,30 
7.35 
7.40 
7.45 

0.2158 
0.2163 
0.2169 
0.2174 
0.2179 

0.0723 
0.0719 
0.0714 
0.0709 
0.0705 

0.2276 
0.2280 
0.2283 
0.2287 
0.2290 

18.53 
18.38 
18.22 
18.07 
17.92 

0.8593 
0.8603 
0.8613 
0.8622 
0.8632 

0.1519 
0.1507 
0.1496 
0.1485 
0.1475 

0.8726 
0.8734 
0.8742 
0.8749 
0.8757 

10.02 
9.94 
9.86 
9.77 
9.69 

7,50 
7,55 
7.60 
7.65 
7.70 

0.2185 
0.2190 
0.2195 
0.2200 
0.2205 

0.0700 
0.0696 
0.0691 
0.0687 
0.0683 

0.2294 
0.2298 
0.2301 
0.2304 
0.2308 

17.77 
17.63 
17.48 
17.34 
17.21 

0.8642 
0.8651 
0.8660 
0.8669 
0.8678 

0.1464 
0.1454 
0.1443 
0.1433 
0.1423 

0.8765 
0.8772 
0.8780 
0.8787 
0.8794 

9.62 
9.54 
9.46 
9.39 
9.31 

7,75 
7,80 
7.85 
7.90 
7.95 

0.2209 
0.2214 
0.2219 
0.2224 
0.2228 

0.0678 
0.0674 
0.0670 
0.0666 
0.0662 

0.2311 
0.2315 
0.2318 
0.2321 
0.2324 

17.07 
16.93 
16.80 
16.67 
16.54 

0.8687 
0.8696 
0.8704 
0.8713 
0.8721 

0.1413 
0.1403 
0.1394 
0.1384 
0.1375 

0.8801 
0.8808 
0.8815 
0.8822 
0.8829 

9.24 
9.17 
9.10 
9.03 
8.96 

8.00 
8.05 
8.10 
8.15 
8.20 

0.2233 
0.2237 
0.2241 
0.2246 
0.2250 

0.0658 
0.0654 
0.0650 
0.0646 
0.0642 

0.2328 
0.2331 
0.2334 
0.2337 
0.2340 

16.42 
16.29 
16.17 
16.05 
15.93 

0.8729 
0.8738 
0.8746 
0.8754 
0.8761 

0.1366 
0.1357 
0.1348 
0.1339 
0.1330 

0.8836 
0.8842 
0.8849 
0.8855 
0.8862 

8.89 
8.83 
8.76 
8.70 
8.63 

8.25 
8.30 
8.35 
8.40 
8.45 

0.2254 
0.2258 
0.2263 
0.2267 
0.2271 

0.0639 
0.0635 
0.0631 
0.0627 
0.0624 

0.2343 
0.2346 
0.2349 
0.2352 
0.2355 

15.81 
15.70 
15.58 
15.47 
15.36 

0.8769 
0.8777 
0.8784 
0.8792 
0.8799 

0.1321 
0.1313 
0.1304 
0.1296 
0.1288 

0.8868 
0.8874 
0.8881 
0.8887 
0.8893 

8.57 
8.51 
8.45 
8.39 
8.33 

8.50 
8.55 
8.60 
8.65 
8.70 

0.2275 
0.2278 
0.2282 
0.2286 
0.2290 

0.0620 
0.0617 
0.0613 
0.0610 
0.0606 

0.2358 
0.2360 
0.2363 
0.2366 
0.2369 

15.25 
15.15 
15.04 
14.93 
14.83 

0.8806 
0.8814 
0.8821 
0.8828 
0.8835 

0.1280 
0.1272 
0.1264 
0.1256 
0.1248 

0.8899 
0.8905 
0.8911 
0.8917 
0.8922 

8.27 
8.21 
8.15 
8.10 
8.04 

8.75 
8.80 
8.85 
8.90 
8.95 

0.2294 
0.2297 
0.2301 
0.2305 
0.2308 

0.0603 
0.0600 
0.0596 
0.0593 
0.0590 

0.2372 
0.2374 
0.2377 
0.2380 
0.2382 

14.73 
14.63 
14.53 
14.43 
14.33 

0.8841 
0.8848 
0.8855 
0.8862 
0.8868 

0.1241 
0.1233 
0.1226 
0.1218 
0.1211 

0.8928 
0.8934 
0.8939 
0.8945 
0.8950 

7.99 
7.93 
7.88 
7.83 
7.78 

9.00 
9.05 
9.10 
9.15 
9.20 

0.2312 
0.2315 
0.2318 
0.2322 
0.2325 

0.0587 
0.0583 
0.0580 
0.0577 
0.0574 

0.2385 
0.2387 
0.2390 
0.2392 
0.2395 

14.24 
14.15 
14.05 
13.96 
13.87 

0.8874 
0.8881 
0.8887 
0.8893 
0.8900 

0.1204 
0.1197 
0.1190 
0.1183 
0.1176 

0.8956 
0.8961 
0.8966 
0.8972 
0.8977 

7.72 
7.67 
7.62 
7.57 
7.53 

9.25 
9.30 
9.35 
9.40 
9.45 

0.2328 
0.2332 
0.2335 
O. '2338 
0.2341 

0.0571 
0.0568 
0.0565 
0.0562 
0.0559 

0.2397 
0.2400 
0.2402 
0.2405 
0.2407 

13.78 
13.69 
13.61 
13.52 
13.43 

0.8906 
0.8912 
0.8918 
0.8923 
0.8929 

0.1169 
0.1162 
0.1156 
0.1149 
0.1143 

0.8982 
0.8987 
0.8992 
0.8997 
0.9002 

7.48 
7.43 
7.38 
7.34 
7.29 

9.50 
9.55 
9.60 
9.65 
9.70 

0.2344 
0.2347 
0.2351 
0.2354 
0.2357 

0.0556 
0.0554 
0.0551 
0.0548 
0.0545 

0.2410 
0.2412 
0.2414 
0.2416 
0.2419 

13.35 
13.27 
13.19 
13.10 
13.02 

0.8935 
0.8941 
0.8946 
0.8952 
0.8957 

0.1136 
0.1130 
0.1124 
0.1117 
0.1111 

0.9007 
0.9012 
0.9017 
0.9021 
0.9026 

7.25 
7.20 
7.16 
7.12 
7.07 

9.75 
9.80 
9.85 
9.90 
9.95 

0.2359 
0.2362 
0.2365 
0.2368 
0.2371 

0.0542 
0.0540 
0.0537 
0.0534 
0.0532 

0.2421 
0.2423 
0.2425 
0.2428 
0.2430 

12.95 
12.87 
12.79 
12.71 
12.64 

0.8963 
0.8968 
0.8974 
0.8979 
0.8984 

0.1105 
0.1099 
0.1093 
0.1087 
0.1082 

0.9031 
0.9035 
0.9040 
0.9045 
0.9049 

7.03 
6.99 
6.95 
6.91 
6.86 

10.00 0.2374 0.0529 0.2432 12.56 0.8989 0.1076 0.9054 6.82 

A-99WADC TR 56-614 



•
 

k= -1. 0 fT = 0.50 
/_ (T2 

/ -27T .r -1J--·X 
2 7T ;a 2 

X { X 
REAL /MAG REAL /MAG. MOCVLUS PHASE 

(OEliREESI 

1.00 1. 0061 -5.9752 '0.5320 5.3136 0.0049 1. 0047 -0.0019 1. 0047 359.89 
1. 05 1.0074 -5.4151 0.5540 5.2221 0.0054 1.0056 -0.0025 1.0056 359.86 
1.10 1.0089 -4.9293 0.5754 5.1275 0.0059 1.0066 -0.0032 1.0066 359.B2 
1.15 1.0105 -4.5051 0.5961 5.0300 0.0065 1.0076 -0.0041 1.0077 359.77 
1.20 1.0123 -4.1326 0.6162 4.9298 0.0072 1.00B8 -0.0052 1.0088 359.70 

1.25 1.0143 -3.8037 0.6356 4.8272 0.0080 1.0099 -0.0065 1.0100 359.63 
1. 30 1. 0165 -3.5118 0.6542 4.7224 0.0089 1.0111 -0,0081 1,0111 359.54 
1.35 1.0190 -3.2516 0,6722 4,6155 0.0099 1.0123 -0,0099 1.0123 359,44 
1.40 1.0216 -3.0186 0.6894 4.5069 0.0110 1.0134 -0,0119 1,0135 359.33 
1.45 1.0243 -2.8093 0.7058 4.3968 0.0123 1,0145 -0.0142 1.0146 359.20 

1.50 1.0273 -2.6205 0.7215 4.2856 0.0138 1.0155 -0.0168 1.0156 359.05 
1.55 1.0304 -2.4497 0.7364 4.1735 0.0154 1.0163 -0.0197 1.0165 358.89 
1.60 1.0337 -2.2947 0,7505 4.0609 0.0172 1.0169 -0.0228 1.0171 358,72 
1.65 1.0371 -2.1538 0.7639 3.9482 0.0193 1.0172 -0.0261 1.0176 35B.53 
1.70 1.0405 -2,0252 0.7765 3.8357 0.0216 1.0173 -0.0296 1. 0177 358.33 

1.75 1.0441 -1,9076 0.7883 3,7239 0,0241 1.0171 -0.0333 1.0176 358.13 
1,80 1,0476 -1,8000 0.7993 3,6130 0,0270 1,0165 -0,0371 1,0172 357.91 
1.85 1.0512 -1.7011 0.8097 3.5034 0.0301 1.0156 -0.0409 1.0164 357.69 
1. 90 1.0547 -1.6103 0.8193 3.3955 0.0335 1.0143 -0.0448 1. 0153 357.47 
1.95 1.0582 -1,5266 0.8282 3.2896 0,0373 1,0127 -0,0486 1. 0139 357.25 

2.00 1.0616 -1.4493 0.8365 3.1860 0.0413 1.0108 -0,0523 1,0121 357,04 
2.05 1,0650 -1,3779 0,8442 3,0849 0,0457 1,0085 -0,0559 1.0100 356.83 
2,10 1,0682 -1,3119 0,8513 2,9866 0.0505 1,0059 -0,0593 1,0077 356.63 
2,15 1,0712 -1,2506 0,8578 2.8911 0,0555 1,0031 -0,0625 1,0051 356.43 
2.20 1.0742 -1.1938 0,8639 2.7987 0.0609 1.0001 -0.0655 1.0022 356.25 

2.25 1.0769 -1.1409 0,8694 2,7093 0,0666 0,9968 -0.0682 0.9992 356.09 
2.30 1.0796 -1.0917 0.8746 2.6232 0.0726 0,9935 -0,0707 0.9960 355.93 
2.35 1,0820 -1.0458 0,8793 2,5402 0.0788 0.9900 -0.0729 0.9926 355.79 
2.40 1.0843 -1.0030 0.8837 2.4605 0.0854 0,9864 -0,0748 0,9892 355.66 
2.45 1,0864 -0,9630 0.8877 2.3839 0.0922 0.9828 -0,0765 0.9858 355.55 

2.50 1.0883 -0.9255 0.8914 2,3104 0.0992 0.9792 -0.0779 0,9823 355.45 
2,55 1,0901 -0,8905 0.8948 2,2400 0.1065 0,9756 -0,0791 0.9788 355.36 
2.60 1.0917 -0.8575 0.8980 2,1726 0.1139 0,9720 -0,0801 0.9753 355.29 
2,65 1.0932 -0.8266 0.9010 2.1081 0.1215 0,9685 -0,0808 0,9719 355.23 
2.70 1.0946 -0,7975 0.9037 2.0463 0.1292 0.9650 -0.0814 0.9685 355.18 

2,75 1.0957 -0,7702 0.9063 1.9873 0.1371 0.9617 -0.0818 0.9651 355.14 
2.80 1.0968 -0.7444 0,9087 1.9308 0.1450 0.9584 -0.0820 0.9619 355.11 
2,85 1.0977 -0.7201 0.9109 1.8769 0.1531 0,9552 -0.0820 0.9587 355.09 
2.90 1.0985 -0.6971 0.9130 1.8253 0.1612 0,9522 -0,0820 0.9557 355,08
2.95 1,0992 -0.6754 0.9149 1,7761 0,1693 0,9492 -0,0818 0,9527 355.07 

3,00 1,0998 -0,6548 0,9167 1,7290 0.1775 0,9463 -0.0816 0.9498 355,07
3.05 1,1002 -0,6354 0,9185 1.6840 0,1856 0.9436 -0,0812 0.9471 355.08 
3.10 1.1006 -0.6170 0.9201 1,6409 0.1938 0.9409 -0.0808 0.9444 355.09 
3.15 1.1009 -0,5995 0.9217 1.5998 0,2019 0.9384 -0.0803 0,9418 355.11
3.20 1.1011 -0.5829 0.9231 1,5605 0,2100 0.9360 -0.0797 0.9393 355.13 

3.25 1.1012 -0,5671 0.9245 1.5229 0.2181 0.9336 -0.0792 0,9370 355.15
3.30 1.1012 -0.5521 0.9259 1.4869 0,2261 0.9314 -0,0785 0.9347 355,18
3.35 1.1011 -0.5378 0,9272 1,4524 0,2340 0,9292 -0.0779 0.9325 355.21
3.40 1.1010 -0.5242 0.9284 1.4195 0.2418 0,9272 -0.0772 0.9304 355.24
3,45 1.1008 -0.5112 0.9296 1.3879 0.2496 0,9252 -0,0765 0.9284 355.27 

3.50 1.1005 -0.4989 0.9307 1.3576 0.2573 0.9233 -0.0758 0.9264 '355.31
3.55 1.1002 -0.4871 0.9318 1.3286 0,2648 0.9215 -0.0750 0.9246 355.35
3.60 1,0998 -0.4758 0.9329 1.3008 0.2723 0.9198 -0.0743 0.9228 355.38
3.65 1.0993 -0,4650 0.9339 1.2741 0,2797 0,9181 -0.0736 0.9211 355.42
3.70 1.0989 -0.4547 0.9349 1,2485 0.2869 0.9165 -0.0728 0.9194 355.46 

3.75 1.0983 -0,4448 0.9359 1.2239 0.2941 0.9150 -0.0721 0.9178 355.503,80 1.0977 -0,4353 0,9369 1.2003 0.3011 0,9135 -0.0714 0,9163 355.533.85 1.0971 -0.4262 0.9378 1,1776 0,3080 0,9121 -0.0706 0,9148 355.573.90 1.0964 -0.4175 0,9387 1.1558 0.3148 0.9107 -0.0699 0,9134 355.613,95 1.0957 -0,4091 0.9396 1,1348 0,3215 0.9094 -0.0692 0.9121 355.65 
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k=-1.0 (T= 0.50 

a 
REAL 

/+1J 

IMAG. MODULUS PHASE 
(DEGREES) 

REAL 

/+1J 00 
IMAG. MODULUS PHASE 

(DEGREES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0047 
-0.0056 
-0.0066 
-0.0076 
-0.0088 

0.0019 
0.0025 
0.0032 
0.0041 
0.0052 

0.0051 
0.0061 
0.0073 
0.0087 
0.0102 

158.57 
156.39 
154.11 
151.73 
149.25 

0.0158 
0.0193 
0.0233 
0.0279 
0.0332 

0.1239 
0.1363 
0.1492 
0.1626 
0.1764 

0.1249 
0.1377 
0.1510 
0.1650 
0.1795 

82.72 
81.94 
81.13 
80.26 
79.35 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0099 
-0.0111 
-0.0123 
'-0.0134 
-0.0145 

0.0065 
0.0081 
0.0099 
0.0119 
0.0142 

0.0119 
0.0137 
0.0158 
0.0180 
0.0203 

146.68 
144.02 
141.28 
138.46 
135.57 

0.0392 
0.0459 
0.0535 
0.0620 
0.0714 

0.1906 
0.2051 
0.2199 
0.2348 
0.2499 

0.1946 
0.2102 
0.2263 
0.2429 
0.2599 

78.39 
77.38 
76.32 
75.21 
74.05 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0155 
-0.0163 
-0.0169 
-0.0172 
-0.0173 

0.0168 
0.0197 
0.0228 
0.0261 
0.0296 

0.0229 
0.0255 
0.0283 
0.0313 
0.0343 

132.61 
129.59 
126.53 
123.43 
120.30 

0.0818 
0.0932 
0.1055 
0.1189 
0.1332 

0.2649 
0.2798 
0.2945 
0.3088 
0.3226 

0.2772 
0.2949 
0.3128 
0.3309 
0.3490 

72.84 
71. 59 
70.28 
68.94 
67.56 

1.75 
1.80 
1.85 
1.90 
1.95 

-0.0171 
-0.0165 
-0.0156 
-0.0143 
-0.0127 

0.0333 
0.0371 
0.0409 
0.0448 
0.0486 

0.0374 
0.0406 
0.0438 
0.0470 
0.0502 

117.16 
114.01 
110.87 
107.76 
104.67 

0.1485 
0.1646 
0.1816 
0.1991 
0.2173 

0.3358 
0.3483 
0.3600 
0.3707 
0.3804 

0.3672 
0.3853 
0.4032 
0.4208 
0.4381 

66.14 
64.70 
63.23 
61.75 
60.26 

2.00 
2.05 
2.10 
2.15 
2.20 

-0.0108 
-0.0085 
-0.0059 
-0.0031 
-0.0001 

0.0523 
0.0559 
0.0593 
0.0625 
0.0655 

0.0534 
0.0565 
0.0596 
0.0626 
0.0655 

101.63 
98.64 
95.71 
92.84 
90.05 

0.2359 
0.2549 
0.2740 
0.2932 
0.3123 

0.3891 
0.3966 
0.4031 
0.4084 
0.4127 

0.4550 
0.4715 
0.4874 
0.5028 
0.5175 

58.77 
57.28 
55.79 
54.33 
52.88 

2.25 
2.30 
2.35 
2.40 
2.45 

0.0032 
0.0065 
0.0100 
0.0136 
0.0172 

0.0682 
0.0707 
0.0729 
0.0748 
0.0765 

0.0683 
0.0710 
0.0736 
0.0760 
0.0784 

87.34 
84.71 
82.16 
79.70 
77.33 

0.3313 
0.3500 
0.3684 
0.3863 
0.4038 

0.4158 
0.4180 
0,4193 
0.4196 
0.4192 

0.5317 
0.5452 
0.5581 
0.5704 
0.5820 

51.46 
50.06 
48.70 
47.37 
46.07 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0208 
0.0244 
0.0280 
0.0315 
0.0350 

0.0779 
0.0791 
0.0801 
0.0808 
0.0814 

0.0807 
0.0828 
0.0848 
0.0867 
0.0886 

75.05 
72.85 
70.73 
68.70 
66.75 

0.4207 
0.4371 
0.4528 
0.4680 
0.4825 

0.4180 
0.4162 
0.4138 
0.4109 
0.4075 

0.5931 
0.6035 
0.6134 
0.6228 
0.6316 

44.82 
43.60 
42.42 
41.28 
40.18 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0383 
0.0416 
0.0448 
0.0478 
0.0508 

0.0818 
0.0820 
0.0820 
0.0820 
0.0818 

0.0903 
0.0919 
0.0935 
0.0949 
0.0963 

64.89 
63.09 
61.38 
59.73 
58.16 

0.4965 
0.5098 
0.5225 
0.5346 
0.5461 

0.4038 
0.3997 
0.3954 
0.3909 
0.3862 

0.6399 
0.6478 
0.6552 
0.6622 
0.6689 

39.12 
38.10 
37.12 
36.17 
35.26 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0537 
0.0564 
0.0591 
0.0616 
0.0640 

0.0816 
0.0812 
0.0808 
0.0803 
0.0797 

0.0976 
0.0989 
0.1001 
0.1012 
0.1023 

56.65 
55.21 
53.82 
52.50 
51.23 

0.5571 
0.5676 
0.5776 
0.5871 
0.5961 

0.3813 
0.3764 
0.3714 
0.3664 
0.3614 

0.6751 
0.6811 
0.6867 
0.6920 
0.6971 

34.39 
33.55 
32.75 
31.97 
31.23 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0664 
0.0686 
0.0708 
0.0728 
0.0748 

0.0792 
0.0785 
0.0779 
0.0772 
0.0765 

0.1033 
0.1043 
0.1052 
0.1061 
0.1070 

50.02 
48.85 
47.74 
46.67 
45.64 

0.6047 
0.6129 
0.6207 
0.6281 
0.6352 

0.3564 
0.3514 
0.3465 
0.3416 
0.3368 

0.7019 
0.7065 
0.7109 
0.7150 
0.7190 

30.51 
29.83 
29.17 
28.54 
27.93 

3.50 
3.55 
3.60 
3.65 
3.70 

0.0767 
0.0785 
0.0802 
0.0819 
0.0835 

0.0758 
0.0750 
0.0743 
0.0736 
0.0728 

0.1078 
0.1086 
0.1093 
0.1101 
0.1108 

44.66 
43.72 
42.81 
41.94 
41.10 

0.6420 
0.6485 
0.6547 
0.6606 
0.6662 

0.3320 
0.3274 
0.3228 
0.3183 
0.3139 

0.7228 
0.7264 
0.7299 
0.7333 
0.7365 

27.35 
26.79 
26.25 
25.73 
25.23 

3.75 
3.80 
3.85 
3.90 
3.95 

0.0850 
0.0865 
0.0879 
0.0893 
0.0906 

0.0721 
0.0714 
0.0706 
0.0699 
0.0692 

0.1115 
0.1121 
0.1128 
0.1134 
0.1140 

40.30 
39.53 
38.79 
38.07 
37.39 

0.6717 
0.6769 
0.6819 
0.6867 
0.6913 

0.3097 
0.3055 
0.3014 
0.2974 
0.2935 

0.7396 
0.7426 
0.7455 
0.7483 
0.7510 

24.75 
24.29 
23.85 
23.42 
23.01 
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k= -1.0 (T = 0.50 

a 
1- (T~

-r' x 

REAL IMAG 

/ 
X 2 fT ; 

-2fT .:r 
! X 

REAL IMAG. 

-"7 

MODULUS PHAfL 
(0E6R££5) 

4.00 1.0950 -0.4011 0.9405 1.1146 0.3281 0.9082 -0.0685 0.9108 355.69 
4.05 1.0942 -0.3934 0.9414 1.0951 0.3345 0.9069 -0.0678 0.9095 355.72 
4.10 1.0934 -0.3859 0.9422 1.0763 0.3408 0.9058 -0.0671 0.9083 355.76 
4.15 1.0925 -0.3788 0.9431 1.0582 0.3471 0.9046 -0.0665 0.9071 355.80 
4.20 1.0916 -0.3719 0.9439 1.0408 0.3532 0.9035 -0.0658 0.9059 355.83 

4.25 1.0908 -0.3652 0.9447 1.0239 0.3592 0.9025 -0.0652 0.9048 355.87 
4.30 1.0898 -0.3588 0.9455 1.0076 0.3651 0.9014 -0.0645 0.9037 355.91 
4,35 
4.40 
4.45 

1,0889 
1,0879 
1,0870 

-0.3526 
-0.3466 
-0.3408 

0.9463 
0.9471 
0.9479 

0.9919 
0.9767 
0.9620 

0.3709 
0.3765 
0.3821 

0.9004 
0.8995 
0.8985 

-0,0639 
-0,0633 
-0,0627 

0.9027 
0.9017 
0.9007 

355.94 
355.97 
356.01 

4.50 1.0860 -0.3352 0.9486 0.9477 0.3876 0.8976 -0.0621 0.8997 356.04 
4.55 1.0850 -0.3298 0.9494 0.9339 0.3930 0.8967 -0.0615 0.8988 356.07 
4,60 1.0840 -0.3246 0.9501 0.9206 0.3983 0.8958 -0.0610 0.8979 356.11 
4.65 
4.70 

1.0829 
1.0819 

-0.3195 
-0.3146 

0.9509 
0.9516 

0.9076 
0.8950 

0.4035 
0.4086 

0.8950 
0.8942 

-0.0604 
-0.0599 

0.8970 
0.8962 

356.14 
356.17 

4.75 1.0809 -0.3098 0.9523 0.8828 0.4136 0.8934 -0.0594 0.8953 356.20 
4.80 1.0798 -0.3052 0.9530 0.8710 0.4186 0.8926 -0.0588 0.8945 356.23 
4.85 1.0787 -0.3007 0.9538 0.8594 0.4234 0.8918 -0.0583 0.8937 356.26 
4.90 1.0777 -0.2964 0.9545 0.8482 0.4282 0.8911 -0.0578 0.8930 356.29 
4.95 1.0766 -0.2921 0.9552 0.8373 0.4329 0.8903 -0.0573 0.8922 356.32 

5.00 1.0755 -0.2880 0.9559 0.8267 0.4375 0.8896 -0.0568 0.8914 356.34 
5.05 1.0745 -0.2840 0.9565 0.8164 0.4420 0.8889 -0.0564 0.8907 356.37 
5.10 1.0734 -0.2801 0.9572 0.8063 0.4465 0.8883 -0.0559 0.8900 356.40 
5.15 
5,20 

1.0723 
1,0713 

-0,2763 
-0.2726 

0.9579 
0.9586 

0.7965 
0.7869 

0.4509 
0.4552 

0.8876 
0.8869 

-0.0554 
-0.0550 

0.8893 
0.8886 

356.43 
356.45 

5.25 1.0702 -0.2690 0.9592 0.7776 0.4595 0.8863 -0.0545 0.8880 356.48 
5.30 
5.35 

1.0691 
1.0681 

-0,2655 
-0.2621 

0.9599 
0.9605 

0.7685 
0.7596 

0.~37 
0.4678 

0.8857 
0.8851 

-0.0541 
-0.0537 

0.8873 
0.8867 

356.50 
356.53 

5.40 1.0670 -0.2588 0.9611 0.7510 0.4719 0.8844 -0.0533 0.8861 356.55 
5.45 1.0660 -0.2555 0.9618 0.7425 0.4759 0.8839 -0.0528 0.8854 356.58 

5.50 1.0649 -0.2523 0.9624 0.7342 0.4799 0.8833 -0.0524 0.8848 356.60 
5.55 1.0639 -0.2492 0.9630 0.7261 0.4838 0.8827 -0.0520 0.8842 356.63 
5.60 1.0628 -0.2462 0.9636 0.7182 0.4876 0.8822 -0.0516 0.8837 356.65 
5.65 1.0618 -0.2432 0.9642 0.7104 0.4914 0.8816 -0.0512 0.8831 356.67 
5.70 1.0608 -0.2403 0.9648 0.7028 0.4952 0.8811 -0.0509 0.8825 356.70 

5.75 1.0598 -0.2375 0.9654 0.6954 0.4989 0.8805 -0.0505 0.8820 356.72 
5.80 1.0588 -0.2347 0.9660 0.6882 0.5025 0.8800 -0.0501 0.8814 356.74 
5.85 1.0578 -0.2320 0.9666 0.6810 0.5061 0.8795 -0.0497 0.8809 356.76 
5.90 
5.95 

1.0568 
1.0558 

-0.2294 
-0.2268 

0.9671 
0.9677 

0.6741 
0.6672 

0;5096 
0.5131 

0.8790 
0.8785 

-0.0494 
-0.0490 

0.8804 
0.8799 

356.78 
356.81 

6.00 1.0548 -0.2243 0.9683 0.6605 0.5166 0.8780 -0.0487 0.8794 356.83 
6.05 1.0539 -0.2218 0.9688 0.6540 0.5200 0.8776 -0.0483 0.8789 356.85 
6.10 1.0529 -0.2194 0.9694 0.6475 0.5233 0.8771 -0.0480 0.8784 356.87 
6.15 1.0520 -0.2170 0.9699 0.6412 0.5267 0.8766 -0.0476 0.8779 356.89 
6.20 1.0510 -0.2146 0.9704 0.6350 0.5299 0.8762 -0.0473 0.8775 356.91 

6.25 
6.30 
6.35 
6.40 
6.45 

1.0501 
1.0492 
1.0483 
1.0474 
1.0465 

-0.2124 
-0.2101 
-0.2079 
-0.2058 
-0.2037 

0.9710 
0.9715 
0.9720 
0.9725 
0.9730 

0.6289 
0.6230 
0.6171 
0.6114 
0.6057 

0.5332 
0.5363 
0.5395 
0.5426 
0.5457 

0.8757 
0.8753 
0.8749 
0.8744 
0.8740 

-0.0470 
-0.0467 
-0.0463 
-0.0460 
-0.0457 

0.8770 
0.8765 
0.8761 
0.8757 
0.8752 

356.93 
356.95 
356.97 
356.99 
357.01 

6.50 
6.55 
6.60 
6.65 
6.70 

1.0456 
1.0447 
1.0439 
1.0430 
1.0422 

-0.2016 
-0.1996 
-0.1976 
-0.1956 
-0.1937 

0.9735 
0.9740 
0.9745 
0.9749 
0.9754 

0.6002 
0.5947 
0.5894 
0.5841 
0.5790 

0.5487 
0.5517 
0.5547 
0.5576 
0.5605 

0.8736 
0.8732 
0.8728 
0.8724 
0.8720 

-0.0454 
-0.0451 
-0.0448 
-0.0445 
'-0.0442 

0.8748 
0.8744 
0.8740 
0.8736 
0.8732 

357.03 
357.04 
357.06 
357.08 
357.10 

6.75 
6.80 
6.85 
6.90 
6.95 

1.0413 
1.0405 
1.0397 
1.0389 
1.0381 

-0.1918 
-0.1900 
-0.1882 
-0.1864 
-0.1846 

0.9759 
0.9763 
0.9768 
0.9772 
0.9777 

0.5739 
0.5689 
0.5640 
0.5592 
0.5544 

0.5633 
0.5662 
0.5689 
0.5717 
0.5744 

0.8717 
0.8713 
0.8709 
0.8706 
0,8702 

-0.0439 
-0.0436. 
-0.0433 
-0.0431 
-0.0428 

0.8728 
0.8724 
0.8720 
0.8716 
0.8713 

357.12 
357.13 
357.15 
357,17 
357,19 

WADe TR 56-614 A-102 



k=-1.0 CT= 0.50 

a /+"1 /+7J fio 

REAL IMAG. MODULUS PHASE 
(OCGR£CSJ 

REAL IMAG, MODULUS PHASE 
(OCGR£CSJ 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0918 
0.0931 
0.0942 
0.0954 
0.0965 

0.0685 
0.0678 
0,0671 
0.0665 
0,0658 

0.1146 
0.1151 
0.1157 
0,1162 
0.1168 

36.72 
36,08 
35.47 
34,88 
34,30 

0.6958 
0.7001 
0.7042 
0,7082 
0.7121 

0.2897 
0,2860 
0,2824 
0.2789 
0.2755 

0.7537 
0.7562 
0.7587 
0.7612 
0.7635 

22.61 
22.22 
21.85 
21. 50 
21.15 

4,25 
4.30 
4,35 
4.40 
4.45 

0.0975 
0.0986 
0.0996 
0.1005 
0.1015 

0,0652 
0,0645 
0.0639 
0,0633 
0.0627 

0,1173 
0,1178 
0.1183 
0.1188 
0,1193 

33.75 
33.21 
32.70 
32.20 
31,71 

0.7158 
0.7195 
0.7230 
0.7264 
0,7297 

0,2722 
0.2689 
0,2658 
0.2627 
0.2597 

0.7658 
0.7681 
0,7703 
0.7724 
0.7745 

20.82 
20.50 
20.18 
19.88 
19.59 

4.50 
4.55 
4,60 
4.65 
4,70 

0.1024 
0.1033 
0.1042 
0,1050 
0.1058 

0.0621 
0,0615 
0.0610 
0,0604 
0.0599 

0.1198 
0,1202 
0,1207 
0,1212 
O. 1216 

31,24 
30,79 
30,35 
29,92 
29.50 

0.7329 
0.7361 
0,7391 
0.7421 
0.7450 

0,2568 
0,2539 
0.2511 
0,2484 
0,2458 

0,7766 
0,7786 
0,7806 
0.7826 
0.7845 

19.31 
19.03 
18.77 
18.51 
18.26 

4,75 
4.80 
4.85 
4.90 
4.95 

0.1066 
0.1074 
0.1082 
0.1089 
0.1097 

0.0594 
0.0588 
0,0583 
0.0578 
0.0573 

0,1220 
0.1225 
0.1229 
0.1233 
0,1237 

29.10 
28,71 
28.33 
27,96 
27.60 

0,7478 
0.7506 
0.7533 
0~7559 
0,7585 

0,2432 
0.2406 
0.2382 
0,2358 
0.2334 

0.7864 
0,7882 
0.7900 
0,7918 
0,7936 

18,01 
17,78 
17.55 
17.32 
17.10 

5.00 
5.05 
5.10 
5.15 
5.20 

0.1104 
0,1111 
0.1117 
0.1124 
0.1131 

0.0568 
0,0564 
0,0559 
0.0554 
0,0550 

0,1241 
0,1245 
0.1249 
0,1253 
0.1257 

27,25 
26.91 
26.58 
26.25 
25.94 

0.7610 
0.7635 
0,7659 
0.7683 
0.7706 

0.2311 
0.2288 
0.2266 
0.2244 
0.2223 

0.7953 
0,7970 
0,7987 
0.8004 
0,8020 

16,89 
16.68 
16.48 
16.29 
16.09 

5.25 
5.30 
5.35 
5.40 
5.45 

0.1137 
0.1143 
0.1149 
0.1156 
0.1161 

0,0545 
0,0541 
0.0537 
0,0533 
0.0528 

0.1261 
0.1265 
0,1269 
0.1272 
0.1276 

25,63 
25.33 
25.03 
24.75 
24,47 

0.7729 
0.7751 
0.777,3 
0,7794 
0,7815 

0.2202 
0,2182 
0.2162 
0,2142 
0,2123 

0,8036 
0.8052 
0.8068 
0,8083 
0.8098 

15.91 
15.72 
15.54 
15.37 
15.20 

5.50 
5.55 
5.60 
5.65 
5.70 

0.1167 
0.1173 
0,1178 
0.1184 
0,1189 

0,0524 
0.0520 
0,0516 
0,0512 
0,0509 

0.1280 
0,1283 
0,1287 
0.1290 
0,1294 

24,19 
23,92 
23.66 
23,41 
23,16 

0,7836 
0.7856 
0,7876 
0.7895 
0.7914 

0,2104 
0.2086 
0,2068 
0,2050 
0.2032 

0.8113 
0.8128 
0,8143 
0,8157 
0.8171 

15.03 
14.87 
14,71 
14.55 
14.40 

5.75 
5,80 
5.85 
5.90 
5.95 

0.1195 
0.1200 
0.1205 
0.1210 
0.1215 

0,0505 
0.0501 
0.0497 
0,0494 
0.0490 

0,1297 
0.1300 
0.1304 
0,1307 
0.1310 

22.91 
22.67 
22.43 
22.20 
21.98 

0,7933 
0.7952 
0.7970 
0.7988 
0.8005 

0,2015 
0,1998 
0.1981 
0,1965 
0.1949 

0.8185 
0.8199 
0.8212 
0.8226 
0.8239 

14,25 
14.11 
13,96 
13.82 
13.68 

6.0e 
6.05 
6.10 
6.15 
6.20 

0.1220 
0.1224 
0.1229 
0.1234 
0.1238 

0.0487 
0.0483 
0,0480 
0.0476 
0.0473 

0.1313 
0.1316 
0.1319 
0,1323 
0.1326 

21.75 
21.54 
21.32 
21.12 
20.91 

0.8022 
0.8039 
0.8056 
0.8072 
0.8088 

0.1933 
0.1917 
0.1902 
0.1887 
0.1872 

0.8252 
0.8265 
0.8277 
0.8290 
0.8302 

13.55 
13.41 
13.28 
13.16 
13.03 

6.25 
6.30 
6.35 
6.40 
6.45 

0.1243 
0.1247 
0.1251 
0.1256 
0.1260 

0.0470 
0.0467 
0.0463 
0.0460 
0.0457 

0.1329 
0,1331 
0.1334 
0.1337 
0.1340 

20.71 
20.51 
20.32 
20.13 
19.94 

0.8104 
0.8120 
0.8135 
0.8150 
0.8165 

0.1857 
0.1843 
0.1829 
0.1815 
0.1801 

0.8314 
0.8326 
0.8338 
0,8350 
0.8361 

12.91 
12.79 
12.67 
12.55 
12.44 

6.50 
6.55 
6.60 
6,65 
6.70 

0.1264 
0.1268 
0.1272 
0.1276 
0.1280 

0.0454 
0,0451 
0.0448 
0.0445 
0.0442 

0.1343 
0.1346 
0.1348 
0.1351 
0.1354 

19.76 
19.58 
19.40 
19.23 
19.05 

0.8180' 
0.8194 
0.8208 
0.8222 
0,8236 

0.1787 
0.1774 
0.1761 
0.1748 
0.1735 

0.8373 
0.8384 
0.8395 
0.8406 
0.8417 

12.33 
12.22 
12.11 
12.00 
11.90 

6.75 
6'.80 
6.85 
6.90 
6.95 

0.1283 
0.1287 
0,1291 
0.1294 
0.1298 

0.0439 
0.0436 
0.0433 
0.0431 
0.0428 

0.1356 
0.1359 
0.1362 
0.1364 
0.1367 

18.89 
18.72 
18,56 
18,40 
18.24 

0.8249 
0.8263 
0.8276 
0.8289 
0.8301 

0.1722 
0.1710 
0.1698 
0.1685 
0.1673 

0.84.27 
0.8438 
0.8448 
0.8458 
0.8468 

11,79 
11.69 
11.59 
11.49 
11.40 

WADe TR 56-614 A-I03 



k=-1. 0 er = 0.50 

a 
/- er 2 

-_·X
2 

REAL IMAG. 

/ 
X 21Tk 

-21T .r
( X 

REAL IMAG. 

-17 

MODULUS PHASE 
(OeGREES) 

7.00 
7.05 
7.10 
7.15 

1.0373 
1. 0365 
1.0357 
1.0350 

-0.1829 
-0.1812 
-0.1796 
-0.1779 

0.9781 
0.9785 
0.9790 
0.9794 

0.5497 
0.5452 
0.5406 
0.5362 

0.5771 
0.5797 
0.5824 
0.585D 

0.8699 
0.8695 
0.8692 
0.8688 

-0.0425 
-0.0422 
-0.0420 
-0.0417 

0.8709 
0.8705 
0.8702 
0.8698 

357.20 
357.22 
357.24 
357.25 

7.20 1.0342 -0.1763 0.9798 0.5318 0.5875 0.8685 -0.0414 0.8695 357.27 

7.25 1. 0334 -0.1748 0.9802 0.5275 0.5901 0.8682 -0.0412 0.8692 357.28 
7.30 1.0327 -0.1732 0.9806 0.5233 0.5926 0.8679 -0.0409 0.8688 357.30 
7.35 1. 0320 -0.1717 0.9810 0.5191 0.5950 0.8675 -0.0407 0.8685 357.31 
7.40 1. 0312 -0.1702 0.9814 0.5150 0.5975 0.8672 -0.0404 0.8682 357.33 
7.45 1.0305 -0.1687 0.9818 0.5110 0.5999 0.8669 -0.0402 0.8679 357.35 

7.50 1.0298 -0.1673 0.9822 0.5070 0.6023 0.8666 -0.0400 0.8675 357.36 
7.55 1.0291 -0.1659 0.9826 0.5031 0.6047 0.8663 -0.0397 0.8672 357.38 
7.60 1.0284 -0.1645 0.9830 0.4992 0.6070 0.8660 -0.0395 0.8669 357.39 
7.65 1.0277 -0.1631 0.9833 0.4954 0.6093 0.8657 -0.0392 0.8666 357.40 
7.70 1.0271 -0.1617 0.9837 0.4917 0.6116 0.8654 -0.0390 0.8663 357.42 

7.75 1.0264 -0.1604 0.9841 0.4880 0.6139 0.8652 -0.0388 0.8660 357.43 
7.80 1.0257 -0.1591 0.9844 0.4844 0.6161 0.8649 -0.0386 0.8657 357.45 
7.85 1.0251 -0.1578 0.9848 0.4808 0.6183 0.8646 -0.0383 0.8655 357.46 
7.90 1.0244 -0.1565 0.9852 0.4773 0.6205 0.8643 -0.0381 0.8652 357.48 
7.95 1.0238 -0.1553 0.9855 0.4738 0.6226 0.8641 -0.0379 0.8649 357.49 

8.00 1.0231 -0.1540 0.9859 0.4704 0.6248 0.8638 -0.0377 0.8646 357.50 
8.05 1.0225 -0.1528 0.9862 0.4670 0.6269 0.8635 -0.0375 0.8644 357.52 
8.10 1.0219 -0.1516 0.9865 0.4636 0.6290 0.8633 -0.0372 0.8641 357.53 
8.15 1.0212 -0.1505 0.9869 0.4604 0.6311 0.8630 -0.0370 0.8638 357.54 
8.20 1.0206 -0.1493 0.9872 0.4571 0.6331 0.8628 -0.0368 0.8636 357.56 

8.25 1.0200 -0.1482 0.9875 0.4539 0.6351 0.8625 -0.0366 0.8633 357.57 
8.30 1.0194 -0.1470 0.9879 0.4508 0.6371 0.8623 -0.0364 0.8631 357.58 
8.35 1.0188 -0.1459 0.9882 0.4477 0.6391 0.8620 -0.0362 0.8628 357.59 
8.40 1.0183 -0.1448 0.9885 0.4446 0.6411 0.8618 -0.0360 0.8626 357.61 
8.45 1.0177 -0.1438 0.9888 0.4416 0.6430 0.8616 -0.0358 0.8623 357.62 

8.50 1.0171 -0.1427 0.9891 0.4386 0.6449 0.8613 -0.0356 0.8621 357.63 
8.55 1.0165 -0.1416 0.9894 0.4357 0.6468 0.8611 -0.0354 0.8618 357.64 
8.60 1.0160 -0.1406 0.9898 0.4328 0.6487 0.8609 -0.0353 0.8616 357.66 
8.65 1.0154 -0.1396 0.9901 0.4299 0.6506 0.8607 -0.0351 0.8614 357.67 
8.70 1.0149 -0.1386 0.9904 0.4271 0.6524 0.8604 -0.0349 0.8611 357.68 

8.75 1.0143 -0.1376 0.9907 0.4243 0.6542 0.8602 -0.0347 0.8609 357.69 
8.80 1.0138 -0.1366 0.9909 0.4215 0.6561 0.8600 -0.0345 0.8607 357.70 
8.85 1.0132 -0.1357 0.9912 0.4188 0.6578 0.8598 -0.0343 0.8605 357.71 
8.90 1.0127 -0.1347 0.9915 0.4161 0.6596 0.8596 -0.0342 0.8602 357.72 
8.95 1.0122 -0.1338 0.9918 0.4135 0.6614 0.8594 -0.0340 0.8600 357.74 

9.00 1.0117 -0.1329 0.9921 0.4108 0.6631 0.8591 -0.0338 0.8598 357.75 
9.05 1.0111 -0.1320 0.9924 0.4082 0.6648 0.8589 -0.0336 0.8596 357.76 
9.10 1.0106 -0.1311 0.9927 0.4057 0.6665 0.8587 -0.0335 0.8594 357.77 
9.15 1.0101 -0.1302 0.9929 0.4032 0.6682 0.8585 -0.0333 0.8592 357.78 
9.20 1.0096 -0.1293 0.9932 0.4007 0.6699 0.8583 -0.0331 0.8590 357.79 

9.25 1.0091 -0.1284 0.9935 0.3982 0.6715 0.8581 -0.0330 0.8588 357.80 
9.30 1.0086 -0.1276 0.9937 0.3958 0.6731 0.8580 -0.0328 0.8586 357.81 
9.35 1.0082 -0.1267 0.9940 0.3934 0.6748 0.8578 -0.0326 0.8584 357.82 
9.40 
9.45 

1.0077 
1.0072 

-0.1259 
-0.1251 

0.9943 
0.9945 

0.3910 
0.3887 

0.6764 
0.6780 

0.8576 
0.8574 

-0.0325 
-0.0323 

0.8582 
0.8580 

357.83 
357.84 

9.50 1.0067 -0.1243 0.9948 0.3864 0.6795 0.8572 -0.0321 0.8578 357.85 
9.55 
9.60 
9.65 
9.70 

1.0063 
1.0058 
1.0053 
1.0049 

-0.1235 
-0.1227 
-0.1219 
-0.1211 

0.9950 
0.9953 
0.9955 
0.9958 

0.3841 
0.3818 
0.3796 
0.3774 

0.6811 
0.6826 
0.6842 
0.6857 

0.8570 
0.8568 
0.8567 
0.8565 

-0.0320 
-0.0318 
-0.0317 
-0.0315 

0.8576 
0.8574 
0.8572 
0.8571 

357.86 
357.87 
357.88 
357.89 

9.75 
9.80 
9.85 
9.90 
9.95 

1.0044 
1.0040 
1.0035 
1.0031 
1.0027 

-0.1204 
-0.1196 
-0.1189 
-0.1182 
-0.1174 

0.9960 
0.9963 
0.9965 
0.9967 
0.9970 

0.3752 
0.3730 
0.3709 
0.3688 
0.3667 

0.6872 
0.6887 
0.6901 
0.6916 
0.6930 

0.8563 
0.8561 
0.8560 
0.8558 
0.8556 

-0.0314 
-0.0312 
-0.0311 
-0.0309 
-0.0308 

0.8569 
0.8567 
0.8565 
0.8563 
0.8562 

357.90 
357.91 
357.92 
357.93 
357.94 

10.00 1.0022 -0.1167 0.9972 0.3646 0.6945 0.8555 -0.0306 0.8560 357.95 

WADe TR 56-614 A-104 



k=-l.O (T= 0.50 
-­

a 

7,00 
7.05 
7.10 
7.15 
7.20 

REAL 

0.1301 
0.1305 
0.1308 
0.1312 
0.1315 

/+"1 

IMAG. MODULUS 

0.0425 0.1369 
0.0422 0.1372 
0.0420 0.1374 
0.0417 0.1376 
0.0414 0.1379 

PHASE 
(OEGREES) 

18.09 
17,94 
17.79 
17.64 
17.49 

REAL 

0.8314 
0.8326 
0.8338 
0.8350 
0.8362 

/ +"100 

IMAG. MODULUS 

0.1662 0.8478 
0,1650 0.8488 
0.1639 0.8498 
0,1627 0.8507 
0.1616 0 •.8517 

PHASE. 
(OEGREES) 

11,30 
11.21 
11.12 
11.03 
10.94 

7.25 
7.30 
7,35 
7.40 
7.45 

0.1318 
0.1321 
0.1325 
0.1328 
0.1331 

0.0412 
0,0409 
0.0407 
0,0404 
0.0402 

0.1381 
0.1383 
0.1386 
0,1388 
0.1390 

17,35 
17,21 
17.07 
16,94 
16,81 

0,8374 
0,8385 
0.8397 
0,8408 
0.8419 

0,1605 
0.1594 
0,1583 
0.1573 
0.1562 

0.8526 
0.8535 
0.8545 
0.8554 
0,8562 

10.85 
10.76 
10.68 
10.60 
10.51 

7.50 
7,55 
7.60 
7,65 
7.70 

0,1334 
0,1337 
0.1340 
0,1343 
0.1346 

0.0400 
0.0397 
0.0395 
0.0392 
0.0390 

0.1392 
0,1395 
0.1397 
0,1399 
0.1401 

16.67 
16,54 
16.42 
16,29 
16.17 

0.8429 
0.8440 
0.8451 
0,8461 
0.8471 

0.1552 
0.1542 
0.1532 
0,1522 
0.1512 

0.8571 
0.8580 
0.8588 
0.8597 
0.8605 

10.43 
10.35 
10.27 
10,20 
10.12 

7,75 
7.80 
7.85 
7.90 
7.95 

0.1348 
0.1351 
0.1354 
0,1357 
0.1359 

0.0388 
0,0386 
0.0383 
0.0381 
0.0379 

0.1403 
0.1405 
0.1407 
0.1409 
0.1411 

16,04 
15.92 
15,81 
15.69 
15.57 

0.8481 
0,8491 
0,8501 
0.8511 
0.8521 

0,1503 
0,1493 
0,1484 
0.1474 
0,1465 

0.8613 
0.8622 
0.8630 
0.8638 
0.8646 

10.05 
9.97 
9.90 
9,83 
9.76 

8.00 
8,05 
8,10 
8.15 
8,20 

0.1362 
0.1365 
0.1367 
0, 1370 
0.1372 

0.0377 
0.0375 
0.0372 
0.0370 
0.0368 

0.1413 
0.1415 
0.1417 
0.1419 
0.1421 

15,46 
15.35 
15,24 
15,13 
15,02 

0.8530 
0.8539 
0.8549 
0.8558 
0.8567 

0.1456 
0.1447 
0.1438 
0.1429 
0,1421 

0.8653 
0.8661 
0.8669 
0.8676 
0.8684 

9.69 
9.62 
9.55 
9,48 
9.42 

8.25 
8.30 
8.35 
8.40 
8.45 

0,1375 
0.1377 
0,1380 
0.1382 
0.1384 

0.0366 
0,0364 
0.0362 
0.0360 
0.0358 

0.1423 
0.1425 
0.1426 
0.1428 
0,1430 

14.92 
14.81 
14.71 
14.61 
14,51 

0.8576 
0.8584 
0,8593 
0.8601 
0.8610 

0.1412 
0.1404 
0.1395 
0.1387 
0.1379 

0,8691 
0.8698 
0.8705 
0.8713 
0,8720 

9,35 
9.29 
9,22 
9.16 
9,10 

8.50 
8.55 
8.60 
8.65 
8.70 

0.1387 
0.1389 
0.1391 
0.1393 
0.1396 

0.0356 
0.0354 
0.0353 
0.0351 
0.0349 

0,1432 
0.1433 
0.1435 
0.1437 
0.1439 

14.41 
14.31 
14.22 
14.12 
14,03 

0,8618 
0.8626 
0,8635 
0.8643 
0.8651 

0.1371 
0,1363 
0.1355 
0.1347 
0.1340 

0.8727 
0.8733 
0,8740 
0.8747 
0.8754 

9,04 
8,98 
8.92 
8.86 
8.80 

8.75 
8.80 
8.85 
8.90 
8,95 

0.1398 
0.1400 
0.1402 
0,1404 
0.1406 

0.0347 
0,0345 
0.0343 
0.0342 
0.0340 

0.1440 
0.1442 
0,1444 
0.1445 
0.1447 

13.94 
13.85 
13.76 
13.67 
13.58 

0.8658 
0.8666 
0,8674 
0.8681 
0.8689 

0.1332 
0.1324 
0.1317 
0.1310 
0.1302 

0,8760 
0.8767 
0.8773 
0.8780 
0,8786 

8.75 
8.69 
8.63 
8,58 
8,52 

9.00 
9.05 
9.10 
9.15 
9.20 

0.1409 
0.1411 
0.1413 
0,1415 
0.1417 

0.0338 
0.0336 
0.0335 
0.0333 
0.0331 

0.1449 
0.1450 
0,1452 
0.1453 
0.1455 

13.49 
13.41 
13.32 
13.24 
13.16 

0.8696 
0.8704 
0.8711 
0.8718 
0.8725 

0.1295 
0,1288 
0.1281 
0.1274 
0.1267 

0.8792 
0.8799 
0,8805 
0.8811 
0.8817 

8.47 
8,42 
8,37 
8.31 
8.26 

9.25 
9.30 
9.35 
9.40 
9.45 

0,1419 
0,1420 
0.1422 
0.1424 
0.1426 

0.0330 
0.0328 
0.0326 
0,0325 
0,0323 

0.1456 
0,1458 
0.1459. 
0.1461 
0,1462 

13.08 
13.00 
12.92 
12,84 
12.76 

0.8732 
0.8739 
0.8746 
0,8753 
0.8759 

0.1260 
0.1254 
0.1247 
0.1240 
0.1234 

0.8823 
0.8829 
0.8834 
0.8840 
0.8846 

8.21 
8.16 
8.11 
8,07 
8.02 

9.50 
9,55 
9.60 
9.65 
9.70 

0.1428 
0.1430 
0.1432 
0.1433 
0.1435 

0.0321 
0.0320 
0,0318 
0.0317 
0.0315 

0,1464 
0.1465 
0.1467 
0.1468 
0.1469 

12.68 
12.61 
12.53 
12.46 
12.39 

0.8766 
0.8773 
0.8779 
0.8786 
0.8792 

0.1227 
0.1221 
0.1215 
0.1208 
0.1202 

0.8852 
0.8857 
0.8863 
0.8868 
0.8874 

7.97 
7.92 
7.88 
7.83 
7.79 

9.75 
9.80 
9.85 
9,90 
9,95 

0.1437 
0.1439 
0.1440 
0.1442 
0.1444 

0.0314 
0.0312 
0.0311 
0.0309 
0.0308 

0.1471 
0.1472 
0.1474 
0.1475 
0.1476 

12.32 
12.24 
12,17 
12.10 
12.04 

0.8798 
0.8804 
0.8811 
0.8817 
0.8823 

0.1196 
0,1190 
0.1184 
0.1178 
0,1172 

0.8879 
0.8884 
0.8890 
0,8895 
0.8900 

7.74 
7.70 
7.65 
7.61 
7.57 

10.00 0.1445 0,0306 0.1478 11.97 0,8829 0.1166 0.8905 7.52 
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a 
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REAL IMAG. 

/
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REAL IMAG. 

-7J 

MODULUS PHA~ 
(OC6R££S1 

1.00 
1.05 
1. 10 
1.15 
1.20 

1.0083 
1.0100 
1.0118 
1.0138 
1.0160 

-5.9763 
-5.4166 
-4.9312 
-4.5077 
-4.1358 

0.5319 
0.5539 
0.5752 
0.5958 
0.6158 

5.3119 
5.2199 
5.1249 
5.0270 
4.9265 

0.0049 
0.0054 
0.0059 
0.0066 
0.0073 

1.0045 
1.0052 
1. 0061 
1.0069 
1.0078 

-0.0022 
-0.0029 
-0.0037 
-0.0047 
-0.0059 

1.0045 
1.0053 
1.0061 
1.0070 
1.0078 

359.88 
359.84 
359.79 
359.73 
359.67 

1.25 
1.30 
1,35 
1.40 
1.45 

1.0184 
1.0209 
1.0236 
1.0264 
1. 0293 

-3.8076 
-3.5165 
-3.2572 
-3.0253 
-2.8171 

0.6350 
0.6535 
0.6713 
0.6883 
0.7046 

4.8235 
4.7185 
4.6116 
4.5032 
4.3937 

0.0080 
0.0089 
0.0099 
0.0111 
0.0124 

1.0087 
1.0095 
1.0103 
1. 0109 
1.0115 

-0.0073 
-0.0089 
-0.0107 
-0.0127 
-0.0149 

1.0087 
1.0096 
1.0103 
1.0110 
1.0116 

359.59 
359.50 
359.40 
359.28 
359.16 

1.50 
1.55 
1.60 
1.65 
1.70 

1.0322 
1.0352 
1.0382 
1. 0412 
1.0442 

-2.6295 
-2.4599 
-2.3062 
-2.1665 
-2.0392 

0.7201 
0.7348 
0.7488 
0.7619 
0.7744 

4.2834 
4.1727 
4.0619 
3.9514 
3.8417 

0.0138 
0.0154 
0.0172 
0.0192 
0.0215 

1.0118 
1.0120 
1.0119 
1.0116 
1.0111 

-0.0172 
-0.0198 
-0.0224 
-0.0252 
-0.0280 

1.0120 
1.0122 
1.0122 
1.0119 
1.0115 

359.02 
358.88 
358.73 
358.57 
358.41 

1.75 
1.80 
1.85 
1. 90 
1.95 

1. 0470 
1.0498 
1.0525 
1.0550 
1.0574 

-1.9229 
-1. 8164 
-1.7187 
-1.6289 
-1.5461 

0.7861 
0.7971 
0.8074 
0.8171 
0.8261 

3.7330 
3.6257 
3.5201 
3.4164 
3.3149 

0.0239 
0.0266 
0.0296 
0.0328 
0.0363 

1.0103 
1.0092 
1.0079 
1.0063 
1.0045 

-0.0309 
-0.0337 
-0.0365 
-0.0392 
-0.0418 

1.0107 
1.0097 
1.0085 
1.0071 
1.0054 

358.25 
358.09 
357.92 
357.77 
357.61 

2.00 
2.05 
2.10 
2.15 
2.20 

. 1.0597 
1. 0618 
1.0638 
1.0656 
1.0673 

-1.4697 
-1.3991 
-1. 3336 
-1.2729 
-1.2165 

0.8345 
0.8424 
0.8498 
0.8566 
0.8630 

3.2158 
3.1192 
3.0254 
2.9343 
2.8460 

0.0401 
0.0442 
0.0485 
0.0532 
0.0581 

1.0025 
1.0004 
0.9981 
0.9956 
0.9931 

-0.0443 
-0.0466 
-0.0488 
-0.0507 
-0.0525 

1.0035 
1.0015 
0.9993 
0.9969 
0.9945 

357.47 
357.33 
357.20 
357.08 
356.97 

2.25 
2.30 
2.35 
2.40 
2.45 

1.0688 
1.0702 
1.0715 
1.0726 
1.0736 

-1.1640 
-1.1150 
-1.0693 

'-1.0265 
-0.9865 

0.8689 
0.8744 
0.8796 
0.8844 
0.8888 

2.7607 
2.6783 
2.5988 
2.5222 
2.4484 

0.0632 
0.0687 
0.0744 
0.0803 
0.0864 

0.9905 
0.9879 
0.9852 
0.9825 
0.9798 

-0.0541 
-0.0555 
-0.0567 
-0.0578 
-0.0586 

0.9920 
0.9894 
0.9868 
0.9842 
0.9816 

356.87 
356.78 
356.70 
356.63 
356.57 

2.50 
2.55 
2.60 
2.65 
2.70 

1.0744 
1.0752 
1.0758 
1.0764 
1. 0768 

-0.9490 
-0.9138 
-0.8808 
-0.8497 
-0.8204 

0.8930 
0.8969 
0.9005 
0.9039 
0.9071 

2.3775 
2.3094 
2.2439 
2.1811 
2.1208 

0.0928 
0.0993 
0.1060 
0.1129 
0.1199 

0.9771 
0.9745 
0.9719 
0.9694 
0.9670 

-0.0593 
-0.0599 
-0.0603 
-0.0606 
-0.0608 

0.9789 
0.9764 
0.9738 
0.9713 
0.9689 

356.52 
356.48 
356.45 
356.42 
356.40 

2.75 
2.80 
2.85 
2.90 
2.95 

1. 0771 
1.0774 
1.0776 
1.0776 
1.0776 

-0.7928 
-0.7667 
-0.7421 
-0.7189 
-0.6969 

0.9101 
0.9129 
0.9156 
0.9180 
0.9204 

2.0629 
2.0075 
1.9543 
1.9034 
1.8545 

0.1271 
0.1343 
0.1417 
0.1491 
0.1565 

0.9646 
0.9623 
0.9601 
0.9579 
0.9558 

-0.0608 
-0.0608 
-0.0607 
-0.0605 
-0.0602 

0.9665 
0.9642 
0.9620 
0.9598 
0.9577 

356.39 
356.38 
356.38 
356.39 
356.39 

3.00 
3.05 
3.10 
3.15 
3.20 

1.0776 
1.0774 
1.0772 
1.0770 
1.0766 

-0.6760 
-0.6563 
-0.6375 
-0.6197 
-0.6028 

0.9226 
0.9247 
0.9267 
0.9286 
0.9304 

1.8077 
1.7629 
1.7199 
1.6787 
1.6392 

0.1640 
0.1715 
0.1791 
0.1866 
0.1941 

0.9538 
0.9519 
0.9501 
0.9483 
0.9466 

-0.0599 
-0.0596 
-0.0592 
-0.0587 
-0.0583 

0.9557 
0.9538 
0.9519 
0,9501 
0.9484 

356.40 
356.42 
356.44 
356.46 
356.48 

3.25 
3.30 
3.35 
3.40 
3.45 

1.0762 
1.0758 
1.0753 
1.0747 
1.0742 

-0.5867 
-0.5714 
-0.5568 
-0.5429 
-0.5297 

0.9321 
0.9337 
0.9353 
0.9368 
0.9383 

1.6014 
1.5651 
1.5303 
1.4969 
1.4649 

0.2016 
0.2091 
0.2165 
0.2238 
0.2311 

0.9450 
0.9435 
0.9420 
0.9405 
0.9392 

-0.0578 
-0.0572 
-0.0567 
-0.0562 
-0.0556 

0.9468 
0.9452 
0.9437 
0.9422 
0.9408 

356.50 
356.53 
356.55 
356.58 
356.61 

3.50 
3.55 
3.60 
3.65 
3.70 

1.0735 
1.0728 
1.0721 
1.0713 
1.0705 

-0.5170 
-0.5049 
-0.4934 
-0.4823 
-0.4717 

0.n97 
0.9410 
0.9423 
0.9436 
0.9448 

1.4342 
1.4047 
1.3763 
1.3491 
1.3229 

0.2383 
0.2454 
0.2525 
0.2595 
0.2664 

0.9379 
0.9366 
0.9354 
0.9342 
0.9331 

-0.0551 
-0.0545 
-0.0539 
-0.0534 
-0.0528 

0.9395 
0.9382 
0.9370 
0.9358 
0.9346 

356.64 
356.67 
356.70 
356.73 
356.76 

3.75 
3.r.0 
3.85 
3.90 
3.95 

1.0697 
1.0688 
1.0679 
1.0670 
1.0660 

-0.4616 
-0.4519 
-0.4425 
-0.4336 
-0.4250 

0.9460 
0.9472 
0.9483 
0.9494 
0.9505 

1.2978 
1.2736 
1.2503 
1.2279 
1.2063 

0.2731 
0.2798 
0.2864 
0.2929 
0.2993 

0.9321 
0.9310 
0.9300 
0.9291 
0.9282 

-0.0523 
-0.0517 
-0.0512 
-0.0507 
-0.0501 

0.9335 
0.9325 
0.9314 
0.9305 
0.9295 

356.79 
356.82 
356.85 
356.88 
356.91 

WADe TR 56-614 A-106 



k: -2.0 (7': 0.50 

a /+1J /+1J Fio 
REAL /MAG. MOWLUS PHASE 

(DEGREES) 
REAL /MAG. MODULUS PHASE 

(DEGREES) 

1.00 -0.0045 0.0022 0.0050 154.03 0.0161 0.1242 0.1252 82.60 
1.05 -0.0052 0.0029 0.0060 151.44 0.0197 0.1367 0.1381 81.80 
1.10 
1.15 
1.20 

-0.0061 
-0.0069 
-0,0078 

0.0037 
0.0047 
0.0059 

0.0071 
0,0084 
0.0098 

148,74 
145.95 
143,08 

0.0239 
0.0287 
0,0342 

0,1496 
0,1631 
0,1769 

0,1515 
0,1656 
0,1802 

80,94 
80.03 
79,06 

1,25 
1.30 
1.35 
1.40 
1,45 

-0,0087 
-0.0095 
-0,0103 
-0.0109 
-0.0115 

0,0073 
0.0089 
0.0107 
0,0127 
0.0149 

0,0113 
0,0130 
0.0148 
0,0167 
0,0188 

140,11 
137.08 
133,99 
130.84 
127,65 

0,0405 
0,0476 
0,0556 
0,0645 
0.0744 

0,1911 
0.2056 
0.2202 
0,2350 
0,2497 

0,1953 
0.2110 
0,2271 
0.2437 
0,2606 

78,04 
76.97 
75.84 
74.65 
73,42 

1,50 
1.55 
1.60 
1.65 
1.70 

-0,0118 
-0.0120 
-0.0119 
-0.0116 
-0,0111 

0.0172 
0,0198 
0,0224 
0,0252 
0,0280 

0,0209 
0,0231 
0.0254 
0.0277 
0.0301 

124,44 
121,21 
117,97 
114.75 
111,54 

0,0852 
0,0970 
0.1098 
0,1235 
0,1381 

0,2644 
0,2788 
0,2928 
0,3064 
0,3194 

0.2778 
0,2952 
0.3128 
0,3304 
0.3480 

72.14 
70.81 
69,44 
68.04 
66.61 

1.75 
1.80 
1.85 
1.90 
1,95 

-0,0103 
-0,0092 
-0.0079 
-0,0063 
-0,0045 

0,0309 
0.0337 
0.0365 
0,0392 
0.0418 

0.0325 
0,0350 
0,0374 
0,0397 
0,0421 

108,37 
105,24 
102,16 
99,13 
96,18 

0.1536 
0,1697 
0.1865 
0,2038 
0,2215 

0,3317 
0,3432 
0,3539 
0.3636 
0,3723 

0,3655 
0,3629 
0,4000 
0,4168 
0,4332 

65,16 
63.69 
62.21 
60.73 
59.25 

2.00 
2,05 
2.10 
2.15 
2.20 

-0.0025 
-0.0004 

0.0019 
0.0044 
0.0069 

0,0443 
0,0466 
0.0488 
0.0507 
0,0525 

0,0444 
0.0466 
0.0488 
0,0509 
0,0530 

93,29 
90,48 
87.75 
85.10 
82.54 

0,2395 
0,2578 
0.2761 
0.2944 
0.3125 

0.3801 
0,3868 
0.3925 
0,3972 
0,4009 

0,4492 
0,4648 
0,4798 
0.4944 
0,5083 

57,78 
56.32 
54.88 
53.46 
52,06 

2.25 
2.30 
2,35 
2.40 
2.45 

0,0095 
0.0121 
0,0148 
0.0175 
0,0202 

0.0541 
0,0555 
0.0567 
0,0578 
0.0586 

0,0549 
0.0568 
0,0586 
0.0604 
0.0620 

80,06 
77.66 
75,36 
73.13 
70.99 

0,3305 
0.3482 
0,3655 
0,3825 
0,3990 

0,4037 
0.4056 
0,4067 
0,4071 
0,4067 

0,5217 
0.5346 
0,5468 
0,5586 
0,5697 

50.69 
49.36 
48,05 
46.78 
45,55 

2,50 
2,55 
2,60 
2.65 
2.70 

0,0229 
0,0255 
0.0281 
0.0306 
0.0330 

0.0593 
0,0599 
0.0603 
0,0606 
0,0608 

0,0636 
0,0651 
0.0665 
0,0679 
0.0692 

68,93 
66,96 
65.06 
63,24 
61.49 

0,4150 
0.4305 
0,4454 
0.4599 
0.4737 

0.4057 
0.4041 
0.4020 
0.3995 
0.3965 

0,5803 
0.5904 
0.6000 
0,6091 
0.6178 

44.35 
43.19 
42.07 
40,98 
39.93 

2.75 
2.80 
2,85 
2.90 
2.95 

0,0354 
0,0377 
0.0399 
0,0421 
0.0442 

0,0608 
0.0608 
0.0607 
0.0605 
0.0602 

0,0704 
0,0715 
0,0727 
0.0737 
0,0747 

59,81 
58,20 
56,66 
55,18 
53.76 

0.4870 
0,4998 
0.5120 
0.5237 
0.5349 

0.3932 
0.3897 
0,3858 
0.3818 
0,3776 

0,6260 
0,6337 
0,6411 
0,6481 
0.6548 

38.92 
37.94 
37,00 
36,09 
35.22 

3.00 
3,05 
3.10 
3.15 
3.20 

0.0462 
0.0481 
0.0499 
0.0517 
0.0534 

0,0599 
0.0596 
0.0592 
0,0587 
0,0583 

0,0756 
0,0765 
0,0774 
0.0782 
0,0790 

52,40 
51.10 
49.85 
48,65 
47.51 

0,5456 
0.5558 
0,5655 
0.5748 
0.5837 

0,3733 
0,3688 
0.3643 
0.3598 
0.3552 

0,6611 
0,6670 
0,6727 
0,6781 
0.6833 

34,38 
33,57 
32.79 
32,04 
31.32 

3.25 
3,30 
3.35 
3.40 
3.45 

0.0550 
0.0565 
0.0580 
0,0595 
0.0608 

0.0578 
0.0572 
0.0567 
0.0562 
0.0556 

0,0797 
0,0805 
0.0811 
0.0818 
0.0824 

46.41 
45,35 
44,34 
43.37 
42,44 

0,5922 
0,6003 
0.6080 
0.6154 
0.6225 

0.3506 
0,3461 
0,3415 
0.3370 
0.3326 

0,6882 
0.6929 
0.6974 
0,7017 
0.7058 

30.63 
29.96 
29.32 
28,71 
28.11 

3.50 
3.55 
3.60 
3.65 
3,70 

0.0621 
0.0634 
0.0646 
0.0658 
0.0669 

0.0551 
0,0545 
0.0539 
0.0534 
0.0528 

0,0830 
0.0836 
0.0842 
0.0847 
0.0852 

41.54 
40.69 
39.86 
39.07 
38,31 

0,6292 
0.6357 
0.6419 
0.6478 
0,6535 

0,3282 
0.3239 
0.3196· 
0.3154 
0,3113 

0,7097 
0,7135 
0.7171 
0,7206 
0,7239 

27.54 
27.00 
26.47 
25.96 
25.47 

3.75 
3.80 
3.85 
3.90 
3.95 

0.0679 
0.0690 
0.0700 
0.0709 
0.0718 

0.0523 
0.0517 
0,0512 
0.0507 
0.0501 

0.0857 
0,0862 
0,0867 
0,0872 
0.0876 

37.57 
36,87 
36,19 
35.54 
34.91 

0,6590 
0.6643 
0,6693 
0.6742 
0.6789 

0.3073 
0.3034 
0.2996 
0,2958 
0.2921 

0.7272 
0.7303 
0.7333 
0.7362 
0,7391 

25.00 
24,55 
24.11 
23.69 
23,28 
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k= -2.0 (T = 0.50 

a 
1- (Tz 

~·x 

REAL IMAG. 

/
X 2 1T; 

-21T .r
! X 

REAL IMAG. 

-~ 

MOWLUS PHA~ 
(OCGRECS) 

4.00 1.0651 -0.4167 0.9516 1.1855 0.3056 0.9273 -0.0496 0.9286 356.94 
4.05 1.0640 -0.4088 0.9526 1.1654 0.3118 0.9264 -0.0491 0.9277 356.97 
4.10 1.0630 -0.4011 0.9536 1.1461 0.3179 0.9256 -0.0486 0.9269 356.99 
4.15 1.0620 -0.3938 0.9546 1.1274 0.3239 0.9248 -0.0481 0.9260 357.02 
4.2<1 1.0609 -0.3867 0.9556 1.1094 0.3298 0.9240 -0.0476 0.9252 357.05 

4.25 1.0598 -0.3798 0.9566 1.0920 0.3356 0.9233 -0.0472 0.9245 357.08 
4.30 1.0587 -0.3732 0.9576 1.0751 0.3413 0.9225 -0.0467 0.9237 357.10 
4.35 1.0576 -0.3669 0.9585 1.0588 0.3469 0.9218 -0.0462 0.9230 357.13 
4.40 1.0564 -0.3607 0.9594 1.0431 0.3524 0.9212 -0.0458 0.9223 357.15 
4.45 1.0553 -0.3548 0.9603 1.0278 0.3578 0.9205 -0.0454 0.9216 357.18 

4.50 1.0541 -0.3490 0.9612 1.0131 0.3631 0.9198 -0.0449 0.9209 357.20 
4.55 1.0530 -0.3434 0.9621 0.9987 0.3683 0.9192 -0.0445 0.9203 357.23 
4.60 1.0518 -0.3380 0.9630 0.9849 0.3735 0.9186 -0.0441 0.9197 357.25 
4.65 1.0506 -0.3328 0.9639 0.9714 0.3786 0.9180 -0.0437 0.9190 357.28 
4.70 1.0494 -0.3277 0.9648 0.9583 0.3835 0.9174 -0.0433 0.9184 357.30 

4.75 1.0482 -0.3228 0.9656 0.9456 0.3884 0,9168 -0.0429 0.9179 357.32 
4.80 1.0470 -0.3181 0.9664 0.9333 0.3933 0.9163 -0.0425 0.9173 357.34 
4.85 1.0458 -0.3134 0.9673 0.9213 0.3980 0.9158 -0.0422 0.9167 357.36 
4.90 
4.95 

1.0446 
1.0434 

-0,3089 
-0.3046 

0.9681 
0.9689 

0.9096 
0.8982 

0.4027 
0.4073 

0.9152 
0.9147 

-0.0418 
-0.0414 

0.9162 
0.9156 

357.39 
357.41 

5.00 1.0422 -0.3003 0.9697 0.8872 0.4118 0.9142 -0.0411 0.9151 357.43 
5.05 1.0410 -0.2962 0.0705 0.8764 0.4163 0.9137 -0.0407 0.9146 357.45 
5.10 1.0398 -0.2922 0.9713 0.8659 0.4207 0.9132 -0.0404 0.9141 357.47 
5.15 1.0386 -0.2882 0.9721 0.8557 0.4250 0.9127 -0.0401 0.9136 357.49 
5.20 1.0375 -0.2844 0.9728 0.8457 0.4293 0.9123 -0.0397 0.9131 357.51 

5.25 1.0363 -0.2807 0.9736 0.8359 0.4335 0.9118 -0.0394 0.9127 357.52 
5.30 
5.35 
5.40 
5.45 

1. 0351 
1.0339 
1.0328 
1,0316 

-0.2771 
-0.2736 
-0.2701 
-0.2667 

0.9744 
0.9751 
0.9758 
0.9766 

0.8264 
0.8171 
0.8081 
0.7992 

0.4376 
0.4417 
0.4457 
0.4497 

0.9114 
0.9109 
0,9105 
0.9101 

-0.0391 
-0.0388 
-0.0385 
-0.0382 

0.9122 
0.9118 
0.9113 
0.9109 

357.54 
357.56 
357.58 
357.60 

5.50 
5.55 
5.60 
5.65 
5,70 

1.0304 
1.0293 
1.0282 
1.0270 
1.0259 

-0.2635 
-0.2603 
-0.2571 
-0.2541 
-0.2511 

0.9773 
0.9780 
0.9787 
0.9794 
0,9801 

0.7905 
0.7820 
0.7737 
0.7656 
0.7577 

0.4536 
0,4575 
0.4613 
0.4650 
0,4688 

0.9097 
0.9093 
0.9089 
0.9085 
0.9081 

-0.0379 
-0,0376 
-0.0373 
-0.0370 
-0.0368 

0.9105 
0.9101 
0.9096 
0.9092 
0.9088 

357.61 
357.63 
357.65 
357.67 
357.68 

5.75 
5.80 
5.85 
5.90 
5.95 

1.0248 
1.0237 
1.0226 
1.0215 
1,0205 

-0.2481 
-0.2453 
-0.2425 
-0.2398 
-0.2371 

0.9808 
0,9814 
0.9821 
0.9828 
0.9834 

0.7499 
0.7422 
0.7348 
0.7274 
0.7203 

0.4724 
0,4760 
0,4796 
0.4831 
0.4866 

0.9077 
0.9074 
0.9070 
0.9066 
0.9063 

-0.0365 
-0,0362 
-0.0359 
-0.0357 
-0,0354 

0.9085 
0.9081 
0.9077 
0.9073 
0.9070 

357.70 
357.71 
357.73 
357.75 
357.76 

6.00 
6.05 
6.10 
6.15 
6.20 

1.0194 
1.0183 
1.0173 
1.0163 
1.0153 

-0.2345 
-0.2319 
-0.2294 
-0.2269 
-0,2245 

0.9840 
0.9847 
0.9853 
0.9859 
0.9865 

0.7132 
0.7063 
0.6995 
0.6929 
0.6864 

0,4901 
0,4935 
0.4968 
0.5001 
0,5034 

0.9059 
0.9056 
0,9053 
0.9049 
0,9046 

-0.0352 
-0.0349 
-0.0347 
-0.0344 
-0.0342 

0.9066 
0.9063 
0.9059 
0.9056 
0.9052 

357.78 
357.79 
357.81 
357.82 
357.84 

6.25 
6.30 
6.35 
6.40 
6.45 

1.0142 
1.0132 
1.0123 
1.0113 
1. 0103 

-0.2221 
-0.2198 
-0.2175 
-0.2153 
-0.2131 

0.9871 
0.9877 
0.9883 
0.9889 
0.9895 

0.6800 
0.6737 
0.6675 
0.6615 
0.6555 

0,5066 
0.5098 
0.5130 
0.5161 
0.5192 

0.9043 
0.9040 
0.9037 
0.9034 
0.9031 

-0.0339 
-0.0337 
-0.0335 
-0.0333 
-0.0330 

0.9049 
0.9046 
0.9043 
0.9040 
0.9037 

357.85 
357.86 
357.88 
357.89 
357.91 

6.50 
6.55 
6.60 
6.65 
6.70 

1.0094 
1.0084 
1.0075 
1.0066 
1.0056 

-0.2110 
-0.2089 
-0.2068 
-0.2048 
-0.2028 

0.9900 
0.9906 
0.9911 
0.9917 
0.9922 

0.6496 
0.6439 
0.6382 
0.6327 
0.6272 

0.5222 
0.5252 
0.5282 
0.5312 
0.5341 

0.9028 
0.9025 
0.9022 
0.9019 
0.9016 

-0.0328 
-0.0326 
-0.0324 
-0.0322 
-0.0319 

0.9034 
0.9031 
0.9028 
0.9025 
0.9022 

357.92 
357.93 
357.95 
357.96 
357.97 

6.75 
6.80 
6.85 
6.90 
6.95 

1.0047 
1.0038 
1.0030 
1.0021 
1.0012 

-0.2009 
-0.1989 
-0.1971 
-0.1952 
-0.1934 

0.9927 
0.9933 
0.9938 
0.91143 
0.9948 

0.6219 
0.6166 
0.6114 
0.6063 
0.6013 

0.5369 
0.5398 
0.5426 
0.5454 
0.5481 

0.9014 
0.9011 
0.9008 
0.9006 
0.9003 

-0.0317 
-0.0315 
-0.0313 
-0.0311 
-0.0309 

0.9019 
0.9017 
0.9014 
0.9011 
0.9009 

357.98 
358.00 
358.01 
358.02 
358.03 
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k: -2.0 (T: 0.50 

a 1+1J 1+1J Fio 
REAL IMAG. MODULUS PHASE 

IOEGREESI REAL IMAG. MODULUS PHASE 
(OEGREESI 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0727 
0.0736 
0.0744 
0.0752 
0.0760 

0.0496 
0.0491 
0.0486 
0.0481 
0.0476 

0.0880 
0.0885 
0.0889 
0.0893 
0.0897 

34.30 
33.72 
33.15 
32.61 
32.08 

0.6834 
0.6878 
0.6920 
0.6961 
0.7000 

0.2886 
0.2851 
0.2817 
0.2783 
0.2751 

0.7418 
0.7445 
0.7471 
0.7497 
0.7521 

22.89 
22.51 
22.15 
21 79 
21.45 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0767 
0.0775 
0.0782 
0.0788 
0.0795 

0.0472 
0.0467 
0.0462 
0.0458 
0.0454 

0.0901 
0.0904 
0.0908 
0.0912 
0.0915 

31.57 
31.08 
30.60 
30.14 
29.70 

0.7039 
0.7076 
0.7112 
0.7147 
0.7181 

0.2719 
0.2688 
0.2658 
0.2629 
0.2600 

0.7546 
0.7569 
0.7592 
0.7615 
0.7637 

21.12 
20.80 
20,49 
20.20 
19.91 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0802 
0.0808 
0.0814 
0.0820 
0.0826 

0.0449 
0.0445 
0.0441 
0.0437 
0.0433 

0.0919 
0.0922 
0.0926 
0.0929 
0.0932 

29.27 
28.85 
28.44 
28.05 
27.67 

0.7214 
0.7246 
0.7277 
0.7308 
0.7338 

0.2572 
0.2545 
0.2518 
0.2492 
0.2467 . 

0.7659 
0.7680 
0.7701 
0.7721 
0.7741 

19.62 
19.35 
19.09 
18.83 
18.58 

4.75 
4.80 
4.85 
4.90 
4.95 

0.0832 
0.0837 
0.0842 
0.0848 
0.0853 

0.0429 
0.0425 
0.0422 
0.0418 
0.0414 

0.0936 
0.0939 
0.0942 
0.0945 
0.0948 

27.30 
26.93 
26.58 
26.24 
25.91 

0.7367 
0.7395 
0.7423 
0.7450 
0.7476 

0.2442 
0.2417 
0.2394 
0.2370 
0.2348 

0.7761 
0.7780 
0.7799 
0.7818 
0.7836 

18.34 
18.10 
17.87 
17.65 
17.43 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0858 
0.0863 
0.0868 
0.0873 
0.0877 

0.0411 
0.0407 
0.0404 
0.0401 
0.0397 

0.0951 
0.0954 
0.0957 
0.0960 
0.0963 

25.59 
25.27 
24.96 
24.66 
24.37 

0.7502 
0.7528 
0.7553 
0.7577 
0.7601 

0.2325 
0.2304 
0.2282 
0.2261 
0.2241 

0.7855 
0.7872 
0.7890 
0.7907 
0.7924 

17.22 
17.01 
16.81 
16.62 
16.43 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0882 
0.0886 
0.0891 
0.0895 
0.0899 

0.0394 
0.0391 
0.0388 
0.0385 
0.0382 

0.0966 
0.0969 
0.0971 
0.0974 
0.0977 

24.09 
23.81 
23.54 
23.27 
23.01 

0.7624 
0.7647 
0.7670 
0.7692 
0.7714 

0.2221 
0.2201 
0.2182 
0.2163 
0.2144 

0.7941 
0.7958 
0.7974 
0.7990 
0.8006 

16.24 
16.06 
15.88 
15.70 
15.53 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0903 
0.0907 
0.0911 
0.0915 
0.0919 

0.0379 
0.0376 
0.0373 
0.0370 
0.0368 

0.0979 
0.0982 
0.0985 
0.0987 
0.0990 

22.76 
22.51 
22.27 
22.03 
21.80 

0.7735 
0.7756 
0.7776 
0.7797 
0.7816 

0.2126 
0.2108 
0.2090 
0.2073 
0.2056 

0.8022 
0.8037 
0.8052 
0.8067 
0.8082 

15.37 
15.20 
15.04 
14.89 
14.73 

5.75 
5.80 
5.85 
5.90 
5.95 

0.0923 
0.0926 
0.0930 
0.0934 
0.0937 

0.0365 
0.0362 
0.0359 
0.0357 
0,0354 

0.0992 
0.0995 
0.0997 
0.1000 
0.1002 

21.57 
21.35 
21.13 
20.92 
20.71 

0.7836 
0.7855 
0.7874 
0.7892 
0.7910 

0.2039 
0.2022 
0,2006 
0.1990 
0.1974 

0.8097 
0.8111 
0,8125 
0.8139 
0.8153 

14.58 
14.44 
14.29 
14.15 
14.01 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0941 
0.0944 
0.0947 
0.0951 
0.0954 

0.0352 
0.0349 
0.0347 
0.0344 
0.0342 

0.1004 
0.1007 
0.1009 
0.1011 
0.1013 

20.50 
20.30 
20.10 
19.91 
19.72 

0.7928 
0.7946 
0.7963 
0.7980 
0.7997 

0.1959 
0,1944 
0.1929 
0,1914 
0,1899 

0.8167 
0.8180 
0.8193 
0.8206 
0.8219 

13.88 
13.74 
13.61 
13.49 
13.36 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0957 
0.0960 
0.0963 
0.0966 
0.0969 

0.0339 
0.0337 
0.0335 
0.0333 
0.0330 

0.1016 
0.1018 
0.1020 
0.1022 
0.1024 

19.53 
19.35 
19.17 
18.99 
18.82 

0.8013 
0.8030 
0.8045 
0.8061 
0.8077 

0.1885 
0.1871 
0,1857 
0.1843 
0.1830 

0.8232 
0.8245 
0.8257 
0.8269 
0.8281 

13.24 
13.11 
13.00 
12.88 
12.76 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0972 
0.0975 
0.0978 
0.0981 
0.0984 

0.0328 
0.0326 
0.0324 
0.0322 
0.0319 

0.1026 
0.1028 
0.1030 
0.1032 
0.1034 

18.64 
18.48 
18.31 
18.15 
17.99 

0.8092 
0.8107 
0.8121 
0.8136 
0.8150 

0.1816 
0.1803 
0.1790 
0.1777 
0.1765 

0.8293 
0.8305 
0.8316 
0.8328 
0.8339 

12.65 
12.54 
12.43 
12.32 
12.22 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0986 
0.0989 
0.0992 
0.0994 
0.0997 

0.0317 
0.0315 
0.0313 
0.0311 
0.0309 

0,1036 
0.1038 
0.1040 
0.1042 
0.1044 

17.83 
17.68 
17.53 
17.38 
17.23 

0.8164 
0.8178 
0.8192 
0.8205 
0.8218 

0.1752 
0.1740 
0,1728 
0.1716 
0.1704 

0.8350 
0.8361 
0.8372 
0.8383 
0.8393 

12.11 
12.01 
11.91 
11.81 
11.71 
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k;: -2.0 (T;: 0.50 

a 
/- (TI

-r-' x 

REAL IMAG. 

I 
X 

211' y
X 

-211' .r 
( X 

REAL IMAG. 

-1J 

MoatLUS PHA:x 
(OC/;II££5) 

7.00 
7.05 
7.10 
7.15 
7.20 

1.0004 
0.9995 
0.9987 
0.9978 
0.9970 

-0.1916 
-0.1899 
-0.1881 
-0.1865 
-0.1848 

0.9953 
0.9958 
0.9963 
0.9968 
0.9973 

0.5963 
0.5915 
0.5867 
0.5820 
0.5773 

0.5508 
0.5535 
0.5562 
0.5588 
0.5614 

0.9001 
0.8998 
0.8996 
0.8993 
0.8991 

-0.0307 
-0.0305 
-0.0303 
-0.0301 
-0.0300 

0.9006 
0.9003 
0.9001 
0.8998 
0.8998 

358.04 
358.06 
358.07 
358.08 
358.09 

7.25 
7.30 
7.35 
7.40 
7.45 

0.9962 
0.9954 
0.9946 
0.9938 
0.9931 

-0.1832 
-0.1816 
-0.1800 
-0.1784 
-0.1769 

0.9977 
0.9982 
0.9987 
0.9991 
0.9996 

0.5728 
0.5683 
0.5639 
0.5595 
0.5552 

0.5640 
0.5665 
0.5690 
0.5715 
0.5739 

0.8989 
0.8986 
0.8984 
0.8982 
0.8980 

-0.0298 
-0.0296 
-0.0294 
-0.0292 
-0.0291 

0.8994 
0.8991 
0.8989 
0.8987 
0.8984 

358.10 
358.11 
358.12 
358.14 
358.15 

7.50 
7.55 
7.60 
7.65 

0.9923 
0.9916 
0.9908 
0.9901 

-0.1754 
-0.1739 
-0.1725 
-0.1710 

1.0000 
1.0004 
1.0009 
1.0013 

0.5510 
0.5468 
0.5427 
0.5387 

0.5764 
0.5788 
0.5812 
0.5835 

0.8977 
0.8975 
0.8973 
0.8971 

-0.0289 
-0.0287 
-0.0285 
-0.0284 

0.8982 
0.8980 
0.8978 
0.8976 

358.16 
358.17 
358.18 
358.19 

7.70 0.9893 -0.1696 1.0017 0.5347 0.5858 0.8969 -0.0282 0.8973 358.20 

7.75 0.9886 -0.1682 1.0021 0.5308 0.5881 0.8967 -0.0280 0.8971 358.21 
7.80 0.9879 -0.1669 1.0026 0.5269 0.5904 0.8965 -0.0279 0.8969 358.22 
7.85 0.9872 -0.1655 1.0030 0.5231 0.5927 0.8963 -0.0277 0.8967 358.23 
7.90 0.9865 -0.1642 1.0034 0.5194 0.5949 0.8961 -0.0276 0.8965 358.24 
7.95 0.9858 -0.1629 1.0038 0.5157 0~5971 0.8959 -0.0274 0.8963 358.25 

8.00 0.9851 -0.1616 1.0042 0.5120 0.5993 0.8957 -0.0272 0.8961 358.26 
8.05 0.9844 -0.1604 1.0046 0.5084 0.6014 0.8955 -0.0271 0.8959 358.27 
8.10 0.9838 -0.1591 1.0050 0.5049 0.6036 0.8953 -0.0269 0.8957 358.28 
8.15 0.9831 -0.1579 1.0053 0.5014 0.6057 0.8952 -0.0268 0.8956 358.29 
8.20 0.9824 -0.1567 1.0057 0.4979 0.6078 0.8950 -0.0266 0.8954 358.30 

8.25 0.9818 -0.1555 1.0061 0.4945 0.6099 0.8948 -0.0265 0.8952 358.30 
8.30 
8.35 
8.40 
8.45 

0.9811 
0.9805 
0.9799 
0.9793 

-0.1543 
-0.1532 
-0.1520 
-0.1509 

1.0065 
1.0068 
1.0072 
1.0076 

0.4912 
0.4878 
0.4846 
0.4813 

0.6119 
0.6140 
0.6160 
0.6180 

0.8946 
0.8944 
0.8943 
0.8941 

-0.0283 
-0.0262 
-0.0261 
-0.0259 

0.8950 
0.8948 
0.8947 
0.8945 

358.31 
358.32 
358.33 
358.34 

8.50 
8.55 
8.60 
8.65 
8.70 

0.9786 
0.9780 
0.9774 
0.9768 
0.9762 

-0.1498 
-0.1487 
-0.1477 
-0.1466 
-0.1456 

1.0079 
1.0083 
1.0086 
1.0090 
1.0093 

0.4782 
0.4750 
0.4719 
0.4689 
0.4658 

0.6199 
0.6219 
0.6238 
0.6257 
0.6276 

0.8939 
0.8938 
0.8936 
0.8934 
0.8933 

-0.0258 
-0.0256 
-0.0255 
-0.0254 
-0.0252 

0.8943 
0.8941 
0.8940 
0.8938 
0.8936 

358.35 
·358.36 
358.37 
358.37 
358.38 

8.75 
8.80 
8.85 
8.90 
8.95 

0.9756 
0.9751 
0.9745 
0.9739 
0.9734 

-0.1445 
-0.1435 
-0.1425 
-0.1415 
-0.1405 

1.0097 
1.0100 
1.0103 
1.0107 
1.0110 

0.4628 
0.4599 
0.4570 
0.4541 
0.4513 

0.6295 
0.6313 
0.6332 
0.6350 
0.6368 

0.8931 
0.8930 
0.8928 
0.8927 
0.8925 

-0.0251 
-0.0250 
-0.0248 
-0.0247 
-0:0246 

0.8935 
0.8933 
0.8932 
0.8930 
0.8928 

358.39 
358.40 
358.41 
358.41 
358.42 

9.00 
9.05 
9.10 
9.15 
9.20 

0.9728 
0.9722 
0.9717 
0.9712 
0.9706 

-0.1396 
-0.1388 
-0.1377 
-0.1368 
-0,1359 

1.0113 
1.0116 
1.0119 
1.0122 
1.0126 

0.4485 
0.4457 
0.4430 
0,4403 
0.4376 

0.6386 
0.6404 
0.6421 
0,6439 
0.6456 

0.8924 
0.8922 
0.8921 
O,B919 
0.8918 

-0.0245 
-0.0243 
-0.0242 
-0.0241 
-0.0240 

0.8927 
0.8925 
0.8924 
0.8922 
0.8921 

358.43 
358.44 
358.45 
358.45 
358.46 

9.25 
9.30 
9.35 
9.40 
9.45 

0.9701 
0.9696 
0.9690 
0.9685 
0.9680 

-0.1350 
-0.1341 
-0.1332 
-0.1323 
-0.1315 

1.0129 
1.0132 
1.0135 
1.0138 
1.0141 

0.4350 
0.4324 
0.4298 
0.4273 
0.4247 

0.6473 
0.6490 
0.6506 
0.6523 
0.6539 

0.8916 
0.8915 
0.8914 
0.8912 
0.8911 

-0.0238 
-0.0237 
-0.0236 
-0.0235 
-0.0234 

0.8920 
0.8918 
0.8917 
0.8915 
0.8914 

358.47 
358.48 
358.48 
358.49 
358.50 

9.50 
9.55 
9.60 
9.65 
9.70 

0.9675 
0.9670 
0.9665 
0.9660 
0.9655 

-0.1306 
-0.1298 
-0.1290 
-0.1282 
-0.1274 

1.0144 
1.0146 
1.0149 
1.0152 
1.0155 

0.4223 
0.4198 
0.4174 
0.4150 
0.4126 

0.6556 
0.6572 
0.6588 
0.6604 
0.6619 

6.8910 
0.8908 
0.8907 
0.8906 
0.8904 

-0.0233 
-0.0231 
-0.0230 
-0.0229 
-0.0228 

0.8913 
0.8911 
0.8910 
0.8909 
0.8907 

358.50 
358.51 
358.52 
358.53 
358.53 

9.75 
9.80 
9.85 
9.90 
9.95 

0.9650 
0.9646 
0.9641 
0.9636 
0.9632 

-0.1266 
-0.1258 
-0.1250 
-0.1242 
-0.1235 

1.0158 
1.0161 
1.0163 
1.0166 
1.0169 

0.4103 
0.4079 
0.4057 
0.4034 
0.4011 

0.6635 
0.6650 
0.6665 
0.6681 
0.6696 

0.8903 
0.8902 
0.8901 
0.8899 
0.8898 

-0.0227 
-0.0226 
-0.0225 
-0.0224 
-0.0223 

0.8906 
0.8905 
0.8903 
0.8902 
0.8901 

358.54 
358.55 
358.55 
358.56 
358.57 

10.00 0.9627 -0.1227 1.0171 0.3989 0.6710 0.8897 -0.0222 0.8900 358.57 

WADe TR 56-614 A-110 
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k=-2.0 iT= 0.50 

a /+17 /+17 00 

REAL IMAG. MODULUS PHASE 
(DEGREES) 

REAL IMAG. MODULUS PHASE 
(DEGREES) 

7.00 0.0999 0.0307 0.1045 17.09 0.8231 0.169:.' 0.8404 11.62 
7.05 0.1002 0.0305 0.1047 16.95 0.8244 0.1681 0.8414 11.52 
7.10 0.1004 0.0303 0.1049 16.81 0.8257 0.1670 0.8424 11. 43 
7.15 0.1007 0.0301 0.1051 16.67 0.8269 0.1659 0.8434 11.34 
7.20 0.1009 0.0300 0.1053 16.54 0.8282 0.1648 0.8444 11.25 

7.25 0.1011 0.0298 0.1054 16.41 0.8294 0.1637 0.8454 11.16 
7.30 0.1014 0.0296 0.1056 16.27 0.8306 0.1626 0.8463 11.08 
7.35 0.1016 0.0294 0.1058 16.15 0.8317 0.1615 0.8473 10.99 
7.40 0.1018 0.0292 0.1059 16.02 0.8329 0.1605 0.8482 10.91 
7.45 0.1020 0.0291 0.1061 15.89 0.8340 0.1594 0.8491 10.82 

7.50 0.1023 0.0289 0.1063 15.77 0.8352 0.1584 0.8501 10.74 
7.55 
7.60 
7.65 

0.1025 
0.1027 
0.1029 

0.0287 
0,0285 
0.0284 

0.1064 
0.1066 
0.1067 

15,65 
15.53 
15.41 

0.8363 
0.8374 
0.8385 

0.1574 
0.1564 
0.1554 

0.8510 
0.8519 
0.8528 

10.66 
10.58 
10.50 

7.70 0.1031 0.0282 0.1069 15.30 0.8395 0.1545 0.8536 10.43 

7,75 
7.80 

0.1033 
0.1035 

0.0280 
0.0279 

0.1070 
0.1072 

15.18 
15.07 

0.8406 
0.8416 

0,1535 
0.1526 

0.8545 
0.8554 

10.35 
10.27 

7.85 0.1037 0.0277 0.1073 14.96 0.8427 0.1516 0.8562 10.20 
7.90 0.1039 0.0276 0.1075 14.85 0.8437 0.1507 0.8570 10.13 
7.95 0.1041 0.0274 0.1076 14.75 0.8447 0.1498 0.8579 10.06 

8.00 0.1043 0.0272 0.1078 14.64 0.8457 0.1489 0.8587 9.98 
8.05 0.1045 0.0271 0.1079 14.53 0.8466 0.1480 0.8595 9.91 
8.10 0.1047 0.0269 0.1081 14.43 0.8476 0.1471 0.8603 9.85 
8.15 0.1048 0.0268 0.1082 14.33 0.8486 0.1462 0.8611 9.78 
8.20 0.1050 0.0266 0.1083 14.23 0.8495 0.1454 0.8618 9.71 

8.25 
8.30 

0.1052 
0.1054 

0.0265 
0.0263 

0,1085 
0.1086 

14.13 
14.03 

0,8504 
0.8513 

0.1445 
0.1437 

0.8626 
0.8634 

9.64 
9.58 

8.35 0.1056 0.0262 0.1088 13.94 0.8522 0.1428 0.8641 9.52 
8.40 0.1057 0.0261 0.1089 13.84 0.8531 0.1420 0.8649 9.45 
8.45 0.1059 0.0259 0.1090 13,75 0.8540 0.1412 0.8656 9.39 

8.50 0.1061 0.0258 0.1091 13.66 0.8549 0,1404 0.8663 9.33 
8.55 0.1062 0.0256 0.1093 13.57 0.8557 0.1396 0.8671 9.27 
8,60 
8.65 

0,1064 
0.1066 

0.0255 
0.0254 

0.1094 
0.1095 

13.48 
13.39 

0.8566 
0.8574 

0.1388 
0.1381 

0.8678 
0.8685 

9.21 
9.15 

8.70 0.1067 0.0252 0.1097 13.30 0.8583 0,1373 0.8692 9.09 

8.75 0.1069 0.0251 0.1098 13.21 0.8591 0.1365 0.8699 9.03 
8.80 0.1070 0.0250 0.1099 13.13 0.8599 0.1358 0.8706 8.97 
8.85 
8.90 

0.1072 
0.1073 

0.0248 
0.0247 

0.1100 
0.1101 

13,04 
12.96 

0.8607 
0.8615 

0,1350 
0.1343 

0,8712 
0.8719 

8.92 
8.86 

8.95 0.1075 0.0246 0.1103 12.88 0.8623 0.1336 0.8726 8.80 

9.00 0.1076 0.0245 0.1104 12.80 0.8631 0.1328 0.8732 8.75 
9.05 0.1078 0.0243 0.1105 12.72 0.8638 0.1321 0.8739 8.70 
9.10 0.1079 0.0242 0.1106 12.64 0.8646 0.1314 0.8745 8.64 
9.15 0.1081 0.0241 0.1107 12.56 0.8653 0.1307 0.8752 8.59 
9.20 0.1082 0.0240 0.1108 12.48 0.8661 0.1300 0.8758 8.54 

9.25 0.1084 0.0238 0.1110 12.41 0.8668 0.1294 0.8764 8.49 
9.30 0.1085 0.0237 0.1111 12.33 0.8675 0.1287 0.8770 8,44 
9.35 0.1086 0.0236 0.1112 12.26 0.8683 0.1280 0.8776 8.39 
9,40 0.1088 0.0235 0.1113 12.18 0.8690 0.1274 0.8782 8.34 
9.45 O. 1089 0.0234 0.1114 12.11 0.8697 0.1267 0.8788 8.29 

9.50 0.1090 0.0233 0.1115 12.04 0.8704 0.1260 0.8794 8.24 
9.55 0,1092 0.0231 0.1116 11.97 0.8710 0.1254 0.8800 8.19 
9.60 0.1093 0.0230 0.1117 11.90 0.8717 0.1248 0.8806 8.15 
9,65 0.1094 0.0229 0.1118 11.83 0.8724 0.1241 0.8812 8.10 
9.70 0.1096 0.0228 0.1119 11.76 0.8731 0.1235 0.8818 8.05 

9.75 0.1097 0.0227 0.1120 11.69 0.8737 0.1229 0.8823 8.01 
9.80 0.1098 0.0226 0.1121 11.63 0.8744 0.1223 0.8829 7.96 
9.85 0.1099 0.0225 0.1122 11.56 0.8750 0.1217 0.8834 7.92 
9.90 
9.95 

0.1101 
0,1102 

0.0224 
0.0223 

0.1123 
0.1124 

11,49 
11.43 

0.8757 
0.8763 

0.1211 
0.1205 

0.8840 
0.8845 

7.87 
7.83 

10.00 0.1103 0.0222 0.1125 11.36 0.8769 0.1199 0.8851 7.79 

WADe TR 56-614 A-1l1 



k=-5.0 (T = 0.50 

a 

/_ (T2 

--·x2 
REAL IMAG. 

/
X 21Tk 

-21T 1::'
! X 

REAL IMAG. 

-1J 

MOWLUS PHASE 
(OE6R££SI 

1. 00 1.0130 -5.9810 0.5315 5.3085 0.0049 1.0036 -0.0028 1.0036 359.84 
1. 05 1. 0151 -5.4225 0.5533 5.2161 0.0054 1.0040 -0.0036 1.0040 359.80 
1. 10 1. 0172 -4.9386 0.5745 5.1209 0.0060 1. 0044 -0.0045 1.0044 359.75 
1.15 
1.20 

1.0194 
1. 0216 

-4,5165 
-4.1463 

. 0.5950 
0.6148 

5,0231 
4,9229 

0.0066 
0,0073 

1,0048 
1. 0051 

-0,0054 
-0,0066 

1,0048 
1,0051 

359,69 
359.63 

1, 25 
1.30 
1.35 
1.40 
1.45 

1. 0238 
1. 0260 
1, 0281 
1. 0301 
1.0319 

-3,8198 
-3.5305 
-3,2730 
-3.0429 
-2.8364 

0,6338 
0,6521 
0,6697 
0.6866 
0.7027 

4,8209 
4.7172 
4.6123 
4,5065 
4.4001 

0,0081 
0,0089 
0.0099 
0,0110 
0,0123 

1,0053 
1.0054 
1,0055 
1,0053 
1,0051 

-0.0078 
-0,0091 
-0,0105 
-0,0119 
-0,0134 

1. 0054 
1,0055 
1.0055 
1,0054 
1,0052 

359.56 
359.48 
359.40 
359.32 
359.24 

1.50 
1.55 
1.60 
1.65 
1.70 

1.0337 
1,0353 
1,0368 
1.0382 
1. 0394 

-2,6504 
-2.4824 
-2,3301 
-2,1916 
-2.0654 

0.7181 
0,7327 
0,7467 
0.75G9 
0.7725 

4,2936 
4,1872 
4.0813 
3,9761 
3,8719 

0,0137 
0,0152 
0,0169 
0,0188 
0,0208 

1,0047 
1. 0042 
1,0036 
1.0028 
1.0020 

-0,0149 
-0,0164 
-0.0179 
-0,0194 
-0.0208 

1.0048 
1,0044 
1,0037 
1.0030 
1,0022 

359.15 
359.06 
358.98 
358.89 
358.81 

1.75 
1.80 
1.85 
1.90 
1.95 

1,0406 
1. 0416 
1.0424 
1,0432 
1. 0439 

-1.9500 
-1.8442 
-1.7471 
-1,6577 
-1.5752 

0.7844 
0.7956 
0.8062 
0.8162 
0.8257 

3.7689 
3.6675 
3,5677 
3,4697 
3.3738 

0,0231 
0,0255 
0,0282 
0,0311 
0.0343 

1,0010 
0,9999 
0.9988 
0,9975 
0.9962 

-0,0222 
-0.0235 
-0,0247 
-0.0258 
-0.0269 

1.0012 
1,0002 
0.9991 
0.9979 
0.9966 

358.73 
358.66 
358.58 
358.52 
358.45 

2.00 
2.05 
2.10 
2.15 
2.20 

1.0444 
1,0449 
1,0453 
1.0456 
1,0458 

-1.4990 
-1.4284 
-1.3629 
-1.3020 
-1,2454 

0.8346 
0.8429 
0,8508 
0.8582 
0,8651 

3.2801 
3.1886 
3,0994 
3.0126 
2,9284 

0,0376 
0,0412 
0,0451 
0,0492 
0,0535 

0,9949 
0,9935 
0,9921 
0,9906 
0.9892 

-0.0279 
-0.0288 
-0,0296 
-0.0303 
-0.0309 

0.9953 
0.9939 
0.9925 
0,9911 
0.9897 

358.39 
358.34 
358.29 
358.25 
358,21 

2.25 
2.30 
2.35 
2.40 
2.45 

1,0460 
1. 0461 
1. 0461 
1,0461 
1.0460 

-1,1926 
-1,1433 
-1.0972 
-1,0540 
-1,0136 

0,8717 
0.8778 
0,8835 
0,8889 
0,8940 

2.8466 
2,7673 
2.6906 
2,6165 
2,5448 

0,0580 
0,0628 
0,0678 
0,0731 
0,0785 

0.9877 
0,9863 
0,9848 
0,9834 
0,9820 

-0,0314 
-0.0318 
-0.0322 
-0,0325 
-0,0327 

0.9882 
0.9868 
0.9854 
0,9839 
0.9826 

358.18 
358.15 
358,13 
358.11 
358,09 

2.50 
2,55 
2.60 
2.65 
2.70 

1. 0459 
1,0457 
1,0454 
1. 0451 
1. 0448 

-0,9756 
-0,9399 
-0.9064 
-0,8748 
-0.8450 

0,8987 
0,9032 
0,9074 
0,9113 
0,9151 

2,4756 
2,4089 
2,3445 
2,2826 
2.2229 

0,0841 
0,0899 
0,0959 
0,1020 
0,1083 

0.9806 
0,9793 
0.9780 
0.9767 
0.9755 

-0.0329 
-0,0330 
-0.0330 
-0,0330 
-0.0329 

0,9812 
0.9799 
0,9786 
0.9773 
0.9761 

358.08 
358.07 
358.07 
358.07 
358,07 

2,75 
2.80 
2.85 
2,90 
2.95 

1,0444 
1. 0440 
1.0435 
1,0430 
1. 0424 

-0,8169 
-0.7904 
-0.7653 
-0.7416 
-0.7191 

0,9186 
0,9219 
0.9250 
0.9279 
0,9307 

2,1655 
2,1103 
2.0572 
2.0061 
1.9570 

0,1147 
0.1212 
0.1278 
0,1345 
0.1413 

0.9743 
0.9732 
0,9721 
0,9710 
0.9700 

-0.0328 
-0.0327 
-0.0325 
-0.0323 
-0.0321 

0.9749 
0.9737 
0.9726 
0.9716 
0,9705 

358,07 
358.08 
358.08 
358.09 
358.11 

3,00 
3.05 
3.10 
3,15 
3,20 

1. 0418 
1. 0412 
1. 0405 
1. 0398 
1. 0391 

-0.6978 
-0.6776 
-0,6585 
-0,6402 
-0.6229 

0,9334 
0,9359 
0,9382 
0.9405 
0,9427 

1,9099 
1,8646 
1,8210 
1,7792 
1,7391 

0,1481 
0.1550 
0,1619 
0.1688 
0,1757 

0,9690 
0.9681 
0,9672 
0,9663 
0.9655 

-0,0318 
-0,0316 
-0.0313 
-0.0310 
-0.0307 

0.9695 
0.9686 
0.9677 
0.9668 
0,9660 

358.12 
358.13 
358,15 
358.16 
358.18 

3,25 
3,30 
3,35 
3,40 
3.45 

1,0383 
1.0375 
1.0367 
1. 0358 
1. 0349 

-0,6064 
-0,5908 
-0,5758 
-0.5615 
-0,5479 

0,9447 
0,9467 
0.94<16 
0.9504 
0,9522 

1.7005 
1,6634 
1.6278 
1,5936 
1.5607 

0.1826 
0,1895 
0,1964 
0.2032 
0,2100 

0.9647 
0,9639 
0.9632 
0.9625 
0.9618 

-0.0304 
-0.0301 
-0.0298 
-0,0295 
-0.0292 

0.9651 
0.9644 
0,9636 
0,9629 
0,9622 

358,19 
358.21 
358.23 
358.24 
358,26 

3,50 
3,55 
3,60 
3.65 
3.70 

1.0340 
1,0330 
1.0320 
1.0310 
1.0300 

-0,5349 
-0,5225 
-0,5106 
-0.4993 
-0,4884 

0,9539 
0,9555 
0,9571 
0,9586 
0,9601 

1,5291 
1.4987 
1,4694 
1,4413 
1,4143 

0,2167 
0,2234 
0,2301 
0,2366 
0,2431 

0,9611 
0.9605 
0,9599 
0,9594 
0,9588 

-0,0289 
-0.0286 
-0.0282 
-0,0279 
-0.0276 

0.9616 
0,9609 
0,9603 
0.9598 
0,9592 

358.28 
358.30 
358,31 
358.33 
358.35 

3.75 
3.80 
3.85 
3.90 
3.95 

1.0289 
1.0278 
1.0267 
1.0256 
1.0244 

-0,4780 
-0.4680 
-0,4584 
-0.4492 
-0,4403 

0,9615 
0,9629 
0,9642 
0,9656 
0.9669 

1,3882 
1,3631 
1,3389 
1.3157 
1.2932 

0,2495 
0,2559 
0,2621 
0.2683 
0.2744 

0,9583 
0,9578 
0,9573 
0,9568 
0.9563 

-0,0273 
-0,0270 
-0,0267 
-0.0264 
-0.0262 

0,9587 
0.9581 
0,9576 
0.9572 
0.9567 

358.37 
358.38 
358.40 
358.42 
358.43 
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k=-5.0 <T= 0.50 

a 1+1J 1+"l00 
REAL /MAG. MODULUS PHASE 

(OEGREESI 
REAL /MAG. MODULUS PHASE 

(OEGRE£SI 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0036 
-0.0040 
-0.0044 
-0.0048 
-0.0051 

0.0028 
0.0036 
0.0045 
0.0054 
0.0066 

0.0045 
0.0054 
0.0063 
0.0073 
0.0083 

141.77 
138.34 
134 •.87 
131.38 
127.88 

0.0171 
0.0210 
0.0256 
0.0309 
0.0369 

0.1247 
0.1372 
0.1501 
0.1635 
0.1771 

0.1259 
0.1388 
0.1523 
0-.1663 
0.1809 

82.20 
81.30 
80.33 
79.31 
78.23 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0053 
-0.0054 
-0.0055 
-0.0053 
-0.0051 

0.0078 
0.0091 
0.0105 
0.0119 
0.0134 

0.0094 
0.0106 
0.0118 
0.0130 
0.0143 

124.40 
120.94 
117.52 
114.15 
110.84 

0.0438 
0.0515 
0.0601 
0.0695 
0.0799 

0.1910 
0.2050 
0.2190 
0.2330 
0.2469 

0.1959 
0.2113 
0.2271 
0.2432 
0.2595 

77 .09 
75.90 
74.67 
73.39 
72.08 

1.50 
1.55 
1.60 
1.65 
1. 70 

-0.0047 
-0.0042 
-0.0036 
-0.0028 
-0.0020 

0.0149 
0.0164 
0.0179 
0.0194 
0.0208 

0.0156 
0.0169 
0.0182 
0.0196 
0.0209 

107.60 
104.43 
101.34 

98.34 
95.41 

0.0911 
0.1031 
0.1160 
0.1296 
0.1439 

0.2605 
0.2738 
0.2866 
0.2989 
0.3105 

0.2760 
0.2925 
0.3091 
0.3257 
0.3422 

70.73 
69.36 
67.97 
66.56 
65.14 

1. 75 
1.80 
1.85 
1.90 
1.95 

-0.0010 
0.0001 
0.0012 
0.0025 
0.0038 

0.0222 
0.0235 
0.0247 
0.0258 
0.0269 

0.0222 
0.0235 
0.0247 
0.0260 
0.0272 

92.56 
89.81 
87.13 
84.54 
82.03 

0.1588 
0.1742 
0.1901 
0.2064 
0.2230 

0.3215 
0.3318 
0.3413 
0.3499 
0.3578 

0.3586 
0.3747 
0.3907 
0.4063 
0.4216 

63.72 
62.30 
60.88 
59.46 
58.06 

2.00 
2.05 
2.10 
2.15 
2.20 

0.0051 
0.0065 
0.0079 
0.0094 
0.0108 

0.0279 
0.0288 
0.0296 
0.0303 
0.0309 

0.0284 
0.0295 
0.0306 
0.0317 
0.0327 

79.60 
77.25 
74.98 
72.79 
70.68 

0.2398 
0.2567 
0.2737 
0.2906 
0.3074 

0.3647 
0.3708 
0.3761 
0.3805 
0.3840 

0.4365 
0.4510 
0.4651 
0.4787 
0.4919 

56.67 
55.30 
53.95 
52.63 
51.32 

2.25 
2.30 
2.35 
2.40 
2.45 

0.0123 
0.0137 
0.0152 
0.0166 
0.0180 

0.0314 
0.0318 
0.0322 
0.0325 
0.0327 

0.0337 
0.0347 
0.0356 
0.0365 
0.0373 

68.64 
66.67 
64.77 
62.95 
61.19 

0.3240 
0.3405 
0.3566 
0.3724 
0.3878 

0.3869 
0.3889 
0.3903 
0.3910 
0.3910 

0.5046 
0.5169 
0.5286 
0.5399 
0.5507 

50.05 
48.80 
47.58 
46.40 
45.24 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0194 
0.0207 
0.0220 
0.0233 
0.0245 

0.0329 
0.0330 
0.0330 
0.0330 
0.0329 

0.0381 
0.0389 
0.0396 
0.0404 
0.0410 

59.50 
57.87 
56.30 
54.80 
53.35 

0.4028 
0.4174 
0.4315 
0.4452 
0.4584 

0.3906 
0.3895 
0.3881 
0.3862 
0.3839 

0.5611 
0.5709 
0.5804 
0.5894 
0.5980 

44.11 
43.02 
41. 96 
40.94 
39.94 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0257 
0.0268 
0.0279 
0.0290 
0.0300 

0.0328 
0.0327 
0.0325 
0.0323 
0.0321 

0.0417 
0.0423 
0.0429 
0.0434 
0.0439 

51.96 
50.62 
49.34 
48.11 
46.92 

0.4712 
0.4835 
0.4953 
0.5066 
0.5175 

0.3813 
0.3784 
0.3753 
0.3719 
0.3684 

0.6061 
0.6139 
0.6214 
0.6285 
0.6352 

38.98 
38.05 
37.15 
36.28 
35.45 

3.00 
3.05 
3.10 
3.15 
3.20 

0.0310 
0.0319 
0.0328 
0.0337 
0.0345 

0.0318 
0.0316 
0.0313 
0.0310 
0.0307 

0.0444 
0.0449 
0.0454 
0.0458 
0.0462 

45.78 
44.69 
43.64 
42.63 
41.67 

0.5279 
0.5379 
0.5475 
0.5567 
0.5655 

0.3647 
0.3609 
0.3570 
0.3530 
0.3490 

0.6416 
0.6478 
0.6536 
0.6592 
0.6645 

34.64 
33.86 
33.11 
32.38 
31.68 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0353 
0.0361 
0.0368 
0.0375 
0.0382 

0.0304 
0.0301 
0.0298 
0.0295 
0.0292 

0.0466 
0.0470 
0.0474 
0.0477 
0.0481 

40.74 
39.84 
38.99 
38.16 
37.37 

0.5739 
0.5820 
0.5897 
0.5971 
0.6043 

0.3450 
0.3410 
0.3369 
0.3329 
0.3289 

0.6696 
0.6745 
0.6792 
0.6837 
0.6880 

31.01 
30.36 
29.74 
29.14 
28.56 

3.50 
3.55 
3.60 
3.65 
3.70 

0.0389 
0.0395 
0.0401 
0.0406 
0.0412 

0.0289 
0.0286 
0.0282 
0.0279 
0.0276 

0.0484 
0.0487 
0.0490 
0.0493 
0.0496 

36.61 
35.87 
35.17 
34.49 
33.84 

0.6111 
0.6176 
0.6239 
0.6299 
0.6357· 

0.3249 
0.3210 
0.3171 
0.3133 
0.3095 

0.6921 
0.6960 
0.6998 
0.7035 
0.7071 

28.00 
27.46 
26.94 
26.44 
25.96 

3.75 
3.80 
3.85 
3.90 
3.95 

0.0417 
0.0422 
0.0427 
0.0432 
0.0437 

0.0273 
0.0270 
0.0267 
0.0264 
0.0262 

0.0499 
0.0501 
0.0504 
0.0507 
0.0509 

33.21 
32.61 
32.02 
31.46 
30.92 

0.6413 
0.6467 
0.6518 
0.6568 
0.6616 

0.3058 
0.3022 
0.2987 
0.2952 
0.2918 

0.7105 
0.7138 
0.7170 
0.7201 
0.7231 

25.50 
25.05 
24.62 
24.20 
23.80 
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a 

k=-5.0 

/- cr 2 

/-_·X
2 

XREAL IMAG. 

cr= 0.50 

-27T 1: 
27Tk ( X 

REAL IMAG 

-_. 
-17 

MOWLUS PHASE 
!DEGREES) 

4.00 1. 0232 -0.4318 0.9681 1.2716 0.2804 0~9559 -0.0259 0.9562 358.45 
4.05 1.0220 -0.4237 0.9694 1.2507 0.2863 0.9555 -0.0256 0.9558 358.47 
4.10 1.0208 -0.4158 0.9706 1.2305 0.2922 0.9551 -0.0253 0.9554 358.48 
4.15 1.0196 -0.4082 0.9718 1.2110 0.2979 0.9547 -0.0251 0.9550 358.50 
4.20 1.0184 -0.4009 0.9729 1.1922 0.3036 0.9543 -0.0248 0.9546 358.51 

4.25 1. 0171 -0.3938 0.9741 1.1740 0.3091 0.9539 -0.0246 0.9542 358.53 
4.30 1.0159 -0.3870 0.9752 1.1564 0.3146 0.9535 -0.0243 0.9538 358.54 
4.35 1.0146 -0.3805 0.9763 1.1394 0.3200 0.9532 -0.0241 0.9535 358.55 
4.40 1.0133 -0.3741 0.9774 1.1229 0.3253 0.9528 -0.0238 0.9531 358.57 
4,45 1.0120 -0.3680 0.9785 1.1069 0.3306 0.9525 -0.0236 0.9528 358.58 

4.50 1.0108 -0.3621 0.9795 1.0914 0.3357 0.9522 -0.0234 0.9525 358.59 
4.55 1.0095 -0.3563 0.9806 1.0764 0.3408 0.9519 -0.0231 0.9621 358.61 
4.60 1.0081 -0.3508 0.9816 1.0618 0.3458 0.9516 -0.0229 0.9518 358.62 
4.65 1.0068 -0.3454 0.9826 1.0477 0.3507 0.9512 -0.0227 0.9515 358.63 
4.70 1.0055 -0.3402 0.9836 1.0340 0.3556 0.9510 -0.0225 0.9512 358.64 

4.75 1.0042 -0.3351 0.9846 1. 0206 0.3604 0.9507 -0.0223 0.9509 358.66 
4.80 1.0029 -0.3302 0.9856 1.0077 0.3651 0.9504 -0.0221 0.9506 358.67 
4.85 1.0016 -0.3254 0.9866 0.9950 0.3697 0.9501 -0.0219 0.9504 358.68 
4.90 1.0003 -0.3208 0.9875 0.9828 0.3743 0.9499 -0.0217 0.9501 358.69 
4.95 0.9990 -0.3163 0.9885 0.9708 0.3788 0.9496 -0.0215 0.9498 358.70 

5.00 0.9977 -0.3119 0.9894 0.9592 0.3832 0.9493 -0.0213 0.9496 358.71 
5.05 0.9964 -0.3076 0.9904 0.9478 0.3876 0.9491 -0.0212 0.9493 358.72 
5.10 0.9951 -0.3035 0.9913 0.9368 0.3919 0.9488 -0.0210 0.9491 358.73 
5.15 0.9938 -0.2994 0.9922 0.9260 0.3961 0.9486 -0.0208 0.9488 358.74 
5.20 0.9925 -0.2955 0.9931 0.9154 0.4003 0.9484 -0.0206 0.9486 358.75 

5.25 0.9912 -0.2916 0.9939 0.9052 0.4045 0.9481 -0.0205 0.9484 358.76 
5.30 0.9899 -0.2879 0.9948 0.8951 0.4086 0.9479 -0.0203 0.9481 358.77 
5.35 0.9887 -0.2843 0.9957 0.8853 0.4126 0.9477 -0.0201 0.9479 358.78 
5.40 
5.45 

0.9874 
0.9862 

-0.2807 
-0.2772 

0.9965 
0.9974 

0.8757 
0.8664 

0.4166 
0.4205 

0.9475 
0.9473 

-0.0200 
-0.0198 

0.9477 
0.9475 

358.79 
358.80 

5.50 
5.55 
5.60 
5.65 
5.70 

0.9849 
0.9837 
0.9825 
0.9813 
0.9801 

-0.2738 
-0.2705 
-0.2673 
-0.2641 
-0.2610 

0.9982 
0.9990 
0.9998 
1.0006 
1.0014 

0.8572 
0.8482 
0.8394 
0.8308 
0.8224 

0.4244 
0.4282 
0.4320 
0.4357 
0.4394 

0.9470 
0.9468 
0.9466 
0.9464 
0.9462 

-0.0197 
-0.0195 
-0.0194 
-0.0192 
-0.0191 

0.9472 
0.9470 
0.9468 
0.9466 
0.9464 

358.81 
358.82 
358.83 
358.84 
358.85 

5.75 
5.80 
5.85 
5.90 
5.95 

0.9789 
0.9777 
0.9765 
0.9754 
0.9742 

-0.2580 
-0.2551 
-0.2522 
-0.2494 
-0.2466 

1.0022 
1.0030 
1. 0037 
1.0045 
1.0052 

0.8142 
0.8061 
0.7982 
0.7904 
0.7828 

0.4430 
0.4466 
0.4501 
0.4537 
0.4571 

0.9460 
0.9459 
0.9457 
0.9455 
0.9453 

-0.0189 
-0.0188 
-0.0187 
-0.0185 
-0.0184 

0.9462 
0.9460 
0.9459 
0.9457 
0.9455 

358.85 
358.86 
358.87 
358.88 
358.89 

6.00 
6 ~ 05 
6.10 
6.15 
6,20 

0.9731 
0.9720 
0.9709 
0.9698 
0.9687 

-0.2439 
-0.2412 
-0.2386 
-0.2361 
-0.2336 

1.0060 
1.0067 
1.0074 
1.0081 
1.0088 

0.7753 
0.7680 
0.7608 
0.7538 
0.7468 

0.4605 
0.4639 
0,4673 
0.4706 
0.4739 

0.9451 
0.9450 
0.9448 
0.9446 
0.9445 

-0.0182 
-0.0181 
-0.0180 
-0.0179 
-0.0177 

0.9453 
0.9451 
0.9450 
0.9448 
0.9446 

358.89 
358.90 
358.91 
358.92 
358.92 

6.25 
6.30 
6.35 
6.40 
6.45 

0.9676 
0.9665 
0.9655 
0.9644 
0.9634 

-0.2311 
-0.2287 
-0.2264 
-0.2241 
-0.2218 

1.0095 
1.0102 
1.0109 
1.0U6 
1.0122 

0.7400 
0.7334 
0.7268 
0.7203 
0.7140 

0.4771 
0.4803 
0,4835 
0.4866 
0.4897 

0.9443 
0.9441 
0.9440 
0.9438 
0.9437 

-0.0176 
-0.0175 
-0.0174 
-0.0172 
-0.0171 

0.9445 
0.9443 
0.9441 
0.9440 
0.9438 

358.93 
358.94 
358.95 
358.95 
358.96 

6.50 0.9624 -0.2196 1.0129 0.7078 0.4927 0.9435 ··0.0170 0.9437 358.97 
6.55 0.9614 -0.2174 1.0135 0.7017 0.4958 0.9434 -0.0169 0.9435 358.97 
6.60 0.9604 -0.2153 1.0141 0.6956 0.4988 0.9432 -0.0168 0.9434 358.98 
6.65 
6.70 

0.9594 
0.9584 

-0.2132 
-0.2111 

1.0148 
1.0154 

0.6897 
0.6839 

0.5017 
0.5046 

0.9431 
0.9429 

-0.0167 
-0.0166 

0.9432 
0.9431 

358.99 
358.99 

6.75 
6.80 
6.85 
6.90 
6.95 

0.9575 
0.9565 
0.9556 
0.9546 
0.9537 

-0.2091 
-0.2071 
-0.2052 
-0.2033 
-0.2014 

1.0160 
1.0166 
1.0172 
1.0178 
1.0184 

0.6782 
0.6726 
0.6670 
0.6616 
0.6562 

0.5075 
0.5104 
0.5132 
0.5160 
0.5188 

0.9428 
0.9427 
0.9425 
0.9424 
0.9423 

-0.0165 
-0.0164 
-0.0162 
-0.0161 
-0.0160 

0.9429 
0.9428 
0.9427 
0.9425 
0.9424 

359.00 
359.01 
359.01 
359.02 
359.03 
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k= -5.0 (T = 0.50 
.­

a /+71 / f-"l Fio 
REAL IMAG. MODULUS PHASE 

(DEGREES) 
REAL IMAG. MOOULUS PHASE 

(DEGREES) 

4.00 
4.05 
4.10 
4.15 
4.20 

0.0441 
0.0445 
0.0449 
0.0453 
0.0457 

0.0259 
0.0256 
0.0253 
0.0251 
0.0248 

0.0511 
0.0514 
0.0516 
0.0518 
0.0520 

30.40 
29.89 
29.41 
28.93 
28.48 

0.6663 
0.6708 
0.6751 
0.6793 
0.6834 

0.2884 
0.2852 
0.2820 
0.2789 
0.2758 

0.7260 
0.7289 
0.7316 
0.7343 
0.7369 

23.41 
23.03 
22.67 
22.32 
21.98 

4.25 
4.30 
4.35 
4.40 
4.45 

0.0461 
0.0465 
0.0468 
0.0472 
0.0475 

0.0246 
0.0243 
0.0241 
0.0238 
0.0236 

0.0522 
0.0524 
0.0526 
0.0528 
0.0530 

28.04 
27.62 
27.20 
26.81 
26.42 

0.6873 
0.6912 
0.6949 
0.6985 
0.7020 

0.2728 
0.2699 
0.2671 
0.2643 
0.2616 

0.7395 
0.7420 
0.7445 
0.7468 
0.7492 

21.65 
21.33 
21.03 
20.73 
20.44 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0478 
0.0481 
0.0484 
0.0488 
0.0490 

0.0234 
0.0231 
0.0229 
0.0227 
0.0225 

0.0532 
0.0534 
0.0536 
0.0538 
0,0540 

26.04 
25.68 
25.33 
24.99 
24.65 

0.7055 
0.7088 
0.7121 
0.7152 
0.7183 

0.2589 
0.2564 
0.2538 
0.2513 
0.2489 

0.7515 
0.7537 
0.7559 
0.7581 
0.7602 

20.16 
19.88 
19.62 
19.36 
19.11 

4.75 
·1.80 
4.85 
4.90 
4.95 

0.0493 
0.0496 
0.0499 
0.0501 
0.0504 

0.0223 
0.0221 
0.0219 
0.0217 
0.0215 

0.0541 
0.0543 
0.0545 
0.0547 
0.0548 

24.33 
24.02 
23.71 
23.42 
23.13 

0.7214 
0.7243 
0.7272 
0.7300 
0.7328 

0.2465 
0.2442 
0.2420 
0.2397 
0.2376 

0.7623 
0.7644 
0.7664 
0.7684 
0.7703 

18 87 
18.63 
18.40 
18.18 
17.96 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0507 
0.0509 
0.0512 
0.0514 
0.0516 

0.0213 
0.0212 
0.0210 
0.0208 
0.0206 

0.0550 
0.0551 
0.0553 
0.0555 
0.0556 

22.84 
22.57 
22.30 
22.04 
21.79 

0.7355 
0.7381 
0.7407 
0.7433 
0.7458 

0.2354 
0.2333 
0.2313 
0.2293 
0.2273 

0.7723 
0.7741 
0.7760 
0.7778 
0.7796 

17.75 
17.54 
17.34 
17.14 
16.95 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0519 
0.0521 
0.0523 
0.0525 
0.0527 

0.0205 
0.0203 
0.0201 
0.0200 
0.0198 

0.0558 
0.0559 
0.0561 
0.0562 
0.0564 

21.54 
21.29 
21.06 
20.82 
20.60 

0.7482 
0.7506 
0.7530 
0.7553 
0.7576 

0.2254 
0.2235 
0.2216 
0.2198 
0.2180 

0.7814 
0.7832 
0.7849 
0.7866 
0. 7 883 

16.76 
16.58 
16.40 
16.22 
16.05 

5.50 
·5.55 
5.60 
5.65 
5.70 

0.0530 
0.0532 
0.0534 
0.0536 
0.0538 

0.0197 
0.0195 
0.0194 
0.0192 
0.0191 

0.0565 
0.0506 
0.0568 
0.0569 
0.0570 

20.38 
20.16 
19.95 
19.74 
19.53 

0.7598 
0.7620 
0.7641 
0;7662 
0.7683 

0.'H62 
0.2144 
0.2127 
0.2111 
0.2094 

0.7899 
0.7916 
0.7932 
0.7948 
0.7963 

15.88 
15.72 
15.56 
15.40 
15.25 

5.75 
5.80 
5.85 
5.90 
5.95 

0.0540 
0.0541 
0.0543 
0.0545 
0.0547 

0.0189 
0.0188 
0.0187 
0.0185 
0.0184 

0.05'72 
0.0573 
0.0574 
0.0576 
0.0577 

19.34 
19.1'1 
18.95 
18.76 
18.58 

0.7704 
0.7724 
0.7743 
0.7763 
0.7782 

0.2078 
0.2062 
0.2046 
0.2030 
0.2015 

0.7979 
0.7994 
0.8009 
0.8024 
0.8038 

15.09 
i4.95 
14.80 
14.66 
14.52 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0549 
0.0550 
0.0552 
0.0554 
0.0555 

0.0182 
0.0181 
0.0180 
0.0179 
0.0177 

0.0578 
0.0579 
0.0581 
0.0582 
0.0583 

18.40 
18.22 
18.05 
17.88 
17.71 

0.7801 
0.7819 
0.7837 
0.7855 
0.7873 

0.2000 
0.1985 
0.1970 
0.1956 
0.1942 

0.8053 
0.8067 
0.8081 
o 8095 
0.8108 

14.38 
14.25 
14.11 
13.98 
13.86 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0557 
0.0559 
0.0560 
0.0562 
0.0563 

0.0176 
0.0175 
0.0174 
0.0172 
0.0171 

0.0584 
0.0585 
0.0587 
0.0588 
0.0589 

17. 'j4 
l'f.38 
17.22 
17.07 
16.92 

0.7890 
0.7907 
0.7924 
0.7940 
0.7956 

0.1928 
0.1914 
0.1900 
0.1887 
0.1874 

0.8122 
0.8135 
0.8148 
0.8161 
0.8174 

13.73 
13.61 
13.49 
13.37 
13.25 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0565 
0.0566 
0.0568 
0.0569 
0.0571 

0.0170 
0.0169 
0.0168 
0.0167 
0.0166 

0.0590 
0.0591 
0.0592 
0.0593 
0.0594 

16.76 
16.62 
16.47 
16.33 
16.19 

0.7972 
0.7988 
0.8003 
0.8019 
0.8034 

0.1860 
0.1848 
0.1835 
0.1822 
0.1810 

0.8186 
0.8199 
0.8211 
0.8223 
0.8235 

13.14 
13.02 
12.91 
12.80 
12.70 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0572 
0.0573 
0.0575 
0.0576 
0.0577 

0.0165 
0.0164 
0.0162 
0.0161 
0.0160 

0.0595 
0.0596 
0.0597 
0.0598 
0.0599 

16.05 
15.92 
15.78 
15.65 
15.52 

0.8048 
0.8063 
0.8077 
0.8092 
0.8106 

0.1798 
0.1785 
0.1774 
0.1762 
0.1750 

0.8247 
0.8258 
0.8270 
0.8281 
0.8292 

12.59 
12.49 
12.38 
12.28 
12.18 

WADe TR 56-614 A-1l5 



k= -5. 0 0-= 0.50 

a 
/- 0- 2 

--·X
2 

REAL IMAG 

/
X 2 7T!? -27TL 

{ X 
REAL IMAG. 

-~ 

MOCULUS PHASE. 
(OEGREESJ 

7.00 0.9528 -0.1996 1.0189 0.6509 0.5216 0.9421 -0.0159 0.9423 359.03 
7.05 0.9519 -0.1978 1.0195 0.6458 0.5243 0.9420 -0.0158 0.9421 359.04 
7.10 0.9510 -0.1960 1.0201 0.6406 0.5270 0.9419 -0.0157 0.9420 359.04 
7.15 0.9502 -0.1942 1.0206 0.6356 0.5296 0.9418 -0.0156 0.9419 359.05 
7.20 0.9493 -0.1925 1. 0212 0.6307 0.5322 0.9416 -0.0155 0.9418 359.05 

7.25 0.9484 -0.1908 1. 0217 0.6258 0.5348 0.9415 -0.0154 0.9416 359.06 
7.30 0.9476 -0.1891 1.0223 0.6210 0.5374 0.9414 -0.0153 0.9415 359.07 
7.35 0.9467 -0.1875 1. 0228 0.6162 0.5400 0.9413 -0.0153 0.9414 359.07 
7.40 0.9459 -0.1859 1.0233 0.6116 0.5425 0.9412 -0.0152 0.9413 359.08 
7.45 0.9451 -0.1843 1.0238 0.6070 0.5450 0.9411 -0.0151 0.9412 359.08 

7.50 0.9443 -0.1828 1.0243 0.6025 0.5475 0.9409 -0.0150 0.9411 359.09 
7.55 0.9435 -0.1812 1.0248 0.5980 0.5499 0.9408 -0.0149 0.9409 359.09 
7.60 0.9427 -0.1797 1.0253 0.5936 0.5523 0.9407 -0.0148 0.9408 359.10 
7.65 0.9419 -0.1782 1.0258 0.5893 0.5547 0.9406 -0.0147 0.9407 359.10 
7.70 0.9411 -0.1768 1.0263 0.5850 0.5571 0.9405 ~0.0146 0.9406 359.11 

7.75 0.9404 -0.1754 1.0268 0.5808 0.5594 0.9404 -0.0145 0.9405 359.11 
7.80 0.9396 -0.1739 1.0273 0.5767 0.5618 0.9403 -0.0145 0.9404 359.12 
7.85 0.9388 -0.1725 1.0278 0.5726 0.5641 0.9402 -0.0144 0.9403 359.12 
7.90 0.9381 -0.1712 1.0282 0.5686 0.5663 0.9401 -0.0143 0.9402 359.13 
7.95 0.9374 -0.1698 1.0287 0.5646 0.5686 0.9400 -0.0142 0.9401 359.13 

8.00 0.9366 -0.1685 1.0291 0.5607 0.5708 0.9399 -0.0141 0.9400 359.14 
8.05 
8.10 

0.9359 
0.9352 

-0.1672 
-0.1659 

1.0296 
1.0300 

0.5568 
0.5530 

0.5730 
0.5752 

0.9398 
0.9397 

-0.0140 
-0.0140 

0,9399 
0.9398 

359.14 
359.15 

8.15 0.9345 -0.1646 1.0305 0.5492 0.5774 0.9396 -0.0139 0.9397 359.15 
8,20 0.9338 -0.1634 1.0309 0.5455 0.5795 0.9395 -0.0138 0.9396 359.16 

8.25 0.9331 -0.1622 1.0314 0.5419 0.5817 0.9394 -0.0137 0.9395 359.16 
8.30 0.9325 -0.1609 1.0318 0.5383 0.5838 0.9393 -0.0137 0.9394 359. 17 
8.35 0.9318 -0.1597 1.0322 0.5347 0.5858 0.9392 -0.0136 0.9393 359.17 
8.40 0.9311 -0.1586 1.0326 0.5312 0.5879 0.9392 -0.0135 0.9393 359.18 
8.45 0.9305 -0.1574 1.0330 0.5277 0.5900 0.9391 -0.0134 0.9392 359.18 

8.50 
8.55 

0.9298 
0.9292 

-0.1563 
-0.1551 

1.0334 
1.0339 

0.5243 
0.5209 

0.5920 
0.5940 

0.9390 
0.9389 

-0.0134 
-0.0133 

0,9391 
0.9390 

359.18 
359.19 

8.60 
8.65 
8.70 

0.9285 
0.9279 
0.9273 

-0.1540 
-0.1529 
-0.1518 

1.0343 
1.0347 
1.0350 

0.5176 
0.5143 
0.5110 

0.5960 
0.5979 
0.5999 

0.9388 
0.9387 
0.9386 

-0.0132 
-0.0132 
-0.0131 

0.9389 
0.9388 
0.9387 

359.19 
359.20 
359.20 

8.75 0.9266 -0.1508 1.0354 0.5078 0.6018 0.9386 -0.0130 0.9387 359.21 
8.80 
8.85 

0.9260 
0.9254 

-0.1497 
-0.1487 

1.0358 
1.0362 

0.5046 
0.5015 

0.6037 
0.6056 

0.9385 
0.9384 

-0.0129 
-0.0129 

0.9386 
0.9385 

359.21 
359.21 

8.90 
8.95 

0.9248 
0.9242 

-0.1476 
-0.1466 

1.0366 
1.0370 

0.4984 
0.4953 

0.6075 
0.6094 

0.9383 
0.9382 

-0.0128 
-0.0127 

0.9384 
0.9383 

359.22 
359.22 

9.00 0.9236 -0.1456 1.0373 0.4923 0.6112 0.9382 -0.0127 0.9383 359.23 
9.05 0.9230 -0.1447 1.0377 0.4893 0.6130 0.9381 -0.0126 0.9382 359.23 
9.10 
9.15 

0.9225 
0.9219 

-0.1437 
-0.1427 

1.0381 
1.0384 

0.4864 
0.4835 

0.6148 
0.6166 

0.9380 
0.9379 

-0.0126 
-0.0125 

0.9381 
0.9380 

359.23 
359.24 

9.20 0.9213 -0.1418 1.0388 0.4806 0.6184 0.9379 -0.0124 0.9380 359.24 

9.25 
9.30 
9.35 
9.40 
9.45 

0.9208 
0.9202 
0.9197 
0.9191 
0.9186 

-0.1408 
-0.1399 
-0.1390 
-0.1381 
-0.1372 

1.0391 
1.0395 
1.0398 
1.0402 
1.0405 

0.4778 
0.4750 
0.4722 
0.4694 
0.4667 

0.6202 
0.6219 
0.6236 
0.6254 
0.6271 

0.9378 
0.9377 
0.9377 
0.9376 
0.9375 

-0.0124 
-0.0123 
-0.0122 
-0.0122 
-0.0121 

0.9379 
0.9378 
0:9377 
0.9377 
0.9376 

359.24 
359.25 
359.25 
359.26 
359.26 

9.50 
9.55 
9.60 
9.65 
9.70 

0.9180 
0.9175 
0.9170 
0.9165 
0.9160 

-0.1363 
-0.1355 
-0.1346 
-0.1338 
-0.1329 

1.0408 
1.0412 
1.0415 
1.0418 
1.0421 

0.4640 
0.4614 
0.4588 
0.4562 
0.4536 

0.6287 
D.6304 
0.6321 
0.6337 
0.6353 

0.9374 
0.9374 
0.9373 
0.9372 
0.9372 

-0.0121 
-0.0120 
-0.0119 
-0.0119 
-0.0118 

0.9375 
0.9375 
0.9374 
0.9373 
0.9372 

359.26 
359.27 
359.27 
359.27 
359.28 

9.75 
9.80 
9.85 
9.90 
9,95 

0.9154 
0.9149 
0.9144 
0.9139 
0.9135 

·-0.1321 
-0.1313 
-0.1305 
-0.1297 
-0.1289 

1.0425 
1.0428 
1.0431 
1.0434 
1.0437 

0.4511 
0.4486 
0.4461 
0.4436 
0.4412 

0.6369 
0.6385 
0.6401 
0.6417 
0.6433 

0.9371 
0.9370 
0.9370 
0.9369 
0,9369 

-0.0118 
-0.0117 
-0.0117 
-0.0116 
-0.0116 

0.9372 
0.9371 
0.9371 
0.9370 
0.9369 

359.28 
359.28 
359.29 
359.29 
359,29 

10,00 0.9130 -0.1281 1.0440 0.4388 0.6448 0.9368 -0.0115 0.9369 359.30 

WADe TR 56-614 A-U6 



k= -5.0 CT = 0.50 

a /+1J /+1J Fio 
REAL IMAG. MODULUS PHASE 

(DEGREES) 
REAL IMAG. MODULUS PHASE 

(DEGREES) 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0579 
0.0580 
0.0581 
0.0582 
0.0584 

0.0159 
0.0158 
0.0157 
0.0156 
0.0155 

0.0600 
0.0601 
0.0602 
0.0603 
0.0604 

15.40 
15.27 
15.15 
15.03 
14.91 

0.8119 
0.8133 
0.8146 
0.8159 
0.8172 

0.1739 
0.1727 
0.1716 
0.1705 
0.1694 

0.8303 
0.8314 
0.8325 
0.8336 
0.8346 

12.09 
1'1 .99 
11.90 
11.80 
11.71 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0585 
0.0586 
0.0587 
0.0588 
0.0589 

0.0154 
0.0153 
0.0153 
0.0152 
0.0151 

0.0605 
0.0606 
0.0607 
0.0608 
0.0608 

14.79 
14.67 
11.56 
14.45 
14.34 

0.8185 
0.8198 
0.8210 
0.8222 
0.8234 

0.1683 
0.1673 
0.1662 
0.1652 
0.1642 

0.8356 
0.8367 
0.8377 
0.8387 
0.8397 

11.62 
11.53 
11.45 
11.36 
11.28 

7.50 
7.55 
7.60 
7.65 
7.70 

0.0591 
0.0592 
0.0593 
0.0594 
0.0595 

0.0150 
0.0149 
0.0148 
0.0147 
0.0146 

0.0609 
0.0610 
0.0611 
0.0612 
0.0613 

14.23 
14.12 
14.02 
13.91 
13.81 

0.8246 
0.8258 
0.8270 
0.8281 
0.8293 

0.1632 
0.1622 
0.1612 
0.1602 
0.1592 

0.8406 
0.8416 
0.8425 
0.8435 
0.8444 

11.19 
11.11 
11.03 
10.95 
10.87 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0596 
0.0597 
0.0598 
0.0599 
0.0600 

0.0145 
0.0145 
0.0144 
0.0143 
0.0142 

0.0613 
0.0614 
0.0615 
0.0616 
0.0617 

13.71 
13.61 
13.51 
13.41 
13.32 

0.8304 
0.8315 
0.8326 
0.8336 
0.8347 

0.1583 
0.1573 
0.1564 
0.1555 
0.1546 

0.8453 
0.8462 
0.8471 
0.8480 
0.8489 

10.79 
10.71 
10.64 
10.56 
10.49 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0601 
0.0602 
0.0603 
0.0604 
0.0605 

0.0141 
0.0140 
0.0140 
0.0139 
0.0138 

0.0617 
0.0618 
0.0619 
0.0620 
0.0620 

13.23 
13.13 
13.04 
12.95 
12.86 

0.8357 
0.8368 
0.8378 
0.8388 
0.8398 

0.1537 
0.1528 
0.1519 
0.1510 
0.1502 

0.8497 
0.8506 
0.8514 
0.8523 
0.8531 

10.42 
10.35 
10.28 
10.21 
10.14 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0606 
0.0607 
0.0608 
0.0608 
0.0609 

0.0137 
0.0137 
0.0136 
0.0135 
0.0134 

0.0621 
0.0622 
0.0623 
0.0623 
0.0624 

12.77 
12.69 
12.60 
12.52 
12.44 

0.8408 
0'.8417 
0.8427 
0.8436 
0.8446 

0.1493 
0.1485 
0.1476 
0.1468 
0.1460 

0.8539 
0.8547 
0.8555 
0.8563 
0.8571 

10.07 
10.00 

9.94 
9.87 
9.81 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0610 
0.0611 
0.0612 
0.0613 
0.0614 

0.0134 
0.0133 
0.0132 
0.0132 
0.0131 

0.0625 
0.0625 
0.0626 
0.0627 
0.0627 

12.35 
12.27 
12.19 
12.11 
12.04 

0.8455 
0.8464 
0.8473 
0.8482 
0.8491 

0.1452 
0.1444 
0.1436 
0.1428 
0.1421 

0.8579 
0.8586 
0.8594 
0.8601 
0.8609 

9.74 
9.68 
9.62 
9.56 
9.50 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0614 
0.0615 
0.0616 
0.0617 
0.0618 

0.0130 
0.0129 
0.0129 
0.0128 
0.0127 

0.0628 
0.0629 
0.0629 
0.0630 
0.0631 

11.96 
11.88 
11.81 
11. 73 
11.66 

0.8499 
0.8508 
0.8517 
0.8525 
0.8533 

0.1413 
0.1405 
0.1398 
0.1391 
0.1383 

0.8616 
0.8623 
0.8631 
0.8638 
0.8645 

9.44 
9.38 
9.32 
9.26 
9.21 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0618 
0.0619 
0.0620 
0.0621 
0.0621 

0.0127 
0.0126 
0.0126 
0.0125 
0.0124 

0.0631 
0.0632 
0.0632 
0.0633 
0.0634 

11.59 
11.52 
11.45 
11.38 
11.31 

0.8541 
0.8550 
0.8558 
0.8566 
0.8573 

0.1376 
0.1369 
0.1362 
0.1355 
0.1348 

0.8652 
0.8659 
0.8665 
0.8672 
0.8679 

9.15 
9.10 
9.04 
8.99 
8.94 

9.25 
9.30 
9.35 
9.40 
9.45 

0.0622 
0.0623 
0.0623 
0.0624 
0.0625 

0.0124 
0.0123 
0.0122 
0.0122 
0.0121 

0.0634 
0.0635 
0.0635 
0.0636 
0.0637 

11.24 
11.17 
11.11 
11.04 
10.98 

0.8581 
0.8589 
0.8597 
0.8604 
0.8611 

0.1341 
0.1334 
0.1328 
0.1321 
0.1314 

0.8685 
0.8692 
0.8698 
0.8705 
0.8711 

8.88 
8.83 
8.78 
8.73 
8.68 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0626 
0.0626 
0.0627 
0.0628 
0.0628 

0.0121 
0.0120 
0.0119 
0.0119 
0.0118 

0.0637 
0.0638 
0.0638 
0.0639 
0.0639 

10.91 
10.85 
10.79 
10.72 
10.66 

0.8619 
0.8626 
0.8633 
0.8640 
0.8648 

0.1308 
0.1301 
0.1295 
0.1289 
0.1282 

0.8717 
0.8724 
0.8730 
0.8736 
0.8742 

8.63 
8.58 
8.53 
8.48 
8.43 

9.75 
9.80 
9.85 
9.90 
9.95 

0.0629 
0.0630 
0.0630 
0.0631 
0.0631 

0.0118 
0.0117 
0.0117 
0.0116 
G.0116 

0.0640 
0.0640 
0.0641 
0.0641 
0.0642 

10.60 
10.54 
lC.48 
10.43 
10.37 

0.8654 
0.8661 
0.8668 
0.8675 
0.8682 

0.1276 
0.1270 
0.1264 
0.1258 
0.1252 

0.8748 
0.8754 
0.8760 
0.8766 
0.8771 

8.39 
8.34 
8.29 
8.25 
8.20 

10.00 0.0632 0.0115 0.0642 10.31 0.8688 0.1246 0.8777 8.16 

WADe TR 56-614 A-117 



k= -10.0 cr = 0.50 

a 
1- cr~ 
~·x 

REAL IMAG. 

1 
X 2 7T ; 

-27T .r
! X 

REAL IMAG. 

-7J 

MODULUS PHASE 
(OEGRCE:Si 

1.00 
1. 05 
1.10 
J .15 
1.20 

1. 0155 
1.0170 
1.0185 
1.0198 
1.0210 

-5.9890 
-5.4317 
-4.9489 
-4.5280 
-4.1587 

0.5311 
0.5529 
0.5740 
0.5944 
0.6141 

5.3075 
5.2159 
5.1218 
5.0254 
4.9272 

0.0050 
0.0054 
0.0060 
0.0066 
0.0072 

1.0022 
1.0023 
1.0024 
1. 0024 
1.0023 

-0.0030 
-0.0036 
-0.0043 
-0.0050 
-0.0057 

1. 0022 
1.0023 
1.0024 
1.0024 
1.0023 

359.83 
359.79 
359.76 
359.72 
359.67 

1.25 
1.30 

1. 0221 
1.0231 

-3.8331 
-3.5446 

0.6331 
0.6515 

4.8273 
4.7261 

0.0080 
0.0089 

1.0022 
1.0020 

-0.0065 
-0.0072 

1.0022 
1.0020 

359.63 
359.59 

1.35 
1.40 

1. 0239 
1.0247 

-3.2877 
-3.0580 

0.6691 
0.6860 

4.6240 
4.5211 

0.0098 
0.0109 

1.0018 
1.0014 

-0.0080 
-0.0088 

1.0018 
1.0015 

359.54 
359.50 

1.45 1.0253 -2.8517 0.7022 4.4179 0.0121 1.0011 -0.0095 1.0011 359.45 

1.50 
1.55 

1.0259 
1.0264 

-2.6660 
-2.4980 

0.7177 
0.7325 

4.3145 
4.2113 

0.0134 
0.0148 

1.0007 
1.0002 

-0.0103 
-0.0110 

1.0007 
1.0003 

359.41 
359.37 

1.60 
1.65 

1.0267 
1.0270 

-2.3457 
-2.2071 

0.7467 
0.7601 

4.1085 
4.0063 

0.0164 
0.0182 

0.9997 
0.9991 

-0.0117 
-0.0124 

0.9998 
0.9992 

359.33 
359.29 

1.70 1.0273 -2.0807 0.7729 3.9051 0.0201 0.9985 -0.0131 0.9986 359.25 

1.75 1.0275 -1.9651 0.7851 3.8049 0.0223 0.9979 -0.0137 0.9980 359.21 
1.80 1.02'16 -1.8591 0.7966 3.7061 0.0246 0.9972 -0.0143 0.9973 359.18 
1.85 1.0277 -1.7616 0.8075 3.6087 0.0271 0.9965 -0.0148 0.9966 359.15 
1.90 1.0277 -1.6719 0.8178 3.5130 0.0298 0.9958 -0.0153 0.9959 359.12 
1.95 1.0277 -1.5891 0.8276 3.4192 0.0327 0.9950 -0.0158 0.9951 359.09 

2.00 1. 0277 -1.5125 0.8368 3.3272 0.0359 0.9943 -0.0162 0.9944 359.07 
2.05 1.0276 -1.4415 0.8455 3.2373 0.0393 0.9935 -0.0166 0.9936 359.05 
2.10 1.0274 -1.3757 0.8537 3.1495 0.0429 0.9927 -0.0169 0.9929 359 ..03 
2.15 1.0273 -1.3144 0.8614 3.0640 0.0467 0.9919 -0.0172 0.9921 359.01 
2.20 1.0270 -1.2574 0.8686 2.9807 0.0508 0.9911 -0.0174 0.9913 358.99 

2.25 1.0268 -1.2043 0.8755 2.8998 0.0550 0.9904 -0.0176 0.9905 358.98 
2.30 1.0265 -1.1546 0.8819 2.8212 0.0595 0.9896 -0.0178 0.9898 358.97 
2.35 1.0262 -1.1082 0.8880 2.7450 0.0642 0.9888 -0.0179 0.9890 358.96 
2.40 1.0259 -1.0647 0.8936 2.6712 0.0692 0.9881 -0.0180 0.9882 358.96 
2.45 1.0255 -1.0240 0.8990 2.5998 0.0743 0.9874 -0.0181 0.9875 358.95 

2.50 1.0251 -0.9657 0.9040 2.5308 0.0796 0.9866 -0.0181 0.9868 358.95 
2.55 1.0247 -0.9497 0.9088 2.4640 0.0851 0.9859 -0.0181 0.9861 358.95 
2.60 1.0242 -0.9159 0.9132 2.3997 0.0907 0.9853 -0.01B1 0.9854 35B.95 
2.65 1.0237 -0.B841 0.9174 2.3375 0.0966 0.9846 -0.01B1 . 0.984B 358.95 
2.70 1.0232 -0.8540 0.9214 2.2777 0.1025 0.9840 -0.0180 0.9841 358.95 

2.75 1. 0226 -0.8257 0.9251 2.2200 0.1086 0.9833 -0.0179 0.9835 358.96 
2.80 
2.85 

1.0220 
1.0214 

-0.79B9 
-0.7736 

0.9286 
0.9320 

2.1644 
2.1109 

0.1148 
0.1211 

0.9827 
0.9822 

-0,0178 
-0.0177 

0.9829 
0.9823 

35B.96 
358.97 

2.90 1.0207 -0.7497 0.9351 2.0594 0.1275 0.9B16 -0.0176 0.981B 358.97 
2.95 1.0201 -0.7270 0.9381 2.0099 0.1340 0.9811 -0.0174 0.9B12 358.98 

3.00 1.0194 -0.7055 0.9409 1.9622 0.1405 0.9806 -0.0173 0.9807 358.99 
3.05 1.0186 -0.6B51 0.9436 1.9164 0.1471 0.9801 -0.0171 0.9802 359.00 
3.10 1.0178 -0.6657 0.9462 1.8723 0.1538 0.9796 -0.0170 0.9797 359.01 
3.15 1.0170 -0.6473 0.9486 1.B300 0.1604 0.9791 -0.0168 0.9793 359.02 
3.20 1.0162 -0.6298 0.9509 1.7893 0.1671 0.9787 -0.0167 0.9788 359.03 

3.25 1.0153 -0.6132 0.9531 1.7501 0.1738 0.9783 -0.0165 0.9784 359.03 
3.30 1.0144 -0.5973 0.9553 1.7125 0.1804 0.9779 -0.0163 0.9780 359.04 
3.35 1.0135 -0.5822 0.9573 1.6763 0.1871 0.9775 -0.0161 0.9776 359.05 
3.40 1.0126 -0.5678 0.9593 1.6415 0.1937 0.9771 -0.0160 0.9773 359.06 
3.45 1.0116 -0.5541 0.9611 1.6080 0.2003 0.9768 -0.0158 0.9769 359.07 

3.50 1.0106 -0.5410 0.9629 1.5759 0.2068 0.9764 -0.0156 0.9766 359.08 
3.55 1.0096 -0.5284 0.9647 1.5449 0.2133 0.9761 -0.0154 0.9762 359.09 
3.60 1.0085 -0.5164 0.9664 1.5151 0.2198 0.9758 -0.0153 0.9759 359.10 
3.65 1.0075 -0.5049 0.9680 1.4865 0.2262 0.9755 -0.0151 0.9756 359.11 
3.70 1.0064 -0.4940 0.9696 1.4589 0.2325 0.9752 -0.0149 0.9753 359.12 

3.75 1.0052 -0.4834 0.9711 1.4323 0.2388 0.9749 -0.0148 0.9750 359.13 
3.80 1.0041 -0.4733 0.9726 1.4067 0.2450 0.9746 -0.0146 0.9748 359.14 
3.85 1.0029 -0.4636 0.9741 1.3820 0.2511 0.9744 -0.0144 0.9745 359.15 
3.90 
3.95 

1.0018 
1.0006 

-0.4543 
-0.4454 

0.9755 
0.9769 

1.3582 
1.3353 

0.2571 
0.2631 

0.9741 
0.9739 

-0.0143 
-0.0141 

0.9742 
0.9740 

359.16 
359.17 

WADe TR 56-614 A-1tS 



k= -10.0 0"= 0.50 

a /+1J /+1J 00 
REAL IMAG. MODULUS PHASE 

(OEGREES; REAL IMAG. MODULUS PHASE 
(OEGREES) 

1.00 
1.05 
1.10 
1.15 
1.20 

-0.0022 
-0.0023 
-0.0024 
-0.0024 
-0.0023 

0.0030 
0.0036 
0.0043 
0.0050 
0.0057 

0.0037 
0.0043 
0.0049 
0.0055 
0.0062 

126.47 
122.68 
119.00 
115.43 
111.98 

0.01B4 
0.0227 
0.0276 
0.0331 
0.0395 

0.1247 
0.1370 
0.1497 
0.1626 
0.1758 

0.1261 
0.1389 
0.1522 
0.1660 
0.1802 

81.59 
80.61 
79.57 
7B.48 
77.35 

1.25 
1.30 
1.35 
1.40 
1.45 

-0.0022 
-0.0020 
-0.0018 
-0.0014 
-0.0011 

0.0065 
0.0072 
0.0080 
0.0088 
0.0095 

0.006B 
0.0075 
0.0082 
0.0089 
0.0096 

108.66 
105.45 
102.36 
99.38 
96.50 

0.lJ465 
0.0544 
0.0630 
0.0724 
0.0826 

0.lB91 
0.2025 
0.2160 
0.2293 
0.2424 

0.1948 
0.2097 
0.2250 
0.2405 
0.2561 

76.1B 
74.97 
73.73 
72.47 
71.18 

1.50 
1.55 
1.60 
1.65 
1.70 

-0.0007 
-0.0002 

0.0003 
0.0009 
0.0015 

0.0103 
0.0110 
0.0117 
0.0124 
0.0131 

0.0103 
0.0110 
0.0117 
0.0125 
0.0132 

93.73 
91.05 
88.46 
85.95 
83.53 

0.0936 
0.1053 
0.1178 
0.1309 
0.1446 

0.2553 
0.2679 
0.2801 
0.2918 
0.3029 

0.2720 
0.2879 
0.3038 
0.3198 
0.3356 

69.86 
68.54 
67.19 
65.84 
64.48 

1. 75 
1.80 
1.85 
1.90 
1.95 

0.0021 
0.0028 
0.0035 
0.0042 
0.0050 

0.0137 
0.0143 
0.0148 
0.0153 
0.0158 

0.0139 
0.0145 
0.0152 
0.0159 
0.0165 

81.18 
78.90 
76.70 
74.56 
72.49 

0.1588 
0.1736 
0.1888 
0.2044 
0.2202 

0.3134 
0.3233 
0.3325 
0.3409 
0.3485 

0.3514 
0.3670 
0.3823 
0.3974 
0.4123 

63.12 
61.76 
60.41 
59.06 
57.72 

2.00 
2.05 
2.10 
2.15 
2.20 

0.0057 
0.0065 
0.0073 
0.0081 
0.0089 

0.0162 
0.0166 
0.0169 
0.0172 
0.0174 

0.0172 
0.0178 
0.0184 
0.0190 
0.0195 

70.48 
68.53 
66.64 
64.81 
63.04 

0.2362 
0.2524 
0.2687 
0.2849 
0.3011 

0.3554 
0.3615 
0.3669 
0.3714 
0.3752 

0.4268 
0.4409 
0.4547 
0.4681 
0.4810 

56.39 
55.08 
53.78 
52.51 
51.25 

2.25 
2.30 
2.35 
2.40 
2.45 

0.0096 
0.0104 
0.0112 
0.0119 
0.0126 

0.0176 
0.0178 
0.0179 
0.0180 
0.0181 

0.0201 
0.0206 
0.0211 
0.0216 
0.0221 

61.32 
59.66 
58.06 
56.51 
55.01 

0.3171 
0.3330 
0.3486 
0.3639 
0.3789 

0.3782 
0.3806 
0.3823 
0.3833 
0.38S7 

0.4936 
0.5057 
0.5173 
0.5285 
0.5393 

50.02 
48.82 
47.64 
46.49 
45.37 

2.50 
2.55 
2.60 
2.65 
2.70 

0.0134 
0.0141 
0.0147 
0.0154 
0.0160 

0.0181 
0.0181 
0.0181 
0.0181 
0.0180 

0.0225 
0.0229 
0.0233 
0.0237 
0.0241 

53.56 
52.17 
50.82 
49.52 
48.27 

0.3935 
0.4078 
0.4216 
0.4351 
0.4481 

0.3836 
0.3830 
0.3820 
0.3805 
0.3786 

0.5496 
0.5595 
0.5689 
0.5780 
0.5866 

44.27 
43.21 
42.17 
41.17 
40.20 

2.75 
2.80 
2.85 
2.90 
2.95 

0.0167 
0.0173 
0.0178 
0.0184 
0.0189 

0.0179 
0.0178 
0.0177 
0.0176 
0.0174 

0.0245 
0.0248 
0.0251 
0.0254 
0.0257 

47.06 
45.90 
44.77 
43.70 
42.66 

0.4606 
0.4728 
0.4844 
0.4957 
0.5065 

0.3764 
0.3739 
0.3711 
0.3681 
0.3649 

0.5949 
0.6027 
0.6103 
0.6174 
0.6243 

39.25 
38.34 
37.45 
36.6() 
35.77 

3.00 
3.05 
3.10 
3.15 
3.20 

0 •.0194 
0.0199 
0.0204 
0.0209 
0.0213 

0.0173 
0.0171 
0.0170 
0.0168 
0.0167 

0.0260 
0.0263 
0.0266 
0.0268 
0.0270 

41.66 
40.70 
39.77 
38.88 
38.02 

0.5169 
0.5269 
0.5365 
0.5457 
0.5545 

0.3616 
0.3581 
0.3545 
0.3509 
0.3471 

0.6308 
0.6371 
0.6431 
0.6488 
0.6542 

34.97 
34.20 
33.46 
32.74 
32.05 

3.25 
3.30 
3.35 
3.40 
3.45 

0.0217 
0.0221 
0.0225 
0.0229 
0.0232 

0.0165 
0.0163 
0.0161 
0.0160 
0.0158 

0.0273 
0.0275 
0.0277 
0.0279 
0.0281 

37.20 
36.41 
35.64 
34.91 
34.20 

0.5630 
0.5711 
0.5789 
0.5864 
0.5935 

0.3434 
0.3396 
0.3358 
0.3320 
0.3282 

0.6594 
0.6644 
0.6692 
0.6738 
0.6782 

31.38 
30.74 
30.11 
29.52 
28.94 

3.50 
3.55 
3.60 
3.65 
3.70 

0.0236 
0.0239 
0.0242 
0.0245 
0.0248 

0.0156 
0.0154 
0.0153 
0.0151 
0.0149 

0.0283 
0.0284 
0.0286 
0.0288 
0.0289 

33.52 
32.87 
32.24 
31.63 
31.05 

0.6004 
0.6070 
0.6134 
0.6195 
0.6254 

0.3244 
0.3207 
0.3170 
0.3133 
0.3097 

0.6824 
0.6865 
0.6904 
0.6942 
0.6979 

28.38 
27.84 
27.33 
26.83 
26.35 

3.75 
3.80 
3.B5 
3.90 
3.95 

0.0251 
0.0254 
0.0256 
0.0259 
0.0261 

0.0148 
0.0146 
0.0144 
0.0143 
0.0141 

0.0291 
0.0293 
0.0294 
0.0295 
0.0297 

30.48 
29.94 
29.42 
28.91 
28.42 

0.6310 
0.6365 
0.6417 
0.6468 
0.6517 

0.3062 
0.3027 
0.2993 
0.2959 
0.2926 

0.7014 
0.7048 
0.7081 
0.7113 
0.7144 

25.88 
25.43 
25.00 
24.58 
24.18 

WADe TR 56-614 A-119 



k= -10.0 (T = 0.50 

a 
1- (T2

-Y-'X 
REAL IMAG, 

1 
X 21Tk 

-21T .r 
( X 

REAL IMAG, 

-1J 

MOCVLUS PHA~ 
(Oc(;REESI 

4.00 0.9994 -0.4368 0.9782 1.3132 0.2690 0.9737 -0.0140 0.9738 359.18 
4.05 
4.10 

0.9981 
0.9969 

-0,4285 
-0.4206 

0.9796 
0.9809 

1.2918 
1.2712 

0.2748 
0.2805 

0.9734 
0.9732 

-0.0138 
-0.0137 

0.9735 
0.9733 

359.19 
359.19 

4.15 0.9956 -0.4129 0.9821 1.2513 0.2861 0.9730 -0.0135 0.9731 359.20 
4.20 0.9943 -0.4055 0.9834 1.2320 0.2917 0.9728 -0.0134 0.9729 359.21 

4.25 0.9931 -0.3984 0.9846 1.2134 0.2972 0.9726 -0.0133 0.9727 359.22 
4.30 
4.35 
4.40 
4.45 

0.9918 
0,9905 
0.9891 
0,9878 

-0.3915 
-0.3849 
-0.3785 
-0.3723 

0,9858 
0,9870 
0,9882 
0.9893 

1,1954 
1,1779 
1,1611 
1,1447 

0.3026 
0,3079 
0,3132 
0,3183 

0.9724 
0.9722 
0,9720 
0,9719 

-0.0131 
-0.0130 
-0.0129 
-0.0127 

0.9725 
0.9723 
0.9721 
0.9719 

359.23 
359.23 
359.24 
359,25 

4.50 
4.55 
4.60 
4.65 

0,9865 
0.9852 
0,9838 
0.9825 

-0.3663 
-0,3605 
-0.3549 
-0.3494 

0,9904 
0.9916 
0.9927 
0.9937 

1,1288 
1.1135 
1,0985 
1.0841 

0.3234 
0.3284 
0,3334 
0.3382 

0,9717 
0.9715 
0.9714 
0.9712 

-0.0126 
-0,0125 
-0.0124 
-0.0123 

0.9718 
0.9716 
0.9714 
0.9713 

359.26 
359.26 
359.27 
359.28 

4.70 0.9812 -0.3442 0.9948 1.0700 0.3430 0.9710 -0.0122 0.9711 359.28 

4.75 
4.80 
4,85 
4.90 

0,9798 
0,9785 
0,9771 
0.9758 

-0,3390 
-0,3341 
-0.3292 
-0.3246 

0.9959 
0,9969 
0,9979 
0.9990 

1,0563 
1,0430 
1,0301 
1.0175 

0.3477 
0,3524 
0,3570 
0.3615 

0.9709 
0.9707 
0.9706 
0.9704 

-0.0120 
-0.0119 
-0.0118 
-0.0117 

0.9710 
0.9708 
0.9707 
0.9705 

359.29 
359.30 
359.30 
359.31 

4.95 0.9745 -0.3200 1.0000 1.0052 0.3660 0.9703 -0.0116 0.9704 359.31 

5,00 
5.05 
5.10 
5.15 
5.20 

0.9731 
0,9718 
0.9705 
0.9692 
0.9679 

-0,3156 
-0,3113 
-0.3071 
-0,3030 
-0.2990 

1.0010 
1.0019 
1.0029 
1.0039 
1,0048 

0,9933 
0,9816 
0,9703 
0.9592 
0,9484 

0,3704 
0,3747 
0.3790 
0,3832 
0,3874 

0.9702 
0.9700 
0.9699 
0.9698 
0.9697 

-0.0115 
-0.0114 
-0.0113 
-0.0112 
-0.0111 

0.9702 
0.9701 
0.9700 
0.9698 
0.9697 

359.32 
359.33 
359.33 
359,34 
359.34 

5.25 
5.30 
5.35 
5.40 
5.45 

0.9666 
0.9653 
0.9640 
0.9627 
0.9614 

-0.2951 
-0,2913 
-0.2877 
-0.2841 
-0.2805 

1.0058 
1.0067 
1.0076 
1.0085 
1,0094 

0.9379 
0.9276 
0.9175 
0.9076 
0.8980 

0.3915 
0,3955 
0,3995 
0.4035 
0.4074 

0,9695 
0,9694 
0.9693 
0.9692 
0,9691 

-0.0111 
-0.0110 
-0.0109 
-0.0108 
-0.0107 

0.9696 
0.9695 
0.9694 
0.9692 
0.9691 

359.35 
359.35 
359,36 
359.36 
359.37 

5.50 
5.55 
5.60 
5.65 
5.70 

0.9602 
0,9589 
0,9577 
0.9564 
0,9552 

-0.2771 
-0,2738 
-0,2705 
-0.2673 
-0,2642 

1.0103 
1.0112 
1,0120 
1,0129 
1,0137 

0.8886 
0,8794 
0.8704 
0,8615 
0,8529 

0.4112 
0.4150 
0.4188 
0,4225 
0,4262 

0.9689 
0.9688 
0.9687 
0,9686 
0,9685 

-0.0106 
-0.0105 
-0.0105 
-0.0104 
-0.0103 

0.9690 
0.9689 
0.9688 
0,9687 
0.9686 

359.37 
359.38 
359.38 
359.39 
359.39 

5.75 
5.80 
5.85 
5.90 
5.95 

0.9540 
0,9528 
0.9516 
0.9504 
0.9493 

-0.2611 
-0,2581 
-0,2552 
-0,2524 
-0.2496 

1, 0145 
1.0154 
1.0162 
1,0170 
1.0178 

0.8444 
0.8361 
0,8280 
0.8200 
0.8122 

0.4298 
0.4334 
0.4369 
0.4404 
0.4439 

0,9684 
0.9683 
0.9682 
0,9681 
0.9680 

-0.0102 
-0.0101 
-0.0101 
-0,0100 
-0.0099 

0.9685 
0.9684 
0.9683 
0.9682 
0.9681 

359.40 
359.40 
359,40 
359.41 
359.41 

6.00 0.9481 -0.2468 1.0186 0.8045 0.4473 0.9679 -0.0099 0.9680 359.42 
6.05 
6.10 
6,15 
6.20 

0,9470 
0,9458 
0.9447 
0.9436 

-0,2441 
-0.2415 
-0,2389 
-0,2364 

1,0193 
1,0201 
1.0208 
1.0216 

0,7969 
0,7895 
0,7823 
0.7751 

0.4507 
0,4541 
0,4574 
0.4606 

0.9678 
0,9677 
0,9676 
0.9676 

-0.0098 
-0.0097 
-0,0096 
-0.0096 

0,9679 
0.9678 
0.9677 
0.9676 

359.42 
359.43 
359.43 
359,43 

6.25 
6,30 
6.35 
6.40 

0,9425 
0.9414 
0,9404 
0.9393 

-0.2339 
-0.2315 
-0,2291 
-0.2268 

1.0223 
1.0230 
1.0238 
1.0245 

0,7681 
0,7613 
0.7545 
0.7479 

0,4639 
0.4671 
0.4702 
0.4734 

0.9675 
0,9674 
0,9673 
0.9672 

-0.0095 
-0.0094 
-0.0094 
-0.0093 

0.9675 
0.9674 
0.9673 
0.9673 

359.44 
359.44 
359.44 
359.45 

6.45 0.9383 -0.2245 1.0252 0,7414 0.4765 0.9671 -0.0092 0.9672 359,45 

6.50 
6,55 
6.60 
6.65 
6.70 

0,9372 
0.9362 
0.9352 
0.9342 
0,9332 

-0.2223 
-0,2201 
-0.2179 
-0.2158 
-0,2137 

1.0259 
1.0265 
1,0272 
1,0279 
1.0285 

0.7349 
0.7286 
0,7224 
0.7163 
0,7104 

0,4795 
0,4826 
0,4856 
0.4885 
0.4915 

0,9671 
0.9670 
0.9669 
0,9668 
0.9667 

-0.0092 
-0.0091 
-0,0091 
-0.0090 
-0.0089 

0.9671 
0.9670 
0.9669 
0.9669 
0.9668 

359.46 
359.46 
359.46 
359.47 
359.47 

6,75 0.9322 -0,2117 1.0292 0.7045 0,4944 0,9667 -0.0089 0.9667 359.47 
6.80 0.9312 -0.2097 1.0298 0.6987 0.4973 0.9666 -0.0088 0.9666 359.48 
6.85 0.9303 -0.2077 1.0305 0.6930 0.5001 0.9665 -0.0088 0.9666 359.48 
6.90 
6.95 

0.9293 
0.9284 

-0,2058 
-0,2039 

1,0311 
1,0317 

0.6873 
0.6818 

0,.5029 
0.5057 

0,9665
0,9664 

-0.0087 
-0.0087 

0.9665 
0.9664 

359.48 
359.49 
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k: -10.0 (T= 0.50 

a 
REAL 

/+'7 

IMAG. MOOULUS PHASE 
(O£(iR££S) 

REAL 

/+"1 Fio 
IMAG. MODULUS PHASE 

(OEGREES) 

4.00 
4,05 
4.10 
4.15 
4.20 

0.0263 
0.0266 
0.0268 
0.0270 
0.0272 

0.0140 
0.0138 
0.0137 
0.0135 
0.0134 

0.0298 
0.0299 
0.0301 
0.0302 
0.0303 

27.95 
27.50 
27.06 
26.64 
26.23 

0.6564 
0.6610 
0.6655 
0.6697 
0.6739 

0.2894 
0.2862 
0.2831 
0.2801 
0.2771 

0.7174 
0.7203 
0.7232 
0.7260 
0.7287 

23.79 
23.41 
23.05 
22.70 
22.36 

4.25 
4,30 
4.35 
4.40 
4.45 

0.0274 
0.0276 
0.0278 
0.0280 
0.0281 

0.0133 
0.0131 
0.0130 
0.0129 
0.0127 

0.0304 
0.0306 
0.0307 
0.0308 
0.0309 

25.83 
25.44 
25.07 
24.71 
24.36 

0.6779 
0.6818 
0.6857 
0.6894 
0.6930 

0.2743 
0.2714 
0.2687 
0.2659 
0.2633 

0.7313 
0.7339 
0.7364 
0.7389 
0.7413 

22.03 
21. 71 
21.40 
21.10 
20.80 

4.50 
4.55 
4.60 
4.65 
4.70 

0.0283 
0.0285 
0.0286 
0.0288 
0.0290 

0.0126 
0.0125 
0.0124 
0.0123 
0.0122 

0.0310 
0.0311 
0.0312 
0.0313 
0.0314 

24.02 
23.70 
23.38 
23.07 
22.77 

0.6965 
0.6999 
0.7032 
0.7064 
0.7096 

0.2607 
0.2582 
0.2557 
0.2533 
0.2509 

0.7437 
0.7460 
0.7482 
0.7505 
0.7527 

20.52 
20.25 
19.98 
19.72 
19.47 

4.75 
4.80 
4.85 
4.90 
4.95 

0.0291 
0.0293 
0.0294 
0.0296 
0.0297 

0.0120 
0.0119 
0.0118 
0.0117 
0.0116 

0.0315 
0.0316 
0.0317 
0.0318 
0.0319 

22.47 
22.19 
21.91 
21.64 
21.38 

0.7127 
0.7157 
0.7187 
0.7216 
0.7244 

0.2486 
0.2463 
0.2441 
0.2419 
0.2398 

0.7548 
0.7569 
0.7590 
0.7611 
0.7631 

19.23 
18.99 
18.76 
18.53 
18.31 

5.00 
5.05 
5.10 
5.15 
5.20 

0.0298 
0.0300 
0.0301 
0.0302 
0.0303 

0.0115 
0.0114 
0.0113 
0.0112 
0.0111 

0.0320 
0.0321 
0.0322 
0.0322 
0.0323 

21.12 
20.87 
20.63 
20.39 
20.16 

0.7272 
0.7299 
0.7326 
0.7352 
0.7377 

0.2377 
0.2356 
0.2336 
0.2316 
0.2297 

0.7651 
0.7670 
0.7689 
0.7708 
0.7727 

18.10 
17.89 
17.69 
17.49 
17.29 

5.25 
5.30 
5.35 
5.40 
5.45 

0.0305 
0.0306 
0.0307 
0.0308 
0.0309 

0.0111 
0.0110 
0.0109 
0.0108 
0.0107 

0.0324 
0.0325 
0.0326 
0.0327 
0.0327 

19.93 
19.71 
19.50 
19.29 
19.08 

0.7403 
0.7427 
0.7451 
0.7475 
0.7498 

0.2278 
0.2259 
0.2241 
0.22~3 
0.2205 

0.7745 
0.7763 
0.7781 
0.7796 
0.7816 

17.10 
16.92 
16.74 
16.56 
16.39 

5.50 
5.55 
5.60 
5.65 
5.70 

0.0311 
0.0312 
0.0313 
0.0314 
0.0315 

0.0106 
0.0105 
0.0105 
0.0104 
0.0103 

0.0328 
0.0329 
0.0330 
0.0331 
0.0331 

18.88 
18.68 
18.49 
18.30 
18.11 

0.7521 
0.7544 
0.7566 
0.7567 
0.7609 

0.2187 
0.2170 
0.2153 
0.2137 
0.2120 

0.7833 
0.7850 
0.7666 
0.7862 
0.7899 

16.22 
16.05 
15.69 
15.73 
15.57 

5.75 
'5.80 
5.85 
5.90 
5.95 

0.0316 
0.0317 
0.0318 
0.0319 
0.0320 

0.0102 
0.0101 
0.0101 
0.0100 
0.0099 

0.0332 
0.0333 
0.0333 
0.0334 
0.0335 

17.93 
17.75 
17.58 
17.41 
17.24 

0.7630 
0.7650 
0.7670 
0.7690 
0.7710 

0.2104 
0.2068 
0.2073 
0.2057 
0.2042 

0.7914 
0.7930 
0.7946 
0.7961 
0.7976 

15.42 
15.27 
15.12 
14.98 
14.84 

6.00 
6.05 
6.10 
6.15 
6.20 

0.0321 
0.0322 
0.0323 
0.0324 
0.0324 

0.0099 
0.0098 
0.0097 
0.0096 
0.0096 

0.0336 
0.0336 
0.0337 
0.0338 
0.0338 

17.07 
16.91 
16.75 
16.60 
16.44 

0.7729 
0.7748 
0.7767 
0.7785 
0.7803 

0.2027 
0.2012 
0.1998 
0.1984 
0.1970 

0.7991 
0.8005 
0.8020 
0.8034 
0.6048 

14.70 
14.56 
14.43 
14.29 
14.17 

6.25 
6.30 
6.35 
6.40 
6.45 

0.0325 
0.0326 
0.0327 
0.0328 
0.0329 

0.0095 
0.0094 
0.0094 
0.0093 
0.0092 

0.0339 
0.0340 
0.0340 
0.0341 
0.0341 

16.29 
16.15 
16.00 
15.86 
15.72 

0.7821 
0.7838 
0.7856 
0.7873 
0.7889 

0.1956 
0.1942 
0.1928 
0.1915 
0.1902 

0.8062 
0.8075 
0.8089 
0.8102 
0.6115 

14.04 
13.91 
13.79 
13.67 
13.55 

6.50 
6.55 
6.60 
6.65 
6.70 

0.0329 
0.0330 
0.0331 
0.0332 
0.0333 

0.0092 
0.0091 
0.0091 
0.0090 
0.0089 

0.0342 
0.0343 
0.0343 
0.0344 
0.0344 

15.58 
15.45 
15.31 
15.18 
15.05 

0.7906 
0.7922 
0.7938 
0.7953 
0.7969 

0.1689 
0.1876 
0.1863 
0.1851 
0.1838 

0.6128 
0.8141 
0.8154 
0.8166 
0.8176 

13.44 
13.32 
13.21 
13.10 
12.99 

6.75 
6.80 
6.85 
6.90 
6.95 

0.0333 
0.0334 
0.0335 
0.0335 
0.0336 

0.0089 
0.0088 
0.0088 
0.0087 
0.0087 

0.0345 
0.0346 
0.0346 
0.0347 
0.0347 

14.93 
14.80 
14.66 
14.56 
14.44 

0.7984 
0.7999 
0.8014 
0.8028 
0.8043 

0.1826 
0.1814 
0.1602 
0.1791 
0.1779 

0.8190 
0.8202 
0.8214 
0.8226 
0.8237 

12.88 
12.78 
12.68 
12.57 
12.47 
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k= -10.0 (T = 0.50 

a 

1_ (T2 

--·x
2 

REAL IMAG. 
.­

1 
X 2 7T ; 

-27T 1::' 
t X 

REAL IMAG 

-7J 

MODULUS PHASE 
(DEGREES) 

7.00 0.9275 -0.2020 1.0323 0.6764 0.5085 0.9663 -0.0086 0.9664 359.49 
7.05 0.9266 -0.2002 1. 0329 0.6710 0.5112 0.9662 -0.0085 0.9663 359.49 
7.10 0.9257 -0.1984 1.0335 0.6658 0.5139 0.9662 -0.0085 0.9662 359.50 
7.15 0.9248 -0.1966 1. 0341 0.6606 0.5166 0.9661 -0.0084 0.9661 359.50 
7.20 0.9239 -0.1949 1.0347 0.6555 0.51\12 0.9660 -0.0084 0.9661 359.50 

7.25 0.9230 -0.1932 1. 0353 0.6504 0.5218 0.9660 -0.0083 0.9660 359.51 
7.30 0.9222 -0.1915 1.0358 0.6455 0.5244 0.9659 -0.0083 0.9660 359.51 
7.35 0.9213 -0.1898 1.0364 0.6406 0.5270 0.9659 -0.0082 0.9659 359.51 
7.40 0.9205 -0.1882 1.0370 0.8358 0.5295 0.9658 -0.0082 0.9658 359.51 
7.45 0.9196 -0.1866 1.0375 0.6311 0.5320 0.9657 -0.0081 0.9658 359.52 

7.50 0.9188 -0.1850 1.0380 0.6264 0.5345 0.9657 -0.0081 0.9657 359.52 
7.55 0.9180 -0.1835 1.0386 0.6218 0.5370 0.9656 -0.0080 0.9656 359.52 
7.60 0.9172 -0.1820 1.0391 0.6173 0.5394 0.9656 -0.0080 0.9656 359.53 
7.65 0.9164 -0.1805 1.0396 0.6128 0.5418 0.9655 -0.0079 0.9655 359.53 
7.70 0.9156 -0.1790 1.0402 0.6084 0.5442 0.9654 -0.0079 0.9655 359.53 

7.75 
7,80 
7.85 

0.9148 
0.9141 
0.9133 

-0.1775 
-0.1761 
-0.1747 

1.0407 
1.0412 
1.0417 

0.6040 
0.5998 
0.5955 

0.5466 
0.5489 
0.5513 

0.9654 
0.9653 
0.9653 

-0,0079 
-0.0078 
-0.0078 

0.9654 
0.9654 
0.9653 

359.53 
359.54 
359.54 

7.90 0.9125 -0.1733 1.0422 0.5914 0.5536 0.9652 -0.0077 0.9652 359.54 
7.95 0.9118 -0.1720 1.0427 0.5873 0.5558 0.9652 -0.0077 0.9652 359.54 

8.00 0.9111 -0.1706 1.0431 0.5832 0.5581 0.9651 -0.0076 0.9651 359.55 
8.05 0.9103 -0.1693 1.0436 0.5792 0.5603 0.9651 -0.0076 0.9651 359.55 
8.10 0.9096 -0.1680 1.0441 0.5753 0.5625 0.9650 -0.0075 0.9650 359.55 
8.15 0.9089 -0.1667 1.0446 0.5714 0.5647 0.9650 -0.0075 0.9650 359.55 
8.20 0.9082 -0.1654 1.0450 0.5676 0.5669 0.9649 -0.0075 0.9649 359.56 

8.25 0.9075 -0.1642 1.0455 0.5638 0.5690 0.9649 -0.0074 0.9649 359.56 
8.30 0.9068 -0.1630 1.0460 0.5601 0.5712 0.9648 -0.0074 0.9648 359.56 
8.35 0.9061 -0.1617 1.0464 0.5564 0.5733 0.9648 -0.0073 0.9648 359.• 56 
8.40 0.9054 -0.160.6 1.0468 0.5528 0.5754 0.9647 -0.0073 0.9647 359.57 
8.45 0.9048 -0.1594 1.0473 0.5492 0.5774 0.9647 -0.0073 0.9647 359.57 

8.50 0.9041 -0.1582 1.0477 0.5456 0.5795 0.9646 -0.0072 0.9646 359.57 
8.55 0.9035 -0.1571 1.0482 0.5421 0.5815 0.9646 -0.0072 0.9646 359.57 
8.60 0.9028 -0.1560 1.0486 0.5387 0.5835 0.9645 -0.0071 0.9645 359.58 
8.65 0.9022 -0.1548 1.0490 0.5353 0.5855 0.9645 -0.0071 0.9645 359.58 
8.70 0.9015 -0.1537 1.0494 0.5319 0.5875 0.9644 -0.0071 0.9645 359.58 

8.75 0.9009 -0.1527 1.0498 0.5286 0.5894 0.9644 -0.0070 0.9644 359.58 
8.80 
8.85 
8.90 
8.95 

0.9003 
0.8997 
0.8991 
0.8984 

-0.1516 
-0.1505 
-0.1495 
-0.1485 

1.0502 
1. 0506 
1.0510 
1.0514 

0.5253 
0.5221 
0.5189 
0.5157 

0.5914 
0.5933 
0.5952 
0.5971 

0.9643 
0.9643 
0.9643 
0.9642 

-0.0070 
-0.0070 
-0.0069 
-0.0069 

0.9644 
0.9643 
0.9643 
0.9642 

359.58 
359.59 
359.59 
359.59 

9.00 0.8978 -0.1475 1.0518 0.5126 0.5989 0.9642 . -0.0068 0.9642 359.59 
9.05 
9.10 
9.15 
9.20 

0.8973 
0.8967 
0.8961 
0.8955 

-0.1465 
-0.1455 
-0.1445 
-0.1436 

1.0522 
1.0526 
1.0530 
1.0534 

0.5095 
0.5065 
0.5034 
0.5005 

0.6008 
0.6026 
0.6044 
0.6062 

0.9641 
0.9641 
0.9641 
0.9640 

-0.0068 
-0.0068 
-0.0067 
-0.0067 

0.9642 
0.9641 
0.9641 
0.9640 

359.60 
359.60 
359.60 
359.60 

9.25 
9.30 
9.35 
9.40 
9.45 

0.8949 
0.8944 
0.8938 
0.8933 
0.8927 

-0.1426 
-0.1417 
-0.1408 
-0.1399 
-0.1390 

1.0537 
1.0541 
1.0545 
1.0548 
1.0552 

0.4975 
0.4946 
0.4917 
0.4889 
0.4861 

0.6080 
0.6098 
0.6116 
0.6133 
0.6150 

0.9640 
0.9639 
0.9639 
0.9639 
0.9638 

-0.0067 
-0.0066 
-0.0066 
-0.0066 
-0.0065 

0.9640 
0.9640 
0.9639 
0.9639 
0.9638 

359.60 
359.61 
359.61 
359.61 
359.61 

9.50 
9.55 
9.60 
9.65 
9.70 

0.8922 
0.8916 
0.8911 
0.8906 
0.8901 

-0.1381 
-0.1372 
-0.1363 
-0.1355 
-0.1346 

1.0556 
1.0559 
1.0563 
1.0566 
1.0570 

0.4833 
0.4806 
0.4779 
0.4752 
0.4725 

0.6167 
0.6184 
0.6201 
0.6218 
0.6234 

0.9638 
0.9637 
0.9637 
0.9637 
0.9636 

-0.0065 
-0.0065 
-0.0065 
-0.0064 
-0.0064 

0.9638 
0.9638 
0.9637 
0.9637 
0.9637 

359.61 
359.61 
359.62 
359.62 
359.62 

9.75 
9.80 
9.85 
9.90 
9.95 

0.8895 
0.8890 
0.8885 
0.8880 
0.8875 

-0.1338 
-0.1330 
-0.1322 
-0.1314 
-0.1306 

1.0573 
1.0576 
1.0580 
1.0583 
1.0586 

0.4699 
0.4673 
0.4647 
0.4622 
0.4597 

0.6251 
0.6267 
0.6283 
0.6299 
0.6315 

0.9636 
0.9636 
0.9635 
0.9635 
0.9635 

-0.0064 
-0.0063 
-0.0063 
-0.0063 
-0.0062 

0.9636 
0.9636 
0.9636 
0.9635 
0.9635 

359.62 
359.62 
359.63 
359.63 
359.63 

10.00 0.88'10 -0.1298 1.0590 0.4572 0.6330 0.9634 -0.0062 0.9635 359.63 
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k:::10.0 CT= 0.50 

a f---. 
REAL 

/+7) 

IMAG. MODULUS PHASE 
(DEGREES) 

REAL 

/+"7 Flo 
IMAG. MODULUS PHASE 

(DEGREES) 

7.00 
7.05 
7.10 
7.15 
7.20 

0.0337 
0.0338 
0.0338 
0.0339 
0.0340 

0.0086 
0.0085 
0.0085 
0.0084 
0.0084 

0.0348 
0.0348 
0.0349 
0.0349 
0.0350 

14.33 
14.21 
14.10 
13.99 
13.88 

0.8057 
0.8071 
0.8085 
0.8098 
0.8112 

0.1768 
0.1756 
0.1745 
0.1734 
0.1723 

0.8249 
0.8260 
0.8271 
0.8282 
0.8293 

12.37 
12.28 
12.18 
12.09 
11.99 

7.25 
7.30 
7.35 
7.40 
7.45 

0.0340 
0.0341 
0.0341 
0.0342 
0.0343 

0.0083 
0.0083 
0.0082 
0.0082 
0.0081 

0.0350 
0.0351 
0.0351 
0.0352 
0.0352 

13.77 
13.66 
13.56 
13.46 
13.36 

0.8125 
0.8138 
0.8151 
0.8163 
0.8176 

0.1713 
0.1702 
0.1691 
0.1681 
0.1671 

0.8303 
0.8314 
0.8324 
0.8334 
0.8345 

11.90 
11.81 
11. 72 
11.64 
11.55 

7.50 
7.55 
7.60 
7.65 
7.70 

0.0343 
0.0344 
0.0344 
0.0345 
0.0346 

0.0081 
0.0080 
0.0080 
0.0079 
0.0079 

0.0353 
0.0353 
0.0354 
0.0354 
0.0355 

13.26 
13.16 
13.06 
12.96 
12.87 

0.8188 
0.8200 
0.8212 
0.8224 
0.8235 

0.1661 
0.1651 
0.1641 
0.1631 
0.1621 

0.8355 
0.8364 
0.8374 
0.8384 
0.8393 

11.47 
11.38 
11.30 
11.22 
11.14 

7.75 
7.80 
7.85 
7.90 
7.95 

0.0346 
0.0347 
0.0347 
0.0348 
0.0348 

0.0079 
0.0078 
0.0078 
0.0077 
0.0077 

0.0355 
0.0355 
0.0356 
0.0356 
0.0357 

12.78 
12.69 
12.60 
12.51 
12.42 

0.8247 
0.8258 
0.8269 
0.8280 
0.8291 

0.1612 
0.1602 
0.1593 
0.1584 
0.1575 

0.8403 
0.8412 
'0.8421 
0.8431 
0.8440 

11.06 
10.98 
10.90 
10.83 
10.75 

8.00 
8.05 
8.10 
8.15 
8.20 

0.0349 
0.0349 
0.0350 
0.0350 
0.0351 

0.0076 
0.0076 
0.0075 
0.0075 
0.0075 

0.0357 
0.0358 
0.0358 
0.0358 
0.0359 

12.33 
12.25 
12.16 
12.08 
12.00 

0.8302 
0.8313 
0.8323 
0.8334 
0.8344 

0.1566 
0.1557 
0.1548 
0.1539 
0.1531 

0.8449 
0.8457 
0.8466 
0.8475 
0.8483 

10.68 
10.61 
10.54 
10.46 
10.39 

8.25 
8.30 
8.35 
8.40 
8.45 

0.0351 
0.0352 
0.0352 
0.0353 
0.0353 

0.0074 
0.0074 
0.0073 
0.0073 
0.0073 

0.0359 
0.0360 
0.0360 
0.0360 
0.0361 

11.92 
11.84 
11.76 
11.68 
11.60 

0.8354 
0.8364 
0.8374 
0.8384 
0.8393 

0.1522 
0.1514 
0.1505 
0.1497 
0.1489 

0.3492 
0.8500 
0.8508 
0.8516 
0.8524 

10.33 
10.26 
10.19 
10.12 
10.06 

8.50 
8.55 
8.60 
8.65 
8.70 

0.0354 
0.0354 
0.0355 
0.0355 
0.0356 

0.0072 
0.0072 
0.0071 
0.0071 
0.0071 

0.0361 
0.0362 
0.0362 
0.0362 
0.0363 

11.53 
11.45 
11.38 
11.31 
11.24 

0.8403 
0.8412 
0.8422 
0.8431 
0.8440 

0.1481 
0.t473 
0.1465 
0.1457 
0.1449 

0.85~2 
0.8540 
0.8548 
0.8556 
0.8563 

9.99 
9.93 
9.87 
9.81 
9.74 

8.75 
8.80 
8.85 
8.90 
8.95 

0.0356 
0.0357 
0.0357 
0.0357 
0.0358 

0.0070 
0.0070 
0.0070 
0.0069 
0.0069 

0.0363 
0.0363 
0.0364 
0.0364 
0.0364 

11.17 
11.10 
11.03 
10.96 
10.89 

0.8449 
0.8458 
0.8466 
0.8475 
0.8484 

0.1442 
0.1434 
0.1427 
0.1419 
0.1412 

0.8571 
0.8578 
0.8586 
0.8593 
0.8600 

9.68 
9.62 
9.56 
9.51 
9.45 

9.00 
9.05 
9.10 
9.15 
9.20 

0.0358 
0.0359 
0.0359 
0.0359 
0.0360 

0.0068 
0.0068 
0.0068 
0.0067 
0.0067 

0.0365 
0.0365 
0.0365 
0.0366 
0.0366 

10.82 
10.76 
10.69 
10.63 
10.56 

0.8492 
0.8500 
0.8509 
0.8517 
0.8525 

0.1405 
0.1397 
0.1390 
0.1383 
0.1376 

0.8607 
0.8615 
0.8622 
0.8629 
;).8635 

9.39 
9.33 
9.28 
9.22 
9.17 

9.25 
9.30 
9.35 
9.40 
9.45 

0.0360 
0.0361 
0.0361 
0.0361 
0.0362 

0.0067 
0.0066 
0.0066 
0.0066 
0.0065 

0.0366 
0.0367 
0.0367 
0.0367 
0.0368 

10.50 
10.44 
10.38 
10.32 
10.26 

0.8533 
0.8541 
0.8549 
0.8557 
0.8564 

0.1369 
0.1362 
0.1356 
0.1349 
0.1342 

0.8642 
0.8649 
0.8656 
0.8662 
0.8669 

9.12 
9.06 
9.01 
8.96 
8.91 

9.50 
9.55 
9.60 
9.65 
9.70 

0.0362 
0.0363 
0.0363 
0.0363 
0.0364 

0.0065 
0.0065 
0.0065 
0.0064 
0.0064 

0.0368 
0.0368 
0.0369 
0.0369 
0.0369 

10.20 
10.14 
10.08 
10.03 

9.97 

0.8572 
0.8579 
0.8587 
0.8594 
0.8602 

0.1336 
0.1329 
0.1323 
0.1316 
0.1310 

0.8675 
0.8682 
0.8688 
0.8694 
0.8701 

8.86 
8.81 
8.76 
8.71 
8.66 

9.75 
9.80 
9.85 
9.90 
9.95 

0.0364 
0.0364 
0.0365 
0.0365 
0.0365 

0.0064 
0.0063 
0.0063 
0.0063 
0.0062 

0.0369 
0.0370 
0.0370 
0.0370 
0.0371 

9.91 
9.86 
9.80 
9.75 
9.70 

0.8609 
0.8616 
0.8623 
0.8630 
0.8637 

0.1304 
0.1298 
0.1291 
0.1285 
0.1279 

0.8707 
0.8713 
0.8719 
0.8725 
0.8731 

8.61 
8.56 
8.52 
8.47 
8.43 

10.00 0.0366 0.0062 0.0371 9.64 0.8644 0.1273 0.8737 8.38 
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