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ABSTRACT

This work develops the concept of a thin walled elastic .tube as a rough work-

ing model of an artery, and from a solution of the equations 6f 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 expansiony 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)o 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.

where t is the radius of the tube, n is the circular frequency (ioee the fre-

quency in cycles per second multiplied by 2ff) 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.ent for large and small a* It 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 liquld being viscous, and the amount by which

it is reduced depends, not on the viscosity alone, but on as

WADC TR 56-614 1



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 isonig-

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 equations 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 Onewn, except for a trifling anticipation by Morgan and Riely 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 wadded 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 experimentally. 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 diameterdoes, 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. F.rthermore, if it follows the simple law used

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

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 modelall the observable relationships take their simplest form.

WADC TR 56-614 2



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 increased 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 g - o, say, from the centre of the tube to some radius r1, and =A

when r > r, , with a discontinuous change in viscosity, ILl being less that Io.

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.

WADC TR 56-614 3



Grateful acknowledgment is made of the support given to this work by the Med-

ical Research Council of Great Britain by providing a Personal Research Grant from

July 1st 1954 to June 30th 1955. To Professor K. J. Franklin, F.R.S°, who welcomed

the author into his department for a year, a special tribute is due, and is freely

given.

It is a particular pleasure to record the friendly collaboration and criticism
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hard to define, but nonetheless real$ This work itself, will, it is hoped, be re-

garded as the successful result of an experiment in inter-disciplinary cooperation.

It demonstrates that the successful application of mathematics to biological pro-

blems is not to be found in the study or the library. An essential condition for

success Is that the mathematician must get the "feel" of the problem by personal

contact and discussion with the physiologist, and must at the same time have suf-

ficient professional standing to maintain a critical attitude. If the mathemati-

cian is merely a junior hired *to do the mathematics" there will be no progress,

If he is a Professor in another department to whose Olympian presence problems are

brought, some interesting mathematics will be done, but it will lack point and *

substance from the physiologist's point of view. The history of past attempts at

the solution of this very problem is full of such examples. It would seem that

progress is likely to depend on the occurrence of happy accidents of the sort that

led to the work described here.
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SECTION II

OSCILLATORY FLOW OF A VISCOUS LIQUID
IN A STRAIGET, 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)e If the tube is sufficiently long

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

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

~= + VD + 1 _
'at p az rl r er/ 2.1

in which ? must be independent of z, since w is so* We now assume an ap-

plied pressure gradient

ap Aelnt *2.2

Writing w = w 1ents the equation becomesI

dbw 1 ldw1  in A
-w-, + 1 -. - WI = A 2,3
dr2 r dr V

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

d2wt+ 1 dw- l2 = AR 2.4
dy2 i I W L

In which .a 2 has been written for R2n/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

= Io (( I . 2 .5

and therefore

Ws;_L -~f. -jo(dyi8
2 ) tnt

110 Jo(ctisI2) e 2.6

WADC TR 56-614
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or, inserting the value of a , the simpler form

W A j IL _ ,1 2 ) e

inp J(ait' 2) 2.7

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

published by Egami (1944) and again by Lam1ossy (1953). Lambossy also gave a for-

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

the same time, were concerned with the effect of fluid resistance on the frequency-

response of measuring instruments.

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

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

Mcos (nt-q.) For small a

w = -- (1 - y2) cos (nt - q).

For large a,

W - sin(nt-q) - (/- Y) i) sin nt- -  (L-Y)1

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

motion at very large values of i, i.e., at sonic frequencies in air. They meas-

ured the mean square velocity at various distances from the centre of the tube,

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

compared it with that predicted with the theory, finding good agreement.

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

the conventional method of separating the Bessel Functions into their real and

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

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

(McLachlan, 1941, Dwight, 1941, Jahnke and Erde 1938) of MO and 90, where

Jo (xi /2) M (x) e16o (x)

and therefore 2.6 may be written

w = A-2 1 - hoe 8o eift

where 6o = e0 (a) - eo(ay) and ho f Mo(ay)'N o (a).

If we write

MO = 41 + - 2hocos8 o

WADC TR 56-614 h o sin8otan e:0 = - °___

1 - ho0 cos8o
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then

AR iI(D t +s) 2.8

so that for an applied pressure gradient Mcos(nt-V) the corresponding velocity
distribution across the tube will be given by

MR2 o
wsin (nt-V + s)2.9

A group of representative velocity-profiles of this type of motion is shown
in Fig. 1e 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 MGiller, who measured the velocity with a Pitot tube in a

large-scale model at a 0 6.43. His curves are very similar to Fig. 19D.

The rate of flow, Q, is given by

Q r-27TR 0 wydy 2.10

and integration of 2.6 gives at once

2 2J,(ais/ 2

Qin~ 0 1R--- - IJ1 (a -1 l t 2M1{ri S2 /2 J 9a /2

so that the average velocity across the tube is

A- 2J (1- I / elat 2.12
inp a o0 (di "' )

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

4wi M 0. 1 - p- sin(nt - (P+ Elio) 2.13

in which, if 211 /aM0  h10 and 8,o 1350 - 03,(a) +,9o(a)

M1io' J1i + h1o - 2hsocos81 0

Tan eslom h1 0 sin81 0

-hjosin6 10

WADC TR. 56-614
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The quantities Mo, Mlo/a2  and e'±o have been tabulated by the Mathematics
Division of the National Physical Laboratory, for the ranges a - O, (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

M~o= _ . 2 + -1
2.14

,= 2 1 19
E1o - + .L + 19 2.15

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

-az 0'- 2.16
Qt ady 2

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

phase-lag, 900- llog

If, instead of Qmax/Qsteady, its reciprocal, W /8M;o is plotted against a 2,
this may be regarded (by electrical analogy) as a plot of the modulus of the fluid

impedance against frequency, since 0 is proportional to the frequency. Such a

plot is shown in Fig. 3, in which the upper curve shows the variation of a2/ 8M'
with a. The lower curve will be described in Section VI.

Pressing the analogy further, one may take the quantity --1 .-- eoand separate8M,
it into its real and imaginary parts, 8K1 0

--- sin eo + Id cos so 2.17

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 cose'1 O/SMIo 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.

WADC TR 56-614 9



TABLE I

MMo Mo M/
.00 0 2.00 .4125 4.00 *7062 6.00 &7909 8.00 .8384
.05 .0003 2.05 .4264 4.05 .7092 6.05 .7924 8.05 .8393
.10 .0012 2.10 .4400 4.10 .7122 6.10 .7939 8.10 .8402
.15 .0028 2.15 .4532 4.15 .7151 6.15 .7953 8.15 .8411
920 .0050 2.20 .4660 4.20 .7179 6.20 .7968 8.20 .8420

.25 .0078 2.25 o4784 4.25 .7206 6.25 .7982 8.25 .8429

.30 .0112 2.30 .4905 4.30 .7233 6.30 .7997 8.30 .8437

.35 .0153 2.35 .5021 4.35 .7259 6.35 .8010 8.35 .8446

.40 .0200 2.40 .5133 4.40 .7285 6.40 .8024 8.40 .8454

.45 .0253 2.45 .5241 4.45 .7310 6.45 .8038 8.45 .8463

.50 .0312 2.50 .5344 4.50 .7334 6.50 .8051 8.50 .8471
e55 .0378 2.55 .5444 4.55 .7358 6.55 .8065 8.55 .8479

•60 .0449 2.60 .5539 4.60 .7382 6.60 .8078 8.60 .8487
e65 .0527 2.65 .5631 4.65 .7405 6.65 .8090 8.65 .8495
.70 .0610 2.70 .5718 4.70 .7428 6.70 .8103 8.70 .8503

.75 .0700 2.75 .802 4.75 .7450 6.75 .8116 8.75 .8511

.80 .0795 2.80 .5882 4.80 .7472 6.80 .8128 8.80 .8519
,85 .0896 2.85 .5959 4.85 .7493 6.85 .8140 8.85 .8526
.90 .1003 2.90 .6032 4.90 .7515 6.90 .8152 8.90 .8534
e95 .1115 2.95 .6102 4.95 .7536 6.95 .8164 8.95 .8541

1.00 .1232 3.00 *6169 5.00 .7556 7.00 .8176 9.00 .8549
1.05 .1354 3.05 .6233 5.05 .7576 7.05 .8188 9.05 .8556
1.10 .1481 3.10 .6294 5.10 .7596 7.10 .8199 9.10 .8564
1.15 .1612 3.15 .6353 5.15 .7616 7.15 .8211 9.15 .8571
1.20 .1747 3.20 .6409 5.20 .7635 7.20 .8222 9.20 .8578

1.25 .1886 3.25 .6463 5.25 .7654 7.25 .8233 9.25 .8585
1.30 .2029 3.30 .6514 5.30 .7673 7.30 .8244 9.30 .8592
1.35 .2174 3.35 .6563 5.35 .7691 7.35 .8255 9.35 .8599
1.40 .2322 3.40 .6611 5.40 .7709 7.40 .8265 9.40 .8606
1.45 .2472 3.45 .6656 5.45 .7727 7.45 .8276 9.45 .8613

1.50 .2624 3.50 .6700 5.50 .7745 7.50 .8286 9.50 .8620
1.55 .2776 3.55 .6742 5.55 ;7762 7.55 .8297 9.55 .8626
1.60 .2930 3.60 .6783 5.60 .7780 7.60 .8307 .9.60 .8633
1.65 .3083 3.65 .6822 5.65 .7796 7.65 .8317 9.65 .8639
1.70 .3237 3.70 .6860 5.70 .7813 7.70 .8327 9.70 .8646

1.75 .3389 3.75 .6896 5.75 .7830 7.75 .8336 9.75 .8652
1.80 .3540 3.80 .6931 5.80 .7846 7.80 .8346 9.80 .8659
1.85 .3690 3.85 .6965 5.85 .7862 7.85 .8356 9.85 .8665
1.90 .3837 3.90 .6999 5.90 .7878 7.90 .8365 9.90 .8671
1.95 .3982 3.95 .7031 5.95 .7893 7.95 .8375 9.95 .8677

2.00 .4125 4.00 .7062 6.00 .7909 8.00 .8384 10.00 .8684

Linear interpolation produces an error not exceeding 1 unit in the last figure.

WADC TR 56-614
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Tables 2 and 3 (Combined).
TAmu 3. Mg/3 ,Od & W  tabukted for valbs of a from 0 to 10.

* NWiI/' "63 £ 63 . £ XJfzJa . • MR. ..
04)0 0120 90.00 2.50 0065 0 500 060 1MM 65 7.80 0"0147 11"87
46 .'1,0 806 38.M M 43-82 01M7 1843 7"65 '0146 11.78
.10 .1380 800 2.00 W0619 42"66 5.10 09 16823 700 0144 11.70
-IS -150 W7 265 060 4196 5-15 48 1601 765 .0142 1141
S0 -120 *6 3.70 0784 40.00 5-20 .O2 17.88 7-70 .0140 11-8

0.25 .120 8640 .. 76 0.0767 846 5.25 0.976 17.8 7-75 4)11 1145
.30 IW80 *14 .80 4750 306 5.30 497 1744 7.80 0137 11.47
8 1.80 666 245 0734 3W17 5385 496 17.26 7.85 0126 11.29

40 .I30 6647 340 .0717 37.32 540 064 1748 700 .0134 11.21
4 .12408.07 3 M 545 60 0 5 .0138 11-14

0.80 .O416 1 8 741 M 70 5 0 6 16.73 8M0 04011 11-06
45 .138 67.11 $45 4670 34-08 55 498 1646 8 .010 10.98
40 .1268 067 3.10 08 34-15 40 096 16.3 8.10 .012 1041
.6 .1947 847 3.15 .0640 346 56o5 .0 1628 8.15 0127 10"84
.70 '146M8 840" 46 23.77 570 440 160 8.20 0125 1077

0.75 0.13446465 3.35 0463 3s.09 5.75 0M 15.91 825 00124 1070
40 -1343 83-41 40 40 3145 5.60 .0933 15.76 6.30 .0122 1063
485 1340 814 5 0865 30 565 49 15.61 8-35 .0121 10.86

0 .1336 6.33 340 .0573 32 5.00 .096 1546 8.40 '0120 1049
4 15 81 345 "4 6 2 50 6 42 162 8.45 .0119 1042

140 0.12n3 8055 .0 0&0547 3.06 6040 04920 1518 8.0 0.0117 10-36
106 -=1 3 00 3W 0W 2383 6.05 .216 15.04 6S 0116 1029
1.10 133= 7641 340 4 2801 6.10 4213 1400 8.W0 .0115 10.22
1.15 .1219 7746 35 4512 3751 .15 4910 14.77 65 0114 1016
130 .113 8 3 .70 .0501 27a 6.20 .0907 14.6 8.70 0112 10-10

125 0.1307 7544 .75 0.00 3655 6.25 00 14.80 8.75 04111 1044
1.30 '10 74-31 3.60 4480 - 2610 6.30 4901 148 8.80 .0110 9.97
145 -U3 W.16 S.65 4470 2546 6-35 0199 14.25 8.85 0100 9.91
140 '1165 7146 3.90 40 35.34 6-40 0196 14-13 8-90 0106 05
145 '1176 7077 8 '0651 343 645 .0193 1401 &W9 0107 9.79

140 0.1186 8054 4.0 0.041 344 650 04191 1386 940 00106 97
1.5 -115 0 405 0& 4 4 3 240 " ." .0188 1.77 0.06 104 946
140 '1144 6706 4-10 4424 36 640 0185 1346 .10 010 9.6,
145 -1138 6.76 4-15 4415 233 645 0183 13.4 8.15 .410 "56
1.70 .1120 647 440 4t0 2M .70 .0181 1343 9.20 0101 051

1.75 01107 038 4.25 0468 2264 6.75 0"0178 13.32 W25 04100 8.45
140 .106 6140 4.80 481 2332 6.80 4176 18.21 9-30 4099 9.40
1.8 '1078 604 445 4664 2300 6.5 .0173 13-11 9.35 400M 9.34
1.90 .108S 5W 4.40 -Me 21.70 6.90 0171 1M0 940 .0097 9.29
145 .1047 8 " 445 2140 6.95 4100 12.90 945 40096 9.24

300 0.1081 5.74 450 006 2111 740 00167 12.80 95 00006 9.18
2 .4 '1015 5547 455 68 2064 74 .0165 12.70 9.55 4095 9.13
2.10 4666 5-2 440 469 2046 7.10 0163 1240 M6 4094 0
.15 46W0 50 445 4642 3040 7.15 4161 1M50 94 4M 94
2.20 463 51.77 470 46 205 7"0 4150 1241 9"70 .0M2 8-96

2.25 0445 80.57 4.75 0M11 19.80 756 04157 12.31 9"75 00091 *06
3g.0 467 4639 4.60 4j3 19.86 7.0 .0155 1 22 9.80 .0090 8.88
2.35 .00 48-24 4.85 4619 19.3 7.35 -0153 12.13 9.85 009 8.84
3.40 .481 47.11 4"90 4613 190 740 0151 13.04 000 06 8-79
245 47 4601 4"95 0606 166 745 .0149 114 8.95 .08 8-74

to80 -a 446 541) 0"009 1865 7.50 0.0147 11.87 1040 0.0067 8.09
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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 fluctuating 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 + Z (A. cosmnt + B. sinmnt) 2.18

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

Ao + Z M cos(ont - qi) 2.19

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

(from 2.13)

Q. = 7ThR.2 Mo(N.)snmnt - (pm + elo( (a, 2.20

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

a , a.f where a, is that value appropriate to the pulse frequency. If 2.20

is expanded it may be written

[Usin )~(Cos e 1c(am)~ + Bm {M'O (a.i) sin ei~~.}

+ M cosnt [A{Mo) sin eoc(as) Ba{~~.css~~.}

Since, however, Mlo cos eio and mi. sin e'o are the real and Imaginary

parts of

1 (as I

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

WADC TR 56-014 14



S2J 1 (as /2)

CI 'S/ 2 J( a E f/ 1-- co 10
o~*j re

fl 1 S/ 2Jo (a(i 1 )2 im

Then

7rR2  . R2

QU= -'--(A 3 C8 + BD,)sin + gjjp-(AxDn - B.C,)Cosmnt 2.21

The quantities Cm and DIm  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 secmd. The assumed values for the other quantities were:

Radius of artery 0.15 cm

Viscosity of blood 0.04.poise

Density of blood 1.05 gm./(cm)s

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

WADC TR 56-614 15
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author, (Womersley 1955b) that the rate of flow might be calculated from the time-

derivative of the pressure. It is well-known that for a wave-form travelling

without distortion at a velocity c,

-z - Tap iap

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-gradientg 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

does 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,9 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.

d Comparison of calculated and observed flow in the femoral

*artery of the dog.

Broken curve - observed (McDonald 1955).

Continuous curve - calculated from observed

40
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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 ,n an india r bber tube, we

have two values for c, (hE-/2aP0 ) and (B/p)

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/(1-o 2)* where a is Poisson's

Ratio. P0  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 R~sal (quoted by Korteweg in Liouville's

Journal in 1876)o It is apparent from Lamb's results that if the wavelength Is
with the circumference of the tube. t.evelocity indevendent 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 tubes h its thickness9 p

the density of the material, po the density of the liquids Take the axis of z

along the tube, and let Z be the displacement along the axis, I be the radial

displacement. For the elastic constants take B to be E/(L-a 2 ) as above, where

E is Young's modulus and a Poisson's Ratio* Then the extensions are

along z, and - radial.
az R

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

Q Bh{_.L +0 af } 3.2

WADC TR 56-614 19



Lamb gives the equations of motion

pOh WL .M 3.3
at" az

ph -- p - 3.4
at' R

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 Imst be modified., If w is the longitudinal component of

the velocity of the liquid and u its radial component, the surface traction per

unit area will be

j aw +au 
5

r15

where p 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

WE 0 ( aw+ + B_+ g_~L 3.6phR a p ayz P, '

Y-1

2 _ +  ) 3.7
_17P P R az R

together with the .boundary conditions for the motion of the liquid

u - at y 1, 3.8
at
w -- tY= 1. 3.9

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

a u+ r + z oIr + v + [iau+ u 3.10rr ar z TP S.9 10

a- + uON- + AM-- Law + V ew + i _ '__z

at Br az az L~r2 r ar aZ2  •.1.

together with the 'equation of continuity
au u aw 3.•12

+ - + - = 0

ar r az

WADC TR 56-614 20



If a trial solution is taken In which all the variables vary as exptin(t-z/cfl,
we shall be concerned with the type of motion in which u/c~w/c and nfl/c are all

small. It is clear from the equation of continuity that u, the radial component
of velocity, will be of order nfl/c compared with w, the velocity along the tubes

It follows that the non-linear terms are in general of order 1/c compared with the

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

imation. Let

p =p 1 exp[in (t-z/c)],.

u ul exp~in (t-z/c)],.

w w1L exp (in (t-z/c),
Equations 3.10O and 3.11 reduce to

d2 U1  Ildu1  U1  1 R 2 .dp+ -~ + i3a u1 , . 3.13dy y dy y R L d

dw 2 "= Z- 3.14
idaiw1IiL .k2  Pi*

where the terms in B2W/C)Z' alu/^z2  have been omitted, since n 2 R2 /c is

small (see below)

The equation of continuity is

I d (u y) =n -. 1

y Zy c

If now it is assumed that p, = AJ0 (ky)v where k is to be determined, the

equations of motion can be integrated to give

W,=C3 ~J;-~;s 2) - -nt Al J0 (ky), 3.16

a j1 (a,1i y) R A, .11= C2  *pols -- -) k 9 a 9---J 1 (ky) 31

where C1  and C2  are arbitrary constants, and the constant J0 (cliO1 has
been introduced (by analogy with the simple theory for the rigid tube) for con-
veniences If these values of ul and wj* are inserted in the equation of

continuity it should reduce to an identity. From 3. 16 and 3.17
inR mnR J0Qzio' y) 12 n 2 R 8  A

*-JON'a91 ) c~. - ~ ' 3.*18

1 d 9/2 /2y)
- ~ ~ 1 -(~) m CJQ(ai8, y) k2 Ad(y = J0(i 2) i' 2  k2JO(kY) 3.19
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For the equation of continuity to be s~tisfied these must be identical, and there-

fore k = imR/c and C2/001 = inB/caio *, so that JO(ky) becomes. IO(nR/c) and

J1 (ky) becomes i1 1 (nR/c).

At the highest frequencies likely to be of Interest in the pulse-wave, n2R2/c2

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

frequency of the dog, n2R2 /c2"- 6 x 1604 and the ratio of-this to the corresponding

value of ai2 is about 9 x 10 *B It is therefore justifiable to replace i~a 2_k 2in

3.16 and 3.17 by jIM 9c2 and in view of the smallness of nfl/c to use the approxima-

tions 1o(nfl/c)=l and Il(n~y/c)=nRy/2c. This is the same degree of approximation

that is implicit in omitting the terms b~w/az2 and ?)au/Wx from the equations of

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

nents,

o0 (01j'l 2 y4A,

w= C1  . 9~ 3.20
J o(cti )Po C

2~ C l92 d Po C

At the inner surface of the tube, ioe., when y '41,

= Cl + A1  3,22
Poec

U (;'~*1' Flo (a) + A- 3.23
2 2 / /2 2 c Poe

where F10 (a) has been written for 2.Jl(ai6  )/ai8 2Jo(a'*/), the function of a

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

value of bwl/*ay at y = 1 is- also needed, to substitute in the equations of motion

of the tube. Making the same approximations, this is

-CE- - iYF() + mR Ay1  3.24
2 2c C2 Poe

If it is now assumed that

3Diexp[in(t-2/c)],

C E~exp (in t-2/c J

where D, and El are arbitrary constants, the boundary conditions for ul and wl

*become
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w-

in E, C, + A, 3.25Poe

in D I I c Flo(cc)" C1 + 3.26

and the equations of motion of the tube become

-n A -B t2 i 1( +2

-+ rD - gl + _ 01D 3.27
p hR 22 Po e

+ B +2 *6fLnD } 3.2
P C 2 Rc

In 3.28 the term in u/z in 3.6 has been omittedy since it is of order

n2It2/c2.

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

Al, C1 9, Di E1 9 Eliminating them will give affrequency 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

0 /poe 1 0 -in

inR/2po c2  inR/2c -in 0

1/hp 0 n2-B/pR2  inoB/Bp 3.29

1 po v 1 n2R' i poV, 2  in a B n2(1 -_..o2)

2 p hR /&c 2 P h. FhR R B p

The first step in the evaluation of this determinant is to make all the ele-

ments non-dimensional. The term .- ipoVa 2Flo/2phR is replaced by its equivalent

-inpoRF1 0/2ph, since Va
2 = nR. If now the first column is divided by Poct the

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

minant becomes 0

1 0

1/2 1/2Fjo - 1 0 3.30

Rpo/hp 0 -B/pc 2  -OB/pc 2

o -FI oRPo/2hP -aB/pc 2  1-B/Pc2

WADC TR 56-614 23



At this stage the following further approximations have been made. In the

third row, third term, n2R2/c 2 has been neglected-in comparison with B/pc2. This
is justified, since (B/p)i is the velocity of shear-waves in the material of the

tube, and this will be greater than the pulse-velocity, so that B/pc2>1, and

n2R2/c2 can be neglected in comparison with it. The first term of the fourth row

.-.o...rd~r n2R1/c 2a2 and can therefore be neglected. If now we write k=hp/Rpn,

. _ ec4, and reduce the order of the determinant by replacing the second row by
16W1-" 2xRow 2) and the third row by (Row 1 - Row 3) the equation becomes

0 = 1 -Fo 2 1

I x l+Ox

which reduces to - JF 1 o -ax (k-x)

0 = (I - 02) (I - Flo) x2 - x {2 + k(l - Flo) + F -o(j 20 )} + Flo + 2k. 3.31

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

application to the arteries p = po.

When a - Wi.e., as the viscosity of the liquid -0, Flo- 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,

The roots of 3.31 are given by

(1 - 02 )x /{ 2 - (1 - 6 2 )H} 3.32

where

1 + *-a +
1-F±o 3•33

H = (1 +2k)/(1-F1 o)-1. 3*34

In terms of the notation used in 2.13 above, 1/(1-Flo)= exp(-ie)/Mlo so that
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the quantities required to compute the roots are already available* Since F1 0 (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 )x/2}I2 = X- iY. 3.35

and denote by co the velocity for the perfect fluid, iae., write Co=(hE/2RPo) ,

then if c, is the wave-velocity, co/c =i X and over a distance of one wave-

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

of practical interest are, therefore, 1/X, which gives the ratio of the velocity

to that for the perfect fluid, and exp(-277Y/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 i 1(0.05)10;

k = 0, 0.1, 0.2, 0.3, 0.4; a = 0, 1/4, 1/2. They also contain tables for 0 '= 1/2.

k = -1, -2. -5, -10; which are discussed 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 f 0.1, i.e., for a wall-thickness of one-tenth

of the radius, for a = 1/2 and a O- In this table, = exp(-2nY/X) and

12 f exp (-2rYz/XX), with z 10 cm.

Table 5

a 1/2 G _____ 0_ _

a c/co f 2  c/co f, f2

3.34 0.914 0*274 0*946 0.842 0.132 0.917

4.72 0.924 0.472 0.938 0876 0294 0.900

5.78 0.936 0.565 0.929 0.894 0.381 0.883

6.67 0942 0636 0.925 0.906 0.442 0870

The amount of damping seems rather large. A diminution in amplitude of 5-67 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(-27rY/X), illustrates how much greater the damping is for

the smaller values of o* Figure 8, which shows 1/X = c/cO against a, demon-

strates that 1.0

1%0
/1,

0.5 / k-0-1

Cr=
0'uO ,a--.

0.3

I 2 3 4 5 6 7 8 9 10

Fig.8 Ratio of wave-velocity to that for an inviscld fluid as a

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

Poisson's Ratios of 0.59 0025, 00

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 G. 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

and X this may be written

Sjoa dX
c9 cI  2X do /

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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Fig. 9 Attenuation of wave amplitude over one wave-length as a

function of a for the same conditions as Fig* 8.
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.dX = d(loE 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<4<7),
d(log X)/d(log a) is about - 0.045, so that for these conditions cg/c, is about
0.98, so that the difference Is only 2%, and over the range a = 3 to a = 4
is certainly never more than 2j%. 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 factp 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

B = h 1 +h p R) 4.1

where hip p1, R1 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/2n to reduce the longitudinal motion of the wall, the

equation of motion for the longitudinal displacement becomes

+mA-V+1 + CF a4
p hR y Yy= 1  HP 57 R -4 4.2

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 h H / m

--R" -h- " 4.3

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 I is negative, and If m>>n, i.e., if the constraint is very stiff, and the added
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mass large, k- -01 and the frequency equation reduces to

2

-. + _Fo 0 4.4

so that (1- '2) k W 1 - 2 4
2 1 lo

or 
. (2

ie. Co - 4.6

Y W sin - 4.7

M10, 2

and for a 1/2,

Co 1 2

X 2

Graphs of these quantities are shown in Figs. 11 and 12. The curves for k O,
o = 1/2 and k = 0.2, a - 1/2, are shown for comparison. Although the asymp-

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

very slowly, and for moderate values of a, el = 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 C E - in E' 4.11

Ge a - in a' 4.12

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

velocityt demonstrated the effect to be expected from these modifications - an

increase in damping, and a reduction in velocity.
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same conditions as Fig. 11.
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FIG 12
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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

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

consider longitudinal waves in an elastic bar. The equation is

u "U = a2 iu

ax 2  at 2

where a2  * I and a typical solution is
p

U A ein (t

If now we replace E by Ec , where E. is complex, the imaginary part of

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

EC  = E (1 + in AE) 4.13

= a (I + in ) 4.14

As a question of principle, since the Poisson's Ratio 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 I0cl > 1/2, and perhaps it

ought to be put in the form

ins

cY = o e

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

Co -- C

~2R P)~
a2 \ i - U2(1 + inA )2  4.15

=(1 'IAE .1 F~a o 201

IL_122 MA

- + (A
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If nAE and nAr are small, this may be written

-- (- -a2( T2a 4.16

and when a = 1/2 this reduces to

=O (2 )e3 ~ ~ n~ + Aa4.17-- = A- I - in +

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 n a is small, so that second and higher powers
can be neglected, it can be shown that the quantity (1 - a2) , is replaced by

(T1 k
(1~ a2)~ f~c,5/3 1 4f ) 4/( 1 -0 2) i n& 1/ 2 + • \l Y 'ul n 1 -FL + 4/

t /"- (1- 0 ! 4.18

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 willj 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 Io, 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 A, where 8 w a(.&/ k o) We assume that the liquid within the tube is blood

when 0 < y y. and plasma when yo y 1, so that the thickness of the boundary

layer Is i-yo .

When 0 < y yo; we have from equation 3.20,

Al Jo (ayi 1 / 2 )

WN -+c 1 ..5.1.
Poc Jo(ay yi 1 2

at y - yo,,let w a w o. Then wo is unknown, but is determined later from the con-

dition that the velocity must be continuous across the boundary y * yo. C1 can be

determined in terms of wo and

A ( A1 ) J,(ayi
/2)  .52.

PoC Poc J( yo0 /2)

The velocity gradient at y yo is
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dy y - Po A S F1o (aYo) ...5.3.

where Flo has the same meaning as in 3.23. In the boundary layer y5 y 5 1 the

velocity will be

A j 4o(ByiS/2) + K0Q6yP%)Poe Jo (i6i1 2) B-K0 ..3.)

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

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

y=1. At y-1, 3.22 is replaced by

InE1  A + c2 +c .C. .5.5.
poc

and at y-yo. A J0  84 i 12) K Oyoi1 2)

wo "--c • $ ...5.6.

Po2c JO(i/2) -3 1o(83l/)

Also at y=yo

dw) C 2 i /2 j jyi/)+ c 3js  % O L4 ...5.v.

dy y -cy J(Bi3/2) + K0 Q3i)

and at yal

Idy y = -c Cli' +c Kcs  P' ...5.8.
dwN 613S/2j, (&S/2)+ 8iK ,li

dy )y-1 JC2 j. I61 / 2)  oi)

wo and c, can now be determined in terms of c2 by equating the two values of
A2

wo - A, i.e., by making the velocity continuous at ymyo and by equating the two
Poc

values of the viscous drag at y-yoo

Introducing the notation

2J1  (,83/2) J (j y oiS / 2) F l(J)
,8iS/2jo (Bi S /2) " I )Jo(BiS/2) = F O

2K1, (%P) Ko Oyoi ) . Gl(s)

4 iK o (Bi0) .o C(,B)
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equations 5,. 5.7 and 5.*8 may be written

A
we - I- 0qF~fyo) + c3G10 (By0 ) e59

ON ~ C2 0
~ij,8yoFlo(/yo)F,(By 0 A~ol (Ay) G(J yo) o..5.10o

dy~yy 2 00y +-3 2  y

dw i 3R0ZFir~g - 2.a i'A'C (A3) a. o.5.119
dy/ yo, 2 '-~' 2

Equating the two values of' the viscous drag at y=y,0 , and making use of

ILI-hAi (3/ao) 2 gives

and (two - F 10 (ayo)n C2F_1 0 (8).F(f6y0 ) + c3G1 0 (,8yo)G1 0 (fiyo)

adtherefore, substituting fromi 5.9 above .

0 -c 21O0 6y0 ) t Fo(ayo) - F1 0 qyy0)] + C 3 G0 (yo) IFoao-I(y

and therefore

C3 a _2 F0 (Ayo) F1 0 (ayo)-F1 (Aya)~

00 (By0 ) F 10 (ayo) -G., 0 (BY 0 )

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

written in terms of'c C2  Equation 5.5 (which replaces 3.22) becomes

Al F0 (fiyo) F10 (ayo)-F 0 (8iy0)1
mnE - + C2 .[1- ...5.12.

Poc Go (B6y0) -Flo (ya - 1 (8y)

and 5.11 becomes

yui - L3,82 Flo (B) +0Gl (8) 0(~ 0

If' y0-1 this becomes

(dwN 
38 F08

;-)yul 2

as it should. If' also Y0-1L in 5.12 it becomes
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P-0c 2 Fl 0 (a)-G1 0 (86)

If now we write

2 2 CF (a)-G 0 (13)

equations 3.25 - 3.28 remain the same, except that in 3.28, a2F10 (a) is to be re-

placed by

F10 @)-01 0 (1)

iae., by a2F10 (a) L(a,,8B)

2 Fl 0 (a)
where L(a,/3) a (A

The frequency equation becomes

(1-.o2)X2 -2G'x + HO' 0

In which

1-F10 (a) 2 2

H' L (1 + 2k

V-Flo(a) j -F1 0 (a)

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

the terms in L(a VB) will have no effect, and the presence of the low viscosity

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

When o4i, 0' is the same as G in equation 3.33 and the effect of L(a1/3) on the

roots of the equation will be confined to Its effect on H *This will be greatest

when kvO, i.e., when

L(L 8  \1-F 10

Fig. 13 shows c/c0 against a for k=0, a-0.5, 8i/,-i.60 which is very close to

the correct value if the layer Is assumed to be pure plasma. The ratio c/c is
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reduced very considerably by the presence of the boundary layer, and the form of

the relationship between c/c0 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 NOTION 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

Is taken at the mid-point of this short length, the longitudinal velocity will be
tA , Jo (ays/2 )

w 1= + 01 Jo (at1/2) elat 6-1

where the value of C1  is to be determined from the boundary-conditions. From
3.15, 3.16 and 3.17, D, and R, can be eliminated. If in the resulting equa-

9 1 2-~ C. % Ation n is written for the ratio of C, to A/Poc, the value of T is

7a __2 - 2iz 0) 8e2
x (Ft 0 -ao) .F0-2-y

where x is the root of equation 3.19 and 6.1 becomes
w = J0 (ayi 1 2 ) Iet6c + Jo(gi'E) 5

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

liquid Is inversely proportional to the wave velocity.

We may split up the constant A/poe into factors:-

--in). A,

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

and therefore
A1  A A R2

A A - 6.4
PoC inpo  i Ac2

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

W = 1+ n F, eit 6.5
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and this can be written

! _ - - -sin (nt - 4 + elo) 6.6a 2

for a presure gradien' Mcos(nt - (p) and the values of MK10 and e o compared

with those of Mvoand eSo for the rigid tube. We note that

- Ii *' ,FoI

e.o " - ph (1 + tFIo)

Tables of these quantities are given in the Appendix.

Figs. 14 and 15 show graphs of L and of the phase-lag against a for
qateady

k 0, 0 1/2, 0 1/4, 0 0 00 The curves of .Fig. 3 for the rigid

tube are not superimposed on these, but In Fig. 3 are shown curves for a 1/2,

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

XM 2
1.- Flo

it reduces to

3 _ _ _ _ _ _ = - 1.

.Flo -20 .F1 0 -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

aj a06

Amplitude Phase- Amplitude Phase-

ratio difference ratto difference

3.34 0.122 74.00 0.527 26.20
4.72 0.166 52.90 0.226 16.20
5.78 0.190 38.00 0.145 12.60
6.67 0.257 28.60 0.104 10.50

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+?7)/(I+77Fi0). 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 j, and 0 = 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
i--p %(1+,) eln

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

Al
-A (+7)et 

. . .6.8.
n2p

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

taken, and the movement of the wall calculated, assuming K-0.1, ani. The maxi-

mum value of C during the cycle was 3.9j mm, which is greater than the diameter

of the artery. It is reasonable to suppose that a longibuidnal 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

practices completely tree, 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 gradients 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

Already 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,

i. M" .0.6.9
*I= P C  M 1"oee 10 ' e l1 nt  . 6 9

in which c is complex. Since -e= X-iY9
C

PO''S
w 10 l •eU .. ,6.10.

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,

- . - • elio/2 . e I t ... 6.11
Poco  2

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

be 450. The value of c. is not directly measurable. Measurement of the pulse-

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

terms of measured pulse-velocity these two formulae become

-- tYL IT ent 99a~

PoCi X M. 'i

and 0W-P- s -). eI&eio, eint .o.6.13o

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 quantitles, 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 a 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 a, the fit of

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

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

primary assumption has been made that p - A ein(t'/Oi.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

p Alefi(t-s/) + A ein(t+9/0) ..i6..14

and _pz In f1ILn(t -2) - ,e a (t+'/ .

so that 6.9 now becomes
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1 2

- p A1 -A2  -u •
wEpC-- * A--A 2 ei */ e•i t ...6.16.

An attempt to fit 6.9 to a set of observations containing a refleoted wave
would therefore require an "apparent" velocity

C *- A . A2 ...6.17.
A I-A 2

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

urement.

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

InDu *B .618

and therefore _ W_ .. 19.
R C

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

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

1

r -- (ru)+ -- - 0rz

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

u 2ydy 9.6.20.

0

i.e. - ...6.21.
Zt 2 az
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Since .1w

integrating 6.21 with respect to the time gives

g=

R c

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

p a A eftl(t-Z/9) + A,2 eln(t*Z/c)

A, A2
then W - eSD(t-/C) _ - eifl(t+z/c) M ,e 1 0

and therefore

ZW In N
- 0 - lo J~A -2d AeiltztC

so that f iof*#.2
R 10 ...60220

p /CO) 2 YO a
or R -O0 c 1 ~0 eio ...023

which may be written

p (1-a2) I (l+77FI0) mo.6.24.

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 jrx(1+77F 10) is positive,

so that variation in diameter always leads pressure, though never by more than a

few degrees, as is shown in Fig. 19, which is a plot of ph f(1-az2) I 17)I
against a for k-0, ami.2
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In the limiting condition of heavy loading and stiff constraint, (k ->-C)

6.15 reduces to the very simple form:

2- .. .6*.5.

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 does, however, provide a test of the presence of internal damp-

ing In the wall of the tube.

The formula 26 p c. M

S poCo • -C2" Me eiO

becomes, on inserting the value of co/c from 3.14,

R pc 4 6

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

_. 33 I1+ 4 (no) -12/ n 1

R poC2 " 4 " . Tr 1+1n AE ... 7

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

2n&T
tan'InAE + tan- 1  2

... 6.28.3+4 (,

and from this estimates of AE and Ao- 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 M~cos(mnt-(p.), in being the order
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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

Mm Mmx10 '  p

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 5.50

2 116.50 117.05 -0.50

3 152.85 136.98 15.87

4 124.50 122.60 1.9
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C,'?.Observations of cyclic variations in pressure

and diameter In the abdominal aorta or the dog.

(By courtesy of Dr. R. W. Lawton)
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SECTION VII

THE CALCULATION OF BEFIBCTION - 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 - 100/0 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

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

A reconciliation of this apparent contradiction may 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 below 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

notion 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 trazsmission coefficients.

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

A. M ein 56-4 e50
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he used w - A/Poc i.e. in all his calculations he assumed

MI0=1s e-0-0. 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 a,, and that in

the smaller tube be a 2  Then a2<a1, since a2/01 r/R. Let the incident pressure-

wave be
Ale lf(tz/c )

and the reflected wave be
A e in (t+*/ C )

the transmitted wave in the smaller tube being

A 2e 1(t'z/c2 )

where c1 Is the wave-velocity in the larger tube, c2 that in the smaller. For con-

tinuity of pressure across the discontinuity,

Aj+A NA 2  •.7.2.

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

tinuity of flow will be

i "R P. o f 1j0 (a, e 2
I

Tr2 " A- to o (a,)} '. E, 0

POO 

.

In which co, c: are the limiting velocities In the two tubes for a - O. 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 the two tubes Is the same, this equation becomes

A~ -A2
= (r f "Mio(ca e V CIO(-,) o .el} e 10(a)"10(G1). 4

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

A, - 75X

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

amplitude ratioits phase will be the phase-change on reflection. Karreman's

formula for the reflection coefficient has
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we lay therefore regard the factor

1s 0 0442. .)6

vie (al.

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

Karremants formula to be even approximately correct, both a 2 and a, must be very

large, and when studying the problem of reflection at a coaretation. (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,

2 i 
7(2)' 10(a1  • ''.7.

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

2 P

r 2

The quantity 2 (- P which is the ratio of the combined area of the branches

to the area of the original tubes 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. 2 the modulus of the reflection coefficient Is plotted against the
area ratio, for four values of a110, 8, 6, 5. with X as given in 10.7. i.e. for

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 X as given by 10.8. i.e. for an

unconstrained tube with K-0 and a- 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.

rWfIC 610 ( 2 ) a2 e4
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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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FIG. 23
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Phase-log on reflection for the same conditions as Fig. 23.
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FIG. 24
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As Pig. 23, but with greater change in 'pul me-velocitY
S between Incident artery and branches.
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As Fig. 24 but with greeter change in pulse-velocity
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WADC TR 56-614 60



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 104, the

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

rather than "peaking" of the pulse-wave.

C*250
G'350

C-450

Cz450 0.4 0.3

0.3

0,4500

0.3

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 cm. and of the pulse-velocityyin cm/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 in 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,
*AI-A 4  250 R M1 0 ( 2 ) £il# io#Z)

AiA4  R50 2 M"( 1  ep*i

1-4 250 ~ 2  0 M"AI , "45" " eL M1 e (a1 ) I 1

2 +A - 450*IVexp . In 13
15 R21 MlO(dj)

250 -- . ' , exp, 1nt1oa- 0(l+ 450 * R2 M:O(,,1) e (.)-e9.(0

04•.7,3

2x250 R4 MIO(a4)
450 f . exp. In

R1 M10 (a1 )

250 -5 . 1 0 ( 5 ) e i o(a+350 R2 M" •f ix n 0( 5 -10 11
1o (a)

I I

.85 A- AS 1 -4

tA 4  A A

Diagram of celiac 
Junction

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

Branch a Mt(ae)-e 1 0(a,) R2/R2

1 8.5 0.8835 8.560

2 4.5 .0.7956 18.83 0.9005 10.270 0.2803

3 5.0 0.8127 16.37 0.9199 7.810 0.3460

4 3.5 0.7462 27.16 0.8446 18.600 0.1696

5 7.9 0.8608 10.78 0.9743 2.220 0.6782

F~rom this table the four separate terms which make up Xcan be calculated,

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

Term Modulus Phase Real Imaginary

1 0.1402 10.27D 0.1380 0.0250

2 0.1768 7.810 0.1752 0.0240

3 0.1592 18.600 0.1509 0.0508

4 0.4729 .2.220 0.4716 0.0183

0.9754 + ix 0.1181

so that

A 1-k O.0243-0.1181i
--- - a

At 1A 1.9757+0.118li

The amplitude ratio is 1A,41 .1 0.0690 and the phase-lag Is

tan-1 0.1181 + tan-1 0.1181 -81.80
0.0243 1.9757

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

almost 900 behind It in phase.

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

in Fig. 31, then
2

(0.4 350 _ ID (4)
X=3x 0.5 45 M106-5 exp el4) ,65
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which reduces to KaO.791Q+O.145i

giv ing A4giin A 0.1418 and a phase-lag of 39.530

.65 .4A

Q-"A4

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 refleotion-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 inci-

dent wave-form be

AetD (t-o /¢ )

The reflected wave will be

I Aeln(t+z/c)

10

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

A e1ft(th/c) + AILein(t+z/Q ...7*14.109 .AeInCt~z/c) + f1 l { tZo) AeD(tE/)

or as 1 Aein(t'z/, ) + Aenj(t~z/c ...7.15.

which latter may be written

9 Aeln(t-z/c ) + 1 Aein t Cos2. Ae otsn ...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,

65
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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
Minimm Amplitude

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

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 *s 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 M 110 + (C. cos mnt + D. sin rnt)

m t

a PC + -P cos(mnt-P.)

'ap

- -Ao + (A. cos mnt + B. sin mnt)

-A O + YM. cos(mnt-9,)

If there is no reflected wave,

mnAn P - (DnXn+CiY)
Co

0..7*17.
mn

BO - - (C3Xz-D 3RY)Co

and these may be regarded as simultaneous equations for X. and Y., In terms of

modulus and phase they may be written

M CIX3-iY* i - -m . . .7.18.
P n

ph(X 3 -iYN) a k.-Y.-T/2 .0.7.19.
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If there is a reflected wave the relationship

~p _in

no longer holds. If the origin of z is taken at the point of reflection, and the
place of measurement Is a distance Ifrom this, i.e. at zo-I, then the m"tf
harmonic of the pressure will be of the form

P~* ; eiNA - +U~ oa*ln(+/)80.0

so that at the point of measurement,

* 'o P~e :+Uh/~ e±ue nZ . ..7.21.

and r
M e'iPM. Ln 1P, i 1w1,..4 Ot7.22.

Th rati ___ee C
The ~ _ raioc now depends on the reflection-coefficient at the June-

a a

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

divided by 7.22, we have

aOSPe M p na e 14,0~1 * * i= pi0if_/Cun/o

i~e -~ a

Write cm_ M JE 1 aPm mK

irn Pe p
Uf 4

Then P eO , e-1u c I- ... .7.23.

a a

The quantity , is the reflection coefficient of the junction in cown-
P ae -i' i A *

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

th .ereforep ,, -
_ 3C - late -7@4

14K 1+K

If,. therefore, the geometry of the junction is ktnown, the theory can be tested
by calculating X and I, 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 whch 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 1.

As in previous calculations, let the incident pressure function be Alein(t-Z/c)

and let A ein(t+z/c) be the reflected wave. Take z-O at the incident end of the

rigid portion and let A 2eflt A3eitt be the pressures at Its two ends - i.e. at z-0,

z *I, respectively. This is correct, since the transmission velocity In the rigid

portion is infinite. For continuity of pressure, the transmitted wave must be

A et(t-Z/c)9 and also

Al+A4 a A 2  ...7.25.

For continuity of flow, since the pressure gradient in the rigid part is(A 2-A,)/Z,

A-A A2 -A 3  A3e--5iMol° np "Mel° " p-  "10 0 ...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

At a A -C -  -  ... 7 27.4 in t
M10

For the limiting condition of stiff constraint, this will simplify, and the

ratio of the transmitted wave to the incident wave will be

A A4  .. .7.28.

A1  A, 1  -+xij.
2co  e

The pressure-gradient in the tube may also be found in terms of A1. We have, in

fact

A2-A3 Al Ie.7.29
Inpl pc Jl+11n1 2A

2c o  c

so that the rate of flow 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 flowueter 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 fbmoral artery of the dog, taking

c=450 cm/sec (McDonald) and a pulse-frequency of 3 cycles per second, i.e. n=677.

A5 a 1 ...7.30.

1 +inL

100

where m is the order of the harmonic-. The ratio co/c has been neglected, since

the calculation is 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 70, 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

15 cm. long. A table of Is-land the phase-lag is given'below for the first four

harmonics 
A

Harmonic 1A5/All -phase A./A 1

1 0.946 190

2 0.847 32.150

3 0.728 43.30

4 0.643 51.50

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 A. cosmnt + Bmsinmnt)

m

Then if f, is the pulse-frequency, n=2rf, and if An, B. are the Fourier Coeffi-

cients for the corrected flow,

A a Am + BN.27Tfm/c

.AB a =B M - A .2irf /c
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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

beinj reduced by about 20% but left free to expand in the perpendicular direction.

Spencer claims that this will have a trivial effect on the 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 tcm. It will be assumed that the veloc-

ity of wave-propagation is unchanged by the lateral compression of the artery.

Since Vis small, it will be necessary to take into account repeated reflections

at the two ends. Let the pressure in the absence of constriction be A eiA(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 X (see 7.4 and 7.5 above) for the reflection

at this point is

M1 0 (as) 1X. 0.94 -e------ ( '1 )-e' (a) ... 1
Ot 2) ei e:O10 2 _E10 C

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*

and A is the amplitude of the transmitted wave,

As 2

when this reaches the distal end, its amplitude will be

1+X

and at this point it will give rise to a reflected wave of amplitude

A . 2 X1 . eil

i+X X+1

which, in travelling back to the proximal end of the constriction will have its

amplitude reduced to

2 X-1 - 21n /C
WAA 1 .5 6 6 70
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At this point it will be transmitted back into the larger tube with amplitude

AI 2 X.-1 9 21\ 0 e-21I/C

1+x X+1 1+

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

S- e - 2 1 / .7.31.

Adding together all the reflected waves except the first, we have a geometrical

progression whose first term is

A 2 2 X 0-1) e.2ifl/c

I j+X "(1+\) 2

and whose common ratio is given by 7.31 above. The sum of this series is

2 2k (,-1) e-2 1" n/c

-1-" I (j+X)2 -X(X-1) e-'nt/*

In calculating the flow (see 7.4 above) the sum of all the reflected terms
must be subtracted from A1. The ratio of the flow in the tube with the constric-

tion in place to that when there is no constriction will be

I-K 2 2 2.( -1) e- 2in 1/e

i+k - 14* +X " (1+K) 2 - 2X(A-l)e21nlI/c

which reduces to

2K 2 (X-l)e'2in 1/c .1+ -11-nl #e7 7.29.

(1+,\)2 - 2X (,\_) e2±f /c

If the flowmeter constricts the tube uy only a small fraction of its total area,

7.32 may be approximated by writing X . 1-8, and neglecting higher powers of S.

7.32 then reduces to

(-e n c) .*.7.33. '1-8/ 2 )

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 lcm wide,
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2nI- 7 < 0.1
c 250

and the modulus of e'21nl/c will be given by

-2TY. n|
C C

so that for values of a>3 the modulus of

1 - 21 n t/.

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- 72R 2W. But this

is approximately onlys since at any time the radius is not R, but R+e, and 6 varies

with the time. A better approximation would be

Q rrR2W l+j- .4.8.1.
P0c

and inserting the value of -- this becomes.R

A . 7r 2w .. .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+6. If we

replace R by R.j 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 2
~~~~~V~~R 1 w 12( _ \"~ ~\ R p

.R2 y a . + R -a t ...8.3.

d 2w
the inertia terms and the term in d- being omitted. If we seek a solution of 8.3

which is of the same form as that for a constant radius, we can imagine ZpAaz

represented by a Fourier Series in n(t-z/,), and corresponding Fourier Series for

w and substituted in the equation. The products of the Fourier Series can be

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 terms "left over" as it were, which would disappear (being equal

to unity) in a system with constant wave-velocity. A typical term is

ein(t-z/C x ein(t-z/c
which has to be compared with

e21n(tz/c "
2

where c is the wave-velocity for a freituency n and c2 is the wave-velocity for
2nT

twice this frequency. The question Is, therefore, how far does
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e2ttn(/c 1-1/c 2 )

differ from unity? If four harmonics are taken in the Fourier Series, the quanti-

ties to be considered are

1 1 2 1

c2 Cl C3  C 2  c1

1 1 4 3 1
c4 c2 C4  C3  1

where cl, c2, c32 c4 are the wave-velocities for the four harmonics. The largest
1 1

of these is c Ci- and for a-2 the wavelength of this is approximately four

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/, and could be of equal

importance. It wills 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

AO + AeIent + A 2e2int + 64094

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

- . N + M1cos(nt+rp) + M2cos(2nt+,2) +... ... 8.4.,az

If we define A0, A , A 2 .... by

A - M
0 O

A, = *M ei~ z

A 3 - jM2eiW 2

and so on, then

'ap
- - = A + A eint + A*e1iDt + A e21nt + ... 8.5.

z 1 1 2

using a standard notation for conjugate complex quantities. Also assume

W C W0 + wleint + w e'int + .,.. ...8.6.
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and 3 f~ + fleifl t + a .. **8 *7.

Equation 6.13 will be true for each harmonic, and therefore

26 1 lt WVI
C 0  R T e + C* e 1 "nt + 00* 6008686

in which c. is the complex wave-velocity for the m tb harmonic'. Taking the values

'of the W. air eady obtained as an adequate approximation to use in substituting for

2fR in 8.8 we have

+1 2 1 1 (C e lot + Ce -lt+ . .8
ft c0  1 1 1 *

in which AM (*i) R2  F1 ().}. 810

X and Y have the same meaning as in Section III, i~e.,*

c 0/ce 0 XN-iYM

For the limiting condition of stiff constraint this reduces to

ANR 2  .(3M10 Qx.))..81.
C 2 -ieo~v

If the above expressions for ap/z and 1 + 2 are inserted into the right-

hand side of 8.3 we have, omitting the constant factor R2/P and changing sign,

-(l+-----)- AO n t + -Lt + A 2e2n+
R AZin

+ ~ ( Ce~~ +C e-int + C 2e~1 + C '2n

+ (Ale~n lot A 1e- lt) Ce nlot4+ C e .lt +

+ ( A~e~" + A 2 e-
2 1nt) (C1 iflt+Ceit4

+ so* o*. 8-12*

We now consider the term In 1 + -2 on the left-hand side of 8.3. This

becomesR
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V Rt

ia2 (w eint -w* e-int) + 21a2(w e2 1nt - w*e"2 1 nt) +

+ a2 (w eift .w*e i t) (c eint + C2e-int + C e21nt +

21a (w e2nt - -21,nt nt+ C*e-int + C e21nt +

+ e -w2 e ) (C1  1 2 2

..•.8.13.
+

If now 8.12 and 8.13 are inserted in 8.3, and corresponding powers of eilnt

are collected, a set of equations for wo, w1 , w* can be written down. The

terms independent of eiflt give the equation

d2wo 1 dwo AoR 2  R 2

+ C + .... 814dy2  y dy 11/

Co I Cl 2(Cw2 } ...8.

1
An approximate solution, coirect to order , can be obtained by inserting

the known forms for w,, woo*** on the right-hand side of this equation. If this

is done, the integration can be carried through, and the result expressed in terms

of functions already known. The first term on the right-hand side gives the usual

Poiseuille solution. Since 8.14 is linear in the unknown wo, we may consider the

contribution to the solution from each term separately. The general term for the

mt b harmonic gives the equation

d 2W 1 dwo 1 Rt (2
0+ - -= - - (A C * + A* C + imcL2  ...8.15.

dy2  y dy co A 0 a co  M

The value of a appropriate to the mth harmonic is am a in, so that
*

a 2 = M2. The values of w*, w3 to be inserted in 8.15 will be (expressing 6.3 in

terms of the pressure gradient,)
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Am R2  Jo(a.y13 /2)

w*. - + 7=- j/Lna 2  : J0(L/z
and Apln2  I Jo (Li "/2)

Inserting these in 8.15, this becomes

d2w0 1 dWo 1 R 2  J. (aayi12)
-- + - Z " ABCm "1 .Q " /
dy2 y dy co  t j (ami 3/)

I J (amyiS/2)
+ - - 'A ..8 * 16.

Co 0 oa 0 (a'iS/2)

the constant terms cancelling. Since for any Bessel Function of order zero,

d2  1 d j(y
- -- J.(ky) - ...817.

the solution of 8.16 which is zero at y-1 is

1 R 2 J (amyi3 /2)c0 ~a*. *AC(~).l oJ(c.t 3") .}
1 . AC -). --a 0 12a!9t 0 J. (a.13/ 2

1 R2 Jo (an " a"2 .
- - .%/ * 3m'9)L .. 8.18,

13ao SA a. /- 2)

and this may be written

+ ---- (-7. AC( 1- ( -)
co i1A jo (7,i ' 3 / 2 1

o 1 ./ R A, Jo(azi 3/2)co "2 .- .:C.( a li0(a -3/

and therefore the contribution of this pair of terms to the average velocity is

+ __ . - C* .(-7) 1M1 0 (a.) e1€10(
= =)

1 A (-'r:)) '(a) eti '( ...8.20.
- 0  -10. M, 10 a
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Inserting the expressions for C. and C: this becomes, after some obvious re-
ductions,

2c0 (2t) 2X..Y Il toM(~cs{~ (a.) -E~(*+ ph (X.+iYs) +ph~7

For the limiting condition of stiff constraint this reduces to

( ) 2  
-/ * {M.a(a.)

It is possible, therefore, to prepare a table of standard correction functions
by calculatingI

E(m,-m) a F3 i ("s(.) 4 1 0 Cos ...a) 48.220
4 1 OUJ2

for the full range of values of a. For any given pulse formi the correction to the
steady term will be2

-a cm,-m) ( 8. .8 23.

and this will be in the same direction as the main term.

We now turn to the construction of the corresponding standard correction
functions E(I,m) and E(I-m), being the effect of the Ztb and 3 th harmonics on the
(I+M)th and (1-m)tb harmonics respectively. The equatioi for the former is

d2W 1ldw + A CM2d2+ Y y - I( +m) a2w B..(AMC+ I I.

+ia
2

Inserting the values of w. and w. this becomes

+- i1(1+u)a 2w *±R 2 CkMJ 0(Lyi2
dy2  y dy co I J,(ai 3 2)

+1 -R 2 CAi.J. (a ZyI31 2 *825

and this can be Integrated by using the well-known result:

WADC TR 56-614 78



If

d2w + 1 dw + k2w AJo(1y)

dy2  y dy Jo (1)

then the integral of this which vanishes at y 1 is

A Joy) Jo(ky)

k2_ 2 tI J k ...8.26.

The solution of 8.25 Is, therefore,

s 1 1 1 J( 4,+.a yi 3 /z)

13 (Z+m-m)a 2  0 J "(.- a Z,,i2 '2)

Jo i1 ) 2)Jo (L.yis/ )

together with the same expression with I and m interchanged. The corresponding

average velocity will be

1 R2  1 "

-M0(amn) et 1o0 1

together with the same expression with I and m interchanged.

We may, therefore, write the above correction in the form

'(AR
2 ) (AR2-- . E(l,m)

where

E(1,m) - (-712).F(,mn)+ (-77/).F(m,l) ...8.27.

In imposing the condition that all the correction terms vanish at yal, 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 terms 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 (Z+m)th harmonic. For a pressure-

gradient in real form it will be necessary to combine the two terms

W1+e(+) + W V eIIMu

The correction term will be therefore, in real form,

Z_ np OT I npi iNt~~co

and It will be convenient to have a table of E(Ism) In modulus and phase form. For

the limiting condition of stiff constraint the formula for E(1,m) simplifies con-

Siderably. E(Z,m) then becomes

EPlJM) = F0i,m) + F(MZ)

andF(m) {3*f(x)) elEoa .

-,( l'e 1(0 M10 (a e"+ A)J I6869

IO a ) I I .

101 10 1-

The above formulae do not apply when,1 or m a 0. For the effect on the mth

harmonic of its own interaction we have

d2w +i1dw + 3MWR 2A
dy2  y dy c00

and since the right-hand side is constant the solu±tion of this is

1 A R2 2 (1 J0 (ayi~l:)

co i:sma2  . J,0Qxi3/2)
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and therefore the correction term is

- iiii )" i . E(m,o).cos mnt+%p.+phE(m,O)]

In which

E(m,O) 0 (X,-IX.).M'o(a).ello("m)M e aO(3

and for the limiting condition of stiff constraint this reduces to

E(m,O) a -- 10 () 1  eS/2 1o( 
, a..8.32.

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:

MoR 2  1 2 2+=- I _ _ m)

mn=n

=-.Ml sin(nt-ipl+ clO)
nPo

_ l . _.E(1,O)Icos nt-4p1+phE(1,0))
np0 j p 0

- -- .( jE(2,-1) icos nt- (p2-(P1 )+phE(2,-1

1 o 3  2 E(3,-2) [-cos nt- ((p-q)2)+phE(3,-2

03npo) \2pO) 1 o

" (- 1  " IE(4,-3) cos nt-(Qp4-ps)+phE(4,-3 .834.

Ws 2 _-° . Mo0 (a2) sin 2nt-Ps+e1O(a2

-- I M2 IE(2,o)lcos 2nt- phE(2,0
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-O i(M) IE(1,i) Icos {2nt2(pj+phE(1,1)}

o0 M 0) np,

- I -M4 M-. 2 E.4-).os.t q P (,28.35.
Co k411P, (2np, 2 /h

3  M1 (a 3) . S in {3ntq,3+E 1 03)

1~ ( M2\ (M 3 1 E3OIo
c0o I 3pj . .) E 2n1 1CS /t L(I+P) E21

M2 k {3t(P +p hE(2,S ..1 6
Co 2npo np01 'E(42,1) 'O n-q4(

1 (M~ (M 1 \C4 Ph

c0 \4n01 (n J E(,1)cos 4nt(Cp 4 )+phE(~3 J .8.6

cl npMI 4np o

- 2 np;) (~)IE4o)Io {4n-2 P2+PhE (

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 femnoral artery

of the dog. Fourier Analysis of his pressure gradient record gave

WADC TR 56-614 82



- - 0.159 + 0.774 cos(nt+0 039')
zz t1.317 cos(2nt-82°45)

- 0.743 cos (3nt+260 30')

- 0.414 cos(4nt-16 039 a)

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 1/njo.

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 maximum OR of about 6%.

Since WJj

and the maximum average velocity was 88 m/sec, which suggests

600 < c o < 700 cm/see.

The pulse velocity, estimated from records of other experiments, suggested a

value of c 0 of about 850 cu/sec. Two sets of corrections have, therefore, been

calculated, for coU1000 cm/sec and for coM500 cm/sec. These have been carried

out for the limiting condition of stiff constraint only. As may be seen from Fig.

32, the effect is not very marked, even for coZM00. The curve for co=1000 is not

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 + 2C when multiplying

R
the average velocity by the cross-sectional area.
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Tab]le 7A

Uncorrected .co a 100050

Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
of of of . of of of

cos wnt sin umt cos writ sin unt cos writ sin nint

+19.08 +33.14 20.01 32.44 20.94 31.75
2 -31.78 +14.89 -32.57 15.57 -33.37 18.25
3 - 8.79 -10.58 - 8.47 -10.69 - 8.16 -10.79
4 - 0.44 - 5.86 - 0.15 - 5.73 0.14 - 5.47

IS Variation In average velocity over one cycle in the femoral
go,~ artery of the dog, calculated from the observed pressure

gradient of Fig. 8.
Le Full line, without expansion correction.

so. Broken line, with expansion correction for C0  500 cm-per sec.

40-

30

FIG. 32
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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 w are substituted in the equation for the

longitudinal velocity,

a2 Iw FO'w R 2 p R bw R2  awt -_ -  w- R -P +- u- +- W -lay . y by Va 1 8Vz 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

y

q f w 2y -dy 9.2

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 + d + _I' _- f(a)
dy2  y dy 9.3

in which f(y) is a known function of y. The corresponding equation for q is

d2 q I dq + I'd 2(Y)
d 2  ydy 9e4

in which g(y) f f(y) 2y dy
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The solution of 9.4 which is zero at y 0 is

q r- AyJ 1 (ayi Si + yJ 1 (Vzi) dyii)Q~Y)JG Y)dq' J1(8/2). y (,,,)f y ow -I, 1},f g(y).Jj(ayt* ' ) dy 9.5

Since w o 0 at y 1 1 the equation to determine A is dq - 0 at y 1 9.6

dy

Differentiating 9.5 and inserting y = 19 the equation for A is

0 a A iil .jo(aiBl ) + di /2J(( dfL 9 h yl) J ()-i )d

I L 1ay t J)g (Y). (y ) 
)

ddy
+ --A- 3/2)' g(_Y) • JIa(y:L / 2)  dy9e

so that -0Il

q j 1 J(.yi... y (fy 8 1 2 )' ] g(y)J a(yi '/) ) dy

and when y = 1 this reduces to Jo
)I..... 3 1 7 , .1. '- " / (y)  j (my 1 /2 )dy 99

[q],= 1 Oti/ a iee

)0
This can be put into a more convenient form by a single Integration by

parts. It then becomes
I

[q] - -I-- S - j 0 (di) f(y) 2y dy 9.10

0The determination of the correction to the average 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 _p_ w and u,
Bz

Ap4 + *1* 0*see
z"- Ao + Alexp fin(t-z/cl)) + AIexp f-in(t-z/cl ,.

+ Amexp Limn(t-z/cu)1 + Arnexp (ion(t-z/cd) +
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W = Wo + wlexp tin(t-z/ci )+ wtexp t-In(t-z/c ).

+ waexp imn(t-z/cu) +,wexp {-imn(t-z/c.

u uexp in(t-z/cl)  + uexp -tin(t-z/c + e...

* + Uaex p {imn(t-z/c + unexp (-1mn(t-z/c:)+ ...

where c. is the complex wave-velocity of the mth harmonic, the equations for

the wo0 w, *.b. become, after collecting up powers of eint

dW'o +_I d, A R + 1 R' cu+ dw- -+ 9.11

yy dy 1 cv i9 R dy R dy5

d W1 1 dw +-- + ---. + leod:w,
dy2 y dy

R * 4wid + too. dy R MJ

-- - Wm911
o a c a a912

and similarly for the other harmonics.

As with the expansion correctiont if the known forms for w. and u. are

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

-A yy M , + 9 .1 3
dy e v R dy R dy

in which
R 2cs Y + i _2....yi)

R mP 2Ca i 1 /jo (awlt 2
R -tmp 2cM. a'j.-8/2Jo(_ i,/2)

/2 . ..(a a yij /2)
d -mp do Y +Jo L3 )

- = ____ °
.. ....

dwo ( - J l 2  
* ( , 2__)g . - -An- g~ 8/2 .

dy -iznmnp no an 7~d j872)1J

so that the right-hand side of 9.13 becomes
A .2 / + o/ia.21 AUA*nY. -o = "c'- (m)-(' 3  2

C0 Mn2p) c/2 -9-ijo (a '7"12)" Jo(a is/ )
* r 6/2, /2 8/2

+A ci )* • -/ " ( m cJ ( )
co (m -n p') . 2 awl ( , ) (o(. JO (an '

If now we define the standard correction function as being such that the
effect of the mtb harmonic on the steady flow is

c (mnp')w(m,-m)

Then

W(m,-m) = w 2y dy 9.144j0

in which w is the solution of the eauation

I -d ( •w i aN,2 c, 8/YY8/ 1dOCRI c

Y_ (0. , Jo (n s2 a
a; Lo 0 - 8/2 J, . I y)
2 c TVai Y Jo(OCR O'2 )

2 172 jc 1 * aii''y) *jo(a 1 -8/2Y)+ 2a a Jo a.i'." ) * Jok.i-'x I )
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Multiplying 9.15 by y and integrating from zero to y,

dw ia Co 2 J2(O 1 /2Y) icl Co * J ai' /Y)
V7 -- n*T Y -- -3/2SCJo( a.i ) 2 c Jo(a s."'/2)

+ 2~(~n)In: . d . Jo(i =9 2)

3/22

+ 2. ( '___ d Io-"Ta" 1-3/2T'i/ )fo (at

From the recurrence relation for Bessel .Functions,

y J 2 (ky) 2 J,(ky) y Jo (ky)
Jo (m) k Jo(k) Jo (k)

and therefore 9.16 can be integrated, giving

id-2 co 1 Jo (a.i'/ )r

wi 2 CO eJ-Q . 1/9) -.J1(a is-' y''

+ -in jll • J ( I S/ 2) . 6 oJ7(-, -

together with its complex conjugate and

+ 'CCL i * Jo(a.ih/2y) Jo(ais/2y ) 9.17
c re I Jok(a=ii2 Y Jo(G i' 1 3/ )

Integrating again to obtain the average velocity9

2 jo (a9 / 2 )W(M'v-m)= ) •CO ', eiE'o+~ - O7 1 ,
8 c * J ( 0 1 1 1 )

ia2 C. 1 J2 (aa / 2 )

4 * .1 1 82 J)(ai')

together with its conjugate and

4 cj :tij12JO (ai77) 9.18

re

This last result follows from the example given in McLachlan's *Bessel

Inetions for Engineers" Ch VII, Page 146 (Second Edition, 1955).
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We have, therefore,

M(P-) oeel + -(r )Noe 10ll
2 C*2 c

.4. -1 ( I M~ cose~0

.1 Tla (C -1 Mioe 10,o 9.19

~ ca 11 * (1 M oe i~o

In the limiting condition of stiff constraint this reduces to

COB-o csp + 3mocos 802cse'
2 r3 2 ~ 3 Et

+ - (M i) sin -m 'O - si-1 2 212

9.20

0.S.

0.5,

0.4-

0.3,

0 Combined correction to steady flowp T(op-u).

FIG. 33
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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

T mi) = -- u~) [os -l-el0 + 15 Cos ecoss 2" + -'-oos i

2 9021

+ M-- (sin-- -Mo sin 9.21

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 dominant and the

steady flow is hindere-Wbythe presence of the oscillatory.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

m W_) T Contribution to wo

1 2.696 0.537 1.448

2 0.488 0.539 0.263

3 0.031 0.455 0.014

4 0.00003

1.725 cem/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.
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26 The effect on the inth harmonic of Its own interaction with the steady flow.
The equation for this Interaction is

d~ W!~ ± a 2 Cc u9.22.
dy2 y dy V R dy co c*

so that the equation for the standard correction function is

dy2 y dy d cofs y + .'n ti812j~a
d~w A +ia2 + - s/. yJ( ) }

-~ c. {any J0~ ')) (1-i2)

Solving this by 9.10, the standard correction function is

W (M. 0) Cc 0: L [Y2 + ?J y (i 2ydy

czj ~ T 2 Jot O ea a 92 i O(812) 92

o (Otl, /2 ) a.1 8/

All the terms in these two integrals can be expressed in terms of J0 (ai'[ )
and J,(djI/2)

The necessary reduction formul ae can be found in Watson: "Theory of Bessel Func-
tions" Cho. V. It Is, however, simpler and quicker to evaluate them by direct

numerical integration.

For the pressure gradient in real form, this W(meo) 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.

I (M 2 wMa o)Icostht - Pa+ phPlmo)

/0 ; 9.25

3e The effect on the (k-m)th harmonic of the Interaction between* the kth and
mth harmonics.

The equation for this Is.
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d' dw 8I R 2  OfiUk dW2 + lpmdw

dy2  y dy cov R dy R dy

ia2 keo9e26

-l -2 { -; U WCW3

so that in the equation for the standard correction function the right-hand side

is

2. Co J12ki /-2. YJd19/,2

kk 2i~ 0 jI J 0 egk 1

-lag /2~SAy) Ji(06- 1 /2Y)

a ia'f 2 a 21812j 2) +-k Jo Joaa 1 '' -31 2)

2) je J 0 (aki"/) jjocxi' 2)5

9.27

and the standard correction function Is obtained from this by the use of 9.10.,
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When the W(km) 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(km) taking the place of the E(km). 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(mo) which will be as shown in 9.25. Except

for the interaction with the steady flow, therefore, the E(km) and the W(km) 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

k,m Wre WIN 1W! phW

1,0 0.6745 -0.4100 0.7893. -310.29

2,0 0.4986 -0.6424 0.8132 -520"18

3,0 0.3961 -0.7106 0.8135 -600.86

4,0 0.3369 -0•7423 0.8152 -65° -59

1,I 0.0966 0.3030 0.3180 720.32

2,1 0.3130 0.6453 0.7172 640.12

3,1 0.3110 0.6575 0.7273 64069

2,-1 0.2495 0.9197 0.9529 740.82

3,-I 0.2782 0.4594 0.5371 580.80

4,-I 0.2870 0.2381 0.3729 390.68

3,-2 0.1450 1.4288 1.4361 840.20

4,.-.2 0.3032 0.9189 0.9676 710.74

4,-3 0.0261 1.7606 1-7608 900.85

2, 2 0.2392 0.2256 0.3288 430.32
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The trapezoidal rule was used for. integration, one hundred ordinates being

taken In the range 0 5 y S 1. The values of the W(km) are given in Table 7A.

These values of the W(k,p) 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

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 co( = 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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.4R

FI G 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 cm/sec.
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SECTION X

THE *EXACT" SOLUTION FOR OSCILLATORY MOTION

IN THE PRESENCE OF A STEADY STREAM

Whilst the perturbation method is the obvious first step toward taking

account of deviations from linearity in a system which is approximately linear, it

is always desirable to have an exact solution, if one can be obtainedin 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 possiblep 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 quantities involved, derived simple formulae for the wave-

velocity which they compared with some experimental results obtained by Mller.

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 belew 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 A + in(t-z/)

in (t -z/ c)
w = Wo + w~e 10.2

in(t-z/c) 10.3

U C UO + 14e l
WA/)C TR 56-614 97



From the equation of continuity

uly.*JB q, 10.4
2C

where q, has the same meaning as in the previous section, ioe.,

q= fw±2y ,dy 106.1
0

Now WO = -(1 2

02 wo( y y2) 10.6

dwo

dyM - 4 woy 10.7

and U0  0

Substituting these in the equation for the longitudinal velocity, 9.1, we have
2

d W 1 dw, I 2 2o2W
d2 +--+ ia w, -id q, -c (_ 10.8

y y dy 4 C

Now write b 2w0o
1cs the ratio of the axial velocity of the steady motion to

the wave-velocity. The equation then becomes

d2 w1  Ildw1  A 1R2  yxi2 2
.Z+ +-a2Ijb Jw, 2ydy - i1X b 2w1 (1-y

2) 10.9
dy y dyS

If the second term on the right-hand side of 10.9 is integrated by parts the

equation becomesy

dy2 id + j19a2(i-b 2 )wj + iLa2 b2  2 dy AR 10.10

0.
A Particular Integral of' this equation is

iIpux' (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

and defining. y as

Y a bed U 2- 1)
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this becomes

(dx d~ Y1J -f xdx a0 10.11

If 10.11 is differentiated throughout,9 and v written for x dwI it becomes

d -V 1 y =0102

which is Whittakerts form of' the equation for the Confluent Jypergeometric Function.

The solution is

M..Y/4- 1/21 (X) xe1x/2 IF 1 (1 +)L 2, X0).

and therefore

dw, 1 -x/ j.F (I +j L-,2, 109. 14
dx 4 X

The second solution of 10.12 is not required, since -=0 at y 0.
dy

The solution of 10.11 will therefore be

W,-C2+ C, f e" IF, (I + L,2ox. )dx 1.0.15
0 4

anid the value of C2 must be determined by substitution in 10.11. If this is

done, it is found that r.2 = 4 C1. If, therefore, zo(yx) be defined by
Y

zo (y 9X) -+~j e- 1/2 1F(1 + j,9 2, X)dx 10.16
0

the solution of j1s-lO which satisfies the boundary- condition w, 0 at y =1

is

WS . Aj121- zoky,X) 9
ijLd2 (I - b) ZO(y~bai 1 12) 10.17

The average velocity is given by bal 1/2.

I j w, dx
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and therefore

- AiR' - 1Zo(Y.,x) dx 10.18

ip~i2(i-b) 1, ThJ Z0 (y~baiA)5

An integration by parts gives the alternative form

AIR2 Z, (y, bai ) 10.19

W1  i.u' (1-b') Z (y, bai'C )
in which x

ZI (Y.x) 2:j 1  xe-X/2 1FI(1 +4, 2. x_)dX
baio 4

When b = i ie., 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'wl 1 dw1  dw - AIR2
-y + y y + I 4-o y dy M20

and a constant value of w, is no longer a Particular Inte7ral of this equation.

If, howeverp instead of x • bai y we write x - y In 10.20, It2
becomes x

d ( dw1) + dw, AIR
7a~x x a J o 2cdi II10.21

dw1  dV
Writing x -- -- this becomes

d2V A1R
2 1

dV+ V AR 02

dV
with the initial conditions V 0 at x = 0. the solution of which is

.2

v - AR (1- cosx) 10.23

and therefore

w -AjR 2 = [ (1-cosx)(P fx (co x 10924

Integrating this to give the average velocity,
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IR~ 2 8//

Ia 22 sn -- 10.25

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 conditionsand

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 -> O, i.e., for y -> , When y is large, 10.12 reduces to the Normal .Form

of Bessel's Equation

dAv yv
-x2 4 0 1026dx' 4x

with the solution x J1 (Iyi x i  Rewriting this in terms of y as an independ-

ent variablep

y C12 ") 10-27

which reduces to the solution already known for b - O° The simplicity of 10.27

suggests that it may be worth while to examine the range of b over which it
would be a reasonable approximation, i.e., for what values of y, - - > 1. The

maximum value of x is baci and therefore this inequality may be replaced by

ioe., by jo/c <
10

In the femoral artery McDonald's results give g = 15 cm/sec. The pulse-

velocity is not less than 450 cm/sec. so that for these conditions Wo/c is

about 1/30o Nearer the heart it is to be expected that Wo would be greater, and

the pulse-velocity less, so that practical conditions seemy 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

diw1 + I dw + is-P ,w, AIR 2 ab2a 2 yiY 2dwb dy 10.28

dy 2  y dy Jso dy
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in which 62 = a 2 (1-b 2 ), the first approximation

W,= AIR 2 j0 (Oi/ 10)2*Wi W .1 Jo (01312 J1
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.

Since b2 < 1, the accuracy of this first approximation can be improved by

substituting

dw- AR 2 . Oi S /2 JI(pi 9/2 Y)

dy IP02  Jo(W ' ) 1030

on the right-hand side of 10.28. If we write w2  for the correction to w,

arising from this,

d.w2  1 dw, a 2 2 tsi2b2. A, R2  /2 Jl(0i/ 2

dy ydy ij40 f i . J (Oi 'i y

2 r J(i/2)
b 2  

A-R °  
2 J2(09 10.311-b Jo ( ' 2

it is not necessary to solve this equation for w., since by 9.10, V. can be

obtained at once.

b2 AIR2 1 JO(Oyil/" 2 J 2 (OyiL / 2)
o P o J 1 - 00,81-2) 2Y " dy

10.32

- 2  A R2  2 J 3 (18/
2 )

2~~ W Wrj oi91-b Pi 0i o(i '

1

b2  AR2 SJ (oyi" 12) .OOi8
-I--- i-2" 2 ysJ Ji3 1)J(Pyi 8/ '2 ) dy

(10.33

From Watson: "Theory of Bessel Functions" Chapter V,

JZOJ(z)J°(z)dz ' j 2 (z) Jo(Z) +.JS(z)
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and, using this result, 10.33 becomes

b2 Alt 28/2i81 Lit(i J 0 i/s j(0,j8I2)
b AR " 2 j 8(1S/ 2 ) _ ij(3 i ' ) 1 J,((ii)

10.34

Expressing J. in terms of J 2  and J1  by means of the recurrence formula the

expression within the bracket becomes

Jo J 0 ) 2 3 3 . 10.35

.and thts may be further reduced to

2el 1i o G[2)( . 2

-ieoe { 8+ Mioe - 2 1 + (i i'2) } 10.36

If there were no damping of the pulse-wave in transmission, c would be real,

and the effect of substituting 0 for a in the Bessel Functions could be cal-

culated from the available tables. Since c is complex, the Bessel Functions are

no longer functions of is 2 but of a general complex argument. When 2Wo/c is

small, it is possible to derive an approximation in terms of known functions by

using the well-known formula

in (Az) = Xn z Jn+ (z) 2 1z 10"37

If c, is the measured velocity, then

2Wo 2Wo r Y
Aa W

c Cl X

and if o is written for. i 1 Ji - , then

o 2w o Y
\1Ci X

to first order, and if we write X2 1 + i w- - in 10.27 above, writing

n =0, n = 1, in turn, we find that

2 J, (Pis/2) 2 J1(Poiq/') W g. OB 2

J(O°is 10.38
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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 2Wo/c. Since 10.36 is itself a

first-order correction, it will be sufficiently accurate to write 00 for in

it. Combining 10.36 and 10.38 the corrected average velocity is

+ W2 = A Mlo(.)et~o(Po) + _a Soo00(00 10.39

in which SIo(Po)

Pr I (0 18/2 2)

-itan 2  
a le IC + J(. 00 s2} 04

Table 8 is a table of Sjo(0o) 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 Sjo0 (o), in that order. The last two columns are the real and imaginary parts

of
1 2J ( o3/2)

- 2JI(POI / 10.41
Po~o (%oL 3 / 2 )

i.e., the quantities C. and D. of Section II.

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 cm/sec. this gives 2fo/C, = 0.06

1-b 0.94

From a succession of trial values of 0o, therefore, we calculate the real

and imaginary parts of
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- Fjo(Po) + o.068o(Oo

from Table 8, for each of the four harmonics. Using these as our values of C.
and D. in 2.21, and find the value of 00 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 Oo = 2.5, corresponding to a = 2.58. The coefficients of the

Fourier Series for w are 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 11042

1 x 1 +ox
101- ,(0o) -lax k- x + it

in which I - 0'so(o) = 1 - F10 (00) + 2w o 10.43__2 A0  10.44

this term representing the viscous drag due to the steady stream. It will be

noted that 41s small over the range of values of a which are of interest. ForAo,
example, in the femoral artery, °I"7, - ' and wo/c. .03 so that

I< 1/450. Even in the thoracic aorta, assuming i. - I, wo/c 1/4, '3< 0.01,
since a2 '- 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

(1.-a) xl- 20lx + al "- 0

in which

Gi.1 + *-a-I ( -. ) +k 1 + t
2 4 2

1 + 2k
and H 1.. k 1.1 - iVio

For a = 1/2, the effect of the term in G (leaving
2

aside the substitution of o for F1 o(%), 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- - o) the viscous drag of the steady stream will have no effect, as might

be expected.

The effect of the substitution of V,0(0) for Fo(d) can be studied very

simply for this limiting condition. When k- .- O

X 2

so that 1 ) (-o 2  (I-
(I _ 02

) __ *2 'i 10-45

2 1 - F10( 0 6) + 2B310 O(Oo( c) So(Po)

and from this c1 and e- 2 Y/x may be calculated. A plot of c- fo a =a

00 CO

k -D . 2w-- . 0.06 ( as in McDonald's experiment) is shown in Figure 35,

with the corresponding plot for a - , k = - cO with no steady component for

comparison. It will be seen that the presence of the steady stream raises the

wave-velocityby 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 conditionsp 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. Before this can be contemplated, measurements of the com-

parative magnitudes of the steady and oscillatory components of flow in the major

arteries are needed, together with accurate measurements of pulse-velocity over

short distancesq to delimit the ranges of the parameters.

.6

5

0

0 .

C

0 W' 60' 90 00' 240 270 300 '" 360

-2L O
FIG. 35
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TABLE. 8.

E 00Si 0 ( 9 0) Foi K = -co (4
CK REAL IM9AINARY MODULUS PAE RA MGNRDEGREES RA MGNR

0.00 0.0000 0.000 0.0000 -45.0000 0.0000 0.0000
0.05 -0.0003 0.0000 0.0004 -34.%857 0.0000 0o0003
0.10 -0.00.12 0.0001 0.0012 - 2.496 0.0000 0.002
0.1!5 -0.0028 0.0000 0.0028 - 0.y72k2 0.0000 0.0098
0.20 -0.0030 0.0001 0.0030 - 0.8379 0.0000 0.0050

0.25 -.. 07 0.0002 0.0077 - 1.2479 0.0001 0.0078
0.30 -0.033. 0.0003 0.011 1.753k 0.0002 0.0112
0.35 -0.010 0.0006 0.0150 *3530 0.0003 0.0153
0.40 .0.0195 0.0010 0.0193 3.0666 0.0005 0.0200
0.45 -0.0&45 0.0017 0.0045 -W891 0.0009 0.0253

0.50 -0.0300 0.0025 0.0301 - 77%8 0.0013 0.0332
0." -0.0359 0.0036 0.0361 5.77U4 0.0019 000377
0.60 -0.040 0.0031 o.Oik" 6.8697 .00027 0.01w.
0.6* .0.01189 0.0069 0.01.VA 8.0%8k 0.0037 060m2
0.70 .0.0559 0.0092 0.0367 -9.340 0.0050 0.0608

0.75 -0.0631. 0.019 0.0612 -20.7W3 0.0065 0.0697
0.80 -0.0705 0.012 0.0721 -32.18053 0.0084 0.0791
0.85 -0.0m7 0.0190 0.0802 -37358 0.0307 0.0890
0.90 -0.0833 0.02"5 0.088 -35.3797 0.013k 0.0994
0.93 .0..0996 0.0283 0.006 -17.11O1 0.0166 0.13

1.00 -0.0996 0.03119 0003 -18.925j2 0.0202 0.123
1.05 -0.1060 0.0.4 0.1138 -0.S 0.0244 0.133w
10 -0.132 0.074 012 -27987 0.0299 0.145g

1.15 .0.138a 0:0%49 0.1m0 -418)19 0.0~k 0.1574
1.20 -0.3236 0.0629 0.1386 -26.9766 o0o1.oi 0.1699

1*g5 .0.3280 0.0714 0.1"6 -9.1708 0.0474 0.1826
1.30 -0.1315 0.080 0.1542 -31.429 0.0349 0.3

M 0.1342 0.0897 0.1614h 3".7487 0.0630 0.2081
1 -001359 0.0992 0.1683 -36.3231 0.073B 0.2208

1.45 -. 1366 0.1089 0.1747 -38.%T76 0.0814 0.233k

1.50 -0.1363 0.186 0.3806 -41.0167 0.0917 0.2458
1.5 -0.1349 0.3281 0.38m -43.5247 0.102T 0.2580
1.60 -0.1325 0.1375 0.1909 -M6.0659 0.3343 0.2698
1.65* -0.329 0.2"65 0.3953 -W8.6341 0.3266 0.2831
1.70 -0.1246 0.1551 0.39m -51.2232 0.1395 0.'9921

1.75 _0.1193 0.1632 0.2022 -53.8272 .0.152 0.3025
1.80 -0.1132 0.1706 0.2047 -56.4398 0.1668 0.3323.
1.8,5 -0.1063 0.1773 0.2067 -59*0551 0.1812 0.3215
1.90 -0.0988 0.183, 0.2082 .-61.6673 0.195 0.3300
1.9 -0.0908 0.15840.2091 -64.2706 0.2109 0.3378

2.00 -0.0023 0.1927 0.2095 -66.8596 0.2262 0.3w4
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TABLE 8. CONTINUED

S Slo (o) FOR K= -cc -Fo
REAL IMAGINARY MODULUS DEGREES REAL IMANIKARY

2.00 -0.0823 0.192T 0.2095 -66.86 0.2262 0.34492.05 -0.0736 0.1961 0.205 -69.93 0.2417 0.513
2.10 -0.0647 0.1987 0.2090 -71.9748 0.2572 0.3569
2,15 -0.0556 0.2005 0.2083. -74.4917 0.2728 O.3618
2.20 -0.046 0.2015 O.2O68 -76.9760 0.288f 0.3660

2.25 -0.037T 0.2017 0.2052 -79.4241 0.3039 0.3695
2.30 -0.0289 0.203 0.2033 W.83128 0.3392 0.723
2.3 -0.0203 0.2002 0.20:12 -8W.511 0331494 0.3715
2.45 .0.0041 0.1963 0.1963 -88.7964 0. 10 0.3770

2.50 0.00" 0.1936 0.1937 88.9765 0.3784 0.3774
2.55 0.0107 0.19O6 0.1909 86.7988 03924 0.3773
2.6o 0.015 0.3B72 0.1881 8-.6713 0.11061 0.3768
2.65 0.0239 0.1836 0.3851 82."46 0.4:193 0.3758
2.70 0.0299 0.1797 0.1822 80.590 0.4392 0.3744

2.75 0.0o 0M7 0.1792 78.504 0.117 o.3726
2.80 0.0m0 0.1715 0.1763 76.6706 0.1458 0.3706
2.83 0.0455 0.1673 0.1734 74.7971 o.4684 o.3683
2.90 0.0499 0.1630 0.1703 79.9732 0.4797 o.3657
2.95 0.00 0.1587 0.1676 7.1982 0.490 0.3629

3.00 0.0578 0.541 0.16&9 69.4710 0.5010 o.3600
3.05 0.0613 0.1501 0.1621 67.7906 0.5.10 o.569
3.10 0.0645 0.1359 0.1595 66.1557 0.5207 0,336
3.15 0.0674 0.2k17 0.1569 64.%51 0.5300 0.3503
3.20 0.0701 0.1376 0.14 63.0i75 0.5389 0.3468

3.25 0.07 0.1336 0..1520 61.5 6 0.5475 0.343k
3.30 0.0747 0.1297 0.107 60.0458 0.557 0.3398
3.35 0.0768 0.129 0.1474 58.6289 0.5636 0.3363
3.0 0.0786 0.3m2 o.153 57.2293 0.5712 0.3327
3.45 0.0803 0.11f5 0.32 55.8758 0.5785 0,32

3.50 0.0819 0.1150 0.1419 54.5567 0. 586 0.3256
3.55 0.0833 O.l6 0.1393 53.2709 0.5923 0.3221
3.6o 0.0846 0.2083 0.1374 52.0169 0.5988 0.338 5
3.65 0.0858 0.1.1 0.357 50.7934 0.6051 0.3151
3.70 0.0868 0.1020 o.l31o 4.5991 0.61.1 0.3116

3.75 0.0878 0.0990 01323 48.4328 0.6169 0.3082
3.80 0.0887 0.0961 0.1308 47.2933 0.6225 0.30,49
3.85 0.0895 0.0933 0.293 46.17914 0.6279 o.3o16
3.90 0.0903 o.09o6 0.m9 4 0.631 0.294
3.95 0.0920 0.0879 0.1265 1 0.631 0.2952

4.00 0.0916 0.0853 0.1252 2.9807 0.6430 0.2921
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TABLE 8. CONTINUED

SO ('go) FR K = - co I-F, ( )
PHAS

REAL IMAGINARY MODULUS DE REES REAL IMAGINARY
- -

4.00 0.o916 02.o3 0.M2 2.9807 0.63 02921
.os 0.0921 0089 0.1239 o19587 0.6k T7 0:28go
.10 00927 0.080a 0.1227 10.95T73 o.652 0.286o

4.15 0.0931 0.0781 0.1215 39.9757 o.656 0.2831
4.20 o.936 0.0758 0.201o 39.o29 0.66o9 o.2802

4.25 0.090 0.0736 0.u1k 38.o683 0.6651 0.2774
.o30 0.0943 0.07T 0.183 37.1132 0.6691 0.2747

4.35 o.o96 o.o693 0.1173 36.238 0.6730 0.2720
4.10 0.099 o.o673 O.16k 35.336 0.6769 0.2693
h.115 o.M2 o.o653 0.135% 3.-578 0.6806 o.2667

4.50 0.09 0.063 0.135 33.941 o.6842 0.2642
." o.0936 o.065 0.137 32.71449 0.6877 0,2617

4.60 0.0958 0.0596 0.2 31.9o97 0.6911 0.-2593
1.65 0.0m59 0.0578 0.1120 31.088o o.6945 o.2569
4.70 00960 00561 0.13= 3o.2796 o.6978 o.25 6

4.75 o.061 0.05%4o 0.1101. 29.48%0 0.7010 o.2523
4.80 0.096 0.0527 0.1m9 28.7008 0.7041 0.2501
1.85 o.0963 0.'0320 0.109 27.9298 0.7072 0.2479
4.90 0.0963 0.0k9 0.1082 27.1706 0.7101 0.214.8
4.95 0.0963 0.079 0.1076 26.4230 0.7131 0.2437

5.00 0.o963 0.0463 0.1o69 25.6867 0.7159 0.24.16
5.05 oo963 o.0 8 oo62 2k.961k 0.73 0.2396
5.10 o.0963 0 0434 O.lO56 24.2471 0.7215 0.2376
5.15 0.0962 0.0139 0.10119 23.513 0.721 0.2356
5.20 0.0961 0.Ok15 0.103 22.85m2 0.7269 0.2337

5.25 o.o96o 00391 01037 2.1673 0,729 0.2318
5.30 0.0959 0.0378 0.1031 21.11916 0.7320 0.2300
5.35 0.0958 o.o365 0.1025 20.8318 0.735 0.2282
5.0 00957 00352 0.1019 20.1789 0:7369 0.226
5.15 0.0955 0.0339 0.103A 19.5358 0.79 0.22 6

5.50 0.09% 0.0327 0.1008 18.9022 0.7417 0.2229
5.55 0.0952 0.031k 0.1002 1.278o o.7441 0.2212
5.6o 0.0950 0.0302 000997 17.6632 0.7463 0.2195
5.65 0.0918 0.0291 00991 17.076 0.7M 0.2179
5.70 0.096 0.0279 0.0986 26.11612 075o8 0.2163

5.75 0,0943 oo268 0.0981 15.8737 07530 0.23A7
5.8o 0.0911 0.057 0.0976 15.2951 0.7551 0.2131
5.85 0,0939 0,0247 0.09T1 .1.47253 0,7572 0.2115
5.90 0.0936 0.036 o.o966 1.162 0.7593 0.2100
5.95 0.o94 0.0226 oo96o 13.6116 0,7613 0.2085

6.00 0.0931 0.023.6 00956 13,0675 0,7633 0,2070
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TABLE 8. CONTINUED

AD So ( o Fo K I-F,,(oc)
REAL IMAGINARY MODULUS _E _ REAL IMA-11ARY

- -

6.o 0.0931 0.0216 0.095 3.0675 0.7633 0.2D70
6.07 0.0%s m.06 0.095. 2. 8 o.7652 o.06
6.1o 0.092 0.0397 0.0946 32.001 3 0.7672 0.20,1
6.15 0.09m 0.0387 0.0941 3.1.M)49 o.7691 0.2027
6.2o 0.09.9 0.0178 o.0936 10.97" 0.7710 0.2013

6.25 0.0916 0.0169 0.0932 10.701 0.7728 0.m999
6.30 0.0913 0.061 000927 9.975 0.7746 0.1985

6. 009320 0:00 0*092 9.1186 0.7761 06191
6. o 0O0907 0 o.098 9.0062 0.7782 0.19,9

6.15 0.0903 0.0136 0.0913 8.533 0.7799 0.,910

6.70 0.090O 0.028 0.0909 8.0678 0.7816 0.2932
6.5" 0.0897 0.0220 0.09014 7:69 0.7833 0.39m0
6.60 0.0893 0.031 0.090 73 o.78k1 O.1907
6.6 0.0890 0.030 0.0896 6.k1 0.7866 0.29
6.70 0.0886 0.0097 0.0892 6.9769 0.78W. 0.2.8W

6.77 0.0883 0.0090 0.0887 5.8k63 0.7897 0.2870
6.80 0.0679 0.0083 0.0883 5.4m02T 0.7913 0.158
6.85 0.0876 0.0077 0.0879 1.30031 0.928 o.86
6.90 0.0872 0.0070 0.0875 1.7952 0.793 0.83
6.93 0.0869 o.006k 0.0871 .89 0.79 0.23

7.00 00865 00oM7 0.0867 3.7932 07973 0.11
7.05 o0661 0.00 1 0.o863 3,3989 07988 0.2800
7.10 0.05 0.001o 0.0859 30225 0.8002 0.1789
7.15 -008 . 0.0039 0.08" 2.6319 o.806 0.1778
7.20 0.0851 0.003 0.081 2.257. 0.8030 0.1767.

7.12 0.08 7 O.008 O.08k7 1.8879 0.80 o :1
7.30 0.083 0.0022 0.08 1.5211 0.8057 5
7:J5 00810 00017 0,080 1.18 0.8070 0.173Z
7. 0 0.0836 0.0012 0.0836 0.83a8 0.8083 0.172
7.1 0.0839 0.0007 0.0833 o.4649 0.8o96 0.173

7.0 0.0829 0.0002 0.0829 0.12 0.8109 0..'701
7." O.025 -0.0003 0.085 - 0.216 0.82 0.269h
7.60 0.0822 .0.0008 0.0W2 - o..%86 0.813 o.1684
7.65 0.0818 -0.0013 0.0828 - o.8767 0.81 .7 o.1674
7.70 0.0815 -0.0017 0.081 - 1.2002 o.8159 0.66

7.75 0.O81 -0.0022 0.08.1 - 1.5.91 0.8171 0.655
7.80 0.0807 -0.06 0.08O8 - 1.8 6 0.882 0..1645
7.85 0.080o -0.0030 o.o8os - 2.3,436 0.8194 0.1636
7.90 0.0800 -0,0034 0.0801 - 2.4194 0.8206 o.1627
7.95 O.O97 -0.0038 0.0798 - 2.7509 0.8217 o.61.7

8.00 0.0793 -0.0042 0.0795 - 3.083 0.8228 0.1608
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TABLE 8. CONTINUED

So(Po) Foot K - cc I -Fo )
REAL IMAGINARY MODULUS DEGREES REAL IMAGIINRY

8.00 0.0793 -0.00O .079 - 3:18 0.88 0.1608.0 0.0790 -0.006 0.091, " 3.311 0.8239 0.3998.20 0.=8 -0.00 0.0788 -3 1 o.800 o.s1o
8. 0.078 -00VA 0.0785 - 3.9166 0.8261 O.1 7a8.20 0.78o -0o007 0.0782 " 1.191 0.8m, 0.1573
8.a. o.0776 -. 0061 0.0779 - 4.764 0.8282 0.16-48.30 o.O73 -0.0064 00776 - .W,07 0.8M92 .5568." O.00 -0.00oo68 o or -. 0215 0.8303 0.1%78..0 o.o766 -0.0071 0.0769 - 7.2888 0.83i3 0.1398.15 o.o763 -0.0074 o.o766 - .5.56 0.8323 0.1.31

8.5o 0.0760 -0.0077 o.o763 - 5.13 0.8333 0.15238."7 0.076 -0.0080 0.0760 - 6.0703 0.833 0.15158.6o .xwo -0.0083 o.o - 6.3242 0.8W 0.8.6 0.0750 -o.oo86 o.o7 - 6.5779 0.83620199
8.70 0.0746 -0.0089 0.o7 - 6.8226 0.8371 0.1491

8.'7 0.0743 -0.002 0.0719 - 7.0671 0.8381 0.1.4838.80 0.070 .0.oo95 o.o746 - 7.3087 0.8390 0.1 78.83 0.0737 -0.0098 0.0743 7.7 0.8399 0.:1688.90 0.07"1 -0.0100 0.070 "7.780 0.8. 0.1 68." 0.0m0 -0. 03 0.0738 - 8.0179 o.7 0.1,3
9.00 0.0727 -0.010 0.07" - 8.o.6 0.8426 0.w69.07 0. 72 -0.008 0.0732 - 8.3 0.85 0.19.10 0.0721 -0.0O 0.0730 - 8.690 0.84443 0.3A389.13 0.0718 -O.O13 0.077 - 8.9mO 0.852 0..29.20 0.0715 -0.011 0.07211 - 9.,391. 0 60 0.,17
9.25 0.0712 -0.0o17 0.0722 - 9.376 0.869 0.3k&.o9.30 0.0709 -0.020 0.0719 - 9.706 o.8477 0.11039 o .0706 .00= 0.0716 - 9.7825 0.84f8 0.1396
9. 0.0703 -0.0224 0.0711. 9.993.9 0.8195 0.13899.1* 0.0700 -0.0126 0.0711 -10.1990 o.87o 0.138
9.70 0.O697 -O.o03 0.0709 -1..037 0.8509 0.13769."7 0.o69k -0.0130 0.0706 -10.6061 0.8517 0.13699.60 0.0691 -0.0132 0.0701 -0.863 0825 0.13639.67 o.o688 -0.0131 0.0701 -3.ooe 0.853 0.1569.70 .o686 -o.0o36 O.O699 -21.1999 0.8%10 0.1350

9.75 0.0683 -0.0138 0,696 -11.3935 0.87 0.13139.80 0.0680 -0.0139 0.069. -1L.,811 0.855 o.3379.85 o.0677 -0.0141 o.o692 -11.774. 0.86 0.,13319.90 0.0674 -o.0o3 0.0689 -. 965 0.869 0.13259.97 0.0671 -002h5 o.687 -12.,68 0.7 013 9

o.00 o.0669 --o.o6 0.684 -2.3301 0.85. 0.1332
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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 known oscillatory pressure gradient does not vary greatly

over a wide range of conditions of added mass and longitudinal conbtraint, 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-diameter are always in phase with each other, being connected by the1

simple constant -o . The experimental results of McDonald (1955) on the re-

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, to 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 + , and the comparison of the observations with the theory made more difficult.

R
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When measurements of the true volume flow are made in the undisturbed artery,

the calculation of the average velocityis possible, if a recording of pressure is

taken at the same time. The quantity - can be calculated from
R

216 = 3

R 4 poc2

and the rate of flow divided by (1 + - ).iTR2 to give an estimate of the average
R

velocity.

It would seen from present knowledge that further refinement of 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 affect

the reflection calculations. The author also proposes to have computed some solu-

tions of the Confluent Hypergeometric Equation as a check on the accuracy of the

approximate solution. Two other wodifications of the theory also need to be

studied, the question of the anomalous viscosity of 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 far 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 apressure 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 far 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

TABlIM FOR PULX-YI0CITY AxD FLOW CALCULATIONS

1. Statement of the Problem.

The following functions, were submitted for computation 
by Mr. John I.

Womersley of WCRRU.

(1) The complex function l-) z is one root of the

equation (1-02)z2  20 + H - 0.

1.25-a I -

1+2kI=-

anda

1->0 - 1 G 2_2 __g _

2 (a P/2)

a 1(o.o5)1o

k a OO, 0.1, 0.2, 0.4

= 0.00, 0.25, 0.50
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and

k - -1.0, -2.0, -5.0$ -10.0

when am 0.O0

Y -2 Y

(2) The functions 2vi,, and e where

2

(3) The complex functions " i pj, and 11FI,, where

2 1 1-2ax7 (Fo-2) -3.-2o•

In addition$ the behavior of the function 2 as -.w3 is

analyzed at the end of this introduction.

2. Method of Computation

The values of J0 (a3/2) - Ber a + i Bei a were computed from

n-18

Ber a ,w7 (_i) n (q/2)4n
n-O (2n).2

Bei a o n1 (_,)n-1 (cx12)4n-2
nm19

o 5661(2n-4)' "
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WJ0 (a;Q/2)
The first derivatives - Ber' a + i Bei' a and the

d2 j (ai3/2)
second derivative 2 Ber" a + i Bei" c'were conputed fromd2

n-18 4n-1Ber I a n (_,)a 2n(a12)nl(),

(2n)12nu19

Beit a n=19 (_) n l1 (2n-!)(a2)
n 3

n=O (2n-1). 2

n-18

Bert a 0 (_)n n(4-1)(a12) '2

(2n) 2n-09

n-19 4n-4Bein a,00. (_,) n-3. (2n-1) (4n-3) (cL12)

E- 2(2n-l)?
,n-0

The number of terms used was sufficient to give ten significant

figures of accuracy for values of "a" up to 20 although "a" has a maximum

value of 10 in the functions reported here. This was done in order that

the some program might be used at a later date as a sub-routine in caput-

ing the non-linear corrections which require values of JO(xL3/2) up to

x = 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

I Ithe series contain numbers such as (36, -(3,4 2 etc.
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The method used can be applied quite generally to any series

which contains mariy 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, bake the series

Ber x l -(x 2) (x/2)8  (x/2) 12 + (x/2)68 +

(2!) (4! )2  (6,)2  (34 )2  (36!)2

The usual method of setting this up for computation would be

Ber4x 2Lx2) T ](xk 13 2

(36,) - (32! ) (30

Clearly, floating decimals are necessary for this evaluation on
1 1

account of the terms '1, 1, etc.
(36!) 29(34!)2 1

To get around this difficulty, factor the term 2 from the
(314

first expression in brackets and then factor the term 1 from the

(32!)2
second expression in brackets, and so on until all the constants have

been reduced to +1. The resulting expression will be

Berx s F (X2 ] (x/2)4 1 (X/2)4~
Ber -1 2 321- i
L -35) I(3433) 1(231)

WADC TR 56-614 - (30"29)2 j (2"1)2 -

A-4



Here is an expression which will oscillate between -1 and +1

as the summation proceeds for values of (x)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 47,4 8 9.370,

was accurate to eight significant figures or only three decimal places.

In general it can be said that the nunber 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 simmation oscillate very close to unity up to

the last two or three closing terms.

The entire evaluation was checked by the following identities:

Ber# a + Berl a + Bei a = 0
a

Bei" a +- Bei' a - Ber a = 0.a

The values of J (ai3/2) = Ber1 a + i Bei1 a were then obtained

from the recurrence relations

Ber 1 a (Ber' a - Bei' a)

Bei Ia 1 (Bert a + Beil a).
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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 approximately forty hours.

1 :Fo

3. Evaluation of lir A2

- f2 1 (Q3/2)500

let ci3/2 z, then

3 5 7Jz ') - "T - - '

J o(Z) ML + "T 2 ',2 11 226

• W- 1 z6z

10 3 -3O

2 4 z 6
= 2 4 -T-
D 64 3042
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Substituting z ai3/2

Flo . I - -1 M2 a +.--
2 4 n 6

1 -F 1 4 -+ .

and by division

1410o Tj + - +..

2

¥i----* -i

10 0l

S 2

Fl0 48 8

1__
I-Flo 3 02

For the case where a- 0 and k = 0, we have, as a---O

5,4 1 8
G -

a

i100 215 neglecting-(2
12 122
a 3a
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H=--
3 a2

o2.(1 2a), -0 _ 2 neglecting

61 10 neglecting 61 2=G- l a ) o - a ( o
a

o. -60 a2a

73 10

2 ao_:,"

a a

a

73 43-0

(2 1. gUeta

x neO (p,41-i
60 T2 60 A --

10 a
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2

2 2

a2  .
= 1I + 1a) neglecting a4

320

and

2

lit 10 10 1

liii I 2 " I  i 02  "0 "

a--0 2 a

For al 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

a-o a2  641

and for a . 0.50

a- -0 a
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kx 0.0 " 0.00
- /-v -", , : -r'

-- y -2r

REL IMAG. ~ r f X_ _RAL IMAG. MLWWS )

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 1.2104 -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 12210 -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 -3.24068 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 1.0405 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 1.0501 0.0551 1.0575 2.99

2.00 1.23514 -2.4791 0.7061 3.8895 0.0205 1.0599 0.0548 1.0613 2.96
2.05 1.2367 -2.3584 0.7161 3.7999 0.0224 1.0636 0.0541 1.0650 2.91
2.10 1.2383 -2.2463 0.7252 3.7109 0.0245 1.0673 0.0532 1.0687 2.85
2.16 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 -1.0469 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 0.6313 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 859.87
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 1.875t 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 0.1636 1.0898 -0.0140 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 1.061 359.12
3.90 1.2709 -0.6933 0.8577 1,6024 0.2014 1.0870 -0.0170 .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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kz 0.0 0: 0.00

/ + Foa' __ _ _ _ _ _

REAL MAC. OMMUSPYASE-REAL IMAG. MODULLUS O E REAL IMAG. MOWWMS AE
ID6Q~~ LOEffmU

1.00 -0.0054 -0.0241 0.0247 257.35 0.0120 0.0986 0.0993 83.05
1.05 -0.0065 -0.0263 0.0271 256.07. 0.0146 0.1084. 0.1094 82.34
1.10 -0.0078 -0.0286 0.0296 254.72 0.0175 0.1185 0.1198 81.60
1.15 -0.0093 -0.0309 0.0323 253.32 0.0208 0.1291 0.1307 80.83
1.20 -0.0109 -0.0333 0.0350 251.87 0.0246 0.1399 0.1420 80.03

1.25 -0.0127 -0.0356 0.0318 250.35 0.0288 0.1510 0.1537 79.19
1.30 -0.0147 -0.0379 0.0406 248.79 0.0336 0.1624. 0.1658 78.32
1.35 -0.0169 -0.0401 0.0435 247.17 0.0388 0.1740 0.1783 77.43
1.40 -0.0193 -0.0423 0.0465 245.50 0.0446 0.1858 0.1911 76.50
1.45 -0.0219 -0.0444 0.0495 243.78 0.0510 0.1977 0.2042 75.55

1.50 -0.0246 -0.0464 0.0525 242.01 0.0579 0.2098 0.2176 74.56
1.55 -0.0276 -0.0482 0.0555 240.20 0.0655 0.2218 0.2313 73.55
1.60 -0.0307 -0.0499 0.0586 238.35 0.0737 0.2339 0.2452 72.52
1.65 -0.0340 -0.0513 0.0616 236.46 0.0824 0.2459 0.2593 71.46
1.70 -0.0375 -0.0526 0.0646 234.54 0.0919 0.2578 0.2736 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 68.16
1.85 -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 0.3028 0.3319 65.87
1.95 -0.0561 -0.0551 0.0786 224.51 0.1481 0.3132 0.3465 64.70

2.00 -0.0599 -0.0548 0.0812 222.45 0.1610 0.3232 0.3610 63.52
2.05 -0.0636 -0.0541 0.0836 220.39 0.1744 0.3326 0.3755 62.33
2.10 -0.0673 -0.0532 0.0858 218.32 0.1882 0.3414 0.3899 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 0.0918 212.16 0.2318 0.3642 0.4317 57.53
2.30 -0.0808 -0.0469 0.0934 210.14 0.2468 0.3705 0.4452 56.33
2.35 -0.0837 -0.0448 0.0949 208.14 0.2620 0.3761 0.4583 55.14
2.40 -0.0864 -0.0424 0.0962 206.17 0.2772 0.3809 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 -0.0946 -0.0319 0.0999 198.63 0.3378 0.3935 0.5186 49.35
2.65 -0.0961 -0.0291 0.1004 196.86 0.3526 0.3950 0.5295 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 -0.0996 -0.0056 0.0997 183.22 0.4710 0.3861 0.6090 39.35
3.15 -0.0992 -0.0034 0.0992 181.97 0.4822 0.3834 0.6160 38.49
3.20 -0.0987 -0.0013 0.0987 180.78 0.4930 0.3805 0.6227 37.66

3.25 -0.0981 0.0006 0.0981 179.63 0.5033 0.3773 0.6291 36.86
3.30 -0.0974 0.0025 0.0975 178.54 0.5133 0.3741 0.6351 36.08
3.35 -0.0967 0.0042 0.0968 177.49 0.5229 0.3707 0.6409 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 -0.0943 0.0089 0.0947 174.61 0.5494 0.3600 0.6568 33.23
3.55 -0.0934 0.0102 0.0940 173.74 0.5575 0.3563 0.6617 32.58
3.60 -0.0925 0.0115 0.0932 172.90 0.5654 0.3526 0.6663 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 -0.0879 0.0167 0.0895 169.22 0.6002 0.3344 0.6870 29.12
3.90 -0.0870 0.0176 0.0888 168.57 0.6064 0.3308 0.6907 28.61
3.95 -0.0861 0.0184 0.0881 167.95 0.6124 0.3273 0.6943 28.12
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k- 0.0 o"99 0.00

REAL IMG MA Im.s maxws

4.5 1.264 -0.6150 .86.3. 1.541 0.221 1.08523.0.01 1.075 8.77

.40 1.212 0.515 .864 .350 0257 1.185-0.23 1.07854 358.75

4.05 1.2600 -0.5616 0.8705 1.685 0.218 1.0843 -0.018 1.0780 358.95
4.10 1.2577 -0.556 0.87 1.4938 0.269 1.0836 -0.02305 1.087 358.9
4.15 1.2574 -0.628 0.8725 14680 0.2302 1.0862 -0.0211 1.0828 358.89
4.60 1.251 -0.5126 0.8350 1.2451 0*237 1.01 -0.0210 1.0827 158.86

4.65 1,2547 -0.5232 0.845 1.42619 0.2812 1.o17 -0.0231 1.0850 358.65
4.30 1.2584 -0.5163 87 1.2445 0.241 1.0801 -0.026 1.0643 35868
4.35 1.2520 -0.5067 0:.66 1.2271 0.2520 1.013 .0.028 1.0786 858.62
'.40 1.205 -0.51 0.8775 1.370 0.2574 1.085 -0.023 1.078 3568.5

4.465 1.209 -0.916 0.8704 1.158 0.3262 1.0719 .0.0262 1.080 3568.5

4.90 1.247 -0.852 0.8793 1.1,37 0.3079 1.0712 -0.024 1.0718 358.,1
4.95 1.2 4 -0.548 0.8803 1.168 0.3120 1.0706 -0.0248 1.0,6 358.0
4.00 1,2541 -0.315 06815 1.102 0.3?81 1.064 -0.0250 1.075 358.56
4.65 1.24 -0.647 0.8821 1.619 0.32881 1.04 -0.023 1.050 358.65
4.10 1,254 -0.561 0.830 1.14 0.3281 1.0740 -0.0236 1.064 358.64

4.15 1.240 -0.5087 0,883 1.,06 0.230 1.068 -0.0258 1.0684 358.62
4.80 1.257 -0.5008 0.87 1.0113 0.3348 1.075 -0.0261 1.078 858.51
4.85 1.237 -0.493 0.88 1.1064 0.303 1.0619 -0.0278 1.0722 58.51
4.20 1,237 -0.4853 0.8665 1.1098 0.303 1.0613 -0.026 1.016 3586.58
4.35 1.2342 -0.4785 0.8873 1.104 0.3130 1.0706 -0.0268 1.061 358.57

5.00 1.2421 -0.419 0.8881 1.1504 0.315 1.0692 -0.0281 1.0705 358.40
5.45 1.232 .0.484, 0.890 1.1359 0,3257 1.0646 -0.0282 1.0650 858.48
5.50 1,2297 -0.481 0.880 1.1223 0.358 1.0640 -0.,0283 1.064 358.54
5.15 1.2482 -0.41 0.89 1.101 0.301 1.0635 -0.0284 1.0634 358.47
5.60 1.2267 -0.444 0.894 1.0003 0.3346 1.0630 -0.028 1.0638 358.42

5.65 1.232 -0.439 0.8922 1.0834 0.3388 1.0624 -0.028 1.0622 358.61
5.70 1.2238 -0.48 0.8929 098 0.3457 1.06 -0.0280 1.0623 358.5
5.75 1.2 2 -0.465 0.887 1.065 0.87 1,0614 -0.0280 1.061 358.40
5.,0 1.2328 -0.381 0.6945 055 0,3535 1.0809 -0.0281 1.0613 358.49
5.85 1.2314 -0.3168 0.89 .0.46 0.387 1.064 -0.0288 1.0680 858.46

5.90 1.2180 -0.420 0.889 1.0883 0.3898 1.099 -0.0288 1.0644 358.48
5.95 1.2165 -0.4050 0.8906 1.0111 0.638 1.0595 -0.0284 1.0639 358.44
5.60 1.2151 -0.4007 0.8914 1.0001 0.3678 1.050 -0.0285 1.0534 358.44
6.05 1.213 -0.957 0.8981 0.989 0.3018 1.058 -0.0285 1.068 358.44
6.10 1.223 -0.808 0.8928 0.9088 0.4057 1.051 -0.0280 1.084 358.46

6.15 1.2109 -0.3860 0.8995 0.8983 0.4093 1.06.o -0.0289 1.0518 358.45
6.20 120 -0.3813 0.8904 0.868 0.485 1.0502 -0.0289 1.0613 358.45
6.5 1.2032 -0.3768 0.9002 0.9486 0.4813 1.060 -0.0289 1.068 358.45
5.90 1.210 -0.3723 0.8959 0.9389 0.4910 1.0563 -0.0288 1.0603 358.44
5.95 1.25 ;-0.3380 0.9962 0.995 0.3948 1.05 5 -0.0289 1.0598 358.44

6.00 1.2042 -0.3637 0.8904 0.90 0.3965 1,0594 -0.0289 1.0594 358.44
6.05 1.2029 -0.3591 0.89081 0.8110 0.4021 1.055 -0.0280 1.0580 358.44
6.10 1.2016 -0.3554 0.8988 0.831 0.405 1,0546 -0.0289 1.0584 358.44
6.15 1.20 -0.3514 0.8995 0.8933 0.4093 1.0542 -0.0289 1.0540 358.43
6.60 1.19 -0.3475 0.900 0.8847 0.4138 1.0572 -0.0289 1.0575 358.43

6.65 1.2982 -0.3437 0.9009 0.8143 0.4163 1.0534 -0.0289 1.0581 358.43
6.30 1.29 -0.3399 0.9016 0.680 0.4198 1.053 -0.0289 1.0537 358.43
6.35 1.195 -0.3363 0.9022 0.899 0.4494 1.0528 -0.0289 1.0562 858.48
6.40 1.1941 -0.3062 0.9029 0.8619 0.4266 1,0522 -0.0289 1.05658 358.438.45 1.02 -0.3291 0.9035 0.8440 0,4300 i 105 -0.0289 1.0554 350.43

,.50 1.01 -0.,57 0.9041 0.8363 0.43335 .04 -0.02189 1.0550 358.43
a 55 1.00 -0.323 0.9048 0.8288 0.4360 1 052-0.0289 1.0546 358.43
6.00 1.99 -0.3189 0.9054 0.823, 0.4308 1i 53 -0.029 1.05423 58.43
6.65 1.97 -0.3157 0.9060 0.8140 0.4431 1.53 -0.0289 1.0538 358.436.7 1.96 -0,3125 0.9066 0.8068 0.443 1.5 0-0028 1.054 356.43
6 .15 -0.3093 0.9072 0.798 0 .49 1,, 052 -0.0288 1.0530 358.43

6.80 1.94 -0.3062 0.9078 0.7028 0.4526 1.52 -0.0288 1.0526 35..43
6.85 1.1929 -0.3032 0.9084 0.7860 0.4557 1.0519 -0.0288 1.0523 358.43
6.90 1.1917 -0.3002 0.9090 0.7793 0.4587 1.0515 -0.0287 1.0519 358.44
6.95 1.1906 -0.2973 .0.9095 0.7727 0.4618 1.0511 -0.0287 1.0515 358.44

WADC TR 56-614 A-12



k. co0 O"s 0.0

REA /MA419 MAVOLS MAE REAL IMAG. AOIXJS

4.00 -0.0852 0.0191 0.0873 167.35 0.6181 0.3238 0.6978 27.65
4.05 -0.0843 0.0198 0.0866 166.78 0,6237 0.3204 0.7012 27.19
4.10 -0.0835 0.0205 0.0859 166.23 0.6290 0.3170 0.7044 26.75
4.15 -0.0826 0.0211 0.0852 165.70 0.6342 0.3137 0.7076 26.32
4.20 -0.0817 0.0216 0.0846 165.19 0.6393 0.3105 0.7107 25.90

4.25 -0.0809 0.0221 0.0839 164.70 0.6441 0.3073 0.7137 25.50
4.30 -0.0801 0.0226 0.0832 164.22 0.6488 0.3041 0.7166 25.11
4.35 -0.0793 0.0231 0.0826 163.76 0.6534 0.3011 0.1104 24,74
4.40 -0.0785 0.0235 0.0819 163.32 0.6578 0.2981 0.7222 24.37
4.45 -0.0777 0.0239 0.0813 162.89 0.6621 0.2951 0.7249 24.02

4.50 -0.0789 0.0243 0.0807 162.47 0.6663 0.2922 0.7276 23.68
4.55 -0.0762 0.0246 0.0801 162.07 0.6704 0.2894 0.7302 23.35
4.60 -0.0754 0.0250 0.0795 161.08 0.0743 0.2866 0.7327 23.02
4.65 -0.0747 0.0253 0.0789 161.30 0.0782 0.2838 0.7352 22.71
4.70 -0.0740 0.0256 0.0783 160.93 0.6819 0.2812 0.7376 22.41

4.75 -0.0733 0.0258 0.0777 160.57 0.6856 0.2785 0.7400 22.11
4.80 -0.0726 0.0261 0.0771 160,23 0.6891 0.2760 0.7423 21.82
4.85 -0.0719 0.0263 0.0766 169.89 0.6926 0.2734 0.7446 21.54
4.90 -0.0712 0.0266 0.0760 159.56 0.6960 0.2710 0.7469 21.27
4.95 -0.0706 0.0268 0.0755 159.24 0.60993 0.2085 0.7491 21.01

5.00 -0.0699 0.0270 0.0750 158.92 0.7026 0.2662 0.7513 20.75
5.05 -0.0693 0.0271 0.0744 158.62 0.7058 0.2638 0.7535 20.50
5.10 -0.0687 0.0273 0.0739 158.32 0.7089 0.2615 0.7556 20.25
5.15 -0.0681 0.0275 0.0734 158.03 0.7119 0.2593 0.7576 20.01
5.20 -0.0675 0.0276 0.0729 157.74 0.7149 0.2570 0.7597 19.78

5.25 -0.0669 0.0278 0.0724 157.46 0.7178 0.2549 0.7617 19.55
5.30 -0.0663 0.0279 0.0719 157.10 0.7206 0.2527 0.7637 19.33
5.35 -0.0657 0.0280 0.0714 156.93 0.7234 0.2506 0'756 19.11
5.40 -0.0652 0.0281 0.0710 156.67 0.7262 0.2485 0.7675 18.89
5.45 -0.0646 0.0282 0.0705 156.41 0.7289 0.2465 0.7694 18.69

5.50 -0.0640 0.0283 0.0700 156.16 0.7315 0.2445 0.7713 18.48
5.55 -0.0635 0.0284 0.0696 155.92 0.7341 0.2425 0.7731 18.28
5.60 -0.0630 0.0285 0.0691 155.68 0.7306 0.2406 0,7749 18.09
5.65 -0.0624 0.0285 0.0687 155.44 0.7391 0.2387 0.7767 17.90
5.70 -0.0619 0.0286 0.0682 155.21 0.7415 0.2368 0.7784 17.71

5.75 -0.0614 0.0287 0.0678 154.99 0.7439 0.2349 0.7802 17.53
5.80 -0.0609 0.0287 0.0673 154.77 0.7463 0.2331 0.7819 17.35
5,85 -0.0604 0.0288 0.0609 154.55 0.7486 0,2313 0.7835 17,17
5.90 -0.0599 0.0288 0.0665 154.34 0.7509 0.2295 0.7852 17.00
5.95 -0.0595 0.0288 0.0661 154.13 0.7531 0.2278 0.7868 16.83

6.00 -0.0590 0.0289 0.0857 153.93 0.7553 0.2261 0.7884 16.66
6.05 -0.0585 0.0289 0.0653 153.73 0.7575 0.2244 0.7900 16.50
6.10 -0.0581 0.0289 0.0649 153.53 0.7596 0.2227 0.7915 16.34
6.15 -0.0576 0.0289 0.0645 163.34 0.7616 0.2211 0.7931 16.18
6.20 -0.0572 0.0289 0.0641 153.15 0.7637 0.2194 0.7946 16.03

6.25 -0.0567 0.0289 0.0637 152.97 0.7657 0.2178 0.7961 15.88
6.30 -0.0563 0.0289 0.0633 152.79 0.7677 0.2162 0.7975 15.73
6.35 -0.0558 0.0289 0.0629 152.61 0,7696 0.2147 0.7990 15.59
6.40 -0.0554 0.0289 0.0625 152.43 0.7715 0.2131 0.8004 15.44
6.45 -0.0550 0.0289 0.0621 152.26 0.7734 0.2116 0.8018 15.30

6.50 -0.0546 0.0289 0.0618 152.09 0.7753 0.2101 0.8032 15.16
6.55 -0.0542 0.0289 0.0614 151.93 0.7771 0.2086 0.8046 15.03
6.60 -0.0538 0.0289 0.0611 151.76 0.7789 0.2072 0.8059 14.89
6.65 -0.0534 0.0289 0.0607 151.60 0.7806 0.2057 0.8073 14.76
6.70 -0.0530 0.0288 0.0603 151.45 0.7824 0.2043 0.8086 14.63

6.75 -0.0526 0.0288 0.0600 151.29 0 7841 0.2029 0.8099 14.51
6.80 -0.0522 0.0288 0.0596 151.14 0.7857 0.2015 0.8112 14.38
6.85 -0.0519 0.0288 0.0593 150.99 0.7874 .0.2001 0.8124 14.26
6.90 -0.0515 0.0287 0.0590 150.84 0.7890 0.1988 0.8137 14.14
6.95 -0.0511 0.0287 0.0586 150.70 0.7906 0.1974 0.8149 14.02

WADC TR 56-614 A-13



k 0.0 o- 0.00

-x -

REAL R IMAG. MCWWS "

1.00 1.1894 -0.2945 0.9101 0.1662 0.4648 1.0508 -0.0287 1.0512 358.44
7 7.05 1.1882 -0.2916 0.9106 0.7598 0.4678 1.0504 -0.0286 1.0508 358.44
7.10 1.1871 -0.2889 0.9112 0,7535 0.4707 1.0501 -0.0286 1.0505 358.44
7.15 1.1860 -0.2662 0.9111 0.7473 0.4736 1.0497 -0.0285 1.0501 358.44
7.20 1.1848 -0.2835 0.9128 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 0.9188 0.1236 0.4850 1.0484 -0.0283 1.0408 $58.45
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 358.40
7.60 1.1163 -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 858.47
7.70 1.1743 -0.2592 0.9173 0.0853 0.5039 1.0462 -0.0280 1.0466 358.47

7.75 1.1133 -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 1.045S -0.0278 1,0460 358.47
7.85 1.1113 -0.2527 0.9187 0.6701 0.5116 1.0453 -0.0278 1.0457 358.48
7.90 1.1704 -0.2508 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 1.0446 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

8.25 1.1639 -0.2368 0.9222 0.6321 0.5312 1.0481 -0.0273 1.0435 358.50
8.30 1.1630 -0.2349 0.9226 0.6283 0.5335 1.0429 -0.0212 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 1.1570 -0.2227 0.9255 0.5991 0.5493 1.0411 -0.0267 1.0415 358.53
8.70 1.1561 -0.2210 0.9258 0.5952 0.5515 1.0409 -0.0267 1.0412 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 -0.0205 1.0405 358.54
8.90 1.1529 -0.2147 0.9273 0.5799 0.5599 1.0400 -0.0284 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 -0.116 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 1.0896 358.16
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 368.56
9.20 1.1483 -0.2057 0.9295 0.5584 0.5721 1.08 -0.0260 1.0390 358.57

9.25 1.1476 -0.2043 0.9298 0.5550 0.5741 1.0385 -0.0259 1.0388 358.579.30 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 0.5482 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 1.1399 -0.1899 0.9334 0.5198 0.5947 1.0363 -0.0251 1.0366 358.61
9.85 1.1392 -0.1887 0.9337 0.5168 0.5904 1.0361 -0.0251 1.0364 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 -0.0240 1.0260 358.62

10.00 1.1373 -0.1851 0.9346 0.5080 0.6017 1.0356 -0.0249 1.0359 358.62

WADC TR 56-614 A-14



ka 0.0 o 0.00

REAL IMAG MOULUS PHASE REAL IMAG. MODVJWS PHASE

7.00 -0.0508 0.0287 0.0583 150.56 0.7922 0.1961 0.8161 13.91
1.05 -0.0504 0.0286 0.0580 150.42 0.7938 0.1948 0.8173 13.79
7.10 -0.0501 0.0286 0.0576 150.28 0.7953 0.1935 0.8186 13.68
7.15 -0.0497 0.0285 0.0573 150.15 0.7968 0.1923 0.8197 13.57
7.20 -0.0494 0.0285 0.0570 150.02 0.7983 0.1910 0.8208 13.48

7.25 -0.0490 0.0284 0.0567 149.89 0.7998 0.1898 0.8220 13.35
7.30 -0.0487 0.0284 0.0564 149.16 0.8012 0.1885 0.8231 13.24
7.35 -0.0484 0.0283 0.0561 149.63 0.8026 0.1873 0.8242 13.14
7.40 -0.0481 0.0283 0.0558 149.51 0.8040 0.1861 0.8253 13.04
7.45 -0.0477 0.0282 0.0555 149.39 0.8054 0.1850 0.8264 12.93

7.50 -0.0474 0.0282 0.0552 149.27 0.8068 0.1838 0.8274 12.83
7.55 -0.0471 0.0281 0.0549 149.15 0.8081 0.1826 0.8285 12.74
7.60 -0.0468 0.0281 0.0546 149.04 0.8094 0.1815 0.8295 12.64
7.85 -0.0465 0.0280 0.0543 148.92 0.8107 0.1804 0.8305 12.54
7.70 -0.0462 0.0280 0.0540 148.81 0.8120 0.1793 0.8316 12.45

7.75 -0.0459 0.0279 0.0537 148.70 0.8133 0.1782 0.8326 12.36
7.80 -0.0456 0.0278 0.0534 148.59 0.8145 0.1771 0.8336 12.27
7.85 -0.0453 0.0278 0.0532 148.48 0.8158 0.1760 0.8346 12.18
7.90 -0.0450 0.0217 0.0529 148.38 0.8170 0.1750 0.8355 12.09
7.95 -0.0448 0.0277 0.0526 148.27 0.8182 0.1739 0.8365 12.00

8.00 -0.0445 0.0276 0.0523 148.17 0.8194 0.1729 0.8374 11.91
8.05 -0.0442 0.0275 0.0521 148.07 0.8205 0.1718 0.8383 11.83
8.10 -0.0439 0.0275 0.0518 147.97 0.8217 0.1708 0.8393 11.74
8.15 -0.0437 0.0274 0.0515 147.87 0.8228 0.1898 0.8402 11.66
8.20 -0.0434 0.0273 0.0513 147.78 0.8240 0.1688 0.8411 11.58

8.25 -0.0431 0.0273 0.0510 147.68 0.8251 0.1679 0.8420 11.50
8.30 -0.0429 0.0272 0.0508 147.59 0.8262 0.1669 0.8428 11.42
8.35 -0.0426 0.0272 0.0505 147.50 0.8272 0.1659 0.8437 11.34
8.40 -0.0424 0.0271 0.0503 147.41 0.8283 0.1650 0.8446 11.27
8.45 -0.0421 0.0270 0.0500 147.32 0.8294 0.1641 0.8464 11.19

8.50 -0.0419 0.0269 0.0498 147.23 0.8304 0.1631 0.8463 11.11
8.55 -0.0416 0.0269 0.0495 147.14 0.8314 0.1622 0.8471 11.04
8.60 -0.0414 0.0268 0.0493 147.05 0.8325 0.1613 0.8479 10.97
8.65 -0.0411 0.0267 0.0491 146.97 0.6335 0.1604 0.8488 10.89
8.70 -0.0409 0.0267 0.0488 146.89 0.8344 0.1595 0.8496 10.82

8.75 -0.0407 0.0266 0.0486 146.80 0.8354 0.1586 0.8504 10.75
8.80 -0.0404 0.0265 0.0484 146.72 0.8364 0.1578 0.8511 10.68
8.85 -0.0402 0.0265 0.0481 146.64 0.8374 0.1569 0.8519 10.61
8.90 -0.0400 0.0264 0.0479 146.66 0.8383 0.1561 0.8527 10.55
8.95 -0.0398 0.0263 0,0477 146.48 0.8392 0.1552 0.8535 10.48

9.00 -0.0395 0.0263 0.0475 146.41 0.8402 0.1544. 0.8542 10.41
9.05 -0.0393 0.0262 0.0472 146.33 0.8411 0.1536 0.8550 10.35
9.10 -0.0391 0.0261 0.0470 146.25 0.8420 0.1528 0.8557 10.28
9.15 -0.0389 0.02E1 0.0468 146.18 0.8429 0.1520 0.8564 10.22
9.20 -0.0387 0.0260 0.0466 146.11 0.8437 0.1512 0.8572 10.16

9.25 -0.0385 0.0259 0.0464 146.03 0.6446 0.1504 0.8579 10.10
9.30 -0.0383 0.0258 0.0462 145.96 0.8455 0.1496 0.5886 10.03
9.35 -0.0381 0.0258 0.0460 145.89 0.8463 0.1488 0.8593 9.97
9.40 -0.0378 0.0257 0.0457 145.82 0.8472 0.1481 0.8600 9.91
9.45 -0.0376 0.0256 0.0455 145.75 0.8480 0.1473 0.8607 9.85

9.50 -0.0374 0.0256 0.0453 145.69 0.8488 0.1465 0.8614 9.80
9.55 -0.0373 0.0255 0.0451 145.62 0.8496 0.1458 0.8621 9.74
9.60 -0.0371 0.0254 0.0449 145.55 0.8505 0.1451 0.8627 9.68
9.65 -0.0369 0.0253 0.0447 145.49 0.8512 0.1443 0.8634 9.62
9.70 -0.0367 0.0253 0.0445 145.42 0.8520 .0.1436 0.8641 9.57

9.75 -0.0365 0.0252 0.0443 145.36 0.8528 0.1429 0.8647 9.51
9.80 -0.0363 0.0251 0.0442 0145.29 0.8536 0.1422 0.8654 9.46
9.85 -0.0361 0.0251 0.0440 145.23 0.8544 0.1415 0.8660 9.40
9.90 -0.0359 0.0250 0.0438 145.17 0.8551 0.1408 0.8666 9.35
9.95 -0.0357 0.0249 0.0436 145.11 0.8559 0.1401 0.8673 9.30

10.00 -0.0356 0.0249 0.0434 145.05 0.8566 0.1394 0.8679 9.25

WADC TR 56-614 A-15



k* 0.0 " 0.25

I; 1-2r x• 2r / -H
REAL IMAG. REAL IMAG MOaU/.s

1.00 1.1011 -7.9847 0.4672 5.4762 0.0042 1.0054 0.0145 1.0055 0.831.05 1.1010 -7.2394 0.4872 5.3994 0.0045 1.0065 0.0157 1.0066 0.901.10 1.1021 -6.5932 0.5068 5.3201 0.0049 1.0078 0.0169 1.0079 0.961.15 1.1028 -6.0292 '0.5259 5.2382 0.0053 1.0092 0.0181 1.0093 1.031.20 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 1.151.30 1.1051 -4.7086 0.5802 4.9792 0.0069 1.0144 0.0212 1.0147 1.201.35 1.1061 -4.3626 0.5973 4.8890 0.0075 1.0165 0.0220 1.0168 1.24
1.40 1.1072 -4.0529 0.6138 4.7969 0.0083 1.0188 0.0227 1.0190 1.271.45 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 1.311.55 1.1112 -3.2956 0.6602 4.5122 0.0110 1.0264 0.0235 1.0287 1.311.60 1.1127 -3.0889 0.6745 4.4150 0.0121 1.0292 0.0233 1.0295 1.301.65 1.1144 -2.9006 0.6883 4.3169 0.0133 1.0321 0.0228 1.0323 1.271.70 1.1163 -2.7285 0.7015 4.2181 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 1.161.80 1.1204 -2.4261 0.7262 4.0192 0.0180 1.0409 0.0196 1.0410 1.081.85 1.1227 -2.2929 0.7377 3.9195 0.0199 1.0437 0.0179 1.0430 0.981.90 1.1250 -2.1700 0.7486 3.6199 0.0219 1.0465 0.0158 1.0466 0.871.95 1.1276 -2.0564 0.1589 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 0.592.05 1.1330 -1.8538 0.7778 3.5237 0.0295 1.0539 0.0078 1.0539 0.422.1 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 1.1449 -1.5277 0.8093 3.1430 0.0432 1.0600 -0.0064 1.0600 359.652.30 1.1480 -1.4595 0.8158 3.0518 0.0473 1.0607 -0.0104 1.0608 359.44
2.35 1.1512 -1.3958 0.8219 2.9624 0.0517 1.0610 -0.0144 1.0611 359.222.40 1.1543 -1.3362 0.8276 2.8752 0.0564 1.0610 -0.0184 1.0812 359.012.45 1.1575 -1.2805 0.8328 2.7902 0.0814 1.0608 -0.0224 1.0609 358.79

2.50 1.1606 -1.2283 0.8376 2.7075 0.0667 1.0599 -0.0263 1.0602 358.582.55 1.1637 -1.1794 0.8421 2.6273 0.0723 1.0589 -0.0301 1.0593 358.372.60 1.1667 -1.1335 0.8462 2.5497 0.0781 1.0575 -0.0338 1.0581 358.17
2.65 1.1696 -1.0904 0.8499 2.4746 0.0842 1.0559 -0.0373 1.0566 357.98
2.70 1.1724 -1.0499 0.8534 2.4022 0.0905 1.0541 -0.0406 1.0549 357.79
2.75 1.1751 -1.0119 0.8566 2.3324 0.0971 1.0521 -0.0437 1.0530 357.622.80 1.1777 -0.9761 0.8595 2.2653 0.1038 1.0499 -0.0466 1.0509 357.462.85 1.1802 -0.9423 0.8622 2.2007 0.1107 1.0476 -0.0493 1.0487 357.312.90 1.1825 -0.9105 0.8647 2.1386 0.1178 1.0451 -0.0518 1.0464 357.162.95 1.1847 -0.8805 0.8670 2.0794 0.1250 1.0426 -0.0540 1.0440 357.03

3.00 1.1867 -0.8522 0.8691 2.0224 0.1323 1.0400 -0.0560 1.0415 356.923.05 1.1886 -0.6255 0.8711 1.9678 0.1398 1.0374 -0.0579 1.0390 356.813.10 1.1903 -0.8002 0.8729 1.9156 0.1473 1.0347 -0.0595 1.0364 356.713.15 1.1919 -0.7762 0.8746 1.8856 0.1548 1.0321 -0.0609 1.0339 356.623.20 1.1934 -0.7536 0.8763 1.8177 0.1624 1.0295 -0.0622 1.0313 356.54

3.25 1.1947 -0.7321 0.8778 1.7719 0.1700 1.0269 -0.0633 1.0288 356.473.30 1.1959 -0.7117 0.8792 1.7281 0.1776 1.0243 -0.0643 1.0263 356.413.35 1.1969 -0.6923 0.8805 1.6862 0.1852 1.0218 -0.0651 1.0239 356.353.40 1.1978 -0.6739 0.8818 1.6461 0.1928 1.0193 -0.0658 1.0214 356.313.45 1.1986 -0.6564 0.8830 1.6077 0.2003 1.0169 -0.0664 1.0191 356.26

3.50 1.1993 -0.6397 0.8841 1.5709 0.2079 1.0146 -0.0669 1.0168 356.233.55 1.1998 -0.6238 0.8853 1.5357 0.2153 1.0123 -0.0673 1.0145 356.203.60 1.2002 -0.6086 0.8863 1.5020 0.2227 1.0100 -0.0676 1.0123 356.173.65 1.2008 -0.5942 0.8873 1.4697 0.2300 1.0079 -0.0678 1.0102 356.153.70 1.2008 -0.5804 0.8883 1.4387 0.2372 1.0058 -0.0680 1.0081 356.13

3.75 1.2009 -0.5671 0.8893 1.4090 0.2444 1.0037 -0.0681 1.0061 356.123.80 1.2010 -0.5545 0.8902 1.3805 0.2614 1.0018 -0.0681 1.0041 356.113.85 1.2009 -0.5424 0.8911 1.3532 0.2584 0.9999 -0.0681 1.0022 356.103.90 1.2008 -0.5308 0.8920 1.3269 0.2653 0.9980 -0.0681 1.0003 356.103.95 1.2005 -0.5197 0.8929 1.3016 0.2721 0.9962 -0.0680 0.9985 356.09

- I
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k. 0.0 * 0.25

REAL IMAG. MODJLIUS MASE REAL IMAG. MODWLWS

1.00 -0.0054 -0.0145 0.0155 249.64 0.0132 0.1080 0.1088 83.03
1.05 -0.0065 -0.0157 0.0170 247.57 0.0160 0.1187 0.1198 82.32
1.10 -0.0078 -0.0169 0.0186 245.39 0.0192 0.1299 0.1313 81.57
1.15 -0.0092 -0.0181 0.0203 243.12 0.0229 0.1414 0.1433 80.79
1.20 -0.0108 -0.0192 0.0220 240.76 0.0271 0.1533 0.1557 79.97

1.25 -0.0125 -0.020 0.0238 238.30 0.0318 0.165 0.1686 79.12
1.30 -0.0144 -0.0212 0.0256 235.75 0.0371 0.1781 0.1819 78.24
1.35 -0.0165 -0.0220 0.0275 233.10 0.0429 0.1909 0.1957 77.33
1.:; -0.0188 -0.0227 0.0294 230.37 0.0494 0.2039 0.2098 76.38
1.45 -0.0212 -0.0232 0.0314 227.55 0.0566 0.2171 0.2243 75.40

1.50 -0.0237 -0.0234 0.0334 224.65 0.0644 0.2304 0.2392 74.38
1.55 -0.0264 -0.0235 0.0353 221.66 0;0729 0.2437 0.2544 73.34
1.60 -0.0292 -0.0233 0.0374 218.59 0.0822 0.2570 0.2698 72.27
1.65 -0.0321 -0.0228 0.0394 215.45 0.0922 0.2702 0.2855 71.16
1.70 -0.0350 -0.0221 0.0414 212.24 0.1029 0.2833 0.3014 70.03

1.75 -0.0379 -0.0210 0.0434 208.97 0.1144 0.2961 0.3175 68.88
I.O0 -0.0409 -0.0196 0.0453 205.63 0.1267 0.3087 0.3337 67.69
1.85 -0.0437 -0.0179 0.0473 202.23 0.1396 0.3209 0.3499 66.49
1.90 -0.0465 -0.0158 0.0491 198.79 0.1533 0.3326 0.3662 65.26
1.95 -0.0492 -0.0134 0.0510 195.30 "0.1676 0.3438 0.3825 64.01

2.00 -0.0516 -0.0108 0.0527 191.77 0.1826 0.3544 0.3986 62.74
2.05 -0.0539 -0.0078 0.0544 188.22 0.1981 0.3643 0.4147 61.47
2.10 -0.0559 -0.0045 0.0561 184.65 0.2141 0.3735 0.4305 60.18
2.15 -0.0576 -0.0011 0.0576 181.06 0.2306 0.3819 0.4461 58.88
2.20 -0.0590 0.0026 0.0590 177.47 0.2474 0.3895 0.4614 57.58

2.25 -0.0600 0.0064 0.0604 173.88 0.2645 0.3962 0.4764 56.27
2.30 -0.0607 0.0104 0.0616 170.31 0.2818 0.4020 0.4909 54.97
2.35 -0.0610 0.0144 0.0627 166.75 0.2992 0.4069 0.5051 53.68
2.40 -0.0610 0.0184 0.0637 163.23 0.3166 0.4110 0.5188 52.39
2.45 -0.0606 0.0224 0.0646 159.75 0.3339 0.4141 0.5319 51.12

2.50 -0.0599 0.0263 0.0854 156.31 0.3511 0.4164 0.5446 49.87
2.55 -0.0589 0.0301 0.0661 152.92 0.3680 0.4178 0.5568 48.63
2.60 -0.0575 0.0338 0.0667 149.59 0.3846 0.4185 0.5684 47.42
2.65 -0.0559 0.0373 0.0672 146.32 0.4009 0.4184 0.5795 46.23
2.70 -0.0541 0.0406 0.0677 143.12 0.4167 0.4177 0.5900 45.07

2.75 -0.0521 0.0437 0.0680 140.00 0.4321 0.4163 0.6000 43.94
2.80 -0.0499 0.0466 0.0683 136.95 0.4470 0.4144 0.6095 42.84
2.85 -0.0476 0.0493 0.0685 133.97 0.4613 0.4120 0.6185 41.77
2.90 -0.0451 0.0518 0.0687 131.07 0.4752 0.4091 0.6270 40.73
2.95 -0.0426 0.0540 0.0688 128.25 0.4885 0.4059 0.6351 39.73

3.00 -0.0400 0.0560 0.0688 125.51 0.5012 0.4023 0.6427 38.75
3.05 -0.0374 0.0579 0.0689 122.85 0.5134 0.3985 0.6499 37.82
3.10 -0.0347 0.0595 0.0689 120.27 0.5251 0.3944 0.6567 36.91
3.15 -0.0321 0.0609 0.0689 117.77 0.5363 0.3901 0.6632 36.04
3.20 -0.0295 0.0622 0.0688 115.34 0.5469 0.3857 0.6693 35.20

3.25 -0.0269 0.0633 0.0888 112.98 0.5571 0.3812 0.6750 34.39
3.30 -0.0243 0.0643 0.0687 110.70 0.5668 0.3767 0.6805 33.81
3.35 -0.0218 0.0651 0.0687 108.49 0.5760 0.3720 0.6857 32.86
3.40 -0.0193 0.0658 0.0686 106.36 0.5849 0.3674 0.6907 32,13
3.45 -0.0169 0.0664 0.0685 104.28 0.5933 0.3627 0.6954 31.44

3.50 -0.0146 0.0669 0.0684 102.28 0.6013 0.3580 0.6998 30.77
3.55 -0.0123 0.0673 0.0684 100.33 0.6090 0.3534 0.7041 30.13
3.60 -0.0100 0.0676 0.0683 98.45 0.6163 0.3489 0.7082 29.51
3.65 -0.0079 0.0678 0.0683 96.63 0.6233 0.3443 0.7121 28.92
3.70 -0.0058 0.0680 0.0682 94.86 0.6300 0.3399 0.7158 28.35

3.75 -0.0037 0.0681 0.0682 93.15 0.6364 0.3355 0.7194 27*79
3.80 -0.0018 0.0681 0.0681 91.49 0.6426 0.3312 0.7229 27.27
3.85 0.0001 0.0681 0.0681 89.88 0.6485 0.3269 0.7262 26.76
3.90 0.0020 0.0681 0.0681 88.33 0.6541 0.3228 0.7294 26.26
3.95 0.0038 0.0680 0.0681 86.82 0.6595 0.3187 0.7325 25.79

WADC TR 56-614 A-17



k= 0.0 O 0.25

i- ........ X . ..,x yxM 2 r I-2 ., ,WU - A
REAL MAG. REAL IMAG. MOWLL'S_____________ IDIWRLj

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 1.1990 -0.4795 0.8962 1.2098 0.2982 0.9896 -0.0074 0.9919 356.10
4.20 1.1984 -0.4704 0.8970 1.1890 0.3045 0.9880 -0.0672. 0.9903 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 1.1887 -0.3830 0.9058 0.9871 0.3726 0.9726 -0.0640 0.9747 356.24
4.85 1.1877 -0.3771 0.9065 0.9735 0.3778 0.9715 -0.0637 0.9736 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 0.9227 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 1.1783 -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 1.1761 -0.3225 0.9137 0.8459 0.4292 0.9611 -0.0603 0.9630 356.41
5.45 1.1750 -0.3183 0.9143 0.8359 0.4335 0.9603 -0.0600 0.9621 356.43

5.50 1.1739 -0.3142 0.9149 0.8262 0.4377 0.9594 -0.0597 0.9613 356.44
5.55 1.1728 -0.3102 0.9155 0.8168 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 256.50

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 -0.2317 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

WADC TR56-614 A-18



k= 0.0 w- 0.25

PHASEREAL IMAa ,OEULUS REAL IMAG. MODULUS PHASEOE6RESJ tGR(ESJ

4.00 0.0055 0.0679 0.0681 85.35 0.6648 0.3141 O.T355 25.33
4.05 0.0072 0.0678 0.0681 83.93 0.6698 0.3108 0.7384 24.89
4.10 0.0088 0.0676 0.0682 82.55 0.6746 0.3070 0.7412 24.47
4.15 0.0104 0.0674 0.0682 81.21 0.6703 0.3033 0.7439 24.06
4.20 0.0120 0.0672 0.0683 79.91 0.6838 0.2997 0.7466 23.66

4.25 0.0135 0.0670 0.0683 78.64 0.6882 0.2961 0.7492 23.28
4.30 0.0149 0.0668 0.0684 77.41 0.6924 0.2926 0.7517 22.91
4.35 0.0163 0.0665 0.0685 76.22 0.6965 0.2893 0.7541 22.56
4.40 0.0177 0.0662 0.0686 75.06 0.7004 0.2860 0.7565 22.21
4.45 0.0190 0.066.0 0.0687 73.93 0.7042 0.2827 0.7589 21.87

4.50 0.0203 0.0657 0.0688 72.83 0.7080 0.2796 0.7612 21.55
4.55 0.0216 0.0654 0.0689 71.26 0.7116 0.2765 0.7634 21.24
4.60 0.0228 0.0651 0.0690 70.72 0.7151 0.2735 0.7656 20.93
4.65 0,0240 0.0649 0.0691 69.71 0.718 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
4.80 0.0274 0.0640 0,0696 66.82 0.7282 0.2622 0.7740 19.80
4.85 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 0.0708 60.86 0.7483 0.2446 0.7872 18.10
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 0.8083 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 0.7883 0.2088 0.8155 14.84
6.10 0.0493 0.0561 0.0747 48.69 0.7901 0.2071 0.8168 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
6.30 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 0.0162 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 0.0771 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

675 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 0.8159 0.1833 0.8362 12.66
6.95 0.0591 0.0515 0.0783 41.06 0.8173 0.1820 0.8373 12.55

WADC TR 56-614 A-19



k: 0.0 0: 0.25

a Z 2v" ~ 2i_ _-

REAL IMAF REAL IMAO MOLILU MOM

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 0.9825 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

1.75 1.1321 -0.1964 0.9364 0.5409 0.5822 0.9338 -0.0475 0.9350 351.09
7.80 1.1313 -0.1947 0.9367 0.5367 0.5846 0.9334 -0.0473 0.9346 357.10
7.85 1.1306 -0.1931 0.9371 0.5326 0.5871 0.9330 -0.0471 0.9342 357.11
7.90 1.1299 -0.1915 0.9374 0.5286 0.5894 0.9327 -0.0468 0.9338 357.13
1.95 1.1291 -0.1898 0.9378 0.5240 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
6.15 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 357.26
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
8.00 1.1204 -0.1714 0.9420 0.4778 0.6201 0.9278 -0.0438 0.9288 357.29
8.05 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 351.43

9.25 1.1127 -0.1661 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 0.9476 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 0.4149 0.6604 0.9216 -0.0398 0.9225 357.53

9.75 1.1073 -0.1400 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.O220 357.55
0.85 1;1063 -0.1441 0.9481 0.4076 0.6652 0.9209 -0.0393 0.9217 357.56
9.90 1.1058 -0.1432 0.9490 0.4052 0.6608 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

WADC TR 56-614 A-20



k= 0.0 v" 0.25

REAL IMAG MODULUS PHASE REAL IMAG. MOWWS PHASE
- - - - rVESREES1 - -- R-

7.00 0.0596 0.0512 0.0785 40.68 0.8187 0.1807 0.8384 12.45
7.05 0.0600 0.0509 0.0787 40.31 0.8200 0.1794 0.8394 12.34
7.10 0.0605 0.0507 0.0789 39.94 0.8213 0.1782 0.8404 12.24
7.15 0.0610 0.0504 0.0791 39.58 0.8227 0.1769 0.8415 12.14
7.20 0.0615 0.0502 0.0793 39.22 0.8240 0.1757 0.8425 12.04

7.25 0.0619 0.0499 0.0795 38.88 0.8252 0.1745 0.8435 11.94
7.30 0.0624 0.0497 0.0797 38.53 0.8265 0.1733 0.8445 11.84
7.35 0.0628 0.0494 0.0799 38.19 0.8277 0.1721 0.8454 11.75
7.40 0.0633 0.0492 0.0801 37.86 0.8290 0.1710 0.8464 11.65
7.45 0.0837 0.0489 0.0803 37.53 0.8302 0.1698 0.8473 11.56

7.50 0.0641 0.0487 0.0805 37.21 0.8313 0.1687 0.8483 11.47
7.55 0.0646 0.0485 0.0807 36.90 0.8325 0.1675 0.8492 11.38
7.60 0.0650 0.0482 0.0809 36.59 0.8337 0.1664 0.8501 11.29
7.65 0.0654 0.0480 0.0811 36.28 0.8348 0.1654 0.8510 11.20
7.70 0.0658 0.0478 0.0813 35.98 0.8359 0.1643 0.8519 11.12

7.75 0.0662 0.0475 0.0815 35.68 0.8370 0.1632 0.8528 11.03
7.80 0.0666 0.0473 0.0817 35.39 0.8381 0.1622 0.8537 10.95
7.85 0.0670 0.0471 0.0819 35.10 0.8392 0.1611 0.8545 10.87
7.90 0.0673 0.0468 0.0820 34.82 0.8403 0.1601 0.8554 10.79
7.95 0.0677 0.0466 0.0822 34.54 0.8413 0.1591 0.8562 10.71

8.00 0.0681 0.0464 0.0824 34.26 0.8423 0.1581 0.8570 10.63
8.05 0.0685 0.0462 0.0826 33.99 0.8434 0.1571 0.8579 10.55
8.10 0.0688 0.0459 0.0828 33.73 0.8444 0.1561 0.8587 10.48
8.15 0.0692 0.0457 0.0829 33.46 0.8454 0.1552 0.8595 10.40
8.20 0.0695 0.0455 0.0831 33.20 0.8463 0.1542 0.8603 10.33

8.25 0.0699 Q.0453 0.0833 32.95 0.8473 0.1533 0.8611 10.25
8.30 0.0702 0.0451 0.0835 32.70 0.8483 0.1523 0.8618 10.18
8.35 0.0706 0.0449 0.0836 32.45 0.8492 0.1514 0.8626 10.11
8.40 0.0109 0.0447 0.0838 32.21 0.8501 0.1505 0.8633 10.04
8.45 0.0713 0.0445 0.0840 31.96 0.8510 0.1496 0.8641 9.97

8.50 0.0716 0.0443 0.0842 31.73 0.8520 0.1487 0.8648 9.90
8.55 0.0719 0.0441 0.0843 31.49 0.8528 0.1479 0.8656 9.84
8.60 0.0722 0.0438 0.0845 31.26 0.8537 0.1470 0.8663 9.77
8.65 0.0725 0.0436 0.0847 31.04 0.8546 0.1461 0.8670 9.70
8.70 0.0729 0.0434 0.0848 30.81 0.8555 0.1453 0.8677 9.64

8.75 0.0732 0.0433 0.0850 30.59 0.8563 0.1445 0.8684 9.58
8.80 0.0735 0.0431 0.0852 30.37 0.8572 0.1436 0.8691 9.51
8.85 0.0738 0.0429 01.0853 30.16 0.8580 0.1428 0.8698 9.45
8.90 0.0741 0.0427 0.0855 29.95 0.8588 0.1420 0.8705 9.39
8.95 0.0744 0.0425 0.0856 29.74 0.8596 0.1412 0.8712 9.33

9.00 0.0747 0.0423 0.0858 29.53 0.8604 0.1404 0.8718 9.27
9.05 0.0749 0.0421 0.0860 29.33 0.8612 0.1396 0.8725 9.21
.9.10 0.0752 0.0419 0.0861 29.12 0.8620 0.1389 0.8731 9.15
9.15 0.0755 0.0417 0.0863 28.93 0.8628 0.1381 0.8738 9.09
9.20 0.0758 0.0415 0.0864 28.73 0.8636 0.1373 0.8744 9.04

9.25 0.0761 0.0414 0.0866 28.54 0.864Z 0.1366 0.8751 8.98
9.30 0.0763 0.0412 0.0867 28.35 0.8651 0.1359 0.8757 8.92
9.35 0.0766 0.0410 0.0869 28.16 0.8658 0.1351 0.8763 8.87
9.40 0.0769 0.0408 0.0870 27.97 0.8066 0.1344 0.8769 8.82
9.45 0.0771 0.0406 0.0872 27.79 0.8673 0.1337 0.8775 8.76

9.50 0.0774 0.0405 0.0873 27.61 0.8680 0.1330 0.8781 8.71
9.55 0.0776 0.0403 0.0875 27.43 0.8687 0.1323 0.8787 8.66
9.60 0.0779 0.0401 0.0876 27.25 0.8694 0.1316 0.8793 8.61
9.65 0.0781 0.0400 0.0878 27.08 0.8701 0.1309 0.8799 8.55
9.70 0.0784 0.0398 0.0879 26.90 0.8708 0.1302 0.8805 8.50

9.75 0.0786 0.0396 0.0881 26.73 0.8715 0.1295 0.8811 8.45
9.80 0.0789 0.0394 0.0882 26.57 0.8722 0.1289 0.8816 8.40
9.85 0.0791 0.0393 0.0883 26.40 0.8728 0.1282 0.8822 8.36
9.90, 0.0794 0.0391 0.0885 26.24 0.8735 0.1276 0.8827 8.31
9.95 0.0796 0.0390 0.0886 26.07 0.8741 0.1269 0.8833 8.26

10.00 0.0798 0.0388 0.0888 25.91 0.8748 0.1263 0.8838 821

WADC TR 56-614 A-21



k: 0.0 O":0.50

S 2 " 2r t2r
REAL MAG " REAL IMA. MOwws$ H

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 1.0110 -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 0.7669 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
1.85 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
1.95 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 1.0726 -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 0.6928 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 0.9807 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 362.63
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 0.3225 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 35332
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

WADC TR 56-614 A-22



kz 0.0 0"' 0.50

REAL IMAG. MOaLUS RPHASE REAL IMA.0 MODULS PE'

1.00 -0.0049 0.0015 0.0051 163.27 0.0156 0.1236 0.1246 82.81
1.05 -0.0059 0.0020 0.0062 161.55 0.0189 0.1359 0.1372 82.07
1.10 -0.0070 0.0026 0.0075 159.75 0.0228 0.1487 0.1504 81.28
1.15 -0.0082 0.0034 0.0089 157.87 0.0272 0.1620 0.1642 80.46
1.20 -0.0096 0.0043 0.0105 155.89 0.0322 0.1757 0.1786 79.60

1.25 -0.0110 0.0054 0.0123 153.84 0.0379 0.1898 0.1935 78.71
1.30 -0.0126 0.0068 0.0143 151.70 0.0443 0.2042 0.2089 77.77
1.35 -0.0142 0.0084 0.0165 149.47 0.0514 0.2189 0.2249 76.79
1.40 -0.0159 0.0103 0.0190 147.16 0.0593 0.2339 0.2413 75.77
1.45 -0.0177 0.0125 0.0217 144.77 0.0681 0.2490 0.2582 74.71

1.50 -0.0194 0.0150 0.0246 142.30 0.0777 0.2642 0.2754 73.61
1.55 -0.0211 0.0179 0.0277 139.75 0.0883 0.2795 0.2931 72.48
1.60 -0.0228 0.0211 0.0311 137.13 0.0999 0.2946 0.3111 71.26
1.65 -0.0243 0.0248 0.0347 134.43 0.1124 0.3096 0.3294 70.05
1.70 -0.0256 0.0288 0.0385 131.66 0.1259 0.3243 0.3479 68.79

1.75 -0.0267 0.0331 0.0425 128.82 0.1403 0.3386 0.3665 67.49
1.80 -0.0274 0.0379 0.0467 125.93 0.1558 0.3524 0.3853 66.15
1.85 -0.0278 0.0429 0.0511 122.98 0.1722 0.3655 0.4040 64.18
1.90 -0.0278 0.0482 0.0556 119.99 0.1894 0.3779 0.4227 63.37
1.95 -0.0273 0.0537 0.0603 116.07 0.2075 0.3894 0.4412 61.95

2.00 -0.0263 0.0594 1.0650 113.92 0.2263 0.3999 0.4595 60.49
2.05 -0.0248 0.0651 0.0697 110.86 0.2457 0.4094 0.4775 59.03
2.10 -0.0228 0.0709 0.0744 107.80 0.2656 0.4177 0.4950 57.55
2.15 -0.0202 0.0765 0.0791 104.75 0.2859 0.4248 0.5120 56.06
2.20 -0.0170 0.0820 0.0838 101.73 0.3063 0.4306 0.5284 54.58

2.25 -0.0134 0.0873 0,0883 98.74 0.3268 0.4352 0.5443 53.10
2.30 -0.0094 0.0922 0.0927 95.81 0.3472 0.4386 0.5594 51.64
2.35 -0.0049 0.0968 0.0970 92.92 0.3674 0.4408 0.5738 50.19
2.40 -0.0002 0.1011 0.1011 90.11 0.3872 0.4419 0.5875 48.77
2.45 0.0048 0.1049 0.1050 87.37 0.4066 0.4419 0.6005 47.38

2.50 0.0100 0.1082 0.1087 84.71 0.4255 0.4409 0.6127 46.02
2.55 0.0153 0.1112 0.1122 82.14 0.4437 0.4391 0.6242 44.70
2.60 0.0208 0.1137 0.1156 79.66 0.4612 0.4365 0.6350 43.42
2.65 0.0262 0.1158 0.1187 77.26 0.4781 0.4332 0.6451 42.18
2.70 0.0316 0.1175 0.1217 74.96 0.4942 0.4293 0.6546 40.98

2.75 0.0369 0.1189 0.1245 72.75 0.5095 0.4249 0.6635 39.83
2.80 0.0422 0.1199 0.1271 70.63 0.5241 0.4201 0.0717 38.71
2.85 0.0473 0.1207 0.1296 68.60 0.5380 0.4150 0.6795 37.64
2.90 0.0623 0.1211 0.1319 66.65 0.5512 0.4096 0.6867 36.62
2.95 0.0571 0.1213 0.1341 64.79 0.5637 0.4040 0.6935 35.63

3.00 0.0618 0.1213 0.1361 63.01 0.5755 0.3983 0.6999 34.60
3.05 0.0663 0.1211 0.1381 61.31 0.5867 0.3924 0.7058 33.78
3.10 0.0706 0.1208 0.1399 59.69 0.5972 0.3865 0.7114 32.91
3.15 0.0748 0.1203 0.1416 56.13 0.6072 0.3806 0.7167 32.08
3.20 0.0787 0.1196 0.1432 56.65 0.6167 0.3747 0.7216 31.28

3.25 0.0825 0.1189 0.1447 55.23 0.6257 0.3688 0.7263 30.52
3.30 0.0862 0.1181 0.1462 53.87 0.6341 0.3630 0.7307 29.79
3.35 0.0897 0.1172 0.1476 52.58 0.6422 0.3573 0.7349 29.09
3.40 0.0930 0.1162 0.1489 51.33 0.6498 0.3516 0.7388 28.42
3.45 0.0962 0.1152 0.1501 50.15 0.6570 0.3461 0.7426 27.78

3.50 0.0992 0.1142 0.1513 49.01 0.6639 0.3406 0.7462 27.16
3.55 0.1022 0.1131 0.1524 47.92 0.6704 0.3353 0.7496 26.57
3.60 0.1049 0.1121 0.1535 46.86 0.6766 0.3301 0.7528 26.00
3.65 0.1076 0.1110 0.1546 45.88 0.6825 0.3250 0.7559 25.46
3.70 0.1102 0.1099 0.1556 44.92 0.6882 0.3200 0.7589 24.94

3.75 0.1126 0.1088 0.1566 44.00 0.6935 0.3152 0.7618 24.44
3.80 0.1150 0.1077 0.1575 43.12 0.6987 0.3105 0.7646 23.96
3.85 0.1172 0.1066 0.1584 42.27 0.7036 0.3059 0.7672 23.50
3.90 0.1194 0.1056 0.1593 41.46 0.7083 0.3016 0.7698 23.05
3.95 0.1214 0.1044 0.1601 40.68 0.7129 0.2971 0.7723 22.63

WADC TR 56-614 A-23



k-c 0.0 a 0.50

/y -2r y-2 f 2r t x yHA
REAL MAG REA L IMAG. MCGJLU AXA

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 0.8726 70.1012 0.8786 353.39
4.15 1.1455 -0.3450 0.9242 0.9257 0.3963 0.8710 -0.1002 0.8707 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 0.8608 353.5
4.40 1.1433 -0.3148 0.9266 0.8493 0.4277 0.8629 -0.0953 0.88682 353:.70
4.45 1.L428 -0.3094 0.9271 0.8356 0.4336 0.8615 -0.0944 0.8666 353.75

4.50 1.1422 -0.3042 0.9276 0.8223 0.4394 0.8601 -0.0935 0.8651 353.80
4.55 1.1416 -0.2991 0.9281 0.8095 0.4451 0.8587 -0.0926 0.8637 353.85
4.60 1.1410 -0.2942 0.9286 0.7971 0.4506 0.8574 -0.0917 0.8622 353.89
4.65 1.1404 -0.2895 0.9291 0.7851 0.4561 0.8561 -0.0908 0.8609 353.94
4.70 1.1397 -0.2849 0.9296 0.7734 0.4614 0.8548 -0.0900 0.8595 353.99

4.75 1.1390 -0.2805 0.9301 0.7621 0.4667 0.8536 -0.0892 0.8582 354.04
4.80 1.1383 -0.2761 0.9305 0.7512 0.4718 0.8524 -0.0884 0'8569 354.08
4.85 1.1376 -0.2719 0.9310 0.7406 0.4768 0.8512 -0.0876 0.8557 354.13
4.90 1.1369 -0.2679 0.9315 0.7302 0.4816 0.8500 -0.0868 0.8545 354.17
4.95 1.1362 -0.2639 0.9320 0.7202 0.4866 0.8489 -0.0880 0.8533 354.21

5.00 1.1354 -0.2601 0.9325 0.7105 0.4914 0.8478 -0.0853 0.8521 354.26
5.05 1.1347 -0.2564 0.9329 0M7010 0.4961 0.8468 -0.0846 0.8510 354.30
5.10 1.1339 -0.2527 0.9334 0.6918 0.5007 0.8457 -0.0838 0.8499 354.34
5.15 1.1331 -0.2492 0.9339 0.6828 0.5052 0.8447 -0.0831 0.6488 354.38
5.20 1.1324 -0.2458 0.9343 0.6740 0.5096 0.8437 -0.0824 0.8478 354.42

5.25 1.1316 -0.2424 0.9348 0.6655 0.5140 0.6428 -0.0817 0.8467 354.46
5.30 1.1308 -0.2392 0.9352 0.6572 0.5183 0.6418 -0.0811 0.8457 354.50
5.35 1.1300 -0.2360 0.9357 0.6491 0.5225 0.8409 -0.0804 0.8447 354.54
5.40 1.1292 -0.2329 0.9361 0.6412 0.5267 0.8400 -0.0798 0.8438 354.58
5.45 1.1284 -0.2299 0.9366 0.6335 0.5307 0.8391 -0.0791 0.8428 354.61

5.50 1.1276 -0.2269 0.9370 0.6260 0.5348 0.8382 -0.0785 0.8419 354.65
5.55 1.1269 -0.2241 0.9375 0.6186 0.5387 0.8374 -0.0779 0.8410 354.69
5.60 1.1261 -0.2212 0.9379 0.6114 0.5426 0.8365 -0.0712 0.8401 354.72
5.65 1.1253 -0.2185 0.9383 0.6044 0.5464 0.8357 -0.0766 0.8392 354.76
5.70 1.1245 -0.2158 0.9387 0.5975 0.5502 0.8349 -0.0760 0.8383 354.80

5.75 1.1237 -0.2132 0.9392 0.5908 0.5539 0.8341 -0.0755 0.8375 354.83
5.80 1.1229 -0.2107 0.9396 0.5842 0.5575 0.8333 -0.0749 0.8367 354.86
5.85 1.1222 -0.2082 0.9400 0.5778 0.5611 0.8325 -0.0743 0.8358 354.90
5.90 1.1214 -0.2057 0.9404 0.5715 0.5647 0.8318 -0.0738 0.8350 354.93
5.95 1.1206 -0.2033 0.9408 0.5654 0.5682 0.8310 -0.0732 0.8343 354.97

6.00 1.1199 -0.2010 0.9412 0.5593 0.5716 0.8303 -0.0727 0.8335 355.00
6.05 1.1191 -0.1987 0.9416 0.5534 0.5750 0.8296 -0.0721 0.8327 355.03
6.10 1.1184 -0.1984 0.9420 0.5476 0.5783 0.8289 -0,0716 0.8320 355.06
6.15 1.1176 -0.1942 0.9424 0.5420 0.5816 0.8382 -0.0711 0.8313 355.09
6.20 1.1169 -0.1921 0.9428 0.5364 0.5848 0.8275 -0.0706 0.6306 355.13

6.25 1.1162 -0.1900 0.9431 0.5310 0.5880 0.8269 -0.0701 0.6298 355.16
6.30 1.1154 -0.1879 0.9435 0.5256 0.5912 0.8262 -0.0696 0.8292 355.11
6.35 1.1147 -0.1859 0.9439 0.5204 0.5943 0.8256 -0.0691 0.8285 355.22
6.40 1.1140 -0.1839 0.9443 0.5152 0.5974 0..8250 -0.0686 0.8278 355.25
6.45 1.1133 -0.1820 0.9446 0.5102 0.6004 0.8243 -0.0681 0.8272 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: 0.9400 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 0.8107 -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

WADC TR 5-614 A-ZA



k. 0.0 i' 0.50

S.I +17 I+;PFo

REAL IMAG. MOUUS PHASE REAL IMA. MODLUS E

.00 0.1234 0.1033 0.1610 39.93 0.7172 0.2929 0.7147 22.22
4.05 0.1254 0.1022 0.1618 39.20 0.7214 0.2888 0.7771 21.82
4.10 0.1272 0.1012 0.1626 38.50 0.7254 0.2848 0.7793 31.44
4.15 0.1290 0.1002 0.1633 37.83 0.7293 0.2810 0.7815 21.07
4.20 0.1307 0.0992 0.1641 37.18 0.7330 0.2772 0.7837 20.72

4.25 0.1324 0.0982 0.1648 36.56 0.7368 0.2736 0.7858 20.37
4480 0.1340 0.0972 0.1655 35.98 0.7401 0.2700 0.7879 20.04
4.35 0.1355 0.0962 0.1662 35.37 0.7435 0.2666 0.7899 19.72
4.40 0.1371 0.0953 0.1669 34.81 0.7468 0.2632 0.7918 19.41
4.45 0.1385 0.0944 0.1676 84.27 0.7500 0.2599 0.7937 19.12

4.50 0.1399 0.0935 0.1683 83.74 0.7531 0.2567 0.7956 18.88
4.55 0.1413 0.0928 0.1689 33.23 0.7561 0.2587 0.7975 18.55
4.60 0.1426 0.0917 0.1696 32.73 0.7590 0.2506 0.7993 18.27
4.65 0.1439 0.0908 0.1702 32.26 0.7618 0.2477 0.8011 18.01
4.70 0.1452 0.0900 0.1708 31.79 0.7646 0.2448 0.8028 17.76

4.75 0.1404 0.0892 0.1715 31.34 0.7673 0.2420 0.8045 17.51
4.80 0.1476 0.0884 0.1721 30.90 0.7699 0.2393 0.8062 17.27
4.85 0.1488 0.0876 0.1727 30.48 0.7724 0.2367 0.8079 17.03
4.90 0;1500 0.0868 0.1733 30.07 0.7749 0.2341 0.8095 16.81
4.95 0.1511 0.0860 0.1739 29.66 0.7774 0.2315 0.8111 16.59

, 5.00 0.1522 0.0853 0.1744 29.27 0.7798 9.2291 0.8127 16.37
5.05 0.1532 0.0846 0.1750 28.89 0.7821 0.2266 0.8143 16.16
5.10 0.1543 0.0838 0.1756 28.52 0.7844 0.2243 0.8158 15.96
5.15 0.1553 0.0831 0.1761 28.16 0.7866 0.2220 0.8173 15.76
5.20 0.1563 0.0824 0.1767 27.81 0.7888 0.2197 0.8186 15.57

5.25 0.1572 0.0817 0.1772 27.47 0.7909 0.2175 0.8203 15.38
5.30 0.1582 0.0811 0.1777 27.13 0.7930 0.2153 0.8218 15.19
5.35 0.1591 0.0804 0.1783 26.81 0.7951 0.2132 0;8232 15.01
5.40 0.1600 0.0798 0.1788 26.49 0.7971 0.2111 0.8246 14.84
5.45 0.1609 0.0791 0.1793 26.18 0.7991 0.2091 0.8260 14.67

5.50 0.1618 0.0785 0.1798 25.88 0.8010 0.2071 0.8274 14.50
5.55 0.1626 0.0779 0.1803 25.58 0.8029 0.2052 0.8287 14.33
5.60 0.1635 0.0772 0.1808 25.29 0.8048 0.2032 0.8300 14.17
5.65 0.1643 0.0768 0.1813 25.01 0.8066 0.2014 0.8313 14.02
5.70 0.1651 0.0760 0.1818 24.73 0.8084 0.1995 0.8326 13.86

5.75 0.1659 0.0755 0.1823 24.46 0.8102 0.1977 0.8359 13.71
5.80 0.1667 0.0749 0.1827 24.19 0.8119 0.1959 0.8352 13.57
5.85 0.1675 0.0743 0.1832 23.93 0.8136 0.1942 0.8364 13.42
5.90 0.1682 0.0738 0.1837 23.68 0.8152 0.1924 0.8377 13.28
5.95 0.1690 0.0732 0.1841 23.43 0.8169 0.1908 0.8389 13.14

6.00 0.1697 0.0727 0.1846 23.18 0.8185 0.1691 0.8401 13.01
6.05 0.1704 0.0721 0.1850 22.94 0.8201 0.1875 0.8412 12.88
6.10 0.1711 0.0716 0.1855 22.71 0.8216 0.1859 0.8424 12.75
6.15 0.1718 0.0711 0.1859 22.48 0.8232 0.1843 0.8435 12.62
6.20 0.1725 0.0706 0.1863 22.25 0.8247 0.1827 0.8447 12.49

6.25 0.1731 0.0701 0.1868 22.03 0.8261 0.1812 0.6458 12.37
6.30 0.1738 0.0696 0.1872 21.82 0.8276 0.1797 0.8469 12.25
6.35 0.1744 0.0691 0.1876 21.60 0.8290 0.1782 0.8480 12.13
6.40 0.1750 0.0686 0.1880 21.39 0.8304 0.1768 0.8490 12.02
6.45 0.1757 0.0681 0.1884 21.19 0.8318 0.1754 0.8501 11.90

6.50 0.1763 0.0676 0.1888 20.99 0.8332 0.1739 0.8511 11.79
6.55 0.1769 0.0671 0.1892 20.79 0.8345 0.1726 0.8522 11.68
6.60 0.1775 0.0667 0.1896 20.60 0.8358 0.1712 0.8532 11.58
6.65 0.1180 0.0662 0.1900 20.41 0.8371 0.1699 0.8542 11.47
6.70 0.1786 0.0658 0.1903 20.22 0.8384 0.1585 0.8552 11.37

6.75 0.1792 0.0653 0.1907 20.03 0.8396 0.1672 0.8561 11.26
6.80 0.1797 0.0649 0.1911 19.85 0.8409 0.1659 0.8571 11.16
6.85 0.1803 0.0645 0.1914 19.68 0.8421 0.1647 0.8580 11.07
6.90 0.1808 0.0640 0.1918 19.50 0.8433 0.1634 0.8590 10.97
6.95 0.1813 0.0836 0.1922 19.33 0.8445 0.1622 0.8599 10.87

WADC TR 56-614 A-25



k1 0.0 a 0.50

x A .2 ,, " r Y
2 2 7 jt,,,,,,.,,

REAL IAAG. REAL IMA6 MODUWS P

7.00 1.1059 -0.1630 0.9484 0.4604 0.6310 0.8182 -0.0632 0.8206 355.58
7.05 1.1053 -0.1614 0.9487 0.4584 0.6336 0.8176 -0.0628 0.8200 355.61
7.10 1.1046 -0.1599 0.9490 0.4524 0.6361 0.8171 -0.0624 0.8195 355.64
7.15 1.1040 -0.1584 0.9493 0.4484 0.6386 0.8166 -0.0620 0.8190 355.66
7.20 1.1034 -0.1569 0.9496 0.4446 0.6411 0.8162 -0.0616 0.8185 355.09

7.25 1.1028 -0.1555 0.9499 0.4408 0.6435 0.8157 -0.0012 0.8180 355.71
7.30 1.1022 -0.1541 0.9502 0.4371 0.6459 0.8152 -0.0808 0.8175 355.74
7.35 1.1016 -0.1527 0.9505 0.4334 0.6483 0.8147 -0.0604 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 0.9511 0.4262 0.6530 0.8138 -0.0596 0.8160 355.81

7.50 1.0998 -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 -0.1481 0.9519 0.4159 0.6597 0.8125 -0.0585 0.8148 355.88
7.05 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 0.0530 0.4029 0.0684 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 0.0535 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 0.8110 356.03

8.00 1.0944 -0.1366 0.9541 0.3906 0.6766 0.8092 -0.0558 0.8112 356.08
8.05 1.0938 -0.1355 0.9543 0.3877 0.6786 0.8088 -0.0555 0.8107 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 1.0908 -0.1292 0.9558 0.3708 0.6901 0.8066 -0.0536 0.8084 356.20
8.40 1.0904 -0.1282 0.9560 0.3682 0.6920 0.8063 -0.0533 0.8081 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 0.8630 0.6956 0.8056 -0.0527 0.8073 356.26
'.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 -0.0521 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.i174 0.9587 0.3389 0.7125 0.8024 -0.0499 0.8040 356.44
9.05 1.0845 -0.1168 0.9589 0.3367 0.7141 0.8021 L0.0497 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 0.801S 356.59

9.50 1.0808 -0.1096 0.9607 0.3178 0.7277 0.7996 -0.0474 0.8010 356.61
9.55 1.0804 -0.1089 0.9609 0.3159 0.7292 0.7993 -0.0472 0.8007 356.62
9.60 1.0800 -0.1082 0.9610 0.3139 0.7306 0.7990 -0.0469 0.8004 356.64
9.65 1.0796 -0.1075 0.9612 0.3120 0.7320 0.7988 -0.0467 0.8001 356.65
9.70 1.0793 -0.1068 0.9614 0.3101 0.7334 0.7985 -0.0465 0.7999 356.67

9.75 1.0789 -0.1061 0.9616 0.3082 0.7348 0.7983 -0.0462 0.7996 356.68
9.80 1.0785 -0.1054 0.9618 0.3064 0.7361 0.7980 -0.0460 0.7993 356.70
9.85 1.0781 -0.1048 0.9620 0.3045 0.7375 0.7978 -0.0458 0.7991 356.71
9.90 1.0778 -0.1041 0.9621 0.3027 0.7388 0.7975 -0.0456 0.7988 356.73
9.95 1.0774 -0.1034 0.9623 0.3009 0.7401 0.7973 -0.0454 0.7985 356.74

10.00 1.0770 -0.1028 0.9625 0.2992 0.7414 0.7970 -0.0451 0.7983 356.76

WADC TR 56-614 A-26



kx o.0 Ga 0.50

7 I+ Fo

REAL IMAO. MODULUS PHASE REAL IMA. MODULUS PHASE
__r0_ RELI$/GRMOUU (DEGREES)

7.00 0.1818 0.0632 0.1925 19.16 0.8456 0.1610 0.8608 10.76
7.05 0.1824 0.0628 0.1929 19.00 0.8468 0.1598 0.8617 10.69
7.10 0.1829 0.0624 0.1932 18.83 0.8479 0.1586 0.8626 10.60
7.15 0.1834 0.0620 0.1935 18.67 0.8490 0.1575 0.8635 10.51
7.20 0.1838 0.0616 0.1939 18.51 0.8501 0.1563 0.8643 10.42

7.25 0.1843 0.0612 0.1942 18.36 0.8512 0.1552 0.8652 10.33
7.30 0.1848 0.0608 0.1945 18.21 0.8522 0.1541 0.8660 10.25
7.35 0.1853 0.0604 0.1949 18.06 0.8533 0.1530 0.8669 10.17
7.40 0.1857 0.0600 0.1952 17.91 0.8543 0.1519 0.8677 10.08
7.45 0.1862 0.0596 0.1955 17.76 0.8553 0.1508 0.8685 10.00

7.50 0.1866 0.0593 0.1958 17.62 0.8563 0.1498 0.8693 9.92
7.55 0.1871 0.0589 0.1961 17.48 0.8573 0.1488 0.8701 9.84
7.60 0.1875 0.0585 0.1964 17.34 0.8583 0.1477 0.8709 9.77
7.65 0.1879 0.0582 0.1967 17.20 0.8592 0.1467 0.8717 9.69
7.70 0.1884 0.0578 0.1970 17.07 0.8602 0.1457 0.8724 9.62

7.75 0.1888 0.0575 0.1973 16.94 0.8611 0.1448 0.8732 9.54
7.80 0.1892 0.0571 0.1976 16.81 0.8620 0.1438 0.8739 9.47
7.85 0.1896 0.0568 0.1979 16.68 0.8629 0.1428 0.8747 9.40
7.90 0.1900 0.0565 0.1982 16.55 0.8638 0.1419 0.8754 9.33
7.95 0.1904 0.0561 0.1985 16.43 0.8647 0.1410 0.8761 9.26

8.00 0.1908 0.0558 0.1988 16.30 0.8656 0.1400 0.8768 9.19
8.05 0.1912 0.0555 0.1990 16.18 0.8664 0.1391 0.8775 9.12
8.10 0.1915 0.0552 0.1993 16.06 0.8673 0.1382 0.8782 9.06
8.15 0.1919 0.0548 0.1996 15.95 0.8681 0.1373 0.8789 8.99
8.20 0.1923 0.0545 0.1999 15.83 0.8690 0.1365 0.8796 8.93

8.25 0.1926 0.0542 0.2001 15.72 0.8698 0.1356 0.8803 8.86
8.30 0.1930 0.0539 0.2004 15.60 0.8706 0.1348 0.8810 8.80
8.35 0.1934 0.0536 0.2006 15.49 0.8714 0.1339 0.8816 8.74
8.40 0.1937 0.0533 0.2009 15.38 0.8722 0.1331 0.8823 8.68
8.45 0.1941 0.0530 0.2012 15.27 0.8729 0.1323 0.8829 8.62

8.50 0.1944 0.0527 0.2014 15.17 0.8737 0.1314 0.8835 8.56 -
8.55 0.1947 0.0524 0.2017 15.06 0.8745 0.1306 0.8842 8.50
8.60 0.1951 0.0521 0.2019 14.96 0.8752 0.1299 0.8848 8.44
8.65 0.1954 0.0518 0.2022 14.86 0.8760 0.1291 0.8854 8.38
8.70 0.1957 0.0516 0.2024 14.76 0.8767 0.1283 0.8860 8.33

8.75 0.1960 0.0513 0.2026 14.66 0.8774 0.1275 0.8866 8.27
8.80 0.1964 0.0510 0.2029 14.56 0.8781 0.1268 0.8872 8.22
8.85 0.1967 0.0507 0.2031 14.46 0.8788 0.1260 0.8878 8.16
8.90 0.1970 0.0505 0.2033 14.37 0.8795 0.1253 0.8884 8.11
8.95 0.1973 0.0502 0.2036 14.27 0.8§02 0.1246 0.8890 8.06

9.00 0.1976 0.0499 0.2038 14.18 0.8809 0.1238 0.8896 8.00
9.05 0.1979 0.0497 0.2040 14.09 0.8816 0.1231 0.8901 7.95
9.10 0.1982 0.0494 0.2042 14.00 0.8822 0.1224 0.8907 7.90
9.15 0.1985 0.0491 0.2045 .13.91 0.8829 0.1217 0.8913 7.85
9.20. 0.1988 0.0489 0.2047 13.82 0.8835 0.1210 0.8918 7.80

9.25 0.1991 0.0486 0.2049 13.73 0.8842 0.1204 0.8923 7.75
9.30 0.1993 0.0484 0.2051 13.64 0.8848 0.1197 0.8929 7.70
9.35 0.1996 0.0481 0.2053 13.56 0.8855 0.1190 0.8934 7.66
9.40 0.1999 0.0479 0.2055 13.47 0.8881 0.1184 0.8940 7.61
9.45 0.2002 0.0478 0.2058 13.39 0.8867 0.1177 0.8945 7.56

9.50 0.2004 0.0474 0.2080 13.31 0.8873. 0.1171 0.8950 7.52
9.55 0.2007 0.0472 0.2062 13.23 0.8879 0.1164 0.8955 7.47
9.60 0.2010 0.0469 0.2064 13.15 0.8885 0.1158 0.8960 7.43
9.65 0.2012 0.0467 0.2066 13.07 0.8891 0.1152 0.8965 7.38
9.70 0.2015 0.0465 0.2068 12.99 0.8897 0.1146 0.8970 7.34

9.75 0.2017 0.0462 0.2070 12.91 0.8903 0.1140 0.8975 7.29
9.80 0.2020 0.0460 0.2072 12.83 0.8908 0.1134 0.8980 7.25
9.85 0.2022 0.0458 0.2074 12.76 0.8914 0.1128 0.8985 7.21
9.90 0.2025 0.0456 0.2076 12.68 0.8919 0.1122 0.8090 7.17
9.95 0.2027 0.0454 0.2078 12.61 0.8925 0.1116 0.8994 7.13

10.00 0.2030 0.0451 0.2079 12.54 0.8930 0.1110 0.8999 7.09

WADC TR 56-614 A-27



kz 0.1 = 0.00

/ y -~

- g 2v 7 t X~.REAL IMAG REAL MUG.
- - - ---
1.00 1.2278 -9.9944 0.4208 5.5585 0.0039 1.0053 0.0241 1.0056 1.3'?
1.05 1.2280 -9.0641 0.4391 5.4893 0.0041 1.0064 0.0263 1.0088 1.50
1.10 1.2283 -8.25?'? 0.4570 5.4177 0.0044 1.0077 0.0286 1.0081 1.63
1.15 1.2288 -7.5541 0.4745 6.3438 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 0.0017 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 -3.0598 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 4.0824 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 1.0882 2.94
2.15 1.2465 -2.1473 0.7323 3.0177 0.0268 1.0704 0.0536 1.0718 2.87
2.20 1.2480 -2.0503 0.7404 3.6311 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 1.0185 2.70
2.30 1.2510 -1.8751 0.7554 3.3612 0.0347 1.0805 0.0489 1.0816 2.59
2.35 1.2626 -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 2.38
2.45 1.2557 -1.6525 0.7748 3.1169 0.0443 1.0889 0.0423 1.0897 2.23

2.50 1.2573 -1.5878 0.7806 3.0387 0.0479 1.0912 0.0398 1.0920 2.09
2.65 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 .2.8755 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
2.80 1.2682 -1.1869 0.8158 2.~815 0.0836 1.1014 0.0180 1.1015 0.94
2.95 1.2693 -1.1486 0.8191 2b4209  0.0888 1.1017 0.0154 1.1018 0.80

3.00 1.2703 -1.1125 0.8222 2.3024 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 0.423.15 1.2727 -1.0150 0.8304 2.1987 0.1109 1.1014 0.0059 1.1014 0.303.20 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 -0.9068 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
3.46 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 -0.0010 1.0912 359.63
3.55 1.2747 -0.8177 0.8468 1.8421 0.1585 1.0953 -0.0085 1.0964 359.56
3.60 1.2746 -0.7980 0.8484 1.8047 0.1645 1.0955 -0.0098 1.0965 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 1.0378 0.1944 1.0911 -0.0154 1.0912 359.19
3.90 1.2717 -0~6966 0.8572 1.0080 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

- - - - ---

WADC TR 56-614 A-28



k= 0.1 0:a 0.00

REAL IMAG. MOWWS$IW56 REAL IMA. MOtWIWS

1.00 -0.0053 -0.0241 0.0247 257.58 0.0121 0.0986 0.0993 83.00
1.05 -0.0064 -0.0263 0.0271 256.82 0.0147 0.1083 0.1093 82.28
1.10 -0.0077 -0.0286 0.0297 255.00 0.0176 0.1185 0.1190 81.54
1.15 -0.0091 -0.0310 0.0323 253.63 0.0210 0.1290 0.1307 80.76
1.20 -0.0107 -0.0333 0.0350 252.20 0.0248 0.1398 0.1420 79.95

1,25 -0.0125 -0.0357 0.0378 250.71 0.0290 0.1509 0.1530 '79.11
1.30 -0.0145 -0.0380 0.0407 249.18 0.0338 0,1622 0.1657 78.24
1.35 -0.0106 -0.0403 0.0436 247.59' 0.0390 0.1738 0.1781 77.34
1.40 -0.0190 -0.0425 0.0465 245.95 0.0449 0.1856 0.1909 76.41
1.45 -0.0215 -0.0446 0.0495 244.26 0.0512 0.1974 0.2040 75.45

1.50 -0.0243 -0.0466 0.0526 242.53 0.0582 0.2094 0.2173 74.47
1.55 -0.0272*. -0.0485 0.0556 240.76 0.0658 0.2214 0.2310 .73.45
1.60 -0.0303 -0.0503 0.0587 238.94 0.0740 0.2334- 0.2448 72.42
1.65 -0.0335 -0.0518 0.0617 237.09 0.0828 0.2453 0.2589 71.36
1.70 -0.0369 -0.0531 0.0647 235.20 0.0922 0.2571 0.2731 70.28

1.75 -0.0405 -0.0643 0.0677 233.29 0.1022 0.2687 0.2875 69.18
1.80o-0.0441 -0.0551 0.0706 231.34 0.1128 0.2801 0.3020 68.06
1.85 :0.0478 -0.0558 0.0735 229.37 0.1241 0.2912 0.3165 66.92
1.90 -0.0516 -0.0561 0.0763 227.38 0.1359 0.3019 0.3310 65.77
1.95 -0.0555 -0.0562 0.0790 225.38 0.1482 0.3122 0.3456 64.60

2.00 -0.0593 -0.0560 0.0815 223.30 0.1610 0.3220 0.3600 63.43
2.05 -0.0631 0.0555 0.0840 221.34 0.1744 0.3314 0.3744 62.25
2.10 -0.0668 -0.0547 0.0863 219.31 0,1881 0,3401 0,3887 61.06
2.15 -0.0704 -0.0536 0.0885 217.29 0.2022 0.3483 0.4028 59.87
2.20 -0.0740 -0.0523 0.0906 215.27 0.2166 0.3559 0.4180 58.67

2.25 -0.0773 -0.0507 0.0925 213.26 0.2313 0.3628 0.4303 57.48
2.30 -0.0805 0.0489 0.0942 211.27 0.2462 0.3690 0.4436 56.29
2.35 -0.0835 -0.0469 0.0958 209.31 0.2613 0.3746 0.4567 55.11
2.40 -0.0863 -0.0447 0.0972 207.36 0.2764 0.3795 0.4694 53.93
2.45 -0,0889 -0,0423 0.0985 205.45 0.2915 0.3836 0.4818 52.77

2.50 -0.0912 -0.0398 0,0996 203.57 0.3066 0.3871 6.4938 51.62
2.55 -0.0933 -0.0372 0.1005 201.73 0.3216 0.3900 0.5055 50.48
2.60 -0.0952 -0,0345 0.1012 199.92 0.3365 0.3921 0.5167 49,37
2.65 -0.0968 -0.0318 0.1019 198.16 0.3512 0.3937 0.5276 48.27
2.70 -0.0982 -0.0290 0.1023 196.45 0.3656 0.3947 0.5380 47.19

2.75 -0.0993 -0.0262 0.1027 194.78 0.3798 0.3951 0.5481 46.13
2.80 -0.1002 -0.0234 0.1029 193.17 0.3937 0.3950 0.5577 45.10
2.85 -0.1009 -0.0207 0.1030 191.60 0.4072 0.3944 0.5669 44.09
2.90 -0.1014 -0.0180 0.1030 190.09 0.4204 0.3934 0.5757 43.10
2.95 -0.1017 -0.0154 0.1029 188.63 0.4331 0.3920 0.5842 42.14

3.00 -0.1018 -0.0129 0.1026 187.22 0.4455 0,3902 0.5922 41.21
3.05 -0.1018 -0.0105 0.1024 185.86 0.4575 0.3881 0.5999 40.31
3.10 -0.1017 -0.0081 0,1020 184.56 0.4691 0.3857 0.6073 39.43
3.15 -0.1014 -0.0059 0.1016 183.31 0.4803 0.3830 0.6143 38.57
3.20 -0,1010 -0.0037 0.1011 182.11 0.4910 0.3802 0.6210 37.15

3.25 -0.1005 -0.0017 0.1006 180.95 0.5014 0.3771 0.6274 36.95
3.30 -0.1000 0.0003 0.1000 179.85 0.5114 0.3739 0.8335 36.17
3,35 -0.0994 0.0021 0.0994 178.79 0.5210 0 3706 0.6394 35.43
3.40 -0,0987 0.0038 0.0987 177.77 0.5302 0.3672 0.6449 34.70
3.45 -0.0979 0.0055 0.0981 176.80 0.5391 0.3037 0.6503 34.01

3.50 -0.0971 0.0070 0.0974 175.87 0.5476 0.3601 0.6554 33,33
3.55 -0.0963 0.0085 0.0967 174.98 0.5558 0.3565 0.6603 32.68
3.60 -0.0955 0.0098 0.0960 174.13 0.5636 0.3529 0.6650 32.05
3.65 -0.0946 0.0111 0.0953 173.31 0.5712 0.3493 0.6695 31.44
3.70 -0.0938 0.0123 0.0946 172.53 0.5784 0.3456 0.6738 30.86

3.75 -0.0929 0.0134 0.0938 171.78 0.5854 0.3420 0.6780 30.29
3.80 -0.0220 0.0145 0.0931 171.06 0.5922 0.3384 0.6820 29.75
3.85 -0.0911 0.0154 0.0924 170.37 0.5986 0.3348 0.6859 29.22
3.90 -0.0902 0.0164 0.0917 169.71 0.6049 0.3313 0.6896 28.71
3.95 -0.0893 0.0172 0.0909 169.08 0.6109 0.3278 0.6933 28.22

WADC TR 56-614 A-29



k= 0.1 0.00

-2r 
y -2

2 z f ~X - - PHAXREAL IMAG REAL IMAG MOCLillS W as)

4.00 1.2702 -0.6681 0.8598 1.5517 0.2119 1.0884 -0.0180 1.0886 359.05
4.05 1.2693 -0.6547 0.8610 1.5250 0.2176 1.0875 -0.0188 1.0877 359.01
4.10 1.2684 -0.6419 0.8023 1.4992 0.2233 1.0867 -0.0195 1.0869 358.97
4.15 1.2674 -0.5295 0.8635 1.4744 0.2289 1.0858 -0.0202 1.0860 358.94
4.20 1.2684 -0.6176 0.8646 1.4504 0.2345 1.0850 -0.0208 1.0852 358.90

4.25 1.2653 -0.6061 0.8658 1.4272 0.2400 1.0841 -0.0214 1.0843 358.87
4.30 1.2642 -0.5950 0.8669 1.4048 0.2454 1.0833 ;0.0219 1.0835 358.84
4.35 1.2630 -0.5843 0.8680 1.3831 0.2508 1.0825 -0.0224 1.0827 358.81
4.40 1.2618 -0.5740 0.8891 1.3621 0.2561 1.0817 -0.0229 1.0819 358.79
4.45 1.2605 -0.5641 0.8701 1.3418 0.2614 1.0809 -0.0234 1.0812 358.76

4.50 1.2592 -0.5545 0.8712 1.3221 0.2666 1.0801 -0.0238 1.0804 358.74
4.55 1.2579 -0.5452 0.8722 1.3030 0.2717 1.0794 -0.0242 1.0797 358.72
4.60 1.2566 -0.5362 0.8732 1.2845 0.2768 1.0786 -0.0246 1.0789 318.69
4.65 1.2552 -0.5275 0.8743 1.2666 0.2818 1.0779 -0.0249 1.0782 358.67
4.70 1.2538 -0.5191 0.8752 1.2492 0.2867 1.0772 -0.0253 1.0775 358.66

4.75 1.2524 -0.5109 0.8762 1.2323 0.2916 1.0765 -0.0256 1.0768 358.64
4.80 1.2509 -0.5030 0.8772 1.2159 0.2965 1.0758 -0.0259 1.0761 358.62
4.85 1.2495 -0.4953 0.8782 1.1999 0.3012 1.0751 -0.0261 1.0754 358.61
4.90 1.2480 -0.4878 0.8791 1.1844 0.3059 1.0744 -0'0264 1.0747 358.59
4.95 1.2465 -0.4806 0.8800 1.1693 0.3106 1.0737 -0.0267 1.0740 358.58

5.00 1.2450 -0.4735 0.8810 1.1546 0.3152 1.0731 -0.0269 1.0734 358.56
5.05 1.2435 -0.4667 0.8819 1.1402 0.3197 1.0724 -0.0271 1.0728 358.55
5.10 1.2420 -0.4600 0.8828 1.1263 0.3242 1.0718 -0.0273 1.0721 358.54
5.15 1.2405 -0.4536 0.8837 1.1126 0.3287 1.0711 -0.0275 1.0715 358.53
5.20 1.2390 -0.4473 0.8645 1.0994 0.3331 1.0705 -0,0277 1.0709 358.52

5.25 1.2375 -0.4411 0.8854 1.0864 0.3374 1.0699 -0,0278 1.0703 358.51
5.30 1.2360 -0.4352 0.8863 1.0738 0.3417 1.0693 -0.0280 1.0697 358.50
5.35 1.2344 -0.4293 0.8871 1.0614 0.3400 1.0687 -0.0281 1.0691 358.49
5.40 1.1329 -0.4237 0.8879 1.0494 0.3502 1.0682 -0.0283 1.0685 358.48
5.45 1.2314 -0.4181 0.8888 1.0376 0.3543 1.0676 -0.0284 1.0680 358.46

5.50 1,2299 -0.4127 0.8896 1.0261 0.3584 1.0670 -0.0285 1.0674 358.47
5.55 1.2284 -0.4074 0.8904 1.0148 0.3625 1.0665 -0.0280 1.0668 358.46
5.60 1.2269 -0.4023 0.8912 1.0038 0.3665 1.0659 -0.0287 1.0863 358.46
5.65 1.2254 -0.3973 0.8920 0.9930 0.3705 1.0654 -0.0288 1.0658 358.45
5.70 1.2240 -0.3924 0.8928 0.9824 0.3744 1.0648 -0.0289 1.0652 358.45

5.75 1.2226 -0.3876 0.8935 0.9721 0.3783 1.0643 -0.0290 1.0647 358.44
5.80 1.2210 -0.3829 0.8943 0.9620 0.3821 1.0638 -0.0291 1.0642 358.44
5.65 1.2196 -0.3783 0.8951 0.9521 0.3859 1.0633 -0.0291 1.0637 358.43
5.90 1.2181 -0.3738 0.8958 0.9424 0.3897 1.0628 -0.0292 1.0632 358.43
5.95 1.2167 -0.3694 0.8965 0.9328 0.3934 1.0623 -0.0292 1.0627 358.42

6.00 1.2153 -0.3651 0.8973 0.9235 0.3971 1.0618 -0.0293 1.0622 358.42
6.05 1.2139 -0.3609 0.8980 0.9143 0.4008 1.0613 -0.0293 1.0617 358.42
6.10 1.2125 -0.3568 0.8987 0.9054 0.4044 1.0608 -0.0294 1.0612 358.41
6.15 1.2111 -0.3528 0.8994 0.8966 0.4080 1.0604 -0.0294 1.0608 358.41
6.20 1.2097 -0.3489 0.9001 0.8879 0.4115 1.0599 -0.0294 1.0603 358.41

6.25 1.2084 -0.3450 0.9007 0.8794 0.4150 1.0594 -0.0294 1.0599 358.41
6.30 1.2070 -0.3412 0.9014 0.8711 0.4185 1.0590 -0.0295 1.0594 358.41
6.35 1.2057 -0.3375 0.9021 0.8629 0.4219 1.0586 -0.0295 1.0590 358.40
6.40 .1.2044 -0.3339 0.9027 0.8549 0,4253 1.0581 -0.0295 1.0585 358.40
6.45 1.2031 -0.3304 0.9034 0.8470 0.4287 1.0577 -0.0295 1.0581 358.40.

6.50 1.2018 -0.3269 0.9040 0.8393 0.4320 1.0573 -0.0295 1.0577 358.40
6.55 1.2005 -0.3235 0.9041 0.8317 0.4353 1.0568 -0.0295 1.0572 358.40
6.60 1.1992 -0.3201 0.9053 0.8242 0.4386 1.0564 -0.0295 1.0568 358.40
6.65 1.1979 -0.3168 0.9059 0.8169 0.4418 1.0560 -0.0295 1.0564 358.40
6.70 1.1987 -0.3136 0.9085 0.8096 0.4450 t.0556 -0.0295 1.0560 358.40

6.75 1.1955 -0.3105 0.9071 0.8025 0.4482 1.0552 -0.0295 1.0556 358.40
6.80 1.1942 -0.3074 0.9077 0.7956 0.4613 1.0548 -0.0294 1.0552 358.40
6.85 1.1930 -0.3043 0.9083 0.7887 0.4544 1.0544 -0.0294 1.0548 358.40
6.90 1.1918 -0.3013 0.9089 0.7820 0.4575 1.0540 -0.0294 1.0544 358.40
6.95 1.1907 -0.2984 0.9094 0.7753 0.4606 1.0537 -0.0294 1.0541 358.40

WADC TR 56-614 A-30
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(01 aRIEs) ( DEGRS)

4.00 -0.0884 0.0180 0.0902 168.47 0.6167 0.3244 0.6968 27.74
4.05 -0.0875 0.0188 0.0895 167.88 0.6223 0.3210 0.7002 27.28
4.10 -0.0867 0.0195 0.0888 167.32 0.6277 0.3176 0.7034 26.84
4.15 -0.0858 0.0202 0.0882 166.77 0.6329 0.3143 0.7066 26.41
4.20 -0.0850 0.0208 0.0875 166.25 0.6379 0.3111 0.7097 26.00

..25 -0.0841 0.0214 0.0868 165.74 0.6428 0.3079 0.7128 25.59
4.30 -0.0833 0.0219 0.0862 165.25 0.6476 0.3048 0.7157 25.21
4.35 -0.0825 0.0224 0.0855 164.78 0.6522 0.3017 0.7186 24.83
4.40 -0.0817 0.0229 0.0849 164.33 0.6566 0.2987 0.7214 24.46
4.45 -0.0809 0.0234 0.0842 163.88 0.6610 0.2958 0.7241 24.11

4.50 -0.0801 0.0238 0.0836 163.46 0.6652 0.2929 0.7268 23.77
4.55 -0.0794 0.0242 0.0830 163.04 0.6693 0.2901 0.7294 13.43
4.60 -0.0786 0.0246 0.0824 162.64 0.6732 0.2873 0.7320 23.11
4.65 -0.0779 0.0249 0.0818 162.25 0.6771 0.2846 0.7345 22.79
4.70 -0.0772 0.0253 0.0812 161.87 0.6809 0.2819 0.7369 22.49

4.75 -0.0765 0.0256 0.0806 161.50 0.6846 0.2793 0.7393 22.19
4.80 -0.0758 0.0259 0.0801 161.14 0.6882 0.2767 0.7417 21.90
4.85 -0.0751 0.0261 0.0795 160.79 0.6917 0.2742 0.7440 21.62
4.90 -0.0744 0.0264 0.0789 160.45 0.6951 0.2717 0.7463 31.35
4.95 -0.0737 0.0267 0.0784 160.12 0.6984 0.2693 0.7485 21.08

5.00 -0.0731 0.0269 0.0778 159.80 0.7017 0.2669 0.7507 20.82
5.05 -0.0724 0.0271 0.0773 159.48 0.7049 0.2645 0.7529 20.57
5.10 -0.0718 0.0273 0.0768 159.18 0.7080 0.2622 0.7550 20.32
5.15 -0.0711 0.0275 0.0763 158.88 0.7111 0.2600 0.7571 20.08
5.20 -0.0705 0.0277 0.0758 158.58 0.7141 0.2578 0.7592 19.85

5.25 -0.0699 0.0278 0.0753 158.29 0.7170 0.2556 0.7612 19.62
5.30 -0.0693 0.0280 0.0748 158.01 0.7199 0.2534 0.7632 19.40
5.35 -0.0687 0.0281 0.0743 157.74 0.7227 0.2513 0.7651 19.18
5.40 -0.0682 0.0283 0.0738 157.47 0.7254 0.2493 0.7671 18.96
5.45 -0.0676 0.0284 0.0733 157.21 0.7281 0.2472 0.7690 18.75

5.50 -0.0670 0.0285 0.0728 156.95 0.7308 0.2452 0.7708 18.55
5.55 -0.0665 0.0286 0.0724 156.70 0.7334 0.2432 0.7727 18.35
5.60 -0.0659 0.0287 0.0719 156.45 0.7359 0.2413 0.7745 18.15
5.65 -0.0654 0.0288 0.0714 156.21 0.7384 0.2394 0.7763 17.96
5.70 -0.0648 0.0289 0.0710 155.97 0.7409 0.2375 0.7780 17.77

5.75 -0.0643 0.0290 0.0705 155.74 0.7433 0.2356 0.7798 17.59
5.80 -0.0638 0.0291 0.0701 155.51 0.7457 0.2338 0.7815 17.41
5.85 -0.0633 0.0291 0.0697 155.29 0.7480 0.2320 0.7831 17.23
5.90 -0.0628 0.0292 0.0692 155.07 0.7503 0.2302 0.7848 17.06
5.95 -0.0623 0.0292 0.0688 154.86 0.7525 0.2285 0.7864 16.89

6.00 -0.0618 0.0293 0.0684 154.65 0.7547 0.2268 0.7880 18.72
6.05 -0.0613 0.0293 0.0680 154.44 0.7569 0.2251 0.7896 16.56
6.10 -0.0608 0.0294 0.0676 154.24 0.7590 0.2234 0.7912 16.40
6.15 -0.0604 0.0294- 0.0671 154.04 0.7611 0.2217 0.7927 16.24
6.20. -0.0599 0.0294 0.0667 153.84 0.7632 0.2201 0.7943 16.09

6.25 -0.0594 0.0294 0.0663 153.65 0.7652 0.2185 0.7958 15.94
6.30 -0.0590 0.0295 0.0659 153.46 0.7672 0.2169 0.7972 15.79
6.35 -0.0586 0.0295 0.0656 153.28 0.7691 0.2153 0.7987 15.64
6.40 -0.0581 0.0295 0.0652 153.10 0.7710 0.2138 0.8001 15.50
6.45 -0.0577 0.0295 0.0648 162.92 0.7729 0.2123 0.8015 15.36

6.50 -0.0573 0.0295 0.0644 152.74 0.7748 0.2107 0.8029 15.22
6.55 -0.0568 0.0295 0.0640 152.57 0.7766 0.2093 0.8043 15.08
6.60 -0.0564 0.0295 0.0037 152.40 0.7784 0.2078 0.8057 14.95
6.65 -0.0560 0.0295 0.06,3 152.24 0.7802 0.2063 0.8070 14.81
6.70 -0.0556 0.0295 0.0629 152.08 0.7819 0.2049 0-8083 14.69

6.75 -0.0552 0.0295 0.0626 151.92 0.7836 0.2035 0.8096 14.56
6.80 -0.0548 0.0294 0.0622 151.76 0.7853 0.2021 0.8109 14.43
6.85 -0.0544 0.0294 0.0619 151.61 0.7870 0.2007 0.8122 14.31
6.90 -0.0540 0.0294 0.0615 151.45 0.7886 0.1994 0.8134 14.19
6.95 -0.0537 0.0294 0.0612 151.31 0.7902 0.1980 0.8147 14.07

WADC TR 56-614 A-31
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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 358.43

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 1.0479 -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 0.6341 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 1.1604 -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 0.6001 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 0.5031 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 1.1476 -0.2049 0.9298 0.5566 0.5732 1.0404 -0.0268 1.0408 358.52
9.30 1.1469 -0.2035 0.9301 0.5532 0.5751 1.0402 -0.0267 1.0406 358.53
9.35 1.1462 -0.2021 0.9305 0.5498 0.5771 1.0400 -0.0267 1.0403 358.53
9.40 1.1454 -0.2008 0.9308 0.5465 0.5790 1.0398 -0.0266 1.0401 358.54
9.45 1.1447 -0.1994 0.9311 0.5432 0.5809 1.0396 -0.0265 1.0399 358.54

9.50 1.1440 -0.1981 0.9315 0.5399 0.5828 1.0394 -0.0265 1.0397 358.54
9.55 1.1433 -0.1968 0.9318 0.5367 0.5847 1.0392 -0.0264 1.0395 356.55
9.60 1.1426 -0.1955 0.9321 0.5336 0.5865 1.0390 -0.0263 1.0393 358.55
9.65 1.1419 -0.1942 0.9324 0.5304 0.5884 1.0388 -0.0262 1.0391 358.55
9.70 1.1413 -0.1929 0.9328 0.5273 0.5902 1.0386 -0.0262 1.0389 358.56

9.75 1.1406 -0.1917 0.9331 0.5243 0.5920 1.0384 -0.0261 1.0387 358.56
9.80 1.1399 -0.1904 0.9334 0.5212 0.5938 1.0382 -0.0260 1.0385 358.56
0.85 1.1392 -0.1092 0.9337 0.5182 0.5956 1.0380 -0.0260 1.0383 358.57
9.90 1.1386 -0.1880 0.9340 0.5153 0.5973 1.0378 -0.0259 1.0381 356.57
9.95 1.1379 -0.1868 0.9343 0.5123 0.5991 1.0376 -0.0258 1.0379 358.57

10.00 1.1373 -0.1856 0.9346 0.5095 0.6008 1.0374 -0.0258 1.0377 358.58

WADC TR 56-614 A-32



k= 0.1 V'= 0.00

/+ V /+ Fo
REAL IMAG. MODULUS PHASE REAL M. MODULWS PE.. Er..s) .. _INA_ _ESMEAS"

7.00 -0.0533 0.0293 0.0608 151.16 0.7918 0.1967 0.8159 13.95
7.05 -0.0529 0.0293 0.0605 151.02 0.7934 0.1954 0.8171 13.84
7.10 -0.0525 0.0293 0.0602 150.87 0.7949 0.1941 0.8183 13.72
7.15 -0.0522 0.0292 0.0598 150.74 0.7964 0.1928 0.8195 13.61
7.20 -0.0518 0.0292 0.0595 150.60 0.7979 0.1916 0.8206 13.50

7.25 -0.0515 0.0292 0.0592 150.46 0.7994 0.1903 0.8217 13.39
7.30 -0.0511 0.0291 0.0589 150.33 0.3008 0.1891 0.8229 13.29
7.35 -0.0508 0.0291 0.0585 150.20 0.8023 0.1879 0.8240 13.18
7.40 -0.0505 0.0290 0.0582 150.07 0.8037 0.1867 0.8251 13.08
7.45 -0.0501 0.0290 0.0579 149.95 0.8051 0.1855 0.8262 12.98

7.50 -0.0498 0.0290 0.0576 149.82 0.8064 0.1843 0.8272 12.88
7.55 -0.0495 0.0289 0.0573 149.70 0.8078 0.1832 0.8283 12.78
7.60 -0.0491 0.0289 0.0570 149.58 0.8091 0.1820 0.8293 12.68
7.65 -0.0488 0.0288 0.0567 149.46 0.8104 0.1809 0.8304 12.58
7.70 -0.0485 0.0288 0.0564 149.35 0.8117 0.1798 0.8314 12.49

7.75 -0.0482 0.0287 0.0561 149.23 0.8130 0.1787 0.8324 12.40
7.80 -0.0479 0.0286 0.0558 149.12 0.8142 0.1776 0.8334 12.30
7.85 -0.0476 0.0286 0.0555 149.01 0.8155 0.1785 0.8344 12.21
7.90 -0.0473 0.0285 0.0552 148.90 0.8167 0.1755 0.8353 12.13
7.95 -0.0470 0.0285 0.0550 148.79 0.8179 0.1744 0.8363 12.04

8,00 -0.0467 0.0284 0.0547 148.69 0.8191 0.1734 0.8372 11.95
8.05 -0.0464 0.0284 0.0544 148.58 0.8203 0.1723 0.8382 11.87
8.10 -0.0461 0.0283 0.0541 148.48 0.8214 0.1713 0.8391 11.78
8.15 -0.0459 0.0282 0.0539 148.38 0.8226 0.1703 0.8400 11.70
8.20 -0.0456 0.0282 0.0536 148.28 0.8237 0.1693 0.8409 11.62

8.25 -0.0453 0.0281 0.0533 148.18 0.8248 0.1683 0.8418 11.54
8.30 -0.0450 0.0281 0.0531 148.08 0.8259 0.1674 0.8427 11.46
8.35 -0.0448 0.0280 0.0528 147.99 0.8270 0.1664 0.8430 11.38
8.40 -0.0445 0.0279 0.0525 147.89 0.8281 0.1655 0.8444 11.30
8.45 -0.0442 0.0279 0.0523 147.80 0.8291 0.1645 0.8453 11.22

8.50 -0.0440 0.0278 0.0520 147.71 0.8302 0.1636 0.8461 11.15
8.55 -0.0437 0.0277 0.0518 147.62 0.8312 0.1627 0.8470 11.07
8.60 -0.0435 0.0277 0.0515. 147.53 0.8322 0.1618 0.8478 11.00
8.65 -0.0432 0.0276 0.0513 147.44 0.8332 0.1609 0.8486 10.93
8.70 -0.0430 0.0275 0.0510 147.35 0.8342 0.1600 0.8494 10.86

8.75 -0.0427 0.0275 0.0508 147.27 0.8352 0.1591 0.8502 10.78
8.80 -0.0425 0.0274 0.0506 147.18 0.8362 0.1582 0.8510 10.71
8.85 -0.0423 0.0273 0.0503 147.10 0.8372 0.1574 0.8518 10.65
8.90 -0.0420 0.0273 0.0501 147.02 0.8381 0.1565 0.8526 10.58
8.95 -0.0418 0.0272 0.0499 146.93 0.8390 0.1557 0.8534 10.51

9.00 -0.0416 0.0271 0.0496 146.85 0.8400 0.1548 0.8541 10.44
9.05 -0.0413 0.0271 0.0494 146.78 0.8409 0.1540 0.8549 10.38
9.10 -0.0411 0.0270 0.0492 146.70 0.8418 0.1532 0.8556 10.31
9.15 -0.0409 0.0269 0.0490 146.62 0.8427 0.1524 0.8563 10.25
9.20 -0.0407 0.0269 0.0487 146.54 0.8436 0.1516 0.8571 10.19

9.25 -0.0404 0.0268 0.0485 146.47 0.8444 0.1508 0.8578 10.12
9.30 -0.0402 0.0267 0.0483 146.39 0.8453 0.1500 0.8585 10.06
9.35 -0.0400 0.0267 0.0481 146.32 0.8462 0.1492 0.8592 10.00
9.40 -0.0398 0.0266 0.0479 146.25 0.8470 0.1485 0.8599 9.94
9.45 -0.0396 0.0265 0.0476 146.18 0.8478 0.1477 0,8606 9.88

9.50 -0.0394 0.0265 0.0474 146.11 0.8487 0.1469 0.8613 9.82
9.55 -0.0392 0.0264 0.0472 146.04 0.8495 0.1462 0.8620 9.77
9.60 -0.0390 0.0263 0.0470 145.97 0.8503 0.1455 0.8626 9.71
9.65 -0.0388 0.0262 0.0468 145.90 0.8511 0.1447 0.8633 9.65
9.70 -0.0386 0.0262 0.0466 145.83 0.8519 0.1440 0.8640 9.59.

9.75 -0.0384 0.0261 0.0464 145.77 0.8527 0.1433 0.8646 9.54
9.80 -0.0382 0.0260 0.0462 145.70 0.8534 0.1426 0.8653 9.48
9.85 -0.0380 0.0260 0.0460 145.64 0.8542 0.1419 0.8659 9.43
9.90 -0.0378 0.0259 0.0458 145.57 0.8550 0.1412 0.8665 9.38
9.95 -0.0376 0.0258 0.0456 145.51 0.8557 0.1405 0.8672 9.32

10.00 -0.0374 0.0258 0.0454 145.44 0.8565 0.1398 0.8678 9.27

WADC TR 56-614 A-33



k' 0.l o" z 0.25

a Lt..xy ___

REAL. /MA X 2  REAL IMAG. MOaWS to m

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 -0.0308 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 1.1075 -4.7105 0.5799 4.9772 0.0069 1.0142 0.0214 1.0145 1.21
1.35 1.1084 -4.3647 0.5970 4.8870 0.0075 1.0163 0.0222 1.0186 1.25
1.40 f.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
1.95 1.1277 -2.0595 0.7586 3.7230 0.0242 1.0493 0.0146 1.0494 0.80

2.00 1.1301 -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 369.73
2.30 1.1468 -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 0.8379 2.7136 0.0663 1.0619 -0.0252 1.0622 358.64
2.55 1.1615 -1.1811 0.8424 2.6334 0.0718 1.0611 -0.0292 1.0615 358.43
2.60 1.1644 -1.1350 0.8466 2.5556 0.0776 1.0599 -0.0330 1.0604 358.22
2.85 1.1673 -1.0917 0.8504 2.4803 0.0837 1.0584 -0.0367 1.0590 358.01
2.70 1.1700 -1.0510 0.8539 2.4077 0.0900 1.0567 -0.0402 1.0574 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 1.1927 -0.7315 0.8785 1.7733 0.1698 1.0293 -0.0650 1.0313 356.38
3.30 1.1939 -0.7110 0.8799 1.7291 0.1774 1.0266 -0.0661 1.0287 356.31
3.35 1.1950 -0.6915 0.8612 1.6868 0.1851 1.0240 -0.0671 1.0262 356.25
3.40 1.1960 -0.6730 0.8824 1.6464 0.1927 1.0214 -0.0679 1.0237 356.20
3.45 1.1968 -0.6554 0.8836 1.6077 0.2004 1.0189 -0.0686 1.0212 356.15

3.50 1.1976 -0-6388 0.8848 1.5706 0.2079 1.0164 -0.0692 1.0168 356.11
3.55 1.1982 -0.6227 0.8859 1.5352 0.2154 1.0140 -0.0697 1.0164 356.07
3.60 1.1987 -0.6075 0.8869 1.5012 0.2229 1.0117 -0.0701 1.0141 356.04
3.65 1.1991 -0.5929 0.8879 1.4686 0.2302 1.0094 -0.0704 1.0119 356.01
3.70 1.1994 -0.5791 0.8889 1.4374 0.2375 1.0072 -0.0706 1.0097 355.99

3.75 1.1996 -0.5658 0.8898 1.4075 0.2448 1.0051 -0.0708 1.0076 355.97
3.80 1.1997 -0.5532 0.8907 1.3788 0.2519 1.0030 -0.0709 1.0055 355.96
3.85 1.1997 -0.5410 0.8916 1.3512 0.2589 1.0010 -0.0709 1.0035 355.95
3.90 1.1996 -0.5294 0.8925 1.3248 0.2659 0.9990 -0.0709 1.0016 355.94
3.95 1.1995 -0.5183 0.8933 1.2993 0.2727 0.9971 -0.0709 0.9997 355.93

WADC TR 56-614 A-34



k. 0.1 0" 0.25

REAL /MA5 MODUILUS PHAS. REAL IMAG. MO WSJu sAuuf

1.00 -0.0053 -0.0146 0.0155 249.98 0.0133 0.1079 0.1087 82.99
1.05 -0.0064 -0.0158 0.0170 247.94 0.0161 0.1186' 0.1197 82.27
1.10 -0.0076 -0.0170 0.0186 245.80 0.0193 0.1298 0.1312 81.52
1.15 -0.0090 -0.0182 0.0203 243.57 0.0230 0.1413 0.1432 80.74
1.20 -0.0106 -0.0193 0.0220 241.24 0.0272 0.1532 0.1556 79.92

1.25 -0.0123 -0.0204 0.0238 238.83 0.0320 0.1654 0.1685 79.07
1.30 -0.0142 -0.0214 0.0257 236.32 0.0372 0.1779 0.1818 78.18
1.35 -0.0163 -0.0222 0.0276 233.72 0.0431 0.1907 0.1955 77.27
1.40 -0.0185 -0.0229 0.0295 231.03 0.0496 0.2036 0.2096 76.32
1.45 -0.0209 -0.0235 0.0314 228.26 "0.0567 0.2167 0.2240 75.34

1.50 -0.0235 -0.0238 0.0334 225.40 0.0645 0.2300 0.2388 74.33
1.65 -0.0262 -0.0239 0.0355 222.47 0.0730 0.2432 0.2540 73.29
1.60 -0.0289 -0.0238 0.0375 219.46 0.0823 0.2565 0.2693 72.22
1.65 -0.0318 -0,0234 0.0395 216.37 0.0922 0.2696 0.2850 71.12
1.70 -0.0348 -0.0228 0.0416 213.21 0.1029 0.2826 0.3008 69.99

1.75 -0.0377 -0.0218 0.0436 209.99 0.1143 0.2954 0.3168 68.84
1.80 -0.0407 -0.0205 0.0456 206.70 0.1265 0.3079 0.3329 67.67
1.85 -0.0437 ;0.0189 0.0476 203.36 0.1394 0.3200 0.3491 66.47
1.90 -0.0465 -0.0169 0.0495 199.97 0.1529 0.3317 0.3653 65.25
1.95 -0.0493 -0.0146 0.0514 196.53 0.1671 0.3429 0.3815 64.02

2.00 -0.0519 -0.0120 0.0532 193.05 0.1819 0.3535 0.3976 62.76
2.05 -0.0542 -0.0091 0.0550 189.54 0.1973 0.3634 0.4135 61.50
2.10 -0.0564 -0.0059 0.0567 186.01 0.2132 0.3726 0.4293 60.22
2.15 -0.0583 -0,0025 0.0583 182.47 0.2296 0.3811 0.4449 58.94
2.20 -0.0598 0.0011 0.0598 178.91 0.2462 0.3887 0.4602 57.65

2.25 -0.0611 0.0050 0.0613 175.35 0.2632 0.3956 0.4751 56.36
2.30 -0.0620 0.0089 0.0626 171.81 0.2804 0.4015 0.4897 55.07
2.35 -0.0625 0.0130 0.0638 168.27 0.2977 0.4065 0.5039 53.79
2.40 -0.0827 0.0171 0.0649 164.77 0.3150 0.4107 0.5176 52.51
2.45 -0.0625 0.0212 0.0660 161.29 0.2323 0.4140 0.5309 51.25

2.50 -0.0619 0.0252 0.0669 157.86 0.3494 0.4165 0.5436 50.01
2.55 -0.0611 0.0292 0.0677 154.47 0.3663 0.4181 0.5559 48.78
2.60 -0.0599 0.0330 0.0684 151.14 0.3829 0.4189 0.5676 47.57
2.65 -0.0584 0.0367 0.0690 147.86 0.3992 0.4190 0.5787 46.39
2.70 -0.0507 0.0402 0.0695 144.65 0.4151 0.4184 0.5894 45.23

2.75 -0.0547 0.0435 0.0699 141.51 0.4305 0.4172 0.5995 44.10
2.80 -0.0526 0.0466 0.0703 138.43 0.4455 0.4154 0.6091 43.00
2.85 -0.0503 0.0495 0.0706 135.43 0.4600 0.4131 0.6183 41.93
2.90 -0.0479 0.0522 0.0708 132.51 0.4739 0.4104 0.6269 40.89
2.95 -0.0453 0.0547 0.0710 129.66 0.4873 0.4072 0.6350 39.88

3.00 -0.0427 0.0569 0.0711 126.90 0.5002 0.4037 0.6428 38.91
3.05 -0.0400 0.0589 0.0712 124.21 0.5125 0.3999 0.6501 37.97
3.10 -0.0373 0.0607 0.0713 121.59 0.5243 0.3959 0.6570 37.06
3.15 -0.0346 0.0623 0.0713 119.06 0.5355 0.3917 0.6635 36.18
3.20 -0.0319 0.0638 0.0713 116.60 0.5463 0.3873 0.6697 35.34

3.25 -0.0293 0.0650 0.0713 114.22 0.5566 0.3826 0.6755 34.52
3.30 -0.0266 0.0661 0.0713 111.91 0.5664 0.3783 0.6811 33.74
3.35 -0.0240 0.0671 0.0713 109.67 0.5757 0.3736 0.6863 32.98
3.40 -0.0214 0.0679 0.0712 107.50 0.5847 0.3690 0.6913 32.26
3.45 -0.0189 0.0686 0.0712 105.40 0.5932 0.3643 0.6961 31.56

3.50 -0.0164 0.0692 0.0711 103.37 0.6013 0.3596 0.7006 30.88
3.55 -0.0140 0.0697 0.0711 101.40 0.6090 0.3550 0.7049 30.24
3.60 -0.0117 0.0701 0.0710 99.49 0.6164 0.3504 0.7090 29.61
3.65 -0.0094 0.0704 0.0710 97.64 0.6235 0.3458 0.7130 29.02
3.70 -0.0072 0.0706 0.0710 95.85 0.6303 0.3413 0.7168 28.44

3.75 -0.0051 0.0708 0.0709 94.12 0.6367 0.3369 0.7204 27.89
3.80 -0.0030 0.0709 0.0709 92.44 0.6429 0.3326 0.7239 27.35
3.85 -0.0010 0.0709 0.0709 90.81 0.6489 0.3283 0.7272 26.84
3.90 0.0010 0.0709 0.0709 89.23 0.6546 0.3241 0.7304 26.34
3.95 0.0029 0.0709 0.0709 87.70 0.6601 0.3200 0.7335 25.87

WADC TR 56-614 A-35



ka 0.1 O- 0.25

/-y 2,

REAL IMA- REAL IMA. Mo.USa

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 0.8968 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 -0.4358 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 -0.4208 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 -0.0655 0.9689 358.12
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 1.1059 -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

5.25 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 -0.2525 0.9247 0.6784 0.5074 0.9449 -0.0573 0.9468 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 0.0592 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
8.65 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 1.1486 -0.2324 0.9284 0.6293 0.5330 0.9402 -0.0550 0.9418 356.85
6.85 1.1477 -0.2301 0.9288 0.6236 0.5360 0.9396 -0.0547 0.9412 356.67
6.90 1.1469 -0.2278 0.0293 0.6181 0.5390 0.9391 -0.0545 0.9407 356.68
6.95 1.1460 -0.2256 0.9397 0.6126 0.5420 0.9386 -0.0542 0.9401 356.70

WADC TR 56-614 A-26



kz 0.1 a0" 0.25

REAL IMA. MODLUS PHASE REAL IMAG MODUWS____ _____(OE*RflsJ ____ tDESRES

4.00 0.0047 0.0708 0.0710 86.21 0.6653. 0.3160 0.7365 25.41
4.05 0.0065 0.0707 0.0710 84.77 0.6704 0.3121 0.7305 24.96
4.10 0.0082 0.0706 0.0710 83.37 0.6753 0.3082 0.7423 24.54
4.15 0.0099 0.0704 0.0711 82.02 0.6800 0.3045 0.7450 24.12
4.20 0.0115 0.0702 0,0712 80.70 0.6845 0.3008 0.7477 2372

4.25 0.0131 0.0700 0.0712 79.42 0.6889 0.2972 0.7503 23.34
4.30 0.0146 0.0698 0.0713 78.17 0.6931 0.2937 0.7528 22.97
4.35 0.0161 0.0696 0.0714 76.97 0.6972 0.2903 0,7553 22.61
4.40 0.0176 0.0693 0.0715 75.79 0.7012 0.2870 0.7577 22.26
4.45 0.0190 0.0691 0.0710 74.65 0.7050 0.2837 0.7600 21.92

4.50 0.0203 0.0688 0.0717 73.54 0.7088 0.2806 0.7623 21.60
4.55 0.0217 0.0885 0.0719 72.45 0.7124 0.2775 0.7645 21.28
4.60 0.0230 0.0682 0.0720 71.40 0.7159 0.2744 0.7667 20.97
4.65 0.0242 0.0680 0.0722 70.37 0.7194 0.2715 0.7689 20.67
4.70 0.0255 0.0677 0.0723 69.38 0.7227 0.2686 0.7710 20.39

4.75 0.0267 0.0674 0.0725 68.40 0.7259 0.2657 0.7731 20.11
4.80 0.0278 0.0671 0.0726 67.45 0.7291 0.2630 0.7751 19.83
4.85 0.0290 0.0668 0.0728 66.53 0.7322 0.2603 0.7771 19.57
4.90 0.0301 0.0665 0.0730 65.62 0.7352 0.2576 0.7790 19.31
4.95 0.0312 0.0662 0.0731 64.74 0.7382 0.2550 0.7810 19.06

5.00 0.0323 0.0658 0.0733 63.86 0.7410 0.2525 0,7829 18.82
5.05 0.0333 0.0655 0.0735 63.04 0.7438 0.2500 0.7847 18.58
5.10 0.0344 0.0652 0.0737 62.22 0.7466 0.2476 0.7866 18.35
5.15 0.0354 0.0649 0.0739 61.42 0.7493 0.2452 0.7884 18.12
5.20 0.0383 0.0646 0.0741 60.64 0.7519 0.2429 0.7901 17.90

5.25 0.0373 0.0643 0.0743 59.88 0.7544 0.2406 0.7919 17.69
5.30 0.0382 0.0640 0.0745 59.13 0.7570 0.2383 0.7936 17.48
5.35 0.0392 0.0637 0.0747 58.40 0.7594 0.2361 0.7953 17.27
5.40 0.0401 0.0634 0.0750 57.68 0.7618 0.2340 0.7970 17.07
5.45 0.0410 0.0630 0.0752 56.99 0.7642 0.2319 0.7986 16.88

5.50 0.0418 0.0627 0.0754 56.30 0.7665 0.2298 0.8002 16.69
5.55 0.0427 0.0624 0.0756 55.63 0.7688 0.2277 0.8018 16.50
5.60 0.0435 0.0621 0.0758 54.98 0.7710 0.2257 0.8034 16.32
5.65 0.0443 0.0618 0.0761 54.34 0.7732 0.2238 0.8049 16.14
5.70 0.0452 0.0615 0.0763 53.71 0.7753 0.2218 0.8065 15.97

5.75 0.0459 0.0612 0.0765 53.09 0.7774 0.2199 0.8080 15.80
5.80 0.0467 0.0609 0.0767 52.49 0.7795 0.2181 0.8094 15.63
5.85 0.0475 0.0606 0.0770 51.90 0.7815 0.2162 0.8109 15.46
5.90 0.0482 0.0603 0.0772 51.32 0.7835 0.2144 0.8123 15.30
5.95 0.0490 0.0600 0.0774 50.75 0.7855 0.2126 0.8138 15.15

6.00 0.0497 0.0597 0.0777 50.20 0.7874 0.2109 0.8151 14.99
6.05 0.0504 0.0594 0.0779 49.65 0.7893 0.2091 0.8165 14.84
6.10 0.0511 0.0591 0.0781 49.12 0.7911 0.2074 0.8179 14.69
6.15 0.0518 0.0588 0.0183 48.59 0.7930 0.2058 0.8192 14.55
6.20 0.0525 0.0585 0.0786 48.08 0.7947 0.2041 0.8205 14.40

6.25 0.0532 0.0582 0.0788 47.58 0.7965 0.2025 0.8218 14.26
6.30 0.0538 0.0579 0.0790 47.08 0.7982 0.2009 0.8231 14.13
6.35 0.0545 0.0576 0.0793 46.60 0.7999 0.1993 0.8244 13.99
6.40 0.0551 0.0573 0.0795 46.12 0.8016 0.1978 0.8256 13.86
6.45 0.0557 0.0570 0.0797 45.65 0.8032 0.1962 0.8269 13.73

6.50 0.0563 0.0567 0.0799 45.19 0.8049 0.1947 0.8281 13.60
6.55 0.0569 0.0564 0.0802 44.74 0.8064 0.1933 0.8293 13.48
6.60 0.0575 0.0561 0.0804 44.30 0.8080 0.1918 0.8305 13.35
6.65 0.0581 0.0559 0.0806 43.86 0.8095 0.1904 0.8316 13.23
6.70 0.0587 0.0556 0.0808 43.44 0.8111 0.1889 0.8328 13.11

6.75 0.0593 0.0553 0.0810 43.02 0.8125 0.1875 0.8339 13.00
6.80 0.0598 0.0550 0.0813 42.61 0.8140 0.1862 0.8350 12.88
6.85 0.0604 0.0547 0.0815 42.20 0.8154 0.1848 0.8361 12.77
6.90 0.0609 0.0545 0.0817 41.80 0.8169 0.1835 0.8372 12.66
6.95 0.0614 0.0542 0.0819 41.41 0.8183 0.1821 0.8383 12.55

WADC TR 56-614 A-37



k- 0.1 v-s 0.25

o~~ ~ .- 2.-. Y r ,

REAL IMAG z REAL IMAV MOaLXL PHAS

7.00 1.1451 -0.2234 0.9301 0.6072 0.6449 0.0280 -0.0539 0.0396 356.71
7.05 1.1443 -0.2213 0.9305 0.6019 0.5478 0.9375 -0.0537 0.0391 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 356.15
7.20 1.1418 -0.2151 0.9318 0.6866 0.5562 0.9360 -0.0529 0.9375 3568.7

7.25 1.1410 -0.2131 0.9322 0.5816 0.5590 0.9355 -0.0526 0.9370 350.78
7.30 1.1402 -0.2111 0.9326 0.5768 0.5617 0.9350 -0.0523 0.9365 356.80
7.35 1..J4 -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 -0.3054 0.9337 0.5627 0.5697 0.9.36 -0.0516 0.9351 356.84

7.50 1.1370 -0.2036 0.9341 0.5561 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 -0.05 8 0.9337 356.88
7.65 l1348  -0,1983 0.9352 0.5448 0.5799 0.9319 -0.050 0.9332 356.89
7.70 1.1340 -0.1966 0.9356 0.6406 0.5824 0.9314 -0.0503 0.9328 356.91

7.45 1.1333 -01949 0.9359 0.5363 0.5849 003810 -0.0501 0.9324 356.92
7.80 1.1326 -0.1932 0.9303 0.5322 0.5873 0.9306 -0.0498 0.9319 366.93
7.85 1.1318 -0.1916 0.936 0.5281 0.5897 b.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 0.5301 0.5945 0.9294 -0.0491 0.9307 350.97

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 0.9209 357.00
8.10 1.1283 -0.1839 0.9383 0.5085 0.6014 0.9282 -0.0484 0.92095 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 -0.0480 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 0.92067 -0.0475 0.9379 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 -0.0461 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 0.4101 0.6249 0.9243 -0.0460 0.9254 357.15
8.70 1.1206 -0.1675 0.9420 0.4669 0.0269 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 0.942 0.4606 0.6309 0.9233 -0.0454 0.9244 357.19
8.85 1.1188 -0.1038 0.9429 0.4576 0.6328 0.9230 -0.0452 0.9241 357.20
8.90 1.1182 -0.1626 0.9433 0.4545 0.6348 0.9227 -0.0450 0.9238 857.21
8.95 1.1176 -0.1015 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 1.1154 -0.1569 0.9446 0.4399 0.6441 0.9211 -0.0440 0.9222 357.27
9.20 1.1148 -0.1559 0.9448 0.4371 0.0459 0.9209 -0.0438 0.9219 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 1.1132 -0.1527 0.9456 0.4288 0.6513 0.9200 -0.0432 0.9210 357.31
9.40 1.1126 -0.1516 0.9459 0.4262 0.6530 0.9197 -0.0430 0.9207 357.32
9.45 1.1121 -0.1506 0.9461 0.4235 0.6547 0.9194 -0.0429 0.9204 357.53

9.50 1.1116 -0.1496 0.9464 0.4209 0.6565 0.9192 -0.0427 0.9201 357.34
9.55 1.1110 -0.1486 0.9466 0.4183 0.6582 0.9189 -0.0425 0.9199 357.35
9.60 1.1105 -0.1478 0.9469 0.4158 0.6598 0.9186 -0.0423 0.9196 357.36
9.65 1.1100 -0.1466 0.9471 0.4132 0.6615 0.9183 -0.0421 0.9193 357.37
9.70 1.1095 -0.1457 0.9473 0.4108 0.6631 0.9181 -0.0419 0.9190 357.38

9.75 1.1090 -0.1447 0.9476 0.4083 0.6648 0.9178 -0.0418 0.9188 357.39
9.80 1.1085 -0.1438 0.9478 0.4059 0.6664 0.9176 -0.0416 0.9185 357.40
9.85 1.1080 -0.1429 0.9480 0.4035 0.6680' 0.9173 -0.0414 0.9182 357.41
9.90 1.1075 -0.1420 0.9483 0.4011 0.6696 0.9171 -0.0412 0.9180 357.42
9.95 1.1070 -0.1411 0.9485 0.3987 0.6712 0.9168 -0.0411 0.9177 357.43

10.00 1.1066 -0.1402 0.9487 0.3964 0.6727 0.9166 -0.0409 0.9175 357.44

WADC TR 56-614 A-38



k- 0.1 c"s 0.25

..... PHASE

REAL IMA. MOWULUS 'PAYSE REAL IMAC MODULUS IoESREE

7.00 0.0620 0.0539 0.0821 41.03 0.8196 0.1808 0.8393 12.44
7.05 0.0625 0.0537 0.0824 40.65 0.8210 0.1795 0.8404 12.34
7.10 0.0630 0.0534 0.0826 40.28 0.8223 0.1-783 0.8414 12.23
7.16 0.0635 0.0531 0.0828 39.92 0.8236 0.1770 0.8424 12.13
7.20 0.0640 0.0529 0.0830 39.56 0.8249 0.1758 0.8434 12.03

7.25 0.0645 0.0526 0.0832 39.20 0.8262 0.1746 0.8444 11.93
7.30 0.0650 0.0523 0.0834 38.86 0.8275 0.1734 0.8454 11.83
7.35 0.0654 0.0521 0.0836 38.52 0.8287 0.1722 0.8464 11.74
7.40 0.0659 0.0518 0.0838 38.18 0.8299 0.1710 0.8473 11.64
7.45 0.0664 0.0516 0.0840 37.85 0.8311 0.1698 0.8483 11.55

7.50 0.0668 0.0513 0.0842 27.53 0.8323 0.1687 0.8492 11.46
7.55 0.0673 0.0511 0.0844 37.21 0.8335 0.1676 0.8501 11.37
7.60 0.0677 0.0508 0.0846 36.89 0.8346 0.1665 0.8510 11.28
7.65 0.0681 0.0506 0.0848 36.58 0.8357 0.1654 0.8519 11.19
7.70 0.0686 0.0503 0.0850 36.28 0.8369 0.1643 0.8528 11.11

7.75 0.0690 0.0501 0.0852 35.08 0.8380 0.1632 0.8537 11.02
7.80 0.0694 0.0498 0.0854 35.68 0.8391 0.1622 0.8546 10.94
7.85 0.0698 0.0496 0.0856 35.39 0.8401 0.1611 0.8554 10.86
7.90 0.0702 0.0494 0.0858 35.10 0.8412 0.1601 0.8563 10.78
7.95 0.0706 0.0491 0.0860 34.82 0.8422 0.1591 0.8571 10.70

8.00 0.0710 0.0489 0.0862 34.55 0.8433 0.1581 0.8579 10.62
8.05 0.0714 0.0487 0.0864 34.27 0.8443 0.1571 0.8588 10.54
8.10 0.0718 0.0484 0.0866 34.00 0.8453 0.1561 0.8596 10.46
8.15 0.0722 0.0482 0.0868 33.74 0.8463 0.1551 0.8604 10.39
8.20 0.0725 0.0480 0.0870 33.48 0.8472 0.1542 0.8611 10.31

8.25 0.0729 0.0477 0.0872 33.22 0.8482 0.1532 0.8619 10.24
8.30 0.0733 0.0475 0.0873 32.96 0.8492 0.1523 0.8627 10.17
8.35 0.0736 0.0473 0.0875 32.71 0.8501 0.1514 0.8635 10.10
8.40 0.0740 0.0471 0.0877 32.47 0.8510 0.1505 0.8642 10.03
8.45 0.0743 0.0469 0.0879 32.23 0.8519 0.1496 0.8650 9.96

8.50 0.0747 0.0467 0.0881 31.99 0.8528 0.1487 0.8657 9.89
8.55 0.0750 0.0464 0.0882 31.75 0.86537 0.1478 0.8664 9.82
8.60 0.0754 0.0462 0.0884 31.52 0.8646 0.1469 0.8671 9.75
8.65 0.0757 0.0460 0.0886 31.29 0.8555 0.1461 0.8679 9.69
8.70 0.0760 0.0458 0.0888 31.06 0.8563 0.1452 0.8686 9.62

8.75 0.0764 0.0456 0.0889 30.84 0.8572 0.1444 0.8693 9.56
8.80 0.0767 0.0454 0.0891 30.62 0.8580 0.1435 0.8700 9.50
8.85 0.0770 0.0452 0.0893 30.40 0.8589 0.1427 0.8706 9.43
8.90 0.0773 0.0450 0.0895 30.19 0.8597 0.1419 0.8713 9.37
8.95 0.0776 0.0448 0.0896 29.98 0.8605 0.1411 0,8720 9.31

9.00 0.0779 0.0446 0.0898 29.77 0.8613 0.1403 0.8726 9.25
9.05 0.0763 0.0444 0.0900 29.66 0.8621 0.1395 0.8733 9.19
9.10 0.0786 0.0442 0.0901 29.36 0.8629 0.1387 0.8740 9.13
9.15 0.0789 0.0440 0.0903 29.16 0.8636 0.1380 0.8746 9.08
9.20 0.0791 0.0438 0.0905 28.96 0.8644 0.1372 0.8752 9.02

9.25 0.0794 0.0436 0.0906 28.77 0.8652 0.1365 0.8759 8.96
9.30 0.0797 0.0434 0.0908 28.57 0.8659 0.1357 0.8765 8.91
9.35 0.0800 0.0432 0.0909 28.38 0.8667 0.1350 0.8771 8.85
9.40 0.0803 0.0430 0.0911 28.19 0.8674 0.1343 0.8777 8.80
9.45 0.0806 0.0429 0.0913 28.01 0.8681 0.1335 0.8783 8.74

9.50 0.0808 0.0427 0.0914 27.83 0.8688 0.1328 0.8789 8.69
9.55 0.0811 0.0425 0.0916 27.65 0.8696 0.1321 0.8795 8.64
9.60 0.0814 0.0423 0.0917 27.47 0.8702 0.1314 0.8801 8.59
9.65 0.0817 0.0421 0.0919 27.29 0.8709 0.1307 0.8807 8.54
9.70 0.0819 0.0419 0.0920 27.12 0.8716 0.1300 0.8813 8.49

9.75 0.0822 0.0418 0.0922 26.95 0.8723 0.1294 0.8818 8.44
9.80 0.0824 0.0416 0.0923 26.78 0.8730 0.1287 0.8824 8.39
9.85 0.0827 0.0414 0.0925 26.61 0.8736 0.1280 0.8829. 8.34
9.90 0.0829 0.0412 0.0926 26.44 0.8743 0.1274 0.8835 8.29
9.95 0.0832 0.0411 0.0928 26.28 0.8749 0.1267 0.8840 8.24

10.00 0.0834 0.0409 0.0929 26.12 0.8756 0.1261 0.8846 8.19

WADC TR 56-614 A-89



k 0.1 0"=0.50

S --- 2,y X-2r f/
REAL IMA. REAL IMA. MODUS "

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 0.0138 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 0.1672 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 1.0521 -1.4172 0.8426 3.1609 0.0424 1.0285 -0.0598 1.0302 356.67
2.05 1.0567 -1.3432 0.8504 3.0515 0.0473 1.0271 -0.0658 1,0292 356.34
2.10 1.0615 -1.2746 0.8575 2.9441 0.0527 1.0252 -0.0718 1.0277 355.992.15 1.0664 -1.2109 0.8639 2.6391 0.0585 1.0228 -0.0778 1.0257 355.852.20 1.0713 -1.1518 0.8697 2.7368 0.0648 1.0197 -0.0837 1.0232 355.31

2.25 1.0763 -1.0969 0.8749 2.6375 0.0716 1.0162 -0.0893 1.0201 354.98
2.30 1.0813 -1.0458 0.8795 2.5414 0.0788 1.0121 -0.0947 1.0165 354.65
2.35 1.0862 -0.9983 0.8836 2.4487 0.0664 1.0076 -0.0997 1.0125 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 1.1268 -0.6671 0.9060 1.7203 0.1790 0.9528 -0.1263 0.9612 352.45
2.90 1.1298 -0.6443 0.9072 1.6658 0.1890 0.9476 -0.1268 0.9560 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 1.5051 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 1.1445 -0.5177 0.9127 1.3549 0.2580 0.9154 -0.1247 0.9239 352.24
3.30 1.1460 '0.5033 0.9133 1.3189 0.2674 0.9115 -0.1238 0.9199 352.26
3.35 1.1472 -0.4896 0.9139 1.2847 0.2767 0.9078 -0.1229 0.9161 352.29
3.40 1.1483 -0.4766 0.9145 1.2522 0.2859 0.9043 -0.1219 0.9125 352.32
3.45 1.1493 -0.4643 0.9150 1.2211 0.2949 0.9009 -0.1209 0.9090 352.36

3.50 1.1502 -0.4525 0.9155 1.1915 0.3038 0.8977 -0.1198 0.9057 352.40
3.55 1.1509 -0.4413 0.9160 1.1633 0.3124 0.8946 -0.1186 0.9025 352.45
3.60 1.1516 -0.4306 0.9165 1.1364 0.3210 0.8917 -0.1175 0.8994 352.49
3.65 1.1521 -0.4205 0.9170 1.1107 0.3293 0.6889 -0.1163 0.8964 352.54
3.70 1.1525 -0.4107 0.9175 1.0861 0.3375 0.8862 -0.1152 0.8936 352.59

3.75 1.1529 -0.4014 0.9179 1.0626 0.3456 0.8836 -0.1140 0.8909 352.65
3.80 1.1531 -0.3925 0.9184 1.0401 0.3534 0.8811 -0.1128 0.8883 352.70
3.85 1.1533 -0.3840 0.9189 1.0166 9.3611 0.8787 -0.1117 0.8858 352.76
3.90 1.1534 -0.3758 0.9193 0.9979 0.3687 0.8765 -0.1105 0.8834 352.81
3.95 1.1534 -0.3680 0.9198 0.9781 0.3760 0.8743 -0.1094 0.8811 352.87

WADC TR 56-614 A-40



k= 0.1 0. 0.50

a __ _IIF 0 _ _

REAL IMAG. MODULUS R4PHASE PHASE MOLUS ,

1.00 -0.0049 0.0014 0.0051 163.75 0.0156 0.1235 0.1245 82.82
1.05 -0.0059 0.0019 0.0062 162.08 0.0189 0.1358 0.1372 82.08
1.10 -0.0071 0.0025 0.0075 160.33 0.0228 0.1486 0.1504 81.30
1.15 -0.0083 0.0033 0.0089 158;49 0.0271 0.1619 0.1542 80.48
1.20 -0,0097 0.0042 0.0105 156.68 0.0321 0.1758 0.1785 79.63

1.25 -0.0111 0.0053 0.0123 154.58 0.0378 0.1897 0.1934 18.73
1.30 -0.0127 0.0066 0.0144 152.50 0.0441 0.2041 0.2088 77.80
1.35 -0.0144 0.0082 0.0166 150.33 0.0512 0*2188 0.2247 78.83
1.40 -0.0162 0.0101 0.0191 148.09 0.0591 0.2337 0.2411 75.82
1.45 -0.0180 0.0122 0.0218 145.76 0.0678 0.2489 0.2579 74.77

1.50 -0.0198 0.0147 0.0247 143.35 0.0773 0.2641 0.2162 73.68
1.55 -0.0216 0.0176 0.0279 140.87 0.0878 0.2793 0.2928 72.55
1.60 0.0234 0.0208 0.0313 138.30 0.0992 0.2945 0.3108 71.38
1.65 -0.0250 0.0245 0,0350 135.66 0.1116 0.3096 0.3291 70.17
1.70 -0.0265 0.0285 0.0389 132.95 0.1250 0.3243 0.3476 68.92

1.75 -0.0277 0.0329 0.0430 130.17 0.1393 0.3387 0.3682 67.64
1.80 -0.0287 0.0376 0.0473 127.33 0.1547 0.3526 0.3850 66.32
1.85 -0.0293 0.0428 0.0519 124.43 0.1709 0.3659 0.4038 64.96
1.90 -0.0295 0.0482 0.0565 121.48 0.1881 0.3785 0.4226 63.57
1.95 -0.0292 0.0539 0.0613 118.48 0.2061 0.3902 0.4413 62.16

2.00 -0.0285 0.0598 0.0662 115.46 0.2248 0.4010 0.4597 60.72
2.05 -0.0271 0.0658 0.0712 112.41 0.2442 0.4107 0.4778 59.26
2.10 -0.0252 0.0718 0.0761 109.36 0.2641 0.4193 0.4955 57.79
2.15 -0.0228 0.0778 0.0811 106.30 0.2844 0.4267 0.5128 56.31
2.20 -0.0197 0.0837 0.0860 103.26 0.3060 0.4328 0.5295 54.63

2.25 -0.0162 0.0893 0.0908 100.25 0.3257 0.4377 0.5456 53.35
2.30 -0.0121 0.0947 0.0955 97.28 0.3463 0.4413 0.5610 51.88
2.35 -0.0076 0.0997 0.1000 94.36 0.3667 0.4437 0.5757 50.43
2.40 -0.0027 0.1043 0.1044 91.50 0.3868 0.4450 0,5896 49.00
2.45 0,0024 0.1085 0.1086 88.72 0.4065 0.4451 0.6028 47.60

2,50 0.0078 0.1123 0.1125 66.00 0.4256 0.4443 0.6152 46.23
2.55 0.0134 0.1155 0.1163 83.38 0.4441 0.4425 0.6269 44.89
2.60 0.0191 0.1184 0.1199 80.84 0.4620 0.4399 0.6379 43.60
2.65 0.0248 0.1207 0.1232 78.39 0.4791 0.4366 0.6482 42.34
2.70 0.0305 0.1227 0.1264 76.03 0.4955 0.4326 0.6578 41.13

2.75 0.0362 0.1242 0.1294 73.77 0.5111 0.4282 0.6667 39.95
2.80 0.0417 0.1254 0.1322 71.60 0.5259 0.4233 0.6751 38.83
2.85 0,0472 0.1263 0.1348 69.52 0.5400 0.4180 0.6829 37.74
2.90 0.0524 0.1268 0.1372 67.53 0.5534 0.4125 0.6902 36.70
2.95 0.0576 0.1271 0.1395 65.62 0.5660 0.4068 0.6970 35.70

3.00 0.0625 0.1271 0.1417 63.80 0.5780 0.4009 0.7034 34.75
3.05 0.0673 0.1270 0.1437 62.06 0.5893 0.3949 0.7093 33.83
3.10 0.0719 0.1266 0.1456 60.40 0.5999 0.3889 0.7149 32.95
3.15 0.0763 0.1261 0.1474 58.81 0.6100 0.3828 0.7202 32.11
3.20 0.0606 0.1254 0.1491 57.30 0.6196 0.3768 0.7251 31.30

3.25 0.0646 0.1247 0.1507 55.85 0.6286 0.3707 0.7298 30.53
3.30 0.0885 0.1238 0.1522 54.46 0.6371 0.3648 0.7342 29.79
3.35 0.0922 0.1229 0.1536 53.14 0.6452 0.3589 0.7383 29.09
3.40 0.0957 0.1219 0.1550 51.87 0.6528 0.3532 0.7422 28.41
3.45 0.0991 0.1209 0.1563 50.66 0.6601 0.3475 0.7460 27.76

3.50 0.1023 0.1198 0.1675 49.50 0.6670 0.3419 0.7495 27.14
3.55 0.1054 0.1186 0.1587 48.39 0.6735 0.3365 0.7529 26,55
3.60 0.1083 0.1175 0.1598 47.33 0.6797 0.3312 0.7561 25.98
3.65 0.1111 0.1163 0.1609 46.31 0.6856 0.3260 0.7592 25.43
3.70 0.1138 0.1152 0.1619 45.34 0.6912 0.3210 0.7621 24.91

3.75 0.1164 0.1140 0.1629 44.40 0.6966 0.3160 0.7650 24.40
3.60 0.1189 0.1128 0.1639 43.51 0.7018 0.3113 0.7677 23.92
3.85 0.1213 0.1117 0.1648 42.65 0.7067 0.3066 0.7703 23.45
3.90 0.1235 0.1105 0.1658 41.82 0.7114 0.3021 0.7729 23.01
3.95 0.1257 0.1094 0.1066 41.02 0.7159 0.2977 0.7753 22.58

WADC TR 56-614 A-41



ka 0.1 " 0.50
I- ' - -

U7 -2vX y
REAL IMAG. x REAL IIG XolU M

- -~
x  

-I EL I~ OW
I tm~ffs)

4.00 1.1534 -0.3005 0.9202 0.9591 0.3833 0.8722 -0.1082 0.8789 352.03
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 0.8683 -0.1049 0.8727 353.09
4.20 1.1528 -0.3333 0.9220 0.8901 0.4106 0.8645 -0.1039 0.8707 353.15

4.26 1.1523 -0.3271 0.9225 0.8145 0.4171 0.8628 -0.1028 0.8689 353.20
4.30 1.1520 -0.3211 0.9230 0.8594 0.4234 0.8611 -0.1018 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
4.80 1.1491 -0.2895 0.9257 0.7792 0.4688 0.8520 -0.0960 0.8574 353.57
4.65 1.1485 -0.2848 0.9281 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
4.865 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 363.91

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 0.6285 -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
5.65 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 0.9388 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 0.5111 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 35503

6.50 1.1223 -0.1767 0.9411 0.4917 0.6116 0.8169 -0.0706 0.8199 355.06
6.55 1.1216 -0.1149 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 0.8157 -0.0696 0.8186 355.12
6.65 1.1203 -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 0.155 355.27
6.90 1.1171 -0.1630 0.9437 0.4559 0.6339 0.8122 -0.0668 0.6149 355.30
6.95 1.1164 -0.1614 0.9440 0.4518 0.0365 0.8116 -0,0664 0.8143 355.33

WADC TR 56-614 A-42



kz 0.1 O" 0.50

a ___ Fo
REAL IMAG. MODULUS H ' REAL IMAG. MOOLVWS w5E'(DGES"EL M4.MOW PHASE'

4.00 0.1278 0.1082 0.1675 40.26 0.7202 0.2934 0.7777 22.17
4.05 0.1298 0.1071 0.1683 39.52 0.7244 0.2892 0.7800 21.77
4.10 0.1318 0.1060 0.1691 38.81 0.7284 0.2852 0.7822 21.38
4.15 0.1337 0.1049 0.1699 38.13 0.7322 0.2813 0.7844 21.01
4.20 0.1355 0.1039 0.1707 37.48 0.7360 0.2775 0.7865 20.66

4.25 0.1372 0.1028 0.1715 36.84 0.7396 0.2738 0.7886 20.31
4.30 0.1389 0.1018 0.1722 36.23 0.7430 0.2702 0.7906 19.98
4.35 0.1405 0.1008 0.1729 35.64 0.7464 0.2667 0.7926 19.66
4.40 0.1421 0.0998 0.1736 35.07 0.7496 0.2633 0.7945 19.35
4.45 0.1437 0.0988 0.1743 34.51 0.7528 0.2600 0.7964 19.05

4.50 0.1451 0.0978 0.1750 .33.98 0.7559 0.2568 0.7983 18.76
4.55 0.1466 0.0969 0.1757 33.46 0.1588 0.2536 0.8001 18.48
4.60 0.1480 0.0960 0.1764 32.96 0.7617 0.2506 0.8019 18.21
4.65 0.1494 0.0951 0.1770 32.48 0.7645 0.2476 0.8036 17.94
4.70 0.1507 0.0942 0.1777 32.01 0.7673 0.2447 0.8054 17.69

4.7.5 0.1520 0.0933 0.1783 31.55 0.7700 0.2419 0.8071 17.44
4.80 0.1532 0.0925 0.1790 31.11 0.7726 0.2391 0.8087 17.20
4.85 0.1544 0.0916 0.1796 30.68 0.7751 0.2364 0.8104 16.96
4.90 0.1556 0.0908 0.1802 30.26 0.7776 0.2338 0.8120 16.74
4.95 0.1568 0.0900 0.1808 29.85 0.7800 0.2313 0.8136 16.52

5.00 0.1579 0.0892 0.1814 29.46 0.7824 0.2288 0.8151 16.30
5.05 0.1591 0.0884 0.1820 29.07 0.7847 0.2263 0.8167 16.09
5.10 0.1601 0.0877 0.182t 28.70 0.7869 0.2240 0.8182 15.89
5.15 0.1612 0.0889 0.1831 28.33 0.7891 0.2216 0.8197 15.69
5.20 0.1622 0.0862 0.1837 27.98 0.7913 0.2193 0.8211 15.49

5.25 0.1632 0.0855 0.1843 27.v3 0.7934 0.2171 0.8226 15.30
5.30 0.1642 0.0841 0.1848 27.29 0.7955 0.2149 0.8240 15.12
5.35 0.1652 0.0840 0.1854 26.96 0.7975 0.2128 0.8254 14.94
5.40 0.1662 0.0834 0.1859 26.64 0.7995 0,2107 0.8268 14.76
5.45 0.1671 0.0827 0.1864 26.33 0.8015 0.2087 0.8282 14.59

5.50 0.1680 0.0820 0.1870 26.02 0.8034 0.2066 0.8296 14.42
5.55 0.1689 0.0814 0.1875 25.72 0.8053 0.2047 0.8309 14.26
5.60 0.1698 0.0807 0.1880 25.43 0.8071 0.2027 0.8322 14.10
5.65 0.1706 0.0801 0.1885 25.14 0.8089 0.2008 0.8335 13.94
5.70 0.1715 0.0795 0.1890 24.86 0.8107 0.1990 0.8348 13.79

5.75 0.1723 0.0788 0.1895 24.58 0.8125 0.1972 0.8360 13.64
5.80 0.1731 0.0782 0.1900 24.32 0.8142 0.1954 0.8373 13.49
5.85 0.1739 0.0776 0.1905 24.05 0.8158 0.1936 0.8385 13.35
6.90 0.1747 0.0770 0.1909 23.80 0.8175 0.1919 0.8397 13.21
5.95 0.1755 0.0765 0.1914 23.54 0.8191 0.1902 0.8409 13.07

6.00 0.1762 0.0759 0.1919 23.30 0.8207 0.1885 0.8421 12.94
6.05 0.1770 0.0753 0.1923 23.06 0.8223 0.1869 0.8432 12.80
6.10 0.1777 0.0748 0.1928 22.82 0.8238 0.1853 0.8444 12.67
6.15 0.1784 0.0742 0.1932 22.59 0.8253 0.1837 0.8455 12.55
8.20 0.1791 0.0737 0.1937 22.36 0.8280 0.1821 0.8466 12.42

6.25 0.1798 0.0731 0.1941 22.13 0.8283 0.1806 0.8477 12.'30
6.30 0.1805 0.0726 0.1946 21.92 0.8297 0.1791 0.8488 12.18
6.35 0.1812 0.0721 0.1950 21.70 0.8311 0.1776 0.8499 12.06
6.40 0.1818 0.0716 0.1954 21.49 0.8325 0.1761 0.8509 11.95
6.45 0.1825 0.0711 0.1958 21.28 0.8339 0.1747 0.8520 11.83

6.50 0.1831 0.0706 0.1962 21.08 0.8352 0.1733 0.8530 11.72
6.55 0.1837 0.0701 0.1966 20.88 0.8365 0.1719 0.8540 11.61
6.60 0.1843 0.0698 0.1970 20.68 0.8378 0.1705 0.8550 11.50
60.65 0.1849 0.0691 0.1974 20.49 0.8391 0.1692 0.8560 11.40
6.70 0.1855 0.0686 0.1978 20.30 0.8404 0.1678 0.8570 11.29

6.75 0.1861 0.0682 0.1982 20.12 0.8416 0.1665 0.8579 11.19
6.80 0.1867 0.0677 0.1986 19*94 0.8428 0.1652 0.8589 11.09
6.85 0.1873 0.0673 0.1990 19.76 0.8440 0.1640 0.8598 10.99
6.90 0.1878 0.0668 0.1994 19.58 0.8452 0.1627 0.8607 10.90
6.95 0.1884 0.0684 0.1997 19.41 0.8464 0.1615 0.8617 10.80

WADC TR 56-614 A-43



k 0.1 o 0.50

- - -

REAL IMAG REAL IMAS. MODLUS Pus,

7.00 1.1158 -0.1598 0.9443 0.4477 0.0391 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 0.6516 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
7.36 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 0.8071 -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 0.654 0.8057 -0.0614 0.8080 355.64
7.80 1.1089 -0.1432 0.0477 0.4041 0.6676 0.8052 -0.0610 0.8075 356.66
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 -0.1872 0.9490 0.3883 0.682 0.8030 -0.0592 0.8052 355.78
7.90 1.1057 -0.1361 0.9492 0.38653 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 0.0506 0.3681 0.6921 0.8002 -0.0568 068023 355.94

8.25 1.1022 -0.1286 0.9509 0.3653 0.6940 0.7999 -0.0565 0.8019 355.96
6.30 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 0.4011 356.00
8.40 1.1008 -0.1256 0.9516 0.3574 0.6995 0.7988 -0.0555 0.8001 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 1.0072 -0.1163 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 o
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 0.7229 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 0.1935 -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 356.41

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 1.0893 -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

WADC TR 56-614 A-44-



k= 0.1 0"- 0.50

1 + 71 / 4- Flo

REAL IMAG MOULUSPHASE REAL IMAG MODULUS PH'ASE
(OLG~tS) _______WSRI ES

7.00 0.1889 0.0659 0.2001 19.24 0.8475 0.1603 0.8626 10.71
7.05 0.1894 0.0655 0.2004 19.07 0.8487 0.1591 0.8634 10.62
7.10 0.1900 0.0651 0.2008 18.91 0.8498 0.1579 0.8643 10.53
7.15 0.1905 0.0646 0.2012 .18.74 0.8509 0.1567 0.8652 10.44
7.20 0.1910 0.0642 0.2015 18.58 0.8520 0.1556 0.8660 10.35

7.25 0.1915 0.0638 0.2018 18.43 0.8530 0.1545 0.8669 10.26
7.30 0.1920 0.0634 0.2022 18.27 0.8541 0.1533 0.8677 10.18
7.35 0.1925 0.0630 0.2025 18.12 0.8551 0.1522 0.8685 10.10
7.40 0.1929 0.0626 0.2028 17.97 0.8561 0.1512 0.8694 10.01
7.45 0.1934 0.0622 0.2032 17.83 0.8571 0.1501 0.8702 9.93

7.50 0.1939 0.0618 0.2035 17.68 0.8581 0.1490 0.8710 9.85
7.55 0.1943 0.0614 0.2038 17.54 0.8591 0.1480 0.8717 9.77
7.60 0.1948 0.0610 0.2041 17.40 0.8600 0.1470 0.8725 9.70
7.65 0.1952 0.0607 0.2045 17.26 0.8610 0.1460 0.8733 9.62
7.70 0.1957 0.0603 0.2048 17.13 0.8619 0.1450 0.8740 9.55

7.75 0.1961 0.0599 0.2051 16.99 0.8629 0.1440 0.8748 9.47
7.80 0.1965 0.0596 0.2054 16.86 0.8638 0.1430 0.8755 9.40
7.85 0.1970 0.0592 0.2057 16.73 0.8647 0.1421 0.8763 9.33
7.90 0.1974 0.0589 0.2060 16.61 0.8655 0.1411 0.8770 9.26
7.95 0.1978 0.0585 0.2063 16.48 0.8664 0.1402 0.8777 9.19

8.00 0.1982 0.0582 0.2066 16.36 0.8673 0.1393 0.8784 9.12
8.05 0.1986 0.0578 0.2068 16.23 0.8681 0.1383 0.8791 9.05
8.10 0.1990 0.0575 0.2071 16.11 0.8690 0.1375 0.8798 8.99
8.15 0.1994 0.0572 0.2074 16.00 0.8698 0.1366 0.8805 8.92
8.20 0.1998 0.0568 0.2077 15.88 0.8706 0.1357 0.8811 8.86

8.25 0.2001 0.0565 0.2080 15.76 0.8714 0.1348 0.8818 8.80
8.30 0.2005 0.0562 0.2082 15.65 0.8722 0.1340 0.8825 8.73
8.35 0.2009 0.0559 0.2085 15.54 0.8730 0.1331 0.8831 8.67
8.40 0.2012 0.0555 0.2088 15.43 0.8738 0.1323 0.8837 8.61
8.45 0.2016 0.0552 0.2090 15.32 0.8746 0.1315 0.8844 8.55

8.50 0.2020 0.0549 0.2093 15.21 0.8753 0.1307 0.8850 8.49
8.55 0.2023 0.0546 0.2095 15.11 0.8761 0.1299 0.8856 8.43
8.60 0.2027 0.0543 0.2098 15.00 0.8768 0.1291 0.8863 8.37
8.65 0.2030 0.0540 0.2101 14.90 0.8775 0.1283 0.8869 8.32
8.10 0.2033 0.0537 0.2103 14.80 0.8783 0.1275 0.8875 8.26

8.75 0.2037 0.0534 0.2106 14.10 0.8790 0.1268 0.8881 8.21
8.80 0.2040 0.0531 0.2108 14.60 0.8797 0.1260 0.8887 8.15
8.85 0.2043 0.0528 0.2110 14.50 0.8804 0.1253 0.8892 8.10
8.90 0.2046 0.0526 0.2113 14.40 0.8811 0.1245 0.8898 8.04
8.95 0.2050 0.0523 0.2115 14.31 0.8817 0.1238 0.8904 7.99

9.00 0.2053 0.0520 0.2118 14.22 0.8824 0.1231 0.8910 7.94
9.05 0.2056 0.0517 0.2120 14.12 0.8831 0.1224 0.8915 7.89
9.10 0.2059 0.0515 0.2122 14.03 0.8837 0.1217 0.8921 7.84
9.15 0.2062 0.0512 0.2125 13.94 0.8844 0.1210 0.8926 7.79
9.20 0.2065 0.0509 0.2127 13.85 0.8850 0.1203 0.8932 7.74

9.25 0,2068 0.0507 0.2129 13.76 0.8857 0.1196 0.8937 7.89
9.30 0.2071 0.0504 0.2131 13.68 0.8863 0.1189 0.8942 7.64
9.35 0.2074 0.0501 0.2134 13.59 0.8869 0.1182 0.8948 7.59
9.40 0.2077 0.0499 0.2136 13.51 0.8875 0.1176 0.8953 7.55
9.45 0.2079 0.0496 0.2138 13.42 0.8881 0.1169 0.8958 7.50

9.50 0.2082 0.0494 0.2140 13.34 0.8887 0.1163 0.8963 7.46
9.55 0.2085 0.0491 0.2142 13.26 0.8893 0.1157 0.8968 7.41
9.60 0.2088 0.0489 0.2144 13.18 0.8899 0.1150 0.8973 7.37
9.65 0.2091 0.0486 0.2146 13.10 0.8905 0.1144 0.8978 7.32
9.70 0.2093 0.0484 0.2148 13.02 0.8911 0.1138 0.8983 1.28

9.75 0.2096 0.0482 0.2150 12.94 0.8916 0.1132 0.8988 7.23
9.80 0.2099 0.0479 0.2153 12.86 0.8922 0.1126 0.8993 7.19
9.85 0.2101 0.0477 0.2155 12.79 0.8928 0.1120 0.8998 7.15
9.90 0.2104 0.0475 0.2157 12.71 0.8933 0.1114 0.9002 7.11
9.95 0.2106 0.0472 0.2159 12.64 0.8939 0.1108 0.9007 7.01

10.00 0.2109 0.0470 0.2160 12.56 0.8944 0.1102 0.9012 7.03

WADC TR 56-614 A-45



k.= 0.2 V" 0.00
I- o-,x Y

REAL IMA. REAL /MAG. M~ia LS

1.00 1.2376 -9.9958 0.4205 5.5532 0.0030 1.0052 0.0241 1.0055 1.37
1.05 1.2370 -9.0667 0.4388 6.4835 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
1.30 1.2393 -5.9104 0.5242 5.1024 0.0061 1.0142 0.0381 1.0149 2.15
1.*' 1.2397 -5.4798 0.5400 5.0205 0.0065 1.0163 0.0404 1.0171 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 1.0310 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 1.2457 -3.0758 0.6620 4.2342 0.0145 1.0435 0.0559 1.0450 3.07
1.85 1.2466 -2.9110 0.6732 4.1443 0.0159 1.0472 0.0566 1.0488 3.09
1.90 1.2476 -2.7591 0.6839 4.0545 0.0173 1.0510 0.0571 1.0525 3.11
1.95 1.2487 -2.6188 0.6942 3.9650 0.0190 1.0548 0.0573 1.0564 3.11

2.00 1.2498 -2.4889 0.7041 3.8758 0.0207 1.0586 0.0572 1.0602 3.09
2.05 1.2509 -2.3684 0.7134 3.7872 0.0227 1.0625 0.0568 1.0640 3.06
2.10 1.2521 -2.2565 0.7224 3.6993 0.0247 1.0662 0.0562 1.0677 3.01
2.15 1.2533 -2.1525 0.7309 3.6123 0.0270 1.0699 0.0552 1.0713 2.96
2.20 1.2545 -2.0555 0.7390 3.5262 0.0294 1.0735 0.0540 1.0748 2.88

2.25 .1.2558 -1.9650 0.7466 3.4413 0.0320 1.0769 0.0526 1.0782 2.80
2.30 1.2571 -1.8805 0.7539 3.3576 0.0348 1.0802 0.0509 1.0814 2.70
2.35 1.2584 -1.8015 0.7607 3.2753 0.0378 1.0833 0.0490 1.0844 2.59
2.40 1.2597 -1.7274 0.7672 3.1945 0.0410 1.0862 0.0470 1.0872 2.48
2.45 1.2610 -1.6580 0.7734 3.1153 0.0444 1.0889 0.0447 1.0898 2.35

2.50 1.2623 -1.5929 0.7791 3.0377 0.0479 1.0914 0.0423 1.0922 2.22
2.55 1.2636 -1.5317 0.7846 2.9619 0.0517 1.0936 0.0398 1.0944 2.08
2.60 1.2648 -1.4741 0.7897 2.8879 0.0557 1.0956 0.0372 1.0963 1.94
2.65 1.2661 -1.4200 0.7945 2.8158 0.0599 1.0974 0.0345 1.0979 1.80
2.70 1.2672 -1.3689 0.7990 2.7457 0.0642 1.0989 0.0318 1.0994 1.66

2.75 1.2684 -1.3208 0.6033 2.6775 0.0687 1.1002 0.0290 1.1006 1.51
2.80 1.2695 -1.2755 0.8073 2.6112 0.0734 1.1013 0.0263 1.1016 1.37
2.85 1.2705 -1.2326 0.8110 2.5470 0.0783 1.1022 0.0236 1.1024 1.23
2.90 1.2714 -1.1921 0.8146 2.4848 0.0833 1.1028 0.0209 1.1030 1.09
2.95 1.2723 -1.1538 0.8179 2.4247 0.0885 1.1033 0.0183 1.1035 0.95

3.00 1.2731 -1.1175 0.8210 2.3665 0.0938 1.1036 0.0157 1.1037 0.82
3.05 1.2739 -1.0832 0.0239 2.3102 0.0992 1.1037 0.0132 1.1038 0.69
3.10 1.2745 -1.0507 0.8267 2.2560 0.1048 1.1037 0.0108 1.1038 0.56
3.15 1.2751 -1.0198 0.8293 2.2036 0.1104 1.1036 0.0085 1.1036 0.44
3.20 1.2755 -0.9905 0.8318 2.1531 0.1161 1.1033 0.0063 1.1034 0.33

3.25 1.2759 -0.9627 0.8342 2.1044 0.1219 1.1030 0.0042 1.1030 0.22
3.30 1.2762 -0.9362 0.8364 2.0575 0.1278 1.1025 0.0022 1.1025 0.11
3.35 1.2784 -0.9110 0.8385 2.0124 0.1337 1.1020 0.0003 1.1020 0.01
3.40 1.2765 -0.8871 0.8405 1.9689 0.1396 1.1014 -0.0015 1.1014 359.92
3.45 1.2765 -0.8643 0.8424 1.9270 0.1456 1.1008 -0.0033 1.1008 359.83

3.50 1.2764 -0.8425 0.8443 1.8861 0.1510 1.1000 -0.0049 1.1001 359.75
3.55 1.2762 -0.8218 0.0460 1.8479 0.1576 1.0993 -0.0064 1,0993 359.67
3.60 1.2760 -0.8020 0.8477 1.8106 0.1636 1.0985 -0.0079 1,0986 359.59
3.65 1.2757 -0.7830 0.8493 1.7746 0.1696 1.0977 -0.0092 1.0978 359.52
3.70 1.2752 -0.7650 0.8509 1.7400 0.1755 1.0969 -0.0105 1.0969 359.45

3.75 1.2747 -0.7477 0.8524 1.7066 0.1815 1.0961 -0.0117 1.0961 359.39
3.80 1.2742 -0.7311 0.8539 1.6745 0.1874 1.0952 -0.0129 1.0953 359.33
3.65 1.2735 -0.7152 0.8553 1.6436 0.1933 1.0943 -0.0139 1.0944 359.27
3.90 1.2728 -0.7000 0.8566 1.6138 0.1991 1.0935 -0.0149 1.0936 359.22
3.95 1.2720 0.6854 0.8580 1.5851 0.2049 1.0926 -0.0159 1.0927 359.17

WADC TR 56-614 A-46



k= 0.2 0" 0.00

a __+__I+___

REAL IMAG' MOBULUS PHASE REAL IMAG. VOWLUS PH' O

1.00 -0.0052 -0.0241 0.0247 257.81 0.0122 0.0985 0.0993 82.94
1.05 -0.0063 -0.0264 0.0271 256.57 0.0148 0.1083 0.1093 82.23
1.10 -0.0075 -0.0287 0.0297 255.28 0.0177 0.1184 0.1197 81.48
1.15 -0.0089 -0.0310 0.0323 253.93 0.0211 0.1289 0.1306 80.69
1.20 -0.0105 -0.0334 0.0350 252.53 0.0249 0.1397 0.1419 79.88

1.25 -0.0123 -0.0358 0.0378 251.07 0.0292 0.1507 0.1535 79.03
1.30 -0.0142 -0.0381 0.0407 249.57 0.0340 0.1621 0.1656 78.16
1.35 -0.0163 -0.0404 0.0438 248.01 0.0393 0.1736 0.1780 77.25
1.40 -0.0186 -0.0427 0.0466 246.40 0.0451 0.1853 0.1907 70.32
1.45 -0.0212 -0.0449 0.0496 244,75 0.0515 0.1971 0.2038 75.36

1.50 -0.0239 -0.0469 0.0526 243.05 0.0585 0.2091 0.2171 74.37
1.55 -0.0267 -0.0489 0.0557 241.31 0.0661 0.2210 0.2307 73.35
1.60 -0.0298 -0.0507 0.0588 239.54 0.0743 0.2329 0.2445 72.32
1.65 -0.0330 -0.0523 0.0618 237.72 0.0831 0.2448 0.2585 71.25
1.70 -0.0364 -0.0537 0.0649 235.87 0.0925 0.2565 0.2727 70.17

1.75 -0.0399 -0.0549 0.0679 234.00 0.1025 0.2680 0.2870 69.07
1.80 -0.0435 -0.0559 0.0708 232.09 0.1131 0.2793 0.3013 67.95
1.85 -0.0472 -0.0566 0.0737 230.16 0.1243 0.2903 0.3158 66.82
1.90 -0.0510 -0.0571 0.0765 228.21 0.1361 0.3009 0.3302 65.67
1.95 -0.0548 -0.0573 0.0793 226.25 0.1483 0.3111 0.3447 64.51

2.00 -0.0586 -0.0572 0.0819 224.27 0.1611 0.3209 0.3591 63.34i
2.05 -0.0625 -0.0568 0.0844 222.29 0.1744 0.3301 0.3734 62.16
2.10 -0.0662 -0.0562 0.0868 220.30 0.1880 0.3388 0.3875 60.98
2.15 -0.0699 -0.0552 0.0891 218.32 0.2020 0.3470 0.4015 59.79
2.20 -0.0735 -0.0540 0.0912 216.34 0.2163 0.3545 0.4153 58.60

2.25 -0.0769 -0.0526 0.0932 214.37 0.2309 0.3613 0.4288 57.42
2.30 -0.0802 -0.0509 0.0950 212.42 0.2457 0.3675 0,4421 56.24
2.35 -0.0833 -0.0490 0.0967 210.48 0.2606 0.3731 0.4551 55.06
2.40 -0.0862 -0.0470 0.0982 208.57 0.2756 0.3779 0.4677 53.90
2.45 -0.0889 -0.0447 0.0995 206.69 0.2906 0.3821 0.4801 52.75

2.50 -0.0914 -0.0423 0.1007 204.84 0.3056 0.3856 0.4920 51.60
2.55 -0.0936 -0.0398 0.1017 203.02 0.3205 0.3885 0.5036 50.48
2.60 -0.0956 -0.0372 0.1026 201.24 0.3352 0.3907 0.5148 49.37
2.65 -0.0974 -0.0345 0.1033 199.50 0.3498 0.3923 0.5256 48.28
2.70 -0.0989 -0.0318 0.1039 197.80 0.3642 0.3934 0.5361 47.21

2.75 -0.1002 -0.0290 0.1043 196.15 0.3782 0.3939 0.5461 46.16
2,80 -0.1013 -0.0263 0M1047 194.55 0.3920 0.3939 0.5557 45.13
2.85 -0.1022 -0.0236 0.1048 192.99 0.4055 0.3934 0.5649 44.13
2.90 -0.1028 -0.0209 0.1049 191.46 0.4186 0.3924 0.5738 .43.16
2.95 -0.1033 -0.0183 0.1049 190.03 0.4313 0.3911 0.5822 42.20

3.00 -0.1036 -0.0157 0.1048 188.62 0.4436 0.3894 0.5903 41.28
3.05 -0.1037 -0.0132 0.1046 187.26 0.4556 0.3874 0.5980 40.38
3.10 -0.1037 -0.0108 0.1043 185.96 0.4672 0.3851 0.6054 39.50
3,15 -0.1036 -0.0085 0.1039 184.70 0.4783 0.3626 0.6125 38.65
3.20 -0.1033 -0.0063 0.1036 183.49 0.4891 0.3798 0.6192 37.83

3.25 -0.1030 -0.0042 0.1031 182.33 0.4994 0.3768 0.6257 37.03
3.30 -0.1025 -0.0022 0.1026 181.22 0.5094 0.3737 0.6318 36.26
3.35 -0.1020 -0.0003 0.1020 180.15 0.5190 0.3705 0.6377 35.52
3.40 -0.1014 0.0015 0.1014 179.13 0.5283 0.3671 0.6433 34.80
3.45 -0.1008 0.0033 0.1008 178.14 0.5372 0.3637 0.6487 34.10

3.50 -0.1000 0.0049 0.1002 177.20 0.5457 0.3602 0.6539 33.43
3.55 -0.0993 0.0064 0.0995 176.30 0.5539 0.3567 0.6588 32.78
3.60 -0.0985 0.0079 0.0988 175.43 0.5618 0.3531 0.6635 32.15
3.65 -0.0977 0.0092 0.0982 174.60 0.5694 0.3495 0.6681 31.54
3.70 -0.0969 0.0105 0.0975 173.81 0.5767 0.3459 0.6725 30.96

3.75 -0.0961 0.0117 0.0968 173.04 0.5837 0.3423 0.6767 30.39
3.80 -0.0952 0.0129 0.0961 172.31 0.5904 0.3388 0.6807 29.85
3.85 -0.0943 0.0139 0.0954 171.61 0.5969 0.3352 0.6846 29.32
3.90 -0.0935 0.0149 0.0947 170.93 0.6032 0.3317 0.6884 28.81
3.95 -0.0926 0.0159 0.0940 170.28 0.6093 0.3283 0.6921 28.32

WADC TR 56-614 A-47



km 0.2 0.00
I-y -v

REAL iMAC E 2' 1 t X....
______ _____ REAL /IMG. MaAAWS fafi"

4.00 1.2712 -0.6714 0.8593 1.5f74 0.2107 1.0918 -0.0167 1.0919 359.12
4.05 1.2703 -0.0579 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 -0.6200 0.8642 1.4559 0.2332 1.0884 -0.0198 1.0886 358.96

4.2i 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 358.88
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 1.2586 -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 0.8709 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 358.568
5.05 1.2439 -0.4688 0.8816 1.1447 0.3183 1.0757 -0.0269 1.0761 358.57
5.10 1.2424 -0.4021 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 358.50
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 1.0897 -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 0.36090 1.0685 -0.0290 1.0689 358.44
5.70 1.2242 -0.3941 0.8926 0.98603 0.3730 1.0580 -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 1.069 -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 1.0059 -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 358.380
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 -03282 0.9039 0.8425 0.4306 1.0602 -0.0300 1.0606 358.38
6.55 1.2006 -0.3248 0.9045 0.8348 0.4340 1.0597 -0.0301 1.0602 358.38
6.60 1.1994 .0.3214 0.9052 0,8273 0.4372 1.0593 -0.0301 1.0597 358.37
6.65 1.1081 -0.3161 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 1.1956 -0.3117 0.900 0.8055 0.4468 1.0580 -0.0301 1.0585 358.37
6.80 1.1944 -0.3086 0.9076 0.7985 0.4500 1.0576 -0.0301 1.0581 358.37
6.85 1.1932 -0.3055 0.9082 0.7916 0.4531 1.0572 -0.0301 1.0576 358.37
6.90 1.1920 -0.3025 0.9088 0.7849 0.4562 1.0568 -0.0301 1.0572 358.37
6.95 1.1908 -0.2996 0,9093 0.7782 0.4592 1,0564 -0.0300 1.0569 358.37

WADC TR 56-614 A-48



k. 0.2 o' 0.00

REAL IMAG. MOLUS PHSE REAL MA4. MOULUS

4.00 -0.0918 0.0167 0.0933 169.66 0.6151 0.3249 0.6956 27.84
4.05 -0.0909 0.0176 0.0926 169.06 0.6207 0.3215 0.6990 27.38
4.10 -0.0901 0.0184 0.0919 168.48 0.6262 0.3182 0.7024 26.94
4,15 -0.0892 0.0191 0.0912 167.92 0.6314 0.3149 0.7066 26.51
4.20 -0.0884 0.Q198 0.0906 167.39 0.6365 0,3111 0.7087 26.09

4.25 -0.0875 0.0204 0.0899 166.87 0.6414 0.3085 0.7118 25.69
4.30 -0.0867 0.0210 0.0892 166.37 0.6462 0,3054 0.7147 25.30
4.35 -0.0859 0.0216 0.0886 165.88 0.6508 0.3024 0.7176 24.92
4.40 -0.08651 0.0222 0.0880 165.41 0.6553 0.2994 0.7205 24.55
4.45 -0.0843 0.0227 0.0873 164.96 0.6597 0.2965 0.7232 24.20

4.50 -0.0836 0.0231 0.0867 164.52 0.6639 0.2936 0.7259 23.86
4.55 -0.0828 0.0236 0.0861 164.09 0.6680 0.2908 0.7286 23.52
4.60 -0.0820 0.0240 0.0855 163.68 0.6720 0.2880 0.7311 23.20
4.65 -0.0813 0.0244 0.0849 163.28 0.6759 0.2853 0.7337 22.88
4.70 -0.0806 0.0248 0.0843 162.89 0.6797 0.2826 0.7361 22.58

4.75 -0.0798 0.0252 0.0837 162.51 0.6834 0.2800 0.7386 22.28
4.80 -0.0791 0.0255 0.0831 162.14 0.6871 0.2774 0.7410 21.99
4.85 -0.0784 0.0268 0.0826 161.78 0.6906 0.2749 0.7433 21.71
4.90 -0.0778 0.0261 0.0820 161.43 0.6940 0.2724 0.7456 21.43
4.95 -0.0771 0.0264 0.0816 161.08 0.6974 0.2700 0.7478 21.17

5.00 -0.0764 0.0267 0.0809 160.75 0.7007 0.2676 0.7501 20.90
6.05 -0.0757 0.0269 0.0804 160.43 0.7039 0.2853 0.7522 20.65
5.10 -0.0751 0.0272 0.0799 160.11 0.7070 0.2630 0.7544 20.40
5.15 -0.0745 0.0274 0.0793 159.80 0.7101 0.2607 0.7565 20.16
5.20 -0.0738 0.0276 0.0788 159.50 0.7131 0.2585 0.7586 19.93

5.25 -0.0732 0.0278 0.0783 159.20 0.7161 0.2563 0.7606 19.70
5.30 -0.0726 0.0280 0.0778 158.91 0.7190 0,2542 0.7626 19.47
5.35 -0.0720 0.0282 0.0773 158.63 0.7218 0.2521 0.7646 19.25
5.40 -0.0714 0.0283 0.0768 158.35 0.7246 0.2500 0.7665 19,04
5.45 -0.0708 0.0285 0.0763 158.08 0.7273 0.2480 0.7684 18.83

5.50 -0.0702 0.0286 0.0759 157.81 0.7300 0.2460 0.7703 18.62
5.65 -0,0697 0.0288 0.0754 157.55 0.7326 0.2440 0.7722 18.42
5.60 -0.0691 0.0289 0.0749 157.30 0.7352 0.2420 0.7740 18.22
5.65 -0.0685 0.0290 0 044 157.05 0.7377 0.2401 0.7758 18.03
5.70 -0.0680 0.0291 0.0740 156.80 0.7401 0.2382 0.7775 17.84

5.75 -0.0675 0.0292 0.0735 156.56 0.7426 0.2364 0.7793 17.66
5.80 -0.0669 0.0293 0.0731 156.33 0.7450 0.2345 0.7810 17.48
5.85 -0.0664 0.0294 0.0726 156.09 0.7473 0.2327 0.7827 17.30
5.90 -0.0659 0.0295 0.0722 155.87 0.7496 0.2310 0.7844 17.12
5.95 -0.0654 0.0296 0.0718 155.65 0.7519 0.2292 0.7860 16.95

6.00 -0.0649 0.0297 0.0713 155.43 0.7541 0.2275 0.7876 16.79
6.05 -0.0644 0.0297 0.0709 155.21 0.7562 0.2258 0.7892 16.62
6.10 -0.0639 0.0298 0.0705 155.00 0.7584 0.2241 0.7908 16.46
6.15 -0.0634 0.0298 0.0701 154.80 0.7605 0.2224 0.7924 16.30
6.20 -0.0629 0.0299 0.0696 154.60 0.7626 0.2208 0.7939 16.15

6.25 -0.0624 0.0299 0.0692 154.40 0.7646 0.2192 0.7954 16.00
6.30 -0.0620 0.0300 0.0688 154.20 0.7666 0.2176 0.7969 15.85
6.35 -0.0615 0.0300 0.0684 154.01 0.7686 0.2160 0.7983 15.70
6.40 -0.0611 0.0300 0.0680 153.83 0.7705 0.2145 0.7998 15.55
6.45 -0.0606 0.0300 0.0676 153.64 0.7724 0.2129 0.8012 15.41

6.50 -0.0602 0.0300 0.0873 153.46 0-7743 0.2114 0.8026 15.27
6.55 -0.0597 0.0301 0.0669 153.28 0.7761 0.2099 0.8040 15.14
6.60 -0.0593 0.0301 0.0665 153.11 0.7779 0.2085 0.8054 15.00
8.65 -0.0589 0.0301 0.0861 152.94 0.7797 0.2070 0.8067 14.87
6.70 -0.0584 0.0301 0.0657 152.77 0.7814 0.2056 0.8080 14.74

6.75 -0.0580 0.0301 0.0654 152.60 0.7832 0.2042 0.8093 14.61
6.80 -0.0576 0.0301 0.0650 152.44 0.7849 0.2028 0.8106 14.49
6.85 -0.0572 0.0301 0.0646 152.28 0.7865 0.2014 0.8119 14.36
6.90 -0.0568 0.0301 0.0643 152.12 0.7882 0.2000 0.8132 14.24
6.95 -0.0564 0.0300 0.0639 151.97 0.7898 0.1987 0.8144 14.12

WADC TR 56-614 A-49



k= 0.2 z' 0.00

l x y -2,rx r X I "AM
REAL IMAG. REAL IMAG. MOGJWS f

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 358.39
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 0.5018 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 0.6897 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 0.5552 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 1.1622 -0.2347 0.9230 0.6280 0.5337 1.0472 -0.0289 1.0476 358.42
8.40 1.1613 -0.2328 0.9234 0.6237 0.5360 1.0469 -0.0288 1.0473 358.42
8.45 1.1605 -0.2311 0.9238 0.6194 0.5383 1.0466 -0.0288 1.0470 358.43

8.50 1.1596 -0.2293 0.9242 0.6152 0.5405 1.0463 -0.0287 1.0467 358.43
8.55 1.1587 -0.2275 0.9246 0.6111 0.5428 1.0461 -0.0286 1.0465 358.43
8.60 1.1579 -0.2258 0.9250 0.6070 0.5450 1.0458 -0.0286 1.0462 358.44
8.65 1.1571 -0.2241 0.9254 0.6030 0.5472 1.0455 -0.0285 1.0459 358.44
8.70 1.1562 -0.2225 0.9257 0.5990 0.5494 1.0453 -0.0284 1.0457 358.44

8.75 1.1554 -0.2208 0.9261 0.5950 0.5515 1.0450 -0.0284 1.0454 358.44
8.80 1.1546 -0.2192 0.9265 0.5912 0.5537 1.0448 -0.0283 1.0452 358.45
8.85 1.1538 -0.2176 0.9269 0.5873 0.5558 1.0445 -0.0283 1.0449 358.45
8.90 1.1530 -0.2160 0.9273 0.5835 0.5579 1.0443 -0.0282 1.0447 358.45
8.95 1.1522 -0.2145 0.9276 0.5798 0.5600 1.0440 -0.0281 1.0444 358.46

9.00 1.1515 -0.2129 0.9280 0.5761 0.5621 1.0438 -0.0281 1.0442 358.46
9.05 1.1507 -0.2114 0.9283 0.5725 0.5641 1.0435 -0.0280 1.0439 358.46
9.10 1.1499 -0.2099 0.9287 0.5689 0.5662 1.0433 -0.0279 1.0437 358.47
9.15 1.1492 -0.2085 0.9291 0.5653 0.5682 1.0431 -0.0279 1.0434 358.47
9.20 1.1484 -0.2070 0.9294 0.5618 0.5702 1.0428 -0.0278 1.0432 358.47

9.25 1.1477 -0.2056 0.9298 0.5583 0.5722 1.0426 -0.0277 1.0430 358.48
9.30 1.1469 -0.2042 0.9301 0.5549 0.5741 1.0424 -0.0277 1.0427 358.48
9.36 1.1462 -0.2028 0.9304 0.5515 0.5761 1.0422 -0.0276 1.0425 358.48
9.40 1.1455 -0.2014 0.9308 0.5482 0.5780 1.0419 -0.0275 1.0423 358.499.45 1.1448 -0.2001 0.9311 0.5449 0.5799 1.0417 -0.0275 1.0421 358.49

9.50 1.1441 -0.1987 0.9314 0.5416 0.5818 1.0415 -0.0274 1.0419 358.49
9.55 1.1434 -0.1974 0.9318 0.5384 0.5837 1.0413 -0.0273 1.0416 358.50
9.60 1.1427 -0.1961 0.9321 0.5352 0.5855 1.0411 -0.0273 1.0414 358.50
9.65 1.1420 -0.1948 0.9324 0.5321 0.5874 1.0409 -0.0272 1.0412 358.50
9.70 1.1413 -0.1935 0.9327 0.5289 0.5892 1.0406 -0.0271 1.0410 358.51

9.75 1.1406 -0.1923 0.9330 0.5259 0.5910 1.0404 -0.0271 1.0408 358.51
9.80 1.1400 -0.1910 0.9334 0.5228 0.5928 1.0402 -0.0270 1.0406 358.51
9.85 1.1393 -0.1898 0.9337 0.5198 0.5946 1.0400 -0.0269 1.0404 358.52
9.90 1.1386 -0.1886 0.9340 0.5168 0.5964 1.0398 -0.0268 1.0402 358.52
9.95 1.1380 -0.1874 0.9343 0.5139 0.5982 1.0396 -0.0268 1.0400 358.52

10.00 1.1373 -0.1862 0.9346 0.5110 0.5999 1.0394 -0.0267 1.0398 358.53

WADC TR 56-614 A-50



kr 0.2 Ora 0.00

- + AASE -RE +11Fl
REAL IMAG. M .LUS S REAL IMAG. MOUWIS P (DE

7.00 -0.0560 0.0300 0.0636 161.82 0.7914 0.1974 0.8156 14.00
7.05 -0.0557 0.0300 0.0632 151.67 0.7930 0.1960 0.8168 13.89
7.10 -0.0553 0.0300 0.0629 151.52 0.7945 0.1947 0.8180 13.77
7.15 -0.0549 0.0300 0.0825 151.38 0.7960 0.1935 0.8192 13.06
7.20 -0.0545 0.0299 0.0622 151.24 0.7975 0.1922 0.8204 13.55

7.25 -0.0542 0.0299 0.0619 151.10 0.7990 0.1910 0.8215 13.44
7.30 -0.0538 0.0299 0.0615 150.96 0.8005 0.1897 0.8226 13.33
7.35 -0.0534 0.0298 0.0612 150.83 0.8019 0.1885 0.8238 13.23
7.40 -0.0531 0.0298 0.0609 150.69 0.8033 0.1873 0.8249 13.12
7.45 -0.0527 0.0298 0.0606 150.56 0.8047 0.1861 0.8259 13.02

7.50 -0.0524 0.0297 0.0602 150.43 0.8061 0.1849 0.8270 12.92
7.55 -0.0521 0.0297 0.0599 150.31 0.8074 0.1838 0.8281 12.82
7.60 -0.0517 0.0296 0.0596 150.18 0.8088 0.1826 0.8291 12.72
7.65 -0.0514 0.0296 0.0593 150.06 0.8101 0.1815 0.8302 12.63
7.70 -0.0511 0.0296 0.0590 149.94 0.8114 0.1804 0.8312 12.53

7.75 -0.0507 0.0295 0.0587 149.82 0.8127 0.1793 0.8322 12.44
7.80 -0.0504 0.0295 0.0584 149.70 0.8139 0.1782 0.8332 12,35
7.85 -0.0501 0.0294 0.0581 149.59 0.8152 0.1771 0.8342 12.26
7.90 -0.0498 0.0294 0.0578 149.47 0.8164 0.1760 0.8352 12.17
7.95 -0.0495 0.0293 0.0575 149.36 0.8176 0.1750 0.8361 12.08

8.00 -0.0492 0.0293 0.0572 149.25 0.8188 0.1739 0.8371 11.99
8.05 -0.0489 0.0292 0.0570 149.14 0.8200 0.1729 0.8380 11,91
8.10 -0.0486 0.0292 0.0567 149.04 0.8211 0.1719 0.8389 11.82
8.15 -0.0483 0.0291 0.0564 148.93 0.8223 0.1709 0.8399 11.74
8.20 -0.0480 0.0290 0.0561 148.83 0.8234 0.1699 0.8408 11.66

8.25 -0.0477 0.0290 0.0558 148.72 0.8245 0.1689 0.8417 11.57
8.30 -0.0474 0.0289 0.0556 148.62 0.8256 0.1679 0.8425 11.49
8.35 -0.0472 0.0289 0.0553 148.52 0.8267 0.1669 0.8434 11.42
8.40 -0.0469 0.0288 0.0550 148.43 0.8278 0.1660 0.8443 11.34
8.45 -0.0466 0.0288 0.0548 148.33 0.8289 0.1650 0.8451 11.26

8.50 -0.0463 0.0287 0.0545 148.23 0.8299 0.1641 0.8460 11.18
8.55 -0.0461 0.0286 0.0542 148.14 0.8310 0.1632 0.8468 11.11
8.60 -0.0458 0.0286 0.0540 148.05 0.8320 0.1623 0.8477 11.04
8.65 -0.0455 0.0285 0.0537 147.96 0.8330 0.1614 0.8486 10.96
8.70 -0.0453 0.0284 0.0535 147.87 0.8340 0.1605 0.8493 10.89

8.75 -0.0450 0.0284 0.0532 147.78 0.8350 0.1596 0.8501 10.82
8.80 -0.0448 0.0283 0.0530 147.69 0.8360 0.1587 0.8509 10.75
8.85 -0.0445 0.0283 0.0527 147.60 0.8369 0,1578 0.8517 10.68
8.90 -0.0443 0.0282 0.0525 147.52 0.8379 0.1570 0.8525 10.61
8.95 -0.0440 0.0281 0.0522 147.43 0.8388 0.1561 0.8532 10.54

9.00 -0.0438 0.0281 0.0520 147.35 0.8397 0.1553 0.8540 10.48
9.05 -0.0435 0.0280 0.0518 147.27 0.8407 0.1545 0.8547 10.41
9.10 -0.0433 0.0279 0.0515 147.19 0.8416 0.1536 0.8555 10.35
9.15 -0.0431 0.0279 0.0513 147.11 0.8425 0.1528 0.8562 10.28
9.20 -0.0428 0.0278 0.0511 147.03 0.8434 0.1520 0.8570 10.22

9.25 -0.0426 0.0277 0.0508 146.95 0.8442 0.1512 0.8577 10.16
9.30 -0.0424 0.0277 0.0506 146.87 0.8451 0.1504 0.8584 10.09
9.35 -0.0422 0.0276 0.0504 146.79 0.8460 0.1497 0.8591 10.03
9.40 -0.0419 0.0275 0.0502 146.72 0.8468 0.1489 0.8598 9.97
9.45 -0.0417 0.0275 0.0499 146.64 0.8476 0.1481 0.8605 9.91

9.50 -0.0415 0.0274 0.0497 146.57 0.8485 0.1474 0.8612 9.85
9.55 -0.0413 0.0273 0.0495 146.50 0.8493 0.1466 0.8619 9.80
9.60 -0.0411 0.0273 0.0493 146.43 0.8501 0.1459 0.8625 9.74
9.65 -0.0409 0.0272 0.0491 146.36 0.8509 0.1452 0.8632 9.68
9.70 -0.0406 0.0271 0.0489 146.29 0.8517 0.1444 0.8639 9.62

9.75 -0.0404 0.0271 0.0487 146.22 0.8525 0.1437 0.8645 9.57
9.80 -0.0402 0.0270 0.0484 146.15 0.8533 0.1430 0.8652 9.61
9.85 -0.0400 0.0269 0.0482 146.08 0.8540 0.1423 0.8658 9.46
9.90 -0.0398 0.0268 0.0480 146.01 0.8548 0.1416 0.8664 9.40
9.95 -0.0396 0.0268 0.0478 145.95 0.8556 0.1409 0.8671 9.35

10.00 -0.0394 0.0267 0.0476 145.88 0.8563 0.1402 0.8677 9.30

WADC TR 56-614 A-51



k; 0.2 " 0.25

L7e2'I t,-r~ -'7

MAG. REAL IMA6. MODULUS ,

1.00 1.1069 -7.9872 0.4670 5.4725 0.0042 1.0052 0.0146 1.0053 0.83
1.05 1.1073 -7.2421 0.4470 5.3955 0.0045 1.0063 0.0158 1.0064 0.90
1.10 1.1077 -6.5961 0.5065 5.3160 0.0049 1.0075 0.0171 1.0077 0.97
1.15 1.1082 -6.0323 0.5255 5.2341 0.0053 1.0089 0.0183 1.0091 1.04
1.20 1.1087 -5.5373 0.5441 5.1498 0.0058 1.0105 0.0194 1.0106 1.10

1.25 1.1093 -5.1003 0.5622 5.0635 0.0063 1.0122 0.0205 1.0124 1.16
1.30 1.1100 -4.7125 0.5797 4.9751 0.0069 1.0140 0.0215 1.0143 1.22
1.35 1.1108 -4.3668 0.5967 4.8850 0.0076 1.0161 0.0224 1.0163 1.26
1.40 1.1116 -4.0573 0.6132 4.7932 0.0083 1.0183 0.0232 1.0186 1.30
1.45 1.1126 -3.7790 0.6292 4.7000 0.0091 1.0207 0.0238 1.0210 1.33

1.50 1.1136 -3.5280 0.6446 4.6055 0.0100 1.0232 0.0242 1.0235 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 -3.0942 0.6738 4.4132 0.0121 1.0287 0.0243 1.0290 1.35
1.65 1.1174 -2.9061 0.6875 4.3157 0.0134 1.0316 0.0240 1.0318 1.33
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 -2.2989 0.7369 3.9220 0.0198 1.0436 0.0198 1.0437 1.09
1.90 1.1259 -2.1761 0.7478 3.8235 0.0219 1.0465 0.0180 1.0466 0.99
1.95 1.1280 -2.0626 0.7582 3.7252 0.0241 1.0493 0.0158 1.0495 0.86

2.00 1.1302 -1.9575 0.7680 3.6276 0.0266 1.0520 0.0133 1.0521 0.72
2.05 1.1325 -1.8599 0.7773 3.5306 0.0293 1.0545 0.0105 1.0546 0.57
2.10 1.1349 -1.7693 0.7861 3.4345 0.0322 1.0568 0.0074 1.0569 0.40
2.15 1.1373 -1.6850 0.7943 3.3395 0.0355 1.0589 0.0040 1.0589 0.22
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 1.1453 -1.4648 0.8159 3.0630 0.0467 1.0632 -0.0074 1.0632 359.60
2.35 1.1481 -1.4008 0.8221 2.9742 0.0511 1.0639 -0.0114 1.0640 359.38
2.40 1.1509 -1.3409 0.8279 2.8874 0.0557 1.0643 -0.0156 1.0644 359.16
2.45 1.1537 -1.2849 0.8333 2.8026 0.0607 1.0643 -0.0198 1.0645 358.94

2.50 1.1566 -1.2323 0.8382 2.7200 0.0659 1.0640 -0.0239 1.0642 358.71
2.55 1.1594 -1.1830 0.8428 2.6397 0.0714 1.0633 -0.0280 1.0636 358.49
2.60 1.1622 -1.1367 0.8470 2.5619 0.0772 1.0623 -0.0320 1.0827 358.27
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 -1.0139 0.8577 2.3433 0.0960 1.0575 -0.0432 1.0584 357.66
2.80 1.1728 -0.9777 0.8607 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 1.0521 357.14
2.95 1.1798 -0.8811 0.8684 2.0873 0.1240 1.0483 -0.0552 1.0497 356.99

3.00 1.1819 -0.6524 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 -0.0637 1.0394 356.49
3.20 1.1890 -0.7526 0.8777 1.8215 0.1618 1.0347 -0.0653 1.0367 356.39

3.25 1.1904 -0.7309 0.8792 1.7750 0.1695 1.0319 -0.0668 1.0341 356.30
3.30 1.1917 -0.7103 0.8808 1.7304 0.1772 1.0292 -0.0680 1.0314 356.22
3.35 1.1929 0.6907 0.8819 1.6878 0.1849 1.0265 -0.0691 1.0288 356.15
3.40 1.1940 -0.6721 0.8832 1.6469 0.1926 1.0238 -0.0701 1,0262 356.08
3.45 1.1949 -0.6544 0.8844 1.6079 0.2003 1.0212 -0.0709 1.0236 356.03

3.50 1.1957 -0.6376 0.8855 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 1.0188 355.93
3.60 1.1970 -0.6063 0.8676 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 -0.5778 0.8895 1.4361 0.2378 1.0089 -0.0734 1.0116 355.84

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 -0.5396 0.8922 1.3493 0.2594 1.0023 -0.0739 1.0051 355.78
3.90 1.1984 -0.5279 0.8930 1.3226 0.2664 1.0003 -0.0740 1.0030 355.77
3.95 1.1983 -0.5167 0.8939 1.2970 0.2734 0.9983 -0.0740 1.0010 355.76

WADC TR 56-614 A-52



k- 0.2 tr= 0.25

REAL IMAG MOLULUSPHASE REAL IMA. MODWS PH-nE

1.00 -0.0052 -0.0146 0.0155 250.32 0.0134 0.1079 0.1087 82.94
1.05 -0.0063 -0.0158 0.0170 248.31 0.0162 0.1186 0.1197 82.22
1.10 -0.0075 -0.0171 0.0188 246.21 0.0195 0.1297 0.1311 81.47
1.15 -0.0089 -0.0183 0.0203 244.02 0.0232 0.1412 0.1431 80.68
1.20 -0.0105 -0.0194 0.0221 241.73 0.0274 0.1531 0.1555 79.86

1.25 -0.0122 -0.0205 0.0239 239.35 0.0321 0.1652 0.1683 79.01
1.30 -0.0140 -0.0215 0.0257 236.89 0.0374 0.1777 0.1816 78.12
1.35 -0.0161 -0.0224 0.0276 234.34 0.0432 0.1904 0.1953 77.21
1.40 -0.0183 -0.0232 0.0295 231.70 0.0497 0.2033 0.2093 78.26
1.45 -0.0207 -0.0238 0.0315 228.97 0.0569 0.2164 0.2238 75.28

1.50 -0.0232 -0.0242 0.0335 226.17 0.0647 0.2296 0.2385 74.27
1.55 -0.0259 -0.0244 0.0355 223.28 0.0732 0,2428 0.2535 73.23
1.60 -0.0287 -0.0243 0.0376 220.32 0.0824 0.2559 0.2689 72.16
1.65 -0.0316 -0.0240 0.0397 217.29 0.0923 0.2690 0.2844 71.07
1.70 -0.0345 -0.0234 0.0417 214.18 0.1029 0.2820 0.3002 69.95

1.75 -0.0375 -0.0226 0.0438 211.01 0.1143 0.2947 0.3161 68.80
1.80 -0.0405 -0.0214 0.0458 207.78 0.1264 0.3071 0.3321 67.64
1.85 -0.0436 -0.0198 0.0479 204.50 0.1391 0,3192 0.3482 66.45
1.90 -0.0465 -0.0180 0.0499 201.16 0.1526 0.3308 0.3643 65.24
1.95 -0.0493 -0.0158 0.0518 197.77 0.1667 0.3420 0.3804 64.02

2.00 -0.0520 -0.0133 0.0537 194.35 0.1814 0.3525 0.3965 62.78
2.05 -0.0545 -0.0105 0.0555 190.89 0.1966 0.3625 0.4124 61.52
2.10 -0.0588 -0.0074 0.0573 187.41 0.2124 0.3717 0.4281 60.26
2.15 -0.0589 -0.0040 0.0590 183.91 0.2286 0.3802 0.4436 58.99
2.20 -0.0606 -0.0004 0.0606 180.39 0.2451 0.3879 0.4589 57,72

2.25 -0.0621 0.0034 0.0622 176.87 0.2619 0.3948 0.4738 56.44
2.30 -0.0632 0.0074 0.0636 173.36 0.2790 0.4009 0.4884 55.16
2.35 -0.0639 0.0114 0.0649 169.85 0.2962 0.4061 0.5026 53.89
2.40 -0.0643 0.0156 0.0662 166.37 0.3134 0.4104 0.5164 52.63
2.45 -0.0643 0.0198 0.0673 162.91 0.3306 0.4138 0.5297 51.38

2.50 -0.0840 0.0239 0.0683 159.49 0.3476 0.4165 0.5425 50.15
2.55 -0.0633 0.0280 0.0692 156.10 0.3645 0.4182 0.5548 48.93
2.60 -0.0623 0.0320 0.0700 152.77 0.3811 0.4193 0.5666 47.73
2.65 -0.0609 0.0359 0.0707 149.49 0.3974 0.4195 0.5779 46.55
2.70 -0.0594 0.0396 0.0714 146.27 0.4134 0.4191 0.5887 45.40

2.75 -0.0575 0.0432 0.0719 143.11 0.4289 0.4181 0.5989 44.27
2.80 -0.0555 0.0465 0.0724 140.02 0.4439 0.4164 0.6086 43.17
2.85 -0.0532 0.0496 0.0728 137.00 0.4584 0.4142 0.6179 42.10
2.90 -0.0508 0.0525 0.0731 134.05 0.4725 0.4116 0.6266 41.06
2.95 -0.0483 0.0552 0.0733 131.18 0.4860 0.4086 0.6349 40.05

3.00 -0.0457 0.0576 0.0735 128.38 0.4990 0.4052 0.6427 39.08
3.05 -0.0430 0.0599 0.0737 125.66 0.5114 0.4015 0.6502 38.13
3.10 -0.0402 0.0619 0.0738 123.02 0.5233 0.3975 0.6572 37.22
3.15 -0.0375 0.0637 0.0739 120.46 0.5347 0.3933 0.6638 36.34
3.20 -0.0347 0.0653 0.0740 117.97 0.5456 0.3890 0.6701 35.49

3.25 -0.0319 0.0668 0.0740 115.55 0.5560 0.3845 0.6760 34.67
3.30 -0.0292 0.0680 0.0740 113.21 0.5659 0.3800 0.6816 33.88
3.35 -0.0265 0.0691 0.0740 110.94 0.5753 0.3754 0.6870 33.12
3.40 -0.0238 0.0701 0.0740 108.74 0.5844 0.3707 0.6920 32.39
3.45 -0.0212 0.0709 0.0740 106.61 0.5930 0.3660 0.6968 31.68

3.50 -0.0186 0.0716 0.0740 104.55 0.6012 0.3613 0.7014 31.01
3.55 -0.0161 0.0722 0.0740 102.55 0.6090 0.3567 0.7058 30.36
3.60 -0.0136 0.0727 0,0740 100.62 0.6165 0.3521 0.7099 29.73
3.65 -0,0112 0.0731 0.0740 98.74 0.6236 0.3475 0.7139 29.13
3.70 -0.0089 0.0734 0.0739 96.93 0.8305 0.3430 0.7177 28.54

3.75 -0.0067 0.0736 0.0739 95.17 0.6370 0.3385 0.7214 27.99
3.80 -0.0045 0.0738 0.0739 93.46 0.8433 0.3341 0.7249 27.45
3.85 -0.0023 0.0739 0.0740 91.81 0.6493 0.3298 0.7283 26.93
3.90 -0.0003 0.0740 0.0740 90.21 0.6550 0.3256 0.7315 26.43
3.95 0.0017 0.0740 0.0743 88.65 0.6606 0.3215 0.7446 25.95

WADC TR 56-614



ka 0.2 o" x 0.25

a 2 ' ___ 
"2  

_ -_
REAx IM2i&rl PHASE

REAL IMM. REAL IMAG. MODULUS fmrs

4.00 1.1981 -0.5060 0.8947 1.2724 0.2802 0.9963 -0.0740 0.9991 355.75
4.05 1.1979 -0.4957 0.8954 1.2487 0.2869 0.9944 -0.0739 0.9972 355.75
4.10 1.1976 -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 -0.4072 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 0.9007 1.1055 0.3310 0.9827 -0.0727 0.9853 355.77
4.45 1.1939 -0.4262 0.9014 1.0879 0.3369 0.9812 -0.0724 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 -0.4117 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 0.9796 355.81
4.65 1.1909 -0.3982 0.9042 1.0227 0.3596 0.9756 -0.0714 0.9782 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 -0.3795 0.9062 0.9789 0.3757 0.9717 -0.0705 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 -0.3679 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 0.9706 355.89

5.00 1.1845 -0.3570 0.9088 0.9263 0.3960 0.9670 -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 1.1816 -0.3418 0.9107 0.8905 0.4105 0.9637 I-0.0683 0.9661 355.95
5.20 1.1806 -0.3370 0.9113 0.8791 0.4151 0.9627 -0.0680 0.9651 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 -0.3277 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 0.9597 -0.0670 0.9620 356.00
5.40 1.1765 -0.3190 0.9137 0.8366 0.4332 0.9587 -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 1.1745 -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 356.07
5.60 1.1725 -0.3027 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 0.7545 0.4702 0.9508 -0.0638 0.9530 356.16
5.90 1.1684 -0.2811 0.9194 0.7464 0.4741 0.9500 -0.0635 0.9521 356.17
5.95 1.1654 -0.2777 0.9199 0.7384 0.4779 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 -0.0617 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 0.6417 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 0.9216 0.6299 0.5326 0.9383 -0.0584 0.9401 356.44
6.80 1.1496 -0.2307 0.9281 0.6241 0.5357 0.9377 -0.0581 0.9395 356.46
6.85 1.1487 -0.2284 0.9285 0.6185 0.5388 0.9371 -0.0578 0.9389 356.47
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 0.5447 0.9360 -0.0572 0.9377 356.50

WADC TR 56-614 A-54



kc 0.2 t'z 0.25

REAL IMAG. MOWLUS PHA SE REAL IMAG. MODULUS PE
_______ _______ _______ IGREL3

4.00 0.0037 0.0740 0.0741 87.15 0.6659 0.3174 0.7377 25.49
4.05 0.0056 0.0739 0.0741 85.69 0.6710 0.3135 0.7406 25.04
4.10 0.0074 0.0738 0.0742 84.27 0.6759 0.3096 0.7434 24.61
4.15 0.0092 0.0737 0.0742 82.89 0.6806 0.3058 0.7462 24.19
4.20 0.0109 0.0735 0.0743 81.56 0.6852 0.3021 0.7489 23.79

4.25 0.0126 0.0733 0.0744 80.26 0.6896 0.2985 0.7515 23.40
4.30 0.0142 0.0731 0.0745 79.00 0.6939 0.2949 0.7540 23.03
4.35 0.0158 0.0129 0.0746 77.77 0.6980 0.2915 0.7565 22.67
4.40 0.0173 0.0727 0.0747 76.58 0.7020 0.2881 0.7589 22.31
4.45 0.0188 0.0724 0.0748 75.42 0.7059 0.2848 0.7612 21.98

4.50 0.0203 0.0722 0.0750 74.30 0.7097 0.2816 0.7635 21.65
4.55 0.0217 0.0719 0.0751 73.20 0.7133 0.2785 0.7657 21.33
4.60 0.0231 0.0716 0.0753 72.13 0.7169 0.2754 0.7679 21.02
4.65 0.0244 0.0714 0.0754 71.10 0.7203 0.2724 0.7701 20.72
4.70 0.0258 0.0711 0.0756 70.08 0.7237 0.2695 0.7722 20.43

4.75 0.0270 0.0708 0.0758 69.10 0.7269 0.2667 0.7743 20.15
4.80 0.0283 0.0705 0.0759 68.14 0.7301 0.2639 0.7763 19.87
4.85 0.0295 0.0702 0.0761 67.20 0.7332 0.2611 0.7783 19.60
4.90 0.0307 0.0699 0.0763 66.28 0.7362 0.2585 0.7803 19.35
4.95 0.0319 0.0696 0.0765 65.39 0.7392 0.2559 0.7822 19.09

5.00 0.0330 0.0693 0.0767 64.52 0.7420 0.2533 0.7841 18.85
5.05 0.0341 0.0689 0.0769 63.67 0.7449 0.2508 0.7860 18.61
5.10 0.0352 0.0686 0.0771 62.84 0.7476 0.2483 0.7878 18.38
5.15 0.03a3 0.0683 0,0773 02.03 0.7503 0.2459 0.7896 18.15
5.20 0.0373 0.0680 0.0776 61.24 0.7529 0.2436 0.7914 17.93

5.25 0.0383 0.0677 0.0778 60.47 0.7555 0.2413 0.7931 17.71
5.30 0.0393 0.0674 0.0780 59.71 0.7580 0.2390 0.7948 17.50
5.35 0.0403 0.0670 0.0782 58.97 0.7605 0.2368 0.7965 17.29
5.40 0.0413 0.0667 0.0785 58.25 0.7629 0.2346 0.7982 17.09
5.45 0.0422 0.0664 0.0787 57.54 0.7653 0.2325 0.7998 16.90

5.50 0.0432 0.0661 0.0789 50.95 0.7676 0.2304 0.8014 16.70
5.55 0.0441 0.0658 0.0792 58.17 0.7699 0.2283 0.8030 16.52
5.60 0.0450 0.0654 0.0794 55.51 0.7721 0.2263 0.8046 16.33
5.65 0.0458 0.0651 0.0796 54.86 0.7743 0.2243 0.6061 16.15
5.70 0.0467 0.0648 0.0799 54.22 0.7764 0.2223 0.8076 15.98

5.75 0.0475 0.0645 0.0801 53.80 0.7785 0.2204 0.8091 15.81
5.80 0.0484 0.0642 0.0804 52.99 0.7806 0.2185 0.8106 15.64
5.85 0.0492 0.0638 0.0806 52.39 0.7826 0.2166 0.8121 15.47
5.90 0.0500 0.0635 0.0808 51.81 0.7846 0.2148 0.8135 15.31
5.95 0.0508 0.0632 0.0811 51.23 0.7866 0.2130 0.8149 15.15

6.00 0.0515 0.0629 0.0813 50.67 0.7885 0.2113 0.8163 15.00
6.05 0.0523 0.0626 0.0816 50.12 0.7904 0.2095 0.8177 14.85
6.10 0.0530 0.0623 0.0818 49.58 0.7922 0.2078 0.8190 14.70
6.15 0.0538 0.0620 0.0821 49.05 0.7941 0.2061 0.8204 14.55
6.20 0.0545 0.0617 0.0823 48.53 0.7959 0.2044 0.8217 14.41

8.25 0.0552 0.0614 0.0825 48.02 0.7976 0.2028 0.8230 14.27
6.30 0.0559 0.0611 0.0828 47.52 0.7993 0.2012 0.8243 14.13
6.35 0.0566 0.0601 0.0830 47.03 0.8010 0.1996 0.8255 13.99
6.40 0.0573 0.0604 0.0833 46.55 0.8027 0.1980 0.8268 13.86
6.45 0.0579 0.0601 0.0835 46.07 0.8043 0.1965 0.8280 13.73

6.50 0.0586 0.0598 0.0837 45.61 0.8060 0.1950 0.8292 13.60
6.55 0.0592 0.0595 0.0840 45.15 0.8075 0.1935 0.8304 13.47
6.60 0.0599 0.0592 0.084t 44.71 0.8091 0.1920 0.8316 13.35
8.65 0.0605 0.0589 0.0845 44.27 0.8106 0.1906 0.8327 13.23
6.70 0.0611 0.0587 0.0847 43.83 0.8121 0.1891 0.8339 13.11

6.75 0.0617 0.0584 0.0849 43.41 0.8136 0.1877 0.8350 12.99
6.80 0.0623 0.0581 0.0852 42.99 0.8151 0.1863 0.8361 12.88
6.85 0.0629 0.0578 0.0854 42.58 0.8165 0.1850 0.8372 12.76
6,90 0.0634 0.0575 0.0856 42.18 0.8179 0.1836 0.8383 12.65
6.95 0.0640 0.0572 0.0859 41.79 0.8193 0.1823 0.8394 12.54

WADC TR 56-614 A-55



k*; 0.2 O" 0.25
/-a- /'va A____ t . __2 r PHA ME

REAL IMAG. REAL IMAG. MOaUWS ,

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 -0.0586. 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
780 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 0.9305 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 0.0256 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 356.08
8.70 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 0.4558 0.6339 0.9198 -0.0480 0.9210 357.01
8.85 1,1204 -0.1623 0.9423 0.4528 0.6359 0.9194 -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 0.6453 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 0.9180 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 0.4131 0.6612 0.9151 -0.0449 0.9162 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 0.9131 357.29

WADC TR 56-614
A-56



ka 0.2 O-s 0.25

7 /+ 9Fo

REAL IMAG. MODJLUS s REAL I-MA G. MODULS PH5E

7.00 0.0648 0.0569 0.0861 41.40 0.8207 0.1810 0.8404 12.43
7.05 0.0651 0.0566 0.0863 41.02 0.8221 0.1797 0.8415 12.33
7.10 0.0657 0.0564 0.0865 40.64 0.8234 0.1784 0.8425 12.22
7.15 0.0662 0.0561 0.0868 40.27 0.8247 0.1771 0.8435 12.12
7.20 0.0667 0.0558 0.0870 39.91 0.8260 0.1759 0.8445 12.02

7.25 0.0672 0.0555 0.0872 39.55 0.8273 0.1747 0.8455 11.92
7.30 0.0678 0.0553 0.0874 39.20 0.8295 0.1734 0.8465 11.82
7.35 0.0683 0.0550 0.0877 38.86 0.8297 0.1722 0.8474 11.73
7.40 0.0688 0.0547 0.0879 38.52 0.8310 0.1711 0.8484 11.63
7.45 0.0692 0.0545 0.0881 38.19 0.8322 0.1699 0.8493 11.54

7.50 0.0697 0.0542 0.0883 37.86 0.8333 0.1688 0.8503 11.45
7.55 0.0702 0.0539 0.0885 37.53 0.8345 0.1676 0.8512 11.36
7.60 0.0707 0.0537 0.0887 37.22 0.8356 0.1665 0.8521 11.27
7.65 0.0711 0.0534 0.0889 36.90 0.8368 0.1654 0.8530 11.18
7.70 0.0716 0.0532 0.0892 36.60 0.8379 0.1643 0.8538 11.09

7.75 0.0720 0.0529 0.0894 36.20 0.8390 0.1632 0.8547 11.01
7.80 0.0725 0.0528 0.0896 35.99 0.8401 0.1622 0.8556 10.93
7.85 0.0729 0.0524 0.0898 35.70 0.8411 0.1611 0.8564 10.84
7.90 0.0733 0.0521 0.0000 35.41 0.8422 0.1601 0.8573 10.76
7.95 0.0738 0.0519 0.0902 35.13 0.8432 0.1591 0.8581 10.68

8.00 0.0742 0.0516 0.0904 34.85 0.8443 0.1580 0.8589 10.60
8.05 0.0746 0.0514 0.0906 34.57 0.8453 0.1570 0.8597 10.53
8.10 0.0750 0.0512 0.0908 34.30 0.8463 0.1561 0.8605 10.45
8.15 0.0754 0.0509 0.0910 34.03 0.8473 0.1551 0.8613 10.37
8.20 0.0758 0.0507 0.0912 33.77 0.8482 0.1541 0.8621 10.30

8.25 0.0762 0.0504 0.0914 33.51 0.8492 0.1532 0.8629 10.22
8.30 0.0766 0.0502 0.0916 33.25 0.8501 0.1522 0.8637 10.15
8.35 0.0770 0.0500 0.0918 33.00 0.8511 0.1513 0.8644 10.08
8.40 0.0774 0.0498 0.0920 32.75 0.8520 0.1504 0.8652 10.01
8.45 0.0777 0.0495 0.0922 32.50 0.8529 0.1495 0.8659 9.94

8.50 0.0781 0.0493 0.0924 32.26 0.8538 0.1486 0.8666 9.87
8.55 0.0785 0.0491 0.0925 32.02 0.8547 0.1477 0.8674 9.80
8.60 0.0788 0.0488 0.0927 31.79 0.8556 0.1468 0.8681 9.74
8.65 0.0792 0.0486 0.0929 31.55 0.8564 0.1460 0.8688 9.67
8.70 0.0795 0.0484 0.0931 31.33 0.8573 0.1451 0.8695 9.61

8.75 0.0799 0.0482 0.0933 31.10 0.8581 0.1443 0.8702 9.54
8.80 0.0802 0.0480 0.0935 30.88 0.8590 0.1434 0.8709 9.48
8.85 0.0806 0.0478 0.0936 30.66 0.8598 0.1426 0.8716 0.42
8.90 0.0809 0.0475 0.0938 30.44 0.8606 0.1418 0.8722 9.36
8.95 0.0812 0.0473 0.0940 30.23 0.8614 0.1410 0.8729 9.29

9.00 0.0815 0.0471 0.0942 30.02 0.8622 0.1402 0.8736 9.23
9.05 0.0819 0.0469 0.0944 29.81 0.8630 0.1394 0.8742 9.18
9.10 0.0822 0.0467 0.0945 29.61 0.8638 0.1386 0.8748 9.12
9.15 0.0825 0.0465 0.0947 29.40 0.8646 0.1378 0.8755 9.06
9.20 0.0828 0.0463 0.0949 29.20 0.8653 0.1371 0.8761 9.00

9.25 0.0831 0.0461 0.0950 29.01 0.8661 0.1363 0.8767 8.95
9.30 0.0834 0.0459 0.0952 28.81 0.8668 0.1356 0.8774 8.89
9.35 0.0837 0.0457 0.0954 28.62 0.8676 0.1348 0.8780 8.83
9.40 0.0840 0.0455 0.0956 28.43 0.8683 0.1341 0.8786 8.78
9.45 0.0843 0.0453 0.0957 28.24 0.8690 0.1334 0.8792 8.73

9.50 0.0846 0.0451 0.0959 28.06 0.8697 0.1327 0.8798 8.67
9.55 0.0849 0.0449 0.0961 27.88 0.8704 0.1320 0.8804 8.62
9.60 0.0852 0.0447 0.0962 27.70 0.8711 0.1313 0.8810 8.57
9.65 0.0855 0.0445 0.0964 27.62 0.8718 0.1306 0.8815 8.52
9.70 0.0858 0.0443 0.0965 27.34 0.8725 0.1299 0.8821 8.47

9.75 0.0860 0.0442 0.0967 27.17 0.8732 0.1292 0.8827 8.42
9.80 0.0863 0.0440 0.0969 27.00 0.8738 0.1285 0.6832 8.37
9.85 0.0866 0.0438 0.0970 26.83 0.8745 0.1279 0.8838 832
9.90 0.0868 0.0436 0.0972 26.66 0.8751 0.1272 0.8843 8.27
9.95 0.0871 0.0434 0.0973 26.49 0.8758 0.1266 0.8849 8.22

10.00 0.0874 0.0432 0.0975 26.33 0.8764 0.1259 0.8854 8.18

WADC TR 56-614 A-57



kx 0.2 o'= 0.50

/_y -
/ x 2rz

REAL IMAG. REAL IMAG. MOmULUS 'PASJ

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 1.008S -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 1.0079 -3.8002 0.6363 4.8340 0.0080 1.0112 -0.0052 1.0112 359.1
1.30 1.0092 -3.5074 0.6552 4.7302 0.0088 1.0129 -0.0065 1.0129 359.63
1.35 1.0107 -3.2462 0.6734 4.6244 0.0098 1.0146 -0.0080 1.0146 359.55
1.40 1.0124 -3.0120 0.6909 4.5167 0.0109 1.0164 -0.0098 1.0165 359.44
1.45 1.0143 -2.8013 0.7077 4.4074 0.0122 1.0183 -0.0120 1.0184 359.33

1.50 1.0163 -2.6109 0.7238 4.2966 0.0136 1.0202 -0.0145 1.0203 359.19
1.55 1.0186 -2.4383 0.7391 4.1846 0.0152 1.0221 -0.0173 1.0223 359.03
1.60 1.0211 -2.2813 0.7537 4.0715 0.0171 1.0240 -0.0205 1.0242 358.85
1.85 1.0239 -2.1381 0.7676 3.9577 0.0191 1.0258 -0.0241 1.0261 358.65
1.70 1.0269 -2.0071 0.7807 3.8432 0.0214 1.0274 -0.0281 1.0278 358.43

1.75 1.0301 -1.8870 0.7931 3.7285 0.0240 1.0288 -0.0325 1.0294 358.19
1.80 1.0336 -1.7766 0.8041 3.6137 0.0270 1.0300 -0.0374 1.0307 357.92
1.85 1.0373 -1.6749 0.8155 3.4992 0.0302 1.0308 -0.0426 1.0317 357.63
1.90 1.0413 -1.5810 0.8256 3.3852 0.0339 1.0313 -0.0481 1.0324 357.33
1.95 1.0455 -1.4942 0.8349 3.2721 0.0379 1.0312 -0.0540 1.0327. 357.00

2.00 1.0500 -1.4139 0.8435 3.1602 0.0424 1.0307 -0.0601 1.0325 356.66
2.05 1.0547 -1.3395 0.8513 3.0499 0.0474 1.0296 -0.0664 1.0317 356.31
2.10 1.0595 -1.2705 0.8585 2.9415 0.0528 1.0279 -0.0727 1.0305 355.95
2.15 1.0645 -1.2064 0.8649 2.8353 0.0587 1.0256 -0.0791 1.0286 355.59
2.20 1.0697 -1.1469 0.8707 2.7317 0.0651 1.0227 -0.0853 1.0262 355.23

2.25 1.0749 -1.0916 0.8759 2.6310 0.0720 1.0192 -0.0914 1.0233 354.87
2.30 1.0801 -1.0401 0.8805 2.5334 0.0794 1.0151 -0.0972 1.0198 354.53
2.35 1.0853 -0.9922 0.8846 2.4393 0.0872 1.0106 -0.1027 1.0158 354.20
2.40 1.0905 -0.9477 0.8882 2.3487 0.0955 1.0056 -0.1078 1.0114 353.88
2.45 1.0956 -0.9062 0.8913 2.2618 0.1042 1.0003 -0.1124 1.0066 353.59

2.50 1.1005 -0.8675 0.8941 2.1786 0.1132 0.9947 -0.1165 1.0015 353.32
2.55 1.1053 -0.8314 0.8965 2.0993 0.1225 0.9888 -0.1202 0.9961 353.07
2.60 1.1099 -0.7977 0.8986 2.0237 0.1322 0.9829 -0.1233 0.9906 352.85
2.65 1.1143 -0.7663 0.9004 1.9518 0.1420 0.9768 -0.1260 0.9849 352.65
2.70 1.1185. -0.7369 0.9021 1.8836 0.1520 0.9708 -0.1282 0.9792 352.48

2.75 1.1225 -0.7093 0.9035 1.8189 0.1622 0.9648 -0.1300 0.9735 352.33
2.80 1.1262 -0.6835 0.9047 1.7575 0.1725 0.9589 -0.1313 0.9678 352.20
2.85 1.1297 -0.6593 0.9058 1.6994 0.1828 0.9531 -0.1323 0.9623 352.10
2.90 1.1330 -0.6366 0.9067 1.6443 0.1931 0.9475 -0.1330 0.9568 352.01
2.95 1.1360 -0.6152 0.9076 1.5922 0.2035 0.9420 -0.1333 0.9514 35'1.94

3.00 1.1388 -0.5951 0.9084 1.5428 0.2138 0.9367 -0.1334 0.9462 351.89
3.05 1.1414 -0.5762 0.9091 1.4959 0.2240 0.9316 -0.1333 0.9411 351.86
3.10 1.1438 -0.5583 0.9097 1.4516 0.2342 0.9267 -0.1329 0.9362 351.84
3.15 1.1460 -0.5414 0.9103 1.4095 0.2443 0.9220 -0.1324 0.9315 351.83
3.20 1.1480 -0.5254 0.9109 1.3696 0.2542 0.9175 -0.1318 0.9269 351.83

3.25 1.1498 -0.5103 0.9114 1.3317 0.2640 0.9132 -0.1310 0.9226 351.84
3.30 1.1514 -0.4960 0.9119 1.2957 0.2737 0.9091 -0.1301 0.9184 351.86
3.35 1.1529 -0.4824 0.9124 1.2615 0.2832 0.9052 -0.1291 0.9143 351.88
3.40 1.1542 -0.4695 0.9128 1.2290 0.2926 0.9014 -0.1280 0.9105 351.92
3.45 1.1554 -0.4572 0.9132 1.1980 0.3018 0.8979 -0.1269 0.9068 351.95

3.50 1.1565 -0.4456 0.9137 1.1686 0.3108 0.8944 -0.1258 0.9032 352.00
3.55 1.1574 -0.4345 0.9141 1.1405 0.3197 0.8912 -0.1246 0.8998 352.04
3.60 1.1582 -0.4239 0.9145 1.1137 0.3283 0.8881 -0.1234 0.8966 352.09
3.65 1.1589 -0.4138 0.9149 1.0881 0.3369 0.8851 -0.1221 0.8935 352.14
3.70 1.1594 -0.4041 0.9153 1.0637 0.3452 0.8822 -0.1209 0.8905 352.20

3.75 1.1599 -0.3949 0.9157 1.0403 0.3533 0.8795 -0.1197 0.8876 352.25
3.80 1.1603 -0.3861 0.9161 1.0180 0.3613 0.8769 -0.1184 0.8848 352.31
3.85 1.1606 -0.3777 0.9165 0.9966 0.3691 0.8744 -0.1172 0.8822 352.37
3.90 1.1808 -0.3696 0.9169 0.9761 0.3768 0.8720 -0.1159 0.8797 352.43
3.95 1.1610 -0.3619 0.9173 0.9565 0.3842 0.8697 -0.1147 0.8772 352.48

WADC TR 56-614 A-58



kc 0.2 0", 0.50

REAL /MAG MO WLUS PHASE REAL IMAG. MOWLWS - PHus;

1.00 -0.0050 0.0014 0.0052 164.23 0.0155 0.1235 0.1245 82.82
1.05 -0.0060 0.0019 0.0062 162.61 0.0189 0.1358 0.1371 82.09
1.10 -0.0071 0.0025 0.0075 160.91 0.0227 0.1486 0.1503 81.31
1.15 -0.0083 0.0032 0.0089 159.13 0.0271 0.1618 0.1641 80.50
1.20 -0.0097 0.0041 0.0105 157.27 0.0321 0.1755 0.1784 79.65

1.25 -0.0112 0.0052 0.0124 155.32 0.0377 0.1896 0.1933 78.76
1.30 -0.0129 0.0065 0.0144 153.30 0.0440 0.2039 0.2086 77.84
1.35 -0.0146 0.0080 0.0166 151.20 0.0510 0.2186 0.2245 76.87
1.40 -0.0164 0.0098 0.0191 149.02 0.0588 0.2336 0.2409 75.87
1.45 -0.0183 0.0120 0.0219 146.76 0.0674 0.2487 0.2577 74.83

1.50 -0.0202 0.0145 0.0248 144.41 0.0769 0.2639 0.2749 73.75
1.55 -0.0221 0.0173 0.0281 141.99 0.0873 0.2792 0.2925 72.64
1.60 -0.0240 0.0205 0.0315 139.49 0.0986 0.2944 0.3104 71.48
1.65 -0.0258 0.0241 0.0353 138.92 0.1109 0.3094 0.3287 70.29
1.70 -0.0274 0.0281 0.0393 134.27 0.1241 0.3243 0.3472 69.06

1.75 -0,0288 0.0325 0.0435 131.55 0.1383 0.3387 0.3659 67.79
1.80 -0.0300 0.0374 0.0479 128.76 0.1535 0.3528 0.3847 66.49
1.85 -0.0308 0.0426 0.0526 125.92 0.1698 0.3662 0.4036 65.15
1.90 -0.0313 0.0481 0.0574 123.01 0.1866 0.3790 0.4225 63.78
1.95 -0.0312 0.0540 0.0624 120.06 0.2045 0.3909 0.4412 62.38

2.00 -0.0307 0.0601 0.0675 117.06 0.2232 0.4020 0.4598 60.96
2.05 -0.0296 0.0664 0.0727 114.04 0.2425 0.4120 0.4781 59.51
2 .10 -0.0279 0.0727 0.0779 110.99 0.2625 0.4209 0.4960 58.05
2.15 -0.0256 0.0791 0.0831 107.94 0.2828 0.4286 0.5135 56.58
2.20 -0.0227 0.0853 0,0883 104.89 0.3035 0.4351 0,5305 55.10

2.25 -0.0192 0.0914 0.0934 101.85 0.3243 0.4403 0.5468 53.62
2.30 -0.0151 0.0972 0.0984 98.85 0.3451 0.4442 0.5625 52.15
2.35 -0.0106 0.1027 0.1032 95.89 0.3658 0.4468 0.5775 50.69
2.40 -0.0056 0.1078 0.1079 92.99 0.3862 0.4483 0.5917 49.25
2.45 -0.0003 0.1124 0.1124 90.15 0.4062 0.4486 0.6052 47.84

2.50 0,0053 0.1165 0.1166 87.38 0.4257 0.4479 0.6179 46.46
2.55 0.0112 0.1202 0.1207 84.70 0.4445 0.4461 0.6298 45.10
2.60 0.0171 0.1233 0.1245 82.10 0.4627 0.4436 0.6410 43.79
2.65 0.0232 0.1260 0.1281 79.59 0.4801 0.4402 0.6514 42.52
2.70 0.0292 0.1282 0.1315 77.17 0.4968 0.4362 0.6611 41.29

2.75 0.0352 0.1300 0.1346 74.85 0.5127 0.4317 0.6702 l0.10
2.80 0.0411 0.1313 0.1376 72.62 0.5278 0.4267 0.6787 38.96
2.85 0.0469 0.1323 0.1404 70.49 0.5421 0.4213 0.6866 37.66
2.90 0.0525 0.1330 0.1430 68.44 0.5557 0.4157 0.6939 36.80
2.95 0.0580 0.1333 0.1454 66.49 0.5685 0.4098 0.7008 35.79

3.00 0.0633 0.1334 0.1477 64.62 0.5806 0.4038 0.7072 34.82
3.05 0.0684 0.1333 0.1498 62.84 0.5920 0.3976 0.7132 33.89
3.10 0.0733 0.1329 0.1518 61.14 0.6028 0.3914 0.7188 33.00
3.15 0.07.80 0.1324 0.1537 59.51 0.6130 0.3852 0.7240 32.14
3.20 0.0825 0.1318 0.1554 57.96 0.6226 0.3790 0.7289 31.33

3.25 0.0868 0.1310 0.1571 56.47 0.6317 0.3728 0.7335 30.55
3.30 0.0909. 0.1301 0.1587 55.06 0.6403 0.3667 0.7379 29.80
3.35 0.0948 0.1291 0.1002 53.70 0.6484 0.3507 0.7420 29.09
3.40 0.0986 0.1280 0.1616 52.41 0.6561 0.3548 0.7459 28.40
3.45 0.1021 0.1269 0.1629 51.17 0.6634 0.3490 0.7496 27.76

3.50 0.1056 0.1258 0.1642 49.99 0.6703 0.3433 0.7531 27.12
3.55 0.1088 0.1246 0.1654 48.86 0.6768 0.3378 0.7564 26.52
3.60 0.1119 0.1234 0.1666 47.78 0.6830 0.3324 0.7596 25.95
3.65 0.1149 0.1221 0.1677 46.74 0.6889 0.3271 0.7626 25.40
3.70 0.1178 0.1209 0.1688 45.75 0.6946 0.3219 0.7655 24.87

3.75 0.1205 0.1197 0.1698 44.80 0.6999 0.3109 0.7683 24.36
3.80 0.1231 0.1184 0.1708 43.88 0.7051 0.3121 0.7710 23.88
3.85 0.1256 0.1172 0.1718 43.01 0.7099 0.3073 0.7736 23.41
3.90 0.1280 0.1159 0.1727 42.17 0.7146 0.3027 0.7761 22.96
3.95 0.1303 0.1147 0.1736 41.36 0.7191 0.2983 0.7785 22.53

WADC TR 56-614 A-59



k- 0.2 o 0.50

REAL 2 ... -..

L IMAG REAL IMAG. MOWWS ,.f,

4.00 1.1510 -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 -048098 0.9205 0.8247 0.4384 0.8641 -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 0.8403 -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 1.1491 -0.2305 0.9282 0.6240 0.5358 0.8293 -0.0886 0.8340 353.90
5.35 1.1484 -0.2274 0.9286 0.6162 0.5400 0.8283 -0.0879 0.8329 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 -0.2185 0.9298 0.5937 0.5523 0.8253 -0.0857 0.8298 354.07
5.55 1.1456 -0.2158 0.9302 0.5866 0.5562 0.8244 -0.0850 0.8288 354.11
5.60 1.1449 -0.2131 0.9306 0.5797 0.5601 0.8235 -0.0844 0.8278 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 1.1428 -0.2053 0.9317 0.5598 0.5713 0.8209 -0.0824 0.8250 354.27
5.80 1.1421 -0.2028 0.9321 0.5534 0.5750 0,8200 -0.0817 0.8241 354.31
5,85 1.1414 -0.2003 0.9324 0.5472 0.5786 0.8192 -0.0811 0.8232 354.35
5.90 1.1407 -0.1980 0.9328 0.5411 0.5821 0.8184 -0.0805 0.8223 354.38
5.95 1.1400 -0.1956 0.9332 0.5352 0.5856 0.8176 -0.0799 0.8215 354.42

6.00 1.1394 -0,1934 0.9335 0.5294 0.5890 0.8168 -0.0793 0.8206 354.46
6.05 1.1387 -0.1911 0.9339 0.5237 0.5923 0.8160 -0.0787 0.8198 354.49
6.10 1.1380 -0.1890 0.9342 0.5181 0.5957 0.8152 -0.0781 0.8190 354.53
6.15 1.1373 -0.1868 0.9346 0.5126 0.5989 0.8145 -0.0775 0.8182 354.56
6.20 1.1366 -0.1847 0.9349 0.5073 0.6021 0.8138 -0.0769 0.8174 354.60

6.25 1.1360 -0.1827 0.9352 0.5020 0.6053 0.8130 -0.0764 0.8166 354.63
6.30 1.1353 -0.1807 0.9356 0.4969 0.6084 0.8123 -0.0758 0.8159 354.67
6.35 1.1346 -0.1787 0.9359 0.4918 0.6115 0.8116 -0.0753 0.8151 354.70
6.40 1.1340 -0.1768 0.9362 0.4869 0.6145 0.8110 -0.0747 0.8144 354.73
6.45 1.1333 -0.1749 0.9366 0.4820 0.6175 0.8103 -0.0742 0.8137 354.77

6.50 1.1327 -0.1731 0.9369 0.4773 0.6205 0.8096 -0.0737 0.8130 354.80
6.55 1.1320 -0.1713 0.9372 0.4726 0.6234 0.8090 -0.0732 0.8123 354.83
6.60 1.1314 -0.1695 0.9375 0.4680 0.6262 0.8083 -0,0726 0.8116 354.86
6.65 1.1308 -0.1677 0.9378 0.4635 0.6291 0.8077 -0.0721 0.6109 354.90
6.70 1,1302 -0.1660 0.9381 0.4591 0.6319 0.8071 -0.0716 0.8103 354.93

6.75 1.1195 -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 354.99
6.85 1.1283 -0.1511 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

WADC TR 56-614 A-GO



kz 0.2 0" 0.50

REAL IMAG. MO LUS REAL IMA. MOUWS FH4S_

4.00 0.1325 0.1135 0.1745 40.58 0.7234 0.2939 0.7809 22.11
4.05 0.1347 0.1123 0.1754 39.83 0.7276 0.2897 0.7831 21.71
4.10 0.1367 0.1112 0.1762 39.11 0.7316 0.2856 0.7853 21,32
4.15 0.1387 0.1100 0.1770 38.4% 0.7354 0.2816 0.7875 20.95
4.20 0.1406 0.1089 0.1778 37.76 0.7391 0.2777 0.7896 20.60

4.25 0.1424 0.1078 0.1786 37.11 0.7427 0.2740 0.7916 20.25
4.30 0.1442 0.1067 0.1794 386.49 0.7461 0.2703 0.7936 19.92
4.35 0.1459 0.1056 0.1801 35.89 0.7495 0.2668 0.7955 19.60
4.40 0.1476 0.1045 0.1808 35.31 0.7527 0.2634 0.7974 19.28
4.45 0.1492 0.1035 0.1816 34.75 0.7558 0.2600 0.7993 18.98

4.50 0.1507 0.1025 0.1823 34.21 0.7589 0.2567 0.8011 18.89
4.55 0.1523 0.1015 0.1830 33.68 0.7618 0.2536 0.8029 18.41
4.60 0.1537 0.1005 0.1837 33.18 0.7647 0.2505 0.8047 18.14
4.65 0.1551 0.0995 0.1843 32.68 0.7675 0.2475 0.8064 17.87
4.70 0.1565 0.0986 0.1850 32.21 0.7702 0.2445 0.8081 17.62

4.75 0.1579 0.0977 0.1857 31.75 0.7728 0.2417 0.8097 17.37
4.80 0.1592 0.0968 0.1863 31.30 0.7754 0.2389 0.8114 17.12
4.85 0.1605 0.0959 0.1869 30.86 0.7779 0.2362 0.8130 16.89
4.90 0.1617 0.0950 0.1876 30.44 0.7804 0.2336 0.8146 16.66
4.95 0.1629 0.0942 0.1882 30.03 0.7828 0.2310 0.8161 16.44

5.00 0.1641 0.0933 0.1888 29.63 0.7851 0.2285 0.8177 16.22
5.05 0.1653 0.0925 0.1894 29.24 0.7874 0.2260 0.8192 16.01
5.10 0.1664 0.0917 0.1900 28.86 0.7896 0.2236 0.8207 15.81
5.15 0.1675 0.0909 0.1906 28.49 0.7918 0.2212 0.8222 15.61
5.20 0.1686 0.0901 0.1912 28.13 0.7940 0.2189 0.8236 15.42

5.25 0.1697 0.0894 0.1918 27.78 0.7951 0.2167 0.8250 15.23
5.30 0.1707 0.0886 0.1923 27.43 0.7981 0.2145 0.8264 15.04
5.36 0.1717 0.0879 0.1929 27.10 0.8001 0.2123 0.8278 14.86
5.40 0.1727 0.0872 0.1935 26.78 0.8021 0.2102 0.8292 14.69
5.45 0.1737 0.0864 0.1940 26.46 0.8041 0.2082 0.8306 14.51

5.50 0.1747 0.0857 0.1946 26.15 0.8059 0.2061 0.8319 14.35
5.55 0.1756 0.0850 0.1951 25.84 0.8078 0.2041 0.8332 14.18
5.60 0.1765 0.0844 0.1956 25.55 0.8096 0.2022 0.8345 14.02
5.65 0.1774 0.0837 0.1962 25.26 0.8114 0.2003 0.8358 13.87
5.70 0.1783 0.0830 0.1967 24.97 0.8132 0.1984 0.8370 13.71

5.75 0.1791 0.0824 0.1972 24.70 0.8149 0.1966 0.8383 13.56
5.80 0.1800 0.0817 0.1977 24.43 0.8166 0,1948 0.8395 13.41
5.85 0.1808 0.0811 0.1982 24.16 0.8183 0.1930 0.8407 13.27
5.90 0.1816 0.0805 0.1987 23.90 0.8199 0.1913 0.8419 13.13
5.95 0.1824 0.0799 0.1992 23.65 0.8215 0.1895 0.8431 12.99

6.00 0.1832 0.0793 0.1996 23.40 0.8231 0.1879 0.8442 12.86
6.05 0.1840 0.0787 0.2001 23.15 0.8246 0.1862 0.8454 12.72
6.10 0.1848 0.0781 0.2006 22.91 0.8261 0.1846 0.8465 12.60
6.15 0.1855 0.0775 0.2011 22.68 0.8276 0.1830 0.8476 12.47
6.20 0.1862 0.0769 0.2015 22.45 0.8291 0.1814 0.8487 12.34

6.25 0.1870 0.0764 0.2020 22.22 0.8305 0.1799 0.8498 12.22
0.30 0.1877 0.0758 0.2024 22.00 0.8320 0.1784 0.8509 12.10
6.35 0.1884 0.0753 0.2028 21.78 0.8334 0.1769 0.8519 11.98
6.40 0.1890 0.0747 0.2033 21.57 0.8347 0.1754 0.0530 11.87
6.45 0.1897 0.0742 0.2037 21.36 0.8361 0.1740 0.8540 11.75

6.50 0.1904 0.0737 0.2041 21.16 0.8374 0.1725 0.8550 11.64
6.55 0.1910 0.0732 0.2046 20.96 0.8387 0.1711 0.8560 11.53
6.60 0.1917 0.0726 0.2050 20.76 0.8400 0.1698 0.8570 11.43
6.65 0.1923 0.0721 0.2054 20.56 0.8413 0.1684 0.8580 11.32
6.70 0.1929 0.0716 0.2058 20.37 0.8425 0.1671 0.8589 11.22

6.75 0.1935 0.0711 0.2062 20.19 0.8437 0.1658 0.8599 11.12
6.80 0.1941 0.0707 0.2066 20.00 0.8449 0.1645 0.8608 11.02
6.85 0.1947 0.0702 0.2070 19.82 0.8461 0.1632 0.8617 10.92
6.90 0.1953 0.0697 0.2074 19.64 0.8473 0.1619 0.8628 10.82
6.95 0.1959 0.0692 0.2077 19.47 0.8484 0.1607 0.8635 10.73

WADC TR 56-614 
A-61



kz 0.2 a 0.50
tr t

a ~ . 2 ( 2 .Y .9 z Z ri xPHA -
REAL MAG. REAL IMAS. MO.IWS Ms-

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 -0.0583 0.8059 355.14
7.10 1.1254 -0.1535 0.9405 0.4265 0.6528 0.6025 -0.0679 0.8053 355.17
7.15 1.1248 -0.1520 0.9408 0.4227 0.6553 0.8019 -0.0674 0.6048 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 0.6005 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 355.46
7.10 1.1188 -0.1377 0.9436 0.3852 0.6803 0.7965 -0.0629 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 355.81

8.00 1.1158 -0.1309 0.9450 0.3674 0.6925 0.7939 -0.0608 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
8.60 1.1087 -0.1157 0.9484 0.3269 0.7212 0.1879 -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 047868 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 007861 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 1.1014 -0.1015 0.9519 0.2889 0.7491 0.7821 -0.0501 0.7837 356.33
9.80 1.1010 -0.1008 0.9520 0.2871 0.7504 0.7818 -0.0499 0.7834 356.35
9.85 1.1007 -0.1002 0.9522 0.2854 0.7517 0.7816 -0.0496 0.7831 356.37
9.90 1.1003 -0.0996 0.9523 0.2837 0.7530 0.7813 -0.0494 0.7829 356.38
9.95 1.1000 -0.0989 0.9525 0.2820 0.7543 0.7810 -0.0492 0.7826 356.40

10.00 1.0997 -0.0983 0.9527 0.28"03 0.7556 0.7808 -0.0489 0.7823 356.41

WADC TR 56-614
k-62



k. 0.2 o'a 0.50

REAL IMAG MOLULUS MHA S- REAL IM.40. MODULU$ PHtAW

7.00 0.1964 0.0088 0.2081 19.30 0.8496 0.1595 0.8644 10.03
7.05 0.1970 0.0683 0.2085 19.17 0.8507 0.1584 0.8753 10.54
7.40 0.195 0.0679 0.2089 18.96 0.8518 0.1571 0.8662 10.45
7.15 0.1981 0.0674 0.2092 18.80 0.8529 0.1559 0.8670 10.86
7.20 0.1986 0.0640 0.2096 18.64 0.8539 0.1548 0.8679 90.7

7.55 0.1991 0.0666 0.2099 18.46 0.8550 0.1537 0.0887 10.19
7.60 0.1996 0.0661 0.2103 1.3 0.8660 0.1525 0.8695 10.10
7.35 0.2001 0.0657 0.2106 18.17 0.8679 0.1514 0.8703 10.02
7.40 0.2006 0.0653 0.2110 18.02 0.8581 0.1504 0.8711 9.947.45 0.2011 0.0649 0.2113 17.88 0.8590 0.1493 0.8719 9.86

7.50 0.2016 0.0645 0.2116 17.73 0.8600 0.1482 0.8727 9.78
7.55 0.2021 0.0641 0.2120 17.59 0.8610 0.1472 0.8735 9.20
7.90 0.2025 0.0617 0.2123 17.45 0.8619 0.1462 0.8742 9.12
7.65 0.2030 0.0633 0.2126 17.31 0.8629 0.1451 0.8750 9.55
7.70 0.2035 0.0629 0.2129 18.17 0.8638 0.1441 0.8757 9.47

7.75 0.2039 0.0625 0.2133 17.04 0.8647 0.1432 0.8765 9.40
7.80 0.2043 0.0521 0.213 18.90 0.865 0.1422 0.8772 9.33
7.85 0.2048 0.0617 0.2139 16.77 0.8665 0.1412 0.879 9.86
7.90 0.2052 0.0514 0.2142 16.65 0.8674 0.1403 0.8787 8.19
7.95 0.2056 0.0610 0.2145 16.52 0.8682 0.1393 0.8793 9.12

8.00 "0.2061 0.0606 0.2148 15.39 0.8691 0.1384 0.8800 9.05
8.05 0.2065 0.0603 0.2151 16.27 0.8749 0.1375 0.8807 8.68
8.10 0.2069 0.0599 0.2154 16.15 0.8707 0.1356 0.8814 8.92
8.15 0.2073 0.0596 0.2157 16.03 0.8716 0.1357 0.8851 8.85
8.20 0.2077 0.0592 0.2160 15.91 0.8724 0.1249 0.9827 8.79

8.25 0.2081 0.0589 0.2162 15.80 0.8732 0.1340 0.8834 8.73
8.30 0.2085 0.0585 0.2182 15.68 0.8739 0.1831 0.8840 8.66
8.35 0.2089 0.0582 0.2168 1557 0.8747 0.1223 0.8847 8.50
8.40 0.2092 0.0579 0.2171 15.46 0.8755 0.1315 0.8853 8.54
8.45 0.2096 0.0575 0.2174 15.75 0.8763 0.1306 0.8859 8.48

8.50 0.2100 0.0572 0.2176 15.24 0.8770 0.1298 0.8986 8.42
8.55 0.2103 0.0569 0.2179 15.14 0.8777 0.1290 0.8872 8.36
8.60 0.2107 0.0566 0.2182 15.03 0.8785 0.1282 0.8878 8.31
8.95 0.2111 0.0563 0.2184 14.93 0.8792 0.1275 0.8884 8.25
8.70 0.2114 0.0560 0.2187 14.83 0.890 0.1267 0.8890 8.19

8.75 0.2117 0.055 0.2189 14.72 0.8806 0.1259 0.8896 8.14'
8.80 0.2121 0.0553 0.2192 14.62 0.8813 0.1252 0.8901 8.08
8.85 0.2124 0.0550 0.2194 14.53 0.8820 0.1244 0.8907 8.03
8.90 0.2128 0.0547 0.2197 14.43 0.8827 0.1237 0.8913 7.98
8.95 0.2131 0.0545 0M214 14.73 0.8833 0.1229 0.8919 7.92

9.00 0.2134 0.0542 0.2202 14.24 0.8840 0.1222 0.8924 7.87
9.05 0.2157 0.0539 0.2204 14.15 0.8847 0.1215 0.8930 7.53
9.10 0.2141 0.0536 0.2207 14.05 0.8853 0.1208 0.8965 7.48
9.15 0.2144 0.0513 0.2209 13.94 0.8860 0.1201 0.8941 7.7
9.20 0.214 0.0530 0.2211 13.87 0.8866 0.1194 0.8946 7.67

9.25 0.2150 0.0527 0.2214 13.79 0.8872 0.1188 0.8951 7.63
9.30 0.2153 0.0525 0.2216 13.70 0.8878 0.1181 0.8957 7.58
9.35 0.2156 0.0522 0.221 13.11 0.8884 0.1174 0.8962 7.53
9.40 0.2159 0.0519 0.2221 13.53 0.8891 0.1168 0.8967 7.48
9.45 0.2162 0.0517 0.2223 13.44 0.8897 0.1161 0.8972 7.44
9.50 0.2165 0.0514 0.2225 t3.36 0.8902 0,1155 0.8977 7.39

9.55 0.2168 0.0511 0.2227 12.28 0.8908 0.1148 0.8982 7.34
9.60 0.2171 0.0509 0.2229 13.20 0.8914 0.1142 0.898 7.309.65 0.2173 0.0506 0.2232 13.11 0.8920 0.1136 0.8992 7.26
9.70 0.2178 0.0504 0.2234 13.04 0.8926 0.1130 0.8997 7.21.

9.75 0.2179 0.0501 0.2236 12.96 0.8931 0.1124 0.9002 7.17
9.80 0.2182 0.0499 0.2238 12.88 0.8937 0.1117 0.9006 7.13
9.85 0.2184 0.0496 0.2240 12.80 0.8942 0.1112 0.9011 7.00
9.90 0.2187 0.0494 0.2242 12.73 0.8948 0.1106 0.9016 7.04
9.95 0.2190 0.0492 0.2244 12.65 0.8953 0.1100 0.9020 7.00

10.00 0.2192 0.0489 0.2246 12.58 0.8958 0.1094 0.9025 6.96

WADC TR 56-614 A-63



k= 0.3 0.00

REAL IMAG. REAL MAG MODULUS

1.00 1.2474 -9.9972 0.4203 5.5479 0.0039 1.0051 0.0241 1.0054 1.38
1.05 1.2476 -9.0672 0.4385 5.4778 0.0042 1.0062 0.0264 1.0065 1.50
1.10 1.2478 -8.2611 0.4564 5.4054 0.0045 1.0074 0.0287 1.0078 1.63
1.15 1.2480 -7.5578 0.4738 5.3307 0.0048 1.0088 0.0311 1.0093 1.77
1.20 1.2483 -6.9406 0.4909 5.2540 0.0052 1.0103 0.0335 1.0109 1.90

1.25 1.2485 -6.3958 0.5075 5.1752 0.0057 1.0120 0.0359 1.0127 2.031.30 1.2488 -5.9127 0.5237 5.0947 0.0061 1.0140 0.0382 1.0147 2.16
1.35 1.2492 -5.4822 0.5395 5.0125 0.0067 1.0160 0.0406 1.0169 2.29
1.40 1.2496 -5.0970 0.5548 4.9289 0.0072 1.0183 0.0429 1.0192 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 2.641.55 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 2.841.65 1.2521 -3.6669 0,6246 4.4940 0.0112 1.0325 0.0527 1.0338 2.921,70 1.2527 -3.4538 0.6371 4.4048 0.0122 1.0358 0.0542 1.0373 3.00

1.75 1.2534 -3.2588 0.6492 4.3153 0.0134 1.0393 0.0555 1.0408 3.061.80 1.2541 -3.0798 0.6609 4.2256 0.0146 1.0429 0.0566 1.0444 3.111.85 1.2549 -2.9152 0.6720 4.1359 0.0160 1.0466 0.0574 1.0482 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 3.132.10 1.2593 -2.2614 0.7210 3.6928 0.0249 1.0656 0.0576 1.0671 3.09
2:15 1.2603 -2.1574 0.7294 3.6063 0.0272 1.0693 0.0568 1.0708 3.04
2.20 1.2613 -2.0606 0.7375 3.5208 0.0296 1.0729 0.0558 1.0744 2.98

2.25 1.2623 -1.9702 0.7451 3.4365 0.0322 1.0764 0.0545 1.0778 2.902.30 1.2034 -1.8857 0.7524 3.3534 0.0350 1.0798 0.0530 1.0811 2.812.35 1.2645 -1.8068 0.7592 3.2718 0.0379 1.0830 0.0512 1.0842 2.712.40 1.2655 -1.7328 0.7657 3.1916 0.0411 1.0860 0.0493 1.0871 2.602.45 1.2666 -1.6634 0.7718 3.1130 0.0445 1.0888 0.0471 1.0898 2.48
2.50 1.2677 -1.5983 0.7776 3.0361 0.0480 1.0914 , 0.0448 1.0923 2.352.55 1.2687 -1.5371 0.7830 2.9610 0.0518 1.0938 0.0424 1.0946 2.22
2.60 1.2697 -1.4796 0.7882 2.8876 .0.0557 1.0960 0.0399 1.0967 2.092.65 1.2707 -1.4254 0.7930 2.8t61 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 1.2726 -1.3262 0.8018 2.6788 0.0686 1.1011 0.0320 1.1015 1.662.80 1.2735 -1.2808 0.8059 2.6132 0.0733 1.1023 0.0293 1.1027 1.52
2.85 1.2743 -1.2379 0.8097 2.5494 0.0781 1.1033 0.0266 1.1037 1.382.90 1.2751 -1.1974 0.8132 2.4877 0.0831 1.1042 0.0239 1.1044 1.242.95 1.2758 -1.1590 0.8166 2.4279 0.0882 1.1048 0.0213 1.1050 1.10

3.00 1.2764 -1.1227 0.8197 2.3701 0.0935 1.1053 0.0187 1.1054 0.973.05 1.2769 -1.0883 0.8227 2.3142 0.0988 1.1056 0.0162 1.1057 0.84
3.10 1.2774 -1.0556 0.8255 2.2602 0.1043 1.1057 0.0138 1.1058 0.713.15 1.2778 -1.0247 0.8282 2.2081 0.1099 1.1057 0.0114 1.1058 0.593.20 1.2781 -0.9953 0.8307 2.1579 0.1156 1.1056 0.0091 1.1057 0.47

3.25 1.2784 -0.9674 0.8331 2.1094 0.1213 1.1054 0.0070 1.1054 0.36
3.30 1.2785 -0.9408 0.8354 2.0627 0.1271 1.1051 0.0049 1.1051 0.253.35 1.2786 -0.9156 0.8375 2.0177 0.1330 1.1046 0.0029 1.1047 0.15
3.40 1.2786 -0.8915 0.8396 1.9743 0.1389 1.1042 0.0010 1.1042 0.053.45 1.2785 -0.8686 0.8415 1.9326 0.1448 1.1036 -0.0008 1.1036 359.96

3.50 1.2783 -0.8468 0.8434 1.8923 0.1507 1.1030 -0.0025 1.1030 359.87
3.55 1.2780 -0.8260 0.8452 1.8536 0.1567 1.1023 -0.0041 1.1023 359.793.60 1.2777 -0.8061 0.8469 1.8163 0.1626 1.1016 -0.0057 1.1016 359.71
3.65 1.2773 -0.7871 0.8486 1.7804 0.1686 1.1009 -0.0071 1.1009 359.63
3.70 1.2768 -0.7689 0.8501 1.7458 0.1745 1.1001 -0.0085 1.1002 359.56
3.75 1.2762 -0.7515 0.8517 1.7125 0.1804 1.0993 -0.0098 1-0994 359.493.80 1.2756 -0.7348 0.8532 1.6804 0.1863 1.0985 -0.0110 1.0986 359.433.85 1.2749 -0.7189 0.8546 1.6494 0.1922 1.0977 -0.0121 1.0078 359.37
3.90 1.2741 -0.7036 0.8560 1.6196 0.1980 1.0969 -0.0132 1.0970 .359.31
3.95 1.2733 -0.6889 0.8573 1.5909 0.2037 1.0961 -0.0142 1.0962 359.26

WADC TR 56-614 A-64



k- 0.3 o .0.00

.0 / *f O Fl

REA IMAG WaX M Sff REAL IMAG. MOWWS AVA--
....... - O EEs/.- (D SS

1.00 -0.0051 -0.0241 0.0247 258.04 0.0123 0.0985 0.0993 82.89
1.05 -0.0052 -0.0264 0.0271 256.83 0.0149 0.1082 0.1093 82.17
1.10 -0.0074 -0.0287 0.0297 255.56 0.0179 0.1183 0.1197 81.41
1.15 -0.0088 -0.0311 0.0323 254.24 0.0213 0.1288 0.1305 80.62
1.20 -0.0103 -0.0335 0.0350 252.86 0.0251 0.1396 0.1418 79.80

1.25 -0.0120 -0.0359 0.0378 251.43 0.0294 0.1506 0.1535 78.95
1.30 -0.0140 -0.0382 0.0407 249.96 0.0342 0.1619 0.1655 78.07
1.35 -0.0160 -0.0405 0.0436 248.43 0.0395 0;1734 0.1778 77.16
1.40 -0.0183 -0.0429 0.0466 246.85 0.0454 0.1851 0.1906 76.23
1.45 -0.0208 -0.0451 0.0496 245.24 0.0518 0.1969 0.2036 75.26

1.50 -0.0235 -0.0472 0.0527 243.57 0.0588 0.2087 0.2168 74.27
1.55 -0.0263 -0.0492 0.0558 241.87 0.0864 0.2206 0.2304 73.25
1.60 -0.0293 -0.0510 0.0589 240.13 0.0748 0.2325 0.2441 72.21
1.65 -0.0325 -0.0527 0.0619 238.35 0.0834 0.2442 0.2581 71.15
1.70 -0.0358 -0.0542 0.0650 236.54 0.0928 0.2559 0.2722 70.06

1.75 -0.093 -0.0555 0.0680 234.70 0.1028 0.2673 0.2864 68.96
1.80 -0.0429 -0.0566 0.0710 282.84 0.1134 0.2785 0.3007 67.84
1.85 -0.0466 -0.0574 0.0739 230.95 0.1246 0.2894 0.3151 66.711.90 -0.0503 -0.0580 0.0768 229.04 0.1363 0.2999 0.3295 65.561.95 -0.0541 -0.0583 0.0796 227.12 0.14865 0.3101 0.3438 04.41

2.00 -0.0580 -0.0583 0.0823 225.19 0.1612 0.3197 0.3581 63.24
2.05 -0.0618 -0.0581 0.0848 223.24 0.1744 0.3289 0.3723 62.07
2.10 -0.0656 -0.0576 0.0873 221.30 0.1880 0.3375 0.3863 60.89
2.15 -0.0693 -0.0568 0.0896 219.36 0.2019 0.3456 0.4002 59.71
2.20 -0.0729 -0.0558 0.0918 217.42 0.2161 0.3530 0.4139 58.53

2.25 -0.0764 -0.0545 0.0939 215.49 0.2306 0.3598 0.4274 57.35
2.30 -0.0798 -0.0530 0.0958 213.57 0.2452 0.3660 0.4406 56.18
2.35 -0.0630 -0.0512 0.0975 211.67 0.2600 0.3715 0.4535 55.01
2.40 -0.0860 -0.0493 0.0991 209.80 0.2749 0.3764 0.4660 53.86
2.45 -0.0888 -0.0471 0.1005 207.95 0.2898 0.3805 0.4783 52.71
2.50 -0.0914 -0.0448 0.1018 206.12 0.3046 0.3841 0.4902 51.58
2.55 -0.0938 -0.0424 0.1030 204.33 0.3194 0.3870 0.5017 50.462.60 -0.0960 -0.0399 0.1039 202.58 0.3340 0.3892 0.5129 49.36
2.65 -0.0979 -0.0373 0.1048 200.86 0.3485 0.3909 0.5237 48.28
2.70 -0.0996 -0.0346 0.1054 199.18 0.3627 0.3920 0.5341 47.22

2.75 -0.1011 -0.0320 0.1060 197.55 0.3167 0.3926 0.5441 46,18
2.80 -0.1023 -0.0293 0.1064 195.96 0.3904 0.3926 0.5537 45.16
2.65 -0.1033 -0.0266 0 1067 194.42 0.4037 0.3922 0.5629 44.17
2.90 -0.1042 -0.0239 0.1069 192.92 0.4168 0.3914 0.5717 43.20
2.95 -0.1048 -0.0213 0.1069 191.47 0.4294 0.3901 0.5802 42.25

3.00 -0.1053 -0.0187 0.1069 190.07 0.4417 0.3885 0.5883 41.333.05 -0.1056 -0.0162 0.1068 188.72 0.4536 0.3866 0.5960 40.44
3.10 -0.1057 -0.0138 0.1066 187.41 0.4652 0.3844 0.6034 39.57
3.15 -0.1057 -0.0114 0.1063 186.15 0.4763 0.3819 0.6105 38,73
3.20 -0.1056 -0.0091 0.1060 184.94 0.4870 0.3793 0.6173 37.91

3.25 -0.1054 -0.0070 0.1056 183.78 0.4974 0.3764 0.6238 37.12
3.30 -0.1051 -0.0049 0.1052 182.66 0.5074 0.3734 0.6300 36.353.35 -0.1046 -0.0029 0.1047 181.58 0.5170 0.3702 0.6359 35.61
3.40 -0.1042 -0.0010 0.1042 180.55 0.5262 0.3669 0.6416 34.89
3.45 -0.1036 0.0008 0.1036 179.56 0.5351 0.3636 0.6470 34.19
2.50 -0.1030 0.0025 0.1030 178.60 0.5437 0.3602 0.6522 33.523.56 -0.1023 0.0041 0.1024 177.69 0.5519 0.3567 0.6572 32.87
3.60 -0.1016 0.0057 0.1018 176.81 0.5598 0.3532 0.6610 32.25
3.65 -0.1009 0.0071 0.1011 175.97 0.5675 0.3497 0.6665 31.04
3.70 -0.1001 0.0085 0.1005 175.16 0.5748 0.3401 0.6709 31.06

3.75 -0.0993 0.0098 0.0998 174.39 0.5818 0.3426 0.6752 30.49
3.80 -0.0985 0.0110 0.0992 173.64 0.5886 0.3391 0.6793 29.95
3.85 -0.0977 0,0121 0.0985 172.93 0.5951 0.3356 0.6833 29.423.90 -0.0969 0.0132 0.0978 172.24 0.6014 0.3321 0.6871 28.913.05 -0.0961 0.0142 0.0971 171.57 0.6075 0.3287 0.6908 28.42

WADC TR 56-614 A-65



ka 0.3 0" 0.00

-~-x / 2  -2r~ _ _/

REAL IMAG. REAL IMAG. MODLUS os rs;

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 0.2284 1.0928 -0.0178 1.0929 359.07
4.20 1.2682 -0.6237 0.8636 1.4615 0.2319 1.0920 -0.0165 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 368.92
4.40 1.2833 -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 1.0$59 358.77
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 -0.6078 0.8765 1.2257 0.2935 1.0828 -0.0250 1.0881 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 1.239a -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 .0.38&8 1.0693 -0.0298 1.0697 358.41
5.95 1.2172 -0.3727 0.8962 0.9404 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 1.2001 -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 1.2021 -0.3297 0.9038 0.8459 0.4292 1.0634 -0.0306 1.0638 358.35
6.55 1.2009 -0.3262 0.9044 0.8382 0.4325 1.0629 -0.0306 1.0633 358.35
6.60 1.1996 -0.3228 0.9050 0.8307 0.4358 1.0625 -0.0306 1.0629 358.35
6.65 1.1983 -0.3195 0.9056 0.8232 0.4390 1.0620 -0.0306 1.0625 358.35
6.70 1.1970 -0.3162 0.9063 0.8160 0.4422 1.0616 -0.0307 1.0620 358.35

6.75 1.1958 -0.3130 0.9069 0.8088 0.4454 1.0611 -0.0307 1.0616 358.34
6.80 1.1946 -0.3099 0.9075 0.8017 0.4485 1.0607 -0.0307 1.0612 358.34
6.85 1.1934 -0.3068 0.9081 0.7948 0.4517 1.0603 -0.0307 1.0607 358.34
6.90 1.1922 -0.3038 0.9086 0.7880 0.4548 1.0599 -0.0307 1.0603 358.34
6.95 1.1910 -0.3008 0.9092 0.7813 0.4578 1.0595 -0.0307 1.0599 358.34

WADC TR 56-614 A-66



k- o.3 o' 0.00

REAL IMAG MODLUS REAL IMAg. MODULUS PHASE
_________F4L IM (praffM~

4.00 -0.0953 0.0152 0.0965 170.94 0.6134 0.3253 0.6943 27.94
4.05 -0.0944 0.0161 0.0958 170.32 0.6191 0.3220 0.6978 27.48
4.10 -0.0936 0.0170 0.0951 169.73 0.6245 0.3187 0.7011 27.04
4.15 -0.0928 0.0178 0.0945 169.16 0.6298 0.3155 0.7044 26.61
4.20 -0.0920 0.0185 0.0938 168.61 0.6349 0.3123 0.7076 26.19

4.25 -0.0911 0.0192 0.0931 168.08 0.6399 0.3091 0.7107 25.79
4.30 -0.0903 0.0199 0.0925 167.56 0.6447 0.3061 0.7137 25.40
4.35 -0.0895 0.0206 0.0919 167.07 0.6494 0.3030 0.7166 25.02
4.40 -0.0887 0.0212 0.0912 166.58 0.6539 0.3001 0.7194 24.65
4.45 -0.0880 0.0217 0.0906 166.12 0.6583 0.2971 0.7222 24.29

4.50 -0.0872 0.0223 0.0900 165.67 0.6625 0.2943 0.7249 23.95
4.55 -0.0864 0.0228 0.0894 165.23 0.6667 0.2915 0.7276 23.61
4.60 -0.0857 0.0233 0.0888 164.80 0.6707 0.2887 0.7302 23.29
4.65 -0.0849 0.0237 0.0882 164.39 0.6746 0.2860 0.7328 22.97
4.70 -0.0842 0.0242 0.0876 163.99 0.6785 0.2833 0.7353 22.67

4.75 -0.0835 0.0246 0.0870 163.60 0.6822 0.2807 0.7377 22.37
4.80 -0.0828 0.0250 0.0865 163.22 0.6859 0.2782 0.7401 22.08
4.85 -0.0821 0.0253 0.0859 162.84 0.6894 0.2757 0.7425 21.79
4.90 -0.0814 0.0257 0.0853 162.48 0.6929 0.2732 0.7448 21.52
4.95 -0.0807 0.0260 0.0848 162.13 0.6963 0.2708 0.7471 21.25

5.00 -0.0800 0.0263 0.0842 161.79 0.6996 0.2684 0.7493 20.99
5.05 -0.0793 0.0266 0.0837 161.45 0.7028 0.2661 0.7515 20.74
5.10 -0.0787 0.0269 0.0832 161.12 0.7060 0,2638 0.7537 20.49
5.15 -0.0780 0.0272 0.0826 160.80 0.7091 0.2615 0.7558 20.24
5..20 -0.0774 0.0274 0.0821 160.49 0.7121 0.2593 0.7579 20.01

5.25 -0.0768 0.0277 0.0816 160.19 0.7151 0.2571 0.7599 19.78
5.30 -0.0761 0.0279 0.0811 159.89 0.7180 0.2550 0.7619 19.55
5.35 -0.0755 0.0281 0.0806 159.59 0.7209 0.2529 0.7639 19.33
5.40 -0.0749 0.0283 0.0801 159.31 0.7236 0.2508 0.7659 19.12
5.45 -0.0743 0.0285 0.0796 159.03 0.7264 0.2488 0.7678 18.90

5.50 -0.0737 0.0287 0.0791 158.75 0.7291 0.2468 0.7697 18.70.5.55 -0.0731 0.0288 0.0786 158.48 0.7317 0.2448 0.7716 18.50
5.60 -0.0726 0.0290 0.0781 158.22 0.7343 0.2428 0.7734 18.30
5.65 -0.0720 0.0291 0.0777 157.96 0.7368 0.2409 0.7752 18.11
5.70 -0.0714 0.0293 0.0772 157.71 0.7393 0.2390 0.7770 17.92

5.75 -0.0709 0.0294 0.0767 157.46 0.7418 0,2372 0.7788 17.73
5.80 -0.0703 0.0295 0.0763 157.21 0.7442 0.2353 0.7805 17.55
5.85 -0.0698 0.0297 0.0758 156.98 0.7465 0.2335 0.7822 17.37
5.90 -0.0693 0.0298 0.0754 156.74 0.7488 0.2317 0.7839 17.20
5.95 -0.0687 0.0299 0.0749 156.51 0.7511 0.2300 0.7855 17.02

6.00 -0.0682 0.0300 0.0745 156.29 0.7533 0.2282 0.7872 16.86
6.05 -0.0677 0.0300 0.0741 156.07 0.7555 0.2265 0.7888 16.69
6.10 -0.0672 0.0301 0.0736 155.85 0.7577 0.2249 0.7903 16.53
6.15 -0.0667 0.0302 0.0732 155.64 0.7598 0.2232 0.7919 16.37
6.20 -0.0662 0.0303 0.0728 155.43 0.7619 0.2215 0.7934 16.21

6.25 -0.0657 0.0303 0.0724 155.22 0.7639 0.2199 0.7950 16.06
6.30 -0.0652 0.0304 0.0720 155.02 0.7659 0.2183 0.7965 15.91
6.35 -0.0647 0.0304 0.0715 154.82 0.7679 0,2168 0.7979 15.76
6.40 -0.0643 0.0305 0.0711 154.63 0.7699 0.2152 0.7994 15.62
6.45 -0.0638 0.0305 0.0707 154.44 0.7718 0.2137 0.8008 15.48

6.50 -0.0634 0.0306 0.0703 154.25 0.7737 0.2122 0.8022 15.34
6.55 -0.0629 0.0306 0.0699 154.06 0.7755 0.2107 0.8036 15.20
6.60 -0.0625 0.0306 9.0696 153.88 0.7773 0.2092 0.8050 15.06
6.65 -0.0620 0.0306 0.0692 153.71 0.7791 0.2077 0.8063 14.93
6.70 -0.0616 0.0307 0.0688 153.53 0.7809 0.2063 0.8077 14.80

6.75 -0.0611 0.0307 0.0684 153.36 0.7826 0.2049 0.8090 14.67
6.80 -0.0607 0.0307 0.0680 153.19 0.7843 0.2035 0.8103 14.54
6.85 -0.0603 0.0307 0.0677 153.03 0.7860 0.2021 0.8116 14.42
6.90 -0.0599 0.0307 0.0673 152.86 0.7877 0.2007 0.8128 14.30
6.95 -0.0595 0.0307 0.0669 152.70 0.7893 0.1994 0.8141 14.18

W.ADC TR 56-614 A-67



kc 0.3 -W 0.00

a - .x -2r -
REAL /AA "" PHAS

REAL IMAG. M .$WJW

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 51.0591 38.34
7.10 1.1875 -0.2923 0.9109 0.7618 0.4668 1.0583 -0.0307 1.0587 358.34
7.15 1.1863 -0.2895 0.9115 0.7556 0.4697 1.0579 -0.0307 1.0583 358.34
7.20 1.1852 -0.2868 0.9120 0.7494 0.4727 1.0575 -0.0306 1.0579 358.34

7.25 1.1841 -0.2841 0.9125 0.7433 0.4755 1.0571 -0.0306 1.0576 358.34
7.30 1.1630 -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 1.058 358.34
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 0.0156 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
7.60 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 0.92.20 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 1.1805 -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 1.0487 -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 358.89
8.70 1.1503 -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
8.00 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 0.5009 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 0.5573 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 0.5376 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

9.76 1.1407 -0.1929 0.9330 0.5276 0,5900 1.0427 -0.0281 1.0431 358.46
9.80 1.1400 -0.1917 0.9333 0.5246 0.5918 1.0425 -0.0280 1.0429 358.46.
9.85 1.1393 -0.1905 0.9336 0.5215 0.5936 1.0423 -0.0279 1.0427 358.47
9.90 1.1387 -0.1892 0.9339 0.5186 0.5954 1.0421 -0.0279 1.0425 358.47
9.95 1.1380 -0.1880 0.9342 0.5156 0.5971 1.0419 -0.0278 1.0423 358.47

10.00 1.1374 -0.1869 0.9345 0.5127 0.5989 1.0417 -0.0277 1.0420 358.48

WADC TR 56-614 A -68



k= 0.3 d'= 0.00

a __ I#+ F0/ +; ANAE 1+F~oPHASE
REAL IMAG. MOLULUS W PHAS REAL IIMAG. MODULUS fomew- - - (~~~~OE6R(EE$ --!_____ (EGE

7.00 -0.0591 0.0307 0.0666 152.54 0.7909 0.1980 0.8"153 14.06

7.05 -0.0587 0.0307 0.0662 152.39 0.7925 0.1967 0.8165 13.94

7.10 -0.0583 0.0307 0.0659 152.24 0.7940 0.1954 0.8177 13.83

7.15 -0.0579 0.0307 0.0655 152.09 0.7956 0.1941 0.8189 13,71

7.20 -0.0575 0.0306 0.0652 151.94 0.7971 0.1929 0.8201 13.60

7.25 -0.0571 0.0306 0.0648 151.80 0.7986 0.1916 0.8212 13.49

7.30 -0.0567 0.0306 0.0645 151.65 0.8000 0.1904 0.8224 13.39

7.35 -0.0564 0.0306 0.0041 151.51 0.8015 0.1892 0.8235 13.28

7.40 -0.0560 0.0306 0.0638 151.38 0.8029 0,1879 0.8246 13.18

7.45 -0.0556 0.0305 0.0635 151.24 0.8043 0.1868 0.8257 13.07

7.50 -0.055b 0.0305 0.0631 151.11 0,8057 0.1856 0.8258 12.97

7.55 -0.0549 0.0305 0.0628 150.97 0.8070 0.1844 0.8278 12.87

7.60 -0.0546 0.0304 0.0625 150.84 0.8084 0.1833 0.8289 12.77

7.65 -0.0542 0.0304 0.0622 150.72 0.8097 0.1821 0.8299 12.68

7.70 -0.0539 0.0304 0.0619 150.59 0.8110 0.1810 0.8309 12.58

7.75 -0.0536 0.0303 0.0615 150.47 0.8123 0.1799 0.8320 12.49

7.80 -0.0532 0.0303 0.0612 150.35 0.8135 0. 1788 0.8330 12.39
7.85 -0.0529 0.0303 0.0609 150.23 0.8148 0.1777 0.8340 12.30
7.90 -0.0526 0.0302 0.0606 150.11 0.8160 0.1766 0.8349 12.21

7.95 -0.0522 0.0302 0.0603 149.99 0.8173 0.1756 0.8359 12.12

8.00 -0.0519 0.0301 0.0600 149.88 0.8185 0.1745 0,8368 12.04

8.05 -0.0516 0.0301 0.0597 149.76 0.8196 0.1735 0,8378 11.95
8.10 -0.0513 0.0300 0.0594 149.65 0.8208 0.1724 0.8387 11.87

8.15 -0.0510 0.0300 0.0592 149.54 0.8220 0.1714 0.8396 11.78
8.20 -0.0507 0.0299 0.0589 149.44 0.8231 0.1704 0.8406 11.70

8.25 -0.0504 0.0299 0.086 149.33 0.8242 0.1694 0.8415 11.62
8.30 -0.0501 0.0298 0.0583 149.22 0.8253 0.1685 0.8423 11.54
8.35 -0.0498 0.0298 0.0580 149.12 0.8264 0.1675 0.8432 11.46
8.40 -0.0495 0.0297 0.0577 149.02 0.8275 0.1665 0.8441 11.38
8.45 -0.0492 0.0297 0.0575 148.92 0.8286 0.1656 0.8450 11.30

8.50 -0.0489 0.0296 0.0572 148.82 0.8296 0.1646 0.8458 11.23
8.55 -0.0487 0.0296 0.0569 148.72 0.8307 0.1637 0.8467 1i 1 5

8.60 -0.0484 0.0295 0.0567 148.62 0.8317 0. 1628 0.8475 11.08
8.65 -0.0481 0.0294 0.0564 148.53 0.8327 0.1619 0.8483 11.00
8.70 -0.0478 0.0294 0.0561 148.44 0.8337 0.1610 0.8491 10.93

8.75 -0.0476 0,0293 0.0559 148.34 0.8347 0.1601 0.8499 10.86
8.80 -0.0473 0.0293 0.0556 148.25 0.8357 0.1592 0.8507 10.79
8.85 -0.0470 0.0292 0.0554 148.16 0.8367 0.1584 0.8515 10.72
8.90 -0.0468 0.0291 0.0551 148.07 0.8376 0.1575 0.8523 10.65
8.95 -0.0455 0.0291 0.0549 147.98 0.8386 0.1567 0.8531 10.58

9.00 -0.0463 0.0290 0.0546 147.90 0.8395 0.1558 0.8538 10.51
.9.05 -0.0460 0.0290 0.0544 147.81 0.8404 0.1550 0.8546 10.45
9.10 -0.0458 0.0289 0.0541 147.73 0.8413 0.1542 0.8553 10.38
9.15 -0.0455 0.0288 0.0539 147.64 0.8422 0.1533 0.8561 10.32
9.20 -0.0453 0.0288 0.0536 147.56 0.8431 0.1525 0.8568 10.25

9.25 -0.0450 0.0287 0.0534 147.48 0.8440 0.1517 0.8575 10.19
9.30 -0.0448 0.0286 0.0532 147.40 0.8449 0.1509 0.8583 10.13
9.35 -0.0445 0.0286 0.0529 147.32 0.8457 0.1502 0.8590 10.07

9.40 -0.0443 0.0285 0.0527 147.24 0.8466 0.1494 0.8597 10.01
9.45 -0.0441 0.0284 0.0525 147.16 0.8474 0.1486 0.8604 9.95

9.50 -0.0439 0.0284 0.0522 147.09 0,8483 0.1478 0.8611 9.89
9.55 -0.0436 0,0283 0.0520 147.01 0.8491 0.1471 0.8617 9.83

9.60 -0.0434 0.0283 0.0518 146.94 0.8499 0.1464 0.8624 9.77
9.65 -0.0432 0.0282 0.0516 148.86 0.8507 0.1456 0.8631 9.71
9.70 -0.0430 0.0281 0.0513 146.79 0.8515 0.1449 0.8637 9.66

9.75 -0.0427 0.0281 0.0511 146.72 0.8523 0.1442 0.8644 9.60
9.80 -0.0425 0.0280 0.0509 146.65 0.8531 0.1434 0.8650 9.54
9.85 -0.0423 0.0279 0.0507 146.58 0.8538 0.1427 0.8657 9.49
9.90 -0.0421 0.0279 0.0505 146.51 0.8546 0.1420 0.8663 9.44
9.95 -0.0419 0.0278 0.0503 146.44 0.8554 0,1413 0.8670 9.38

10.00 -0.0417 0.0277 0.0501 146.37 0.8561 0.1406 0.8676 9.33

WADC 'ii 56-614 A 69



k= 0.3 " 0.25

7 ----.x. I y -2r Y-
Z PHAIW

REAL IMA2T REAL IMA L MOLULUS fo

1.00 1.1098 -7.9883 0.4669 5.4708 0.0042 1.0051 0.0146 1.0052 0.63
1.05 1.1101 -7.2434 0.4868 5.3936 0.0045 1.0062 0.0159 1.0063 0.90
1.10 1.1105 -6.5975 0.5063 5.3140 0.0049 1.0074 0.0171 1.0076 0.97
1.15 1.1109 -6.0338 0.5254 5.2320 0.0053 1.0088 0.0184 1.0089 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 1.1167 -3.3032 0.6591 4.5084 0.0110 1.0256 0.0248 1.0259 1.391.60 1.1178 -3.0968 0.6734 4.4120 0.0121 1.0284 0.0248 1.0287 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 0.802.05 1.1324 -1.8631 0.7770 3.5338 0.0292 1.0548 0.0119 1.0549 0.652.10 1.1346 -1.7725 0.7858 3.4382 0.0321 1.0572 0.0089 1.0573 0.48
2.15 1.1368 -1.6881 0.7940 3.3438 0.0353 1.0594 0.0056 1.0595 0.30
2.20 1.1392 -1.6095 0.8018 3.2506 0.0387 1.0614 0.0020 1.0614 0.11

2.25 1.1416 -1.5362 0.8090 3.1589 0.0425 1.0630 -0.0017 1.0630 359.91
2.30 1.1441 -1.4676 0.8158 3.0687 0.0465 1.0643 -0.0057 1.0643 359.69
2.35 1.1467 -1.4035 0.8221 2.9802 0.0508 1.0653 -0.0098 1.0653 359.47
2.40 1.1493 -1.3435 0.8280 2.8936 0.0554 1.0659 -0.0140 1.0660 359.25
2.45 1.1519 -1.2873 0.8334 2.8091 0.0603 1.0661 -0.0182 1.0663 359.02

2.50 1.1546 -1.2346 0.8385 2.7266 0.0654 1.0660 -0.0225 1.0662 358.792.55 1.1573 -1.1851 0.8431 2.6484 0.0709 1.0655 -0.0267 1.0659 358.562.60 1.1599 -1.1386 0.8474 2.5685 0.0766 1.0647 -0.0309 1.0652 358.342.65 1.1626 -1.0949 0.8513 2.4930 0.0827 1.0636 -0.0349 1.0641 358.12
2.70 1.1652 -1.0539 0.8549 2.4200 0.0889 1.0621 -0.0389 1.0628 357.90

2.75 1.1677 -1.0152 0.8583 2.3494 0.0954 1.0604 -0.0426 1.0613 357.70
2.80 1.1702 -0.9788 0.8613 2.2813 0.1021 1.0585 -0.0462 1.0595 357.502.85 1.1726 -0.9445 0.8641 2.2157 0.1091 1.0563 -0.0495 1.0575 357.32
2.90 1.1749 -0.9121 0.8687 2.1526 0.1162 1.0540 -0.0527 1.0553 357.14
2.95 1.1771 -0.8816 0.8691 2.0920 0.1234 1.0515 -0.0556 1.0530 356.97

3.00 1.1792 -0.8528 0.8713 2.0338 0.1308 1.0489 -0.0583 1.0505 356.823.05 1.1812 -0.8255 0.8733 1.9780 0.1383 1.0462 -0.0607 1.0479 356.68
3.10 1.1831 -0.7998 0.8752 1.9245 0.1460 1.0434 -0.0630 1.0453 356.55
3.15 1.1849 -0.7754 0.8769 1.8732 0.1536 1.0406 -0.0650 1.0426 356.42
3.20 1.1865 -0.7523 0.8785 1.8241 0.1614 1.0377 -0.0669 1.0399 356.31

3.25 1.1880 -0.7304 0.8800 1.7771 0.1691 1.0349 -0.0685 1.0372 356.213.30 1.1894 -0.7097 0.8814 1.7321 0.1769 1.0321 -0.0699 1.0344 356.12
3.35 1.1906 -0.6900 0.8827 1.6890 0.1847 1.0292 -0.0712 1.0317 356.04
3.40 1.1917 -0.6713 0.8840 1.6478 0.1925 1.0265 -0.0723 1.0290 355.973.45 1.1928 -0.6535 0.8851 1.6084 0.2002 1.0237 -0.0733 1.0264 355.90

3.50 1.1936 -0.6365 0.8862 1.5706 0.2079 1.0210 -0.0742 1.0237 355.85
3.55 1.1944 -0.6204 0.8873 1.5345 0.2156 1.0184 -0.0749 1.0212 355.79
3.60 1.1951 -0.8050 0.8883 1.4999 0.2232 1.0158 -0.0755 1.0186 355.75
3.65 1.1956 -0.5904 0.8893 1.4667 0.2307 1.0133 -0.0760 1.0162 355.71
3.70 1.1961 -0.5764 0.8902 1.4350 0.2381 1.0109 -0.0764 1.0138 355.68

3.75 1.1964 -0.5630 0.8911 1.4045 0.2455 1.0085 -0.0767 1.0114 355.65
3.80 1.1967 -0.5502 0.8920 1.3753 0.2528 1.0062 -0.0770 1.0091 355.63
3.85 1.1968 -0.5380 0.8928 1.3473 0.2599 1.0039 -0.0772 1.0069 355.613.90 1.1969 -0.5263 .0.8936 1.3204 0.2670 1.0017 -0.0773 1.0047 355.593.95 1.1969 -0.5161 0.8944 1.2946 0.2740 0.9996 -0.0774 1.0026 355.58

WADC TR 56-614 A-70



k. 0.3 G" 0.25

REAL IMAG. sMO USssPHASE REAL IMAG MOoLSUs PHASE

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 248.68 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 239.88 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 0.1-951 77.14
1.40 -0.0181 -0.0234 0.0296 232.36 0.0499 0.2031 0.2091 76.19
1.45 -0.0204 -0.0241 0.0316 229.68 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 -0.0248 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 -0.0313 -0.0246 0.0398 218.21 0.0924 0.2684 0.2839 71.01
1.70 -0.0342 -0.0241 0.0419 215.16 0.1030 0.2813 0.2996 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 0.3083 0.3313 67.60
1.85 -0.0434 -0.0208 0.0481 205.65 0.1389 0.3183 0.3473 66.42
1.90 -0.0464 -0.0191 0.0502 202.3B 0.1523 0.3299 0.3634 65.22
1.95 -0.0498 -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 0.3670 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 50.282.55 -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 0.56655 47.88
2.65 -0.0636 0.0349 0.0725 151.21 0.3955 0.4199 0.6769 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

WADC TR 56-614 A-71



k 0.3 o" = 0.25

a / -2ryXEA 2 f x
REA . REAL IMAG. MOWWS

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 0.9840 -0.0786 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 1.0866 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 1.1904 -0.3962 0.9044 1.0183 0;3612 0.9754 -0.0751 0.9783 355.60
4.70 1.1896 -0.3898 0.9051 1.0031 0.3667 0.9740 -0.0748 0.9769 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 0.9604 0.3827 0.9700 -0.0739 0.9728 355.64
4.90 1.1662 -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 355.715.15 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 35b.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 -0.0676 0.9523 355.92
5.85 1.1679 -0.2625 0.9187 0.7490 0.4728 0.9490 -0.0675 0.9514 355.93
5.90 1.1669 -0.2791 0.9193 0.7408 0.4767 0.9482 -0.0672 0.9505 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 -0.065 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 1.1603 -0.2572 0.9228 0.6881 0.5025 0.9426 -0.0649 0.9448 356.06
6.30 1.1594 -0.2544 0.9232 0.6812 0.5060 0.9418 -0.0646 0.9440 356.08
6.35 1.1585 -0.2516 0.9237 0.6743 0.5095 0.9411 -0.043 0.9433 356.09
6.40 1.1576 -0.2488 0.9242 0.6677 0.5129 0.9404 -0.039 0.9426 356.11
6.45 1.1567 -0.2461 0.9246 0.6611 0.5163 0.9397 -0.0636 0.9418 356.13

6.50 1.1558 -0.2435 0.9251 0.6547 0,5196 0.9390 -0.0633 0.9411 356.14
6.55 1.1549 -0.2409 0.9255 0.6484 0.5229 0.9383 -0.0630 0.9404 356.16
6.60 1.1541 -0.2384 0.9260 0.6422 0.5261 0.9376 -0.027 0.9397 356.18
0.65 1.1532 -0.2359 0.9264 0.6361 0.5294 0.9370 -0.0624 0.9390 356.19
6.70 1.1523 -0.2335 0.9269 0.6301 0.5325 0.9363 -0.0621 0.9384 356.21

6.75 1.1515 -0.2311 0.9273 0.6243 0.5357 0.9357 -0.0618 0.9377 356.22
6.80 1.1506 -0.2287 0.9277 0.6185 0.5388 0.9350 -0.0615 0.9370 356.24
6.85 1.1498 -0.2264 0.9281 0.6128 0.5418 0.9344 -0.0612 0.9364 356.26
6.90 1.1490 -0.2242 0.9286 0.6073 0.5448 0 9338 -0.0609 0.9358 356.27
6.95 1.1481 -0.2220 0.9290 0.6016 0.5478 0.9332 -0.0606 0.9352 356.29

WADC TR 56-614 A-72



4.0 0005 .0740.05 866 0.66 0.102.48551REL NA.Wi" 1PASE REAL IMAG. MOOULUSt

400 0005 00774 0.0774 88.11 0,8864 0.3180 0,780 25.58
4,05 0,0045 0,0774 0.0775 88.68 0,6716 0.3150 0:7418 25.13

4.10 0.0064 0.0773 0.0770 85.25 0.0766 0.3111 0.7447 24.69
4.15 0.0083 0.0772 0.0776 83.85 0,6814 0.3073 0.7474 24.27
4.20 0.0102 0.0771 0.0777 82.49 0.6860 0.3035 0.7501 23.87

4.25 0,0119 0.0789 0.0778 81.18 0.6904 0,2999 0.7527 23.48
4.30 0,0137 0.0788 0.0780 79.90 0.6947 0.2963 0.7553 23.10
4.35 0.0154 0.0766 0.0781 78.65 0,6989 0.2928 0,7577 22.73
4.40 0.0170 0.0764 0.0782 77.44 0.7029 0.2894 0.7602 22.38
4.45 0.0186 0.0761 0.0784 76.17 0.7068 0.2861 0.7625 22.04

4.50 0,0202 0.0759 0.0785 75,13 0.7106 0.2828 0.7648 21.70
4.55 0.0217 0.0756 0.0787 74.01 0,7143 0,2797 0.7671 21.38
4.60 0.0231 0.0754 0,0788 72.93 0,7178 0,2766 0.7693 21,07
4.65 0.0246 0.0751 0.0790 71.88 0.7213 0.2736 0.7714 20.77
4.70 0.0260 0.0748 0.0792 70.85 0.7247 0.2706 0.7735 20.48

4.75 0.0273 0.0745 0,0794 69.85 0.7280 0,2677 0.7756 20.19
4.80 0.0287 0.0742 0.0796 68.68 0.7311 0.1649 0.7777 19.91
4.85 0.0300 0,0739 0.0790 67,93 0.7343 0.2621 0.779 19.65
4.90 0.0313 0.0736 0.0600 67.00 0.7373 0.2594 0.7816 19.38
4.95 0,0325 0.0733 0.0602 66.09 0.7403 0,2568 0.7835 19.13

5.00 0.0337 0.0730 ..0604 65.21 0.7432 0,2542 0.7854 18.88
5.05 0.0349 0.0727 0.0806 64.35 0.7460 0,2517 0,7873 1864
5.10 0,0361 0.0724 0.0609 63.51 0.7487 0.2492 0.7691 18.41
5,15 0,0372 0.0721 0.0611 62.69 0.7514 0.2467 0,7909 18.18
5.20 0.0383 0.0717 0.0613 61.89 0.7541 0.2444 0.7927 17.95

5.25 0.0394 0.0714 0.0616 61.10 0,7567 0.2420 0.7944 17.74
5.30 0.0405 0.0711 0.0618 60.34 0.7592 0.2397 0.7961 17.52
5.35 0.0415 0.0708 0:0620 59.59 0.7617 0.2375 0.7978 17.32
5.40 0.0426 0.0704 0.0823 58.85 0.7641 0.2353 0.7995. 17.12
5.45 0.0436 0.0701 0.0625 58.14 0.7865 0.2331 0,8011 16.92

5.50 0,0446 0.0098 0,0628 57.44 0.7688 0,2310 0.8027 16.72
5.55 0.0455 0.0694 0.0680 56.75 0.7711 0.2289 0,8043 16.54
5.60 0.0465 0.0691 0.0633 56,08 0.7733 0.2209 0.8059 16.35
5.65 0.0474 0.0688 0.0635 55.42 0.7755 0.2249 0.8074 16.17
5.70 0.0483 0.0685 0.0638 54.78 0.7776 0.2229 0.8090 15.99

5.75 0.0492 0.0681 0.0641 54.15 0.7798 0.2209 0.8104 15.82
5.80 0.0501 0.0678 0.0843 53.43 0.7818 0.2190 0.8119 15.65
5.85 0.0510 0.0675 0.0646 52.92 0.7839 0.2171 0.8134 15.48
5,90 0.0518 0.0672 0.0648 52.33 0.7858 0.2153 0.8148 15.32
5.95 0.0527 0.0668 0.0851 51.75 0.7878 0.2135 0.8162 15.16

6.00 0,0535 0.0665 0.0854 51.18 0.7897 0.2117 0.8176 15.01
6.05 0.0543 0.0662 0.0856 50.62 0.7916 0,2099 0,8190 14.85
6'10 0.0551 0.0659 0.0859 50.08 0.7935 0.2082 0,8203 14,70
015 0.0559 0.0655 0.0801 49.54 0.7953 0.2065 0,8216 14.56
6.20 0.0567 0.0652 0.0864 49.01 0.7971 0.2048 0.8230 14.41

6.25 0.0574 0.0649 0.086.6 48.50 0.7988 0.2032 0.8243 14.27
6.0 0.0582 0.0646 0.0869 47.99 0.8005 0.2015 0.8255 14.13
6.35 0.0589 0.0643 0.0872 47.49 0.8022 0,1999 0.6268 13.99
6.40 0.0596 0.0639 0.0874 47.00 0.8039 0.1984 0.8280 13.86
6.45 0.0603 0.036 0.0677 46.53 0,8055 0.1068 0.8292 13.73

6.50 0.0610 0.0633 0.0879 46.06 0,8072 0.1953 0.8304 13.60
6.55 0.0617 0.0630 0.0882 45.59 0,6087 0,1938 0.8316 13.47
6.00 0.0624 0.0627 0.0884 45.14 0.8103 0.1923 0.8328 13.35
6.65 0.0630 0.0624 0.0887 44.70 0.8118 0.1908 0.8340 13.23
6.70 0.0637 0.0621 0.0889 44.26 0.8133 0.1894 0.8351 13.11

6.75 0.0643 0.0618 0.0892 43.83 0.8148 0.1879 0.8362 12.99
6.80 0.0650 0.0615 0.0894 43.41 0.8163 0.1865 0.8373 12.87
6.85 0.0656 0.0612 0.0897 42.99 0.8177 0.1852 0.8384 12.76
6.90 0.0662 0.0609 0.0899 42.59 0.8191 0.1838 0.8395 12.65
6.95 0.0668 0.0806 0.0902 42.19 0.8205 0.1825 0.8406 12.54

WADC TR 56-614 A-73



ks 0.3 .: 0.25

/ y I2rt -'
REAL IMG X 2r .. I x __

_____ REAL IMAG. M ,IJWSI PHAS
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 0.561* 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 0.9290 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 1.1388 -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 -0.05568 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 0.4871 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 0.6188 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 0.4698 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 358.80

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 1.1222 -0.1607 0.9416 0.4475 0.6392 0.9156 -0.0506 0.9170 356.84
8.90 1.1216 -0.1595 0.9419 0.4444 0.6412 0.9152 -0.0504 0.9166 356.85
8.95 1.1211 -0.1583 0.9421 0.4415 0.6431 0.9149 -0.0501 0.9162 356.86

9.00 1.1205 -0.1572 0.9424 0.4385 0.6450 0.9145 -0.0499 0.9159 356.88
9.05 1.1200 -0.1561 0.9426 0.4356 0.6469 0.9142 -0.0497 0.9155 356.89
9.10 1.1194 -0.1549 0.9429 0.4328 0.6487 0.9138 -0.0495 0.9152 356.90
9.15 1.1189 -0.1538 0.9432 0.4399 0.6506 0.9135 -0.0493 0.9148 356.91
9.20 1.1184 -0.1528 0.9434 0.4271 0.6524 0.9132 -0.0491 0.9145 356.93

9.25 1.1178 -0.1517 0.9437 0.4244 0.6542 0.9128 -0.0488 0.9141 356.94
9.30 1.1173 -0.1506 0.9439 0.4217 0.6560 0.9125 -0.0486 0.9138 356.95
9.35 1.1168 -0.1496 0.9442 0.4190 0.6577 0.9122 -0.0484 0.9135 356.96
9.40 1.1163 -0.1486 0.9444 0.4163 0.6595 0.9119 -0.0482 0.9131 356.97
9.45 1.1158 -0.1476 0.9446 0.4137 0.6612 0.9116 -0.0480 0.9128 356.99

9.50 1.1153 -0.1466 0.9449 0.4111 0.6629 0.9112 -0.0478 0.9125 357.00
9.55 1.1140 -0.1456 0.9451 0.4086 0.6646 0.9109 -0.0476 0.9122 357.01
9.60 1.1143 -0.1446 0.9454 0.4060 0.6663 0.9106 -0.0474 0.9119 357.02
9.65 1.1138 -0.1437 0.9456 0.4035 0.6679 0.9103 -0.0472 0.9116 357.03
9.70 1.1133 -0.1427 0.9458 0.4011 0.6696 0.9100 -0.0470 0.9113 357.04

9.75 1.1128 -0.1418 0.9460 0.3986 0.6712 0.9097 -0.0468 0.9109 357.06
9.80 1.1123 -0.1409 0.9463 0.3962 0.6728 0.9095 -0.0466 0.9106 357.07
9.85 1.1119 -0.1399 0.9465 0.3939 0.6744 0.9092 -0.0464 0.9104 357.089.90 1.1114 -0,1390 0.9467 0.3915 0.6760 0.9089 -0.0462 0.9101 357.099.95 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

WADC TR 56-614 A-74



70 0.03 40 0.25

REAL IMAG MWODUUS AASE REALa PHASMEUUS mn
foeartes) REAL.......o

7.00 0.0674 0.060 0,0904 41.80 0.8219 0.1011 0.8417 12.4
7.05 0.060 0.0600 0.0907 41.41 0.8284 0.1798 0.8426 12.32
7.10 0.0686 0.0597 0.0909 41.03 0.8246 0.1785 0.8437 12.82
7.15 0.0691 0.0594 0.0911 40.66 0.8259 0.1773 0.8447 12.11
7.20 0.0097 0.0591 0.0914 40.29 0.8272 0.1710 0.8457 12.01

1.25 0.0703 0.0588 0.0915 39.93 0.8284 0.1748 0.846 11.51
7.30 0.0708 0.0585 0.0918 39.57 0.8297 0.1735 0.8476 11.81
7.55 0.0713 0.0582 0.0921 39.23 0.8309 0.1723 0.8486 11.72
7.40 0.0719 0.0579 0.0923 38.56 0.8321 0.1765 0.8495 11.62
7.45 0.0744 0.0577 0.0925 38.54 0.8333 0.1700 0.8505 11.53

7.50 0.0729 0.0574 0.0928 38.21 0.8345 0.1688 0.8514 11.44
7.55 0.0734 0.0571 0.0930 37.89 0.8456 0.1677 0.8523 11.35
7.80 0.0739 0.0568 0.0932 37.5 0.8368 0.1665 0.8532 11.26
7.65 0.0744 0.0556 0.0935 37.25 0.8379 0.1654 0.8541 11.17
7.70 0.0749 0.0563 0.0937 36.94 0.8390 0.1643 0.8550 11.08

7.75 0.0754 0.0560 0.0939 36.6 0.8401 0.1633 0.8558 11.00
7.80 0.0758 0.0558 0.0941 36.3 0.8412 0.1622 0.8507 10.91
7.85 0.0763 0.0555 0.0943 36.03 0.8423 0.1011 0.86575 10.53
7.90 0.0787 0.0552 0.0946 35.64 0.8473 0.1601 0,8584 10.45
7.95 0.0772 0.0550 0.0948 35.45 0.8443 0.1590 0.8592 10.67

8.00 0.0776 0.0547 0.0950 35.17 0.8494 0.1580 0.8600 10.59
8.05 0.0781 0.0544 0.09052 34.89 0.844 0.1570 0.8608 10.51
8.10 0.0785 0.0542 0.0954 34.61 0.8474 0.1560 0.8616 10.43
8.15 0.0790 0.0529 0.0956 34.34 0.8483 0.1551 0.8624 10.36
8.20 0.0794 0.0537 0.0958 34.07 0.8493 0.1541 0.8632 10.28

8.25 0.07i8 0.0534 0.0960 32.80 0.8503 0.1531 0.8640 10.21
8.30 0.0802 0.0532 0.0962 32.55 0.8512 0.1522 0.8647 10.14
8.35 0.0806 0.0529 0.0965 32.30 0.8521 0.1512 0.8655 10.06
8.40 0.0810 0.0527 0.0967 33.04 0.8531 0.150 0.8692 9.99
8.45 0.0814 0.0525 0.0969 32.80 0.8540 0.1494 0.8669 9.92

8.50 0.0818 0.0522 0.0971 32.55 0.8549 0.1485 0.8077 9.8
8.55 0.0822 0.0520 0.0973 32.31 0.8558 0.1476 0.8684 9.79
8.60 0.082 0.0517 0.0975 32.07 0.8566 0.1437 0.8691 9.72
8.65 0.0830 0.0515 0.0977 31.84 0.855 0.1459 0.8698 9.46
8.70 0.0833 0.0513 0.0978 31.61 0.8583 0.1450 0.8705 9.59

8.75 0.0837 0.0510 0.0980 31.8 0.8592 0.1442 0.8712 9.52
8.80 0.0841 0.0508 0.092 31.15 0.8600 0.143 0.8719 9.46
8.85 0.0844 0.0506 0.0984 30.93 0.8608 0.1425 0.8726 9.40
a.90 0.0846 0.0504 0.0986 30.71 0.8617 0.1417 0.8732 9.34
8.95 0.0851 0.0501 0.0988 30.50 0.8625 0.1409 0.8739 9.28

9.00 0.0855 0.0499 0.0990 20.48 0.8663 0.1409 0.8745 9.22
9.05 0.0858 0.0497 0.0992 20.07 0.8640 0.1393 0.8752 9.16
9.10 0.0862 0.0495 0.0994 29.87 0.8648 0.1385 0.8758 9.10
9.15 0.0865 0.0493 0.0996 29.66 0.86856 0.1377 0.8765 9.04
9.40 0.0868 0.0491 0.0997 29.46 0.8663 0.1369 0.8771 8.98

9.25 0.0872 0.0488 0.0999 29.26 0.8671 0.1362 0.8777 8.93
9.50 0.0875 0.0486 0.1001 29.0 0.8678 0.13254 0.88 8.87
9.35 0.0878 0.0484 0.1003 28.87 0.868 0.1347 0.8789 8.81
9.40 0.0881 0.0482 0.1005 28.68 0.8693 0.1339 0.8795 8.76
9.45 0.0884 0.0480 0.1006 28.49 0.8700 0.1332 0.8801 8.71

9.50 0.088 0.0478 0.1008 28.30 0.870 0.1325 0.8807 8.45
9.55 0.0891 0.0476 0.1010 28.12 0.8714 0.118 0.8813 8.60
9.60 0.0894 0.0474 0.1012 27.94 0.8721 0.1311 0.8819 8.559.65 0:0897 0.0472 0.1013 27.75 0.8128 0.1304 0.8825 8.50
9.70 0.0900 0.0470 0.1015 27.58 0:8735 0.1297 0.8830 8.45

9.75 0.0903 0.0468 0.1017 27,40 0.8741 0.1290 0.8836 8.40
9.80 0.0905 0.0466 011018 27.23 0.8748 0.1283 0.8842 8.355
9.85 0.0908 0.0464 0.1020 27.06 0.8754 0.1277 0.8847 8.30
9.90 0.0911 0.0462 0.1022 26.89 0.8761 0.1270 0.8853 8.25
9.95 0.0914 0.0460 0.1023 26.72 0.8767 0.1264 0.8858 8.20

10.00 0.0917 0.0458 0.1025 26.56 0.8774 G.1257 0.8863 8.15

WA)C TR 56-614 A 75



1.05 .1.0030. -5.417 0.553 5.3154 0.0054 1.0050 -0.0018 1.0060 359.90
1.10 1.0043 -4.9275 0.5758 5.1317 0.0059 1.0071 -0.0024 1.0071 359.88
1.15 1.0052 -4.5028 0.5966 5.0352 0.0065 1.0084 -0.0031 1.0084 359.82
1.20 1.0002 -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 -3.5012 0.6553 4.7310 0.0088 1.0130 -0.0063 1.0130 359.64
1.35 1.0099 -3.2458 0.0735 4,.253 0.0098 1.0148 -0.0078 1.0148 359.561.40 1.0115 -3.0116 0.6910 4.5178 0.0109 1.0106 -0.0096 1.0167 359.46
1.45 1.0132 -2.8008 0.7078 4.4086 0.0122 1.0186 -0.0111 1.0186 359.34

1.50 1.0152 -2.8103 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 -0.0109 1.0227 359.05
1.60 1.0197 -2.2804 0.7540 4.0732 0.0170 1.0246 -0.0201 1.0248 358.8
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 -0.0217 1.0287 358.46

1.75 1.0282 -1.8654 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 $57.34
1.95 1.0433 -1.4914 0.8358 3.2726 0.0379 1.0333 -0.0540 1.0347 357.01

2.00 1.0477 -1.4101 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 0.0596 2.9394 0.0529 1.0308 -0.0735 1.0324 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 -1.080 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 1.0895 -0.9409 0.8893 2.3375 0.0966 1.0089 -0.1113 1.0150 353.70
2.45 1.0950 -0.8990 0.8923 2.2489 0.1055 1.0034 -0.1164 1.0101 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 0.9595 351.83
2.86 1.1325 -0.6508 0.9056 1.6767 0.1870 0.9535 -0.1389 0.9636 351.71
2.90 1.1362 -0.6281 0.9064 1.6210 0.1977 0.9475 -0.1397 0.9577 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

8.25 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 1.1590 -0.4744 0.910 1.2363 0.2905 0.9023 -0.1358 0.9125 351.44
3.40 1.1605 -0.4616 0.9111 1.2038 0.3000 0.8983 -0.1347 0.9084 351.47
3.45 1.1619 -0.4495 0.9114 1.1730 0.3094 0.8945 -0.1335 0.9044 351.51

3.50 1.1632 -0.4379 0.9117 1.,1436 0.3187 0.8909 -0.1323 0.9007 351.56
3.55 1.1643 -0.4269 0.9120 1.1157 0.3277 0.8874 -0.1310 0.8970 351.60
3.60 1.1653 -0.4164 0.9124 1.0890 0.3365 0.8841 -0.1297 0.8936 351.65
3.65 1.1661 -0.4065 0.9127 1.0636 0.3452 0.8810 -0.1284 0.9903 351.71
3.70 1.1669 -0.3969 0.9130 1.0394 0.3537 0.8780 -0.1271 0.8871 351.77

3.75 1.1075 -0.3878 0.9133 1.0162 0.3620 0.8751 -0.1257 0.8841 351.82
3.80 1.1680 -0.3791 0.9136 0.9941 0.3701 0.8723 -0.1244 0.8811 351.88
3.85 1.1685 -0.3708 0.9139 0.9729 0.3780 0.8697 -0.1231 0.8783 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

WADC TR 56-614 A-76



ka 0. 3 0.50

PHAS + 7FloPHIASE
REAL ws MPHSES REAL IMAG MODULWS for'

1.00 -0.0050 0.0014 0.0052 164.71 0.0155 0.1235 0.1244 82.83
1.05 -0.0060 0.0018 0.0063 183.14 0.0188 0.1357 0.1371 62.10
1.10 -0.0071 0.0024 0.0075 161.49 0.0227 0.1485 0.1502 81.32
1.15 -0.0084 0.0031 0.0089 159.76 0.0270 0.1617 0.1640 80.51
1.20 -0.0098 0.0040 0.0106 157.96 0.0320 0,1754 0.1783 79.67

1.25 -0.0113 0.0050 6.0124 156.07 0.0376 0.1894 0.1931 78.79
1.30 -0.0130 0.0063 0.0144 154.11 0.0438 0.2038 0.2085 77.87
1.35 -0.0148 0.0078 0.0167 152.07 0.0508 0.2185 0.2243 76.91
1.40 -0.0166 0.0096 0.0192 149.96 0.0585 0.2334 0.2406 75.92
1.45 -0.0186 0.0117 0.0220 147.76 0.0671 0.2485 0.2574 74.89

1.50 -0.0206 0,0141 0.0250 145.49 0.0765 0.2637 0.2746 73.82
1.55 -0.0226 0.0169 0.0282 143.14 0.0868 0.2790 0.2922 72.72
1.60 -0.0246 0.0201 0.0318 140.71 0.0980 0.2942 0.3101 71.58
1.65 -0.0265 0.0237 0.0356 138.20 0.1101 0.3093 0.3283 70.40
1.70 -0.0283 0.0277 0.0396 135.62 0.1232 0.3242 0.3468 69.19

1.75 -0.0299 0.0321 0.0439 132.97 0.1373 0.3387 0.3655 67.94
1.80 -0.0313 0.0370 0.0485 130.24 .0.1523 0.3529 0.3843 66.66
1.85 -0.0324 0.0423 0.0533 127.45 0.1682 0.3665 0.4033 65.34
1.90 -0.0331 0.0480 0.0583 124.60 0.1851 0.3794 0.4222 63.99
1.95 -0.0333 0.0540 0.0634 121.69 0.2029 0.3910 0.4411 62.61

2.00 -0.0331 0.0603 0.0687 118.74 0.2214 0.4029 0.4598 61.21
2.05 -0.0322 0.0668 0.0742 115.74 0.2407 0.4133 0.4782 59.78
2.10 -0.0308 0.0735 0.0797 112.71 0.2608 0.4225 0.4964 58.33
2.15 -0.0287 0.0802 0.0852 109.66 0.2810 0.4305 0.5141 56.87
2.20 -0.0250 0.0869 0.0907 106.61 0.3018 0.4374 0.5314 55.40

2.25 -0.0225 0.0934 0.0961 103.56 0.3227 0.4429 0.5480 563.92
2.30 -0.0185 0.0998 0.1015 100.53 0.3438 0.4472 0.5640 52.45
2.35 -0.0140 0.1057 0.1067 97.53 0.3647 0.4501 0.5793 50.98
2.40 -0.0089 0.1113 0.1117 94.58 0.3854 0.4518 0.5939 49.54
2.45 -0,0034 0.1164 0,1165 91.68 0.4057 0.4523 0.6077 48.11

2.50 0.0024 0.1210 0.1211 88.85 0.4256 0.4518 0.6206 46.71
2.55 0.0085 0.1251 0.1254 86,10 0.4448 0,4501 0.6328 45.34
2.60 0.0148 0.1287 0.1295 83.44 0,4633 0.4476 0.6442 44.01
2.65 0.0212 0.1317 0.1334 80.86 0.4811 0.4443 0.6549 42.72
2.70 0.0276 0.1342 0.1370 78.38 0.4981 0.4402 0.6648 41.47

2.75 0.0340 0.1362 0.1404 75.99 0.5143 0.4356 0.6740 40.26
2.80 0.0403 0.1378 0,1435 73.70 0.5297 0.4305 0.6826 39.10
2.85 0.0465 0.1389 0.1465 71.50 0.5443 0.4250 0.6906 37.98
2.90 0.0525 0.1397 0.1492 69.40 0.5581 0.4192 0.6980 36.91
2.95 0.0584 0.1401 0.1518 67.39 0.5711 0.4131 0.7049 35.88

3.00 0.0640 0.1403 0.1542 65.47 0.5834 0.4069 0.7113 34.89
3.06 0.0695 0.1402 0.1565 63.64 0.5950 0.4006 0.7173 33.95
3.10 0.0747 0.1399 0.1586 61.89 0.6060 0.3942 0.7229 33.05
3.15 0.0797 0.1393 0.1605 60.22 0.6163 0.3878 0.7281 32.18
3.20 0.0845 0.1386 0.1624 58.63 0.6260 0.3815 0.7330 31.36

3.25 0.0891 0.1378 0.1641 57.11 0.6351 0.3751 0.7376 30.57
3.30 0.0935 0.1368 0.1657 55.66 0.6438 0.3689 0.7420 29.81
3.35 0.0977 0.1358 0.1673 54.27 0.6519 0.3627 0.7460 29.09
3.40 0.1017 0.1347 0.1687 52.95 0.6596 0.3566 0.7499 28.40
3.45 0.1055 0.1335 0.1701 51.69 0.6669 0.3507 0.7535 27.74

3.50 0.1091 0.1323 0.1715 50.48 0.6738 0.3449 0.7570 27.10
3.55 0.1126 0.1310 0.1727 49.33 0.6804 0.3392 0.7603 26.50
3.60 0.1159 0.1297 0.1739 48.22 0.6866 0.33S7 0.7634 25.92
3.65 0.1190 0.1284 0.1751 47.16 0.6925 0.3283 0.7664 25.36
3.70 0.1220 0.1271 0.1762 46.15 0.6981 0.3230 0.7692 24.83

3.75 0.1249 0.1257 0.1772 45.18 0.7035 0.3179 0.7720 24.32
3.80 0.1277 0.1244 0.1783 44.25 0.7086 0.3129 0.7746 23.83
3.85 0.1303 0.1231 0.1793 43.36 0.7135 0.3081 0.7772 23.36
3.90 0.1329 0.1218 0.1802 42.50 0.7181 0.3034 0.7796 22.90
3.95 0.1353 0.1205 0.1811 41.68 0.7226 0.2989 0.7820 22.47

WADC TR 56-614 A 77



ka 0.3 a- 0.50

REAL ?MA. P 2 * .X __RE____ REAL /MAG MODUWS PHASE
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 0.9168 0.8319 0.4352 0.8520 -0.1130 0.8594 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 0.8483 -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 0.8449 -0.1085 0.8518 352.68

4.50 1.1680 -0.2881 0.9184 0.7634 0.4661 0.8432 -0.1074 0.8501 352.74
4.55 1.1676 -0.2832 0.9188 0.7511 0.4718 0.8417 -0.1083 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 0.8454 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 0.8358 -0.1023 0.8420 353.02
4.80 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 0.8317 -0.0995 0.8377 353.18
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 0.8280 -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 0.8284 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 0.5582 0.8192 -0.0904 0.8242 353.70

5.50 1.1568 -0.2139 0.9258 0.5759 0.5622 0.8182 -0.0896 0.8231 353.75
5.55 1.1562 -0.2111 0.9262 0.5690 0.5661 0.8173 -0.0889 0.8221 353.79
5.60 1.1555 -0.2084 0.9266 0.5622 0.5700 0.8163 -0.0882 0.8211 353.83
5.65 1.1548 -0.2058 0.9269 0.5555 0.5738 0.8154 -0.0875 0.8201 353,88
5.70 1.1542 -0.2032 0.9273 0.5490 0.5775 0.8145 -0.0868 0.8191 353.92

5.75 1.1535 -0.2007 0.9276 0.5426 0.5812 0.8136 -0.0861 0.8181 353.96
5.80 1.1529 -0.1983 0.9279 0.5364 0.5848 0.8127 -0.0854 0.8172 354.00
5.85 1.1522 -0.1959 0.9283 0.5303 0.5884 0.8118 -0,0848 0.8162 354.04
6.90 1.1516 -0.1936 0.9286 0.5244 0.5919 0.8110 -0.0841 0.8153 354.08
5.95 1.1509 -0.1913 0.9290 0.5186 0.5954 0.8101 -0.0835 0.8144 354.12

6.00 1.1503 -0.1890 0.9293 0.5129 0.5988 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 -0.1847 0.9299 0.5018 0.6054 0.8077 -0.0816 0.8118 354.23
6.15 1.1483 -0.1826 0.9303 0.4965 0.6087 0.8069 -0.0810 0.8110 354.27
6.20 1.1477 -0.1806 0.9306 0.4912 0.6119 0.8062 -0.0804 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 0.8066 354.38
6.35 1.1458 -0.1747 0.9315 0.4761 0.6212 0.8040 -0.0786 0.8078 354.42
6.40 1.1452 -0.1728 0.9318 0.4713 0.6242 0.8033 -0.0780 0.8070 354.45
6.45 1.1446 -0.1709 0.9321 0.4666 0.6272 0.8026 -0.0775 0.8063 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 1.1410 -0.1606 0.9339 0.4399 0.6441 0.7986 -0.0742 0.8020 354.69
6.80 1.1404 -0.1589 0.9342 0.4357 0.6468 0.7980 -0.0737 0.8014 354.72
6.85 1.1398 -0.1574 0.9345 0.4317 0.6494 0.7974 -0.0732 0.8007 354.75
6.90 1.1392 -0.1558 0.9347 0.4277 0.6520 0.7968 -0.0727 0.8001 354.78
6.95 1.1387 -0.1543 0.9350 0.4237 0.6546. 0.7962 -0.0722 0.7994 354.82

WADC TR 56-614
A-78



p

k4 0.3 0"1 0.10

REAL I' G I A ( ODUUS oMM tsPHSE REAL IAG.I MODULUS W',/ePA M

4.00 0.1376 0.1192 0.1821 40,89 0.7289 0.2944 0.7843 22.05
4.05 0.1399 0.1179 0.1829 40 13 0.7310 0.2901 0.7885 21.65

4.10 0.1420 0.1167 0.1838 39.40 0.7350 0.2860 0.7887 21.26
4.15 0.1441 0.1154 0.1846 38.69 0.7388 0.2819 0.7908 20.89
4.20 0.1461 0.1142 0.1854 38.02 0.7425 0.2780 0.7928 20.53

4.25 0.1480 0.1130 0.1862 37.38 0.7460 0.2742 0.7948 20.18
4.30 0.1499 0.1119 0.1870 36. 3 0.7494 0.2705 0.7968 19.85
4.35 0.1517 0.1107 0.1678 36.12 0.7527 0.2669 0.7987 19.52
4.40 0.1534 0.1096 0.1886 35.54 0.7559 0.2634 0.8005 19.21
4.45 0.1551 0.1085 0.1893 34.97 0.7591 0.2600 0.8024 18.91

4.50 0,1568 0.1074 0.1900 34.42 0.7621 0.2567 0.8041 18.62
4.55 0.1583 0.1063 0.1907 33.89 0.7650 0.2535 0.8059 18.33
4.60 0.1599 0.1053 0.1914 33.37 0.7678 0.2504 0.8076 18.06
4.65 0.1614 0.1043 0.1921 32.87 0.7706 0.2473 0.8093 17.79
4.70 0.1628 0.1033 0.1928 32.39 0.7733 0.2444 0.8110 17.54

4.75 0.1642 0.1023 0.1935 31.92 0.7759 0.2415 0.8126 17.29
4.80 0.1656 0.1014 0.1942 31.47 0.7785 0.2387 0.0142 17.04
4.85 0.1670 0.1004 0.1948 31.02 0.7809 0.2359 0.8158 16.81
4.90 0.1683 0.0995 0.1955 30.60 0.7834 0.2333 0.8174 16.58
4.95 0.1695 0.0986 0.1961 30.18 0.7857 0.2306 0.8189 16.36

5.00 0.1708 0.0977 0.1967 29.77 0.7881 0.2281 0.8204 16.14
5.05 0.1720 0.0968 0.1974 29.38 0.7903 0.2256 0.8219 15.93
5.10 0.1732 0.0960 0.1980 29.00 0.7925 0.2232 0.6234 15.73
5.15 0.1743 0.0951 0.1986 28.62 0.7947 0.2208 0.8248 15.53
5.20 0.1755 0.0943 0.1992 28.26 0.7968 0.2185 0.8262 15.33

5.25 0.1766 0.0935 0.1998 27.90 0.7989 0.2162 0.8276 15.14
5.30 0.1776 0.0927 0.2004 27.56 0.8009 0.2140 0.8290 14.96
5.35 0.1787 0.0919 0.2010 27.22 0.8029 0.2118 0.8304 14.78
5.40 0.1797 0.0911 0.2015 26.89 0.8049 0.2097 0.8317 14.60
5.45 0.1808 0.0904 0.2021 26.57 0.8068 0.2076 0.8331 14.43

5.50 0.1818 0.0896 0.2027 26.25 0.8087 0.2056 0.8344 14.26
5.55 0.1827 0.0889 0.2032 25.95 0.8105 0.2036 0.8357 14.10
5.0 0.1837 0.0882 0.2038 25.65 0.8123 0.2016 0.8369 13.94
5.65 0.1846 0.0875 0.2043 25.36 0.8141 0.1997 0.8382 13.78
5.70 0.1855 0.0868 0.2048 25.07 0.8158 0.1978 0.8394 13.63

5.75 0.1864 0.0861 0.2054 24.79 0.8175 0.1959 0.8407 13.48
5.80 0.1873 0.0854 0.2059 24.51 0.8192 0.1941 0.8419 13.33
5.85 0.1862 0.0848 0.2064 24.25 0.8208 0.1923 0.6430 13.19
5.90 0.1890 0.0841 0.2069 23.98 0.8224 0.1906 0.8442 13.05
5.95 0.1899 0.0835 0.2074 23.73 0.8240 0.1888 0.8454 12.91

6.00 0.1907 0.0828 0.2079 23.48 0.8256 0.1872 0.8465 12.77
6.05 0.1915 0.0822 0.2084 23.23 0.8271 0.1855 .0.8476 12.64
6.10 0.1923 0.0816 0.2089 22.99 0.8286 0.1839 0.8488 12.51
6.15 0.1931 0.0810 0.2093 22.75 0.8301 0.1823 0.8498 12.38
6.20 0.1938 0.0804 0.2098 22.52 0.8315 0.1807 0.8509 12.26

6.25 0.1946 0.0798 0.2103 22.29 0.8330 0.1791 0.8520 12.14
6.30 0.1953 0.0792 0.2107 22.07 0.8344 0.1776 0.8530 12.02
6.35 0.1960 0.0786 0.2112 21.85 0.8357 0.1761 0.8541 11.90
6.40 0.1967 0.0780 0.2116 21.63 0.8371 0.1746 0.8551 11.78
6.45 0.1974 0.0775 0.2121 21.42 0.8384 0.1732 0.8561 11.67

6.50 0.1981 0.0769 0.2125 21.22 0.8397 0.1718 0.8571 11.56
6.55 0.1988 0.0764 0.2130 21.01 0.8410 0.1703 0.8581 11.45
6.60 0.1995 0.0758 0..134 20.81 0.8423 0.1690 0.8591 11.34
6.65 0.2001 0.0753 0.2138 20.62 0.8435 0.1676 0.8600 11.24
6.70 0.2008 0.0748 0.2142 20.42 0.8448 0.1663 0.8610 11.13

6.75 0.2014 0.0742 0.2146 20.24 0.8460 0.1649 0.8619 11.03
6.80 0.2020 0.0737 0.2150 20.05 0.8472 0.1636 0.8628 10.93
6.85 0.2026 0.0732 0.2155 19.87 0.8483 0.1624 0.8637 10.84
6.90 0.2032 0.0727 0.2158 19.69 0.8495 0.1611 0.8646 10.74
6.95 0.2038 0.0722 b.2162 19.61 0.8506 0.1599 0.8655 10.64

WADC TR 56-614 A 79



k; 0.3 t" = 0.50

REAL IIMG z z PHAME
EAL REAL /MAG. MOLJWS fs)

7.00 1.1381 -0.1528 0.9353 0.4198 0.6571 0.7956 -0.0717 0.7988 354.857.05 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 354.917.15 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 -0.0899 0.7964 354.97

7.25 1.1354 -0.1457 0.9366 0.4015 0.6693 0.7928 -0.0694 0.7958 355.007.30 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 355.147.55 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 355.197.65 1.1312 -0.1356 0.9385 0.3751 0.6872 0.7888 -0.0659 0.7915 355.227,70 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 0.3891 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 355.337.90 1.1288 -0.1299 0.9397 0.3603 0.6975 0.7865 -0.0639 0.7891 355.357.95 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 355.408.05 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 355.458.15 1.1265 -0.1247 0.9407 0.3466 0.7071 0.7843 -0.0621 0.7868 355.488.20 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 0.1108 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 355.798.90 1.1202 -0.1111 0.9437 0.3109 0.7328 0.7786 -0.0570 0.7807 355.318.95 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 1.1186 -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 355.979.35 1.1168 -0.1043 0.9452 0.2928 0.7462 0.7757 -0.0543 0.7776 355.999.40 1.1164 -0.1035 0.9454 0.2909 0.7476 0.7754 -0.0541 0.7773 356.019.45 1.1161 -0.1029 0.9456 0.2891 0.7490 0.7751 -0.0538 0.7770 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 0.2636 0.7531 0.7742 -0,0530 0.7760 356.099.65 1.1147 -0.1002 0.9462 0.2818 0.7544 0.7739 -0.0527 0.7757 356.119.70 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 356.149.80 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 356.189.90 1.1130 -0.0970 0.9470 0.2733 0.7609 0.7725 -0.0514 0.7742 356.199.95 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

WADC TR 56-614 A-80



k: .s 03 0.50

/+1 +__ I/ Flo
REAL IMAG MO PHASE REAL IMAO MODIWS ¢ASE

7.00 0.2044 0.0717 0.2166 19.34 0.8517 0.1586 0.8664 10.55
7.05 0.2050 0.0713 0.2170 19.17 0.8528 0.1574 0.8672 10.46
7.10 0.2055 0.0708 0.2174 19.00 0.8539 0.1562 0.8681 10.37
7.15 0.2061 0.0703 0.2178 18.84 0.6550 0.1551 0.8689 10.28
7.20 0.2067 0.0699 0.2181 18.68 0.8560 0.1539 0.8698 10.19

7.25 0.2072 0.0694 0.2185 18.52 0.8571 0.1528 0.8706 10.11
7.30 0.2077 0.0689 0.2189 18.36 0.8581 0.1517 0.8714 10.02
7.35 0.2082 0.0685 0.2192 18.21 0.8591 0.1506 0.8722 9.94
7.40 0.2088 0.0681 0.2196 18.06 0.8601 0.1495 0.8730 9.86
7.45 0.2093 0.0676 0.2199 17.91 0.8611 0.1484 0.8738 9.78

7.50 0.2098 0.0672 0.2203 17.76 0.8620 0.1473 0.8745 9.70
7.55 0.2103 0.0668 0.2206 17.62 0.8630 0.1463 0.8753 9.62
7.60 0.2108 0.0664 0.2210 17.48 0.8639 0.1453 0.8760 9.55
7.65 0.2112 0.0659 0.2213 17.34 0.8648 0.1443 0.8768 9.47
•7.70 0.2117 0.0655 0.2216 17.20 0.8658 0.1433 0.8775 9.40

7.75 0.2122 0.0651 0.2219 17.06 0.8666 0.1423 0.8782 9.32
7.80 0.2126 0.0647 0.2223 16.93 0.8675 0.1413 0.8790 9.25
7.85 0.2131 0.0643 0.2226 16.80 0.8684 0.1403 0.8797 9.18
7.90 0.2135 0.0639 0.2229 16.67 0.8693 0.1394 0.8804 9.11
7.95 0.2140 0.0636 0.2232 16.54 0.8701 0.1385 0.8811 9.04

8.00 0.2144 0.0632 0.2235 16.42 0.8710 0.1375 0.8818 8.97
8.05 0.2148 0.0628 0.2238 16.29 0.8718 0.1366 0.8824 8.91
8.10 0.2153 0.0624 0.2241 16.17 0.8726 0.1357 0.8831 8.84
8.15 0.2157 0.0621 0.2244 16.05 0.8734 0.1348 0.8838 8.78
8.20 0.2161 0.0617 0.2247 15.93 0.8742 0.1340 0.8844 8.71

8.25 0.2165 0.0613 0.2250 15.82 0.8750 0.1331 0.8851 8.65
8.30 0.2169 0.0610 0.2253 15.70 0.8758 0.1322 0.8857 8.59
8.35 0.2173 0.0606 0.2256 15.59 0.8765 0.1314 0.8863 8.53
8.40 0.2177 0.0603 0.2259 15.46 0.8773 0.1306 0.8870 8.47
8.45 0.2181 0.0599 0.2262 15.37 0.8780 0.1297 0.8876 8.41

8.50 0.2185 0.0596 0.2264 15.26 0.8788 0.1289 0.8882 8.35
8.55 0.2188 0.0593 0.2267 15.15 0.8795 0.1281 0.8888 8.29
8.60 0.2192 0.0589 0.2270 15.04 0.8802 0.1273 0.8894 8.23
8.65 0.2196 0.0586 0.2273 14.94 0.8809 0.1266 0.8900 8.18
8.70 0.2199 0.0583 0.2275 14.84 0.8816 0.1258 0.8906 6.12

8.75 0.2203 0.0579 0.2278 14.74 0.8823 0.1250 0.8911 8.06
8.80 0.2207 0.0576 0.2281 14.64 0.8830 0.1243 0.8917 8.01
8.85 0.2210 0.0573 0.2283 14.54 0.8837 0.1235 0.8923 7.96
8.90 0.2214 0.0570 0.2286 14.44 0.8844 0.1228 0.8929 7.90
8.95 0.2217 0.0567 0.2288 14.34 0.8850 0.1221 0.8934 7.85

9.00 0.2220 0.0564 0.2291 14.25 0.8857 0.1213 0.8940 7.80
9.05 0.2224 0.0561 0.2293 14.15 0.8863 0.1206 0.8945 7.75
9.10 0.2227 0.0558 0.2296 14.06 0.8870 0.1199 0.8950 7.70
9.15 0.2230 0.0555 0.2298 13.97 0.8876 0.1192 0.8956 7.65
9.20 0.2234 0.0552 0.2301 13.88 0.8882 0.1185 0.8961 7.60

9.25 0.2237 0.0549 0.2303 13.79 0.8888 0.1179 0.8966 7.5b
9.30 0.2240 0.0546 0.2305 13.70 0.8895 0.1172 0.8971 7.51
9.35 0.2243 0.0543 0.2308 13.62 0.8901 0.1165 0.8977 7.46
9.40 0.2246 0.0541 0.2310 13.50 0.8907 0.1159 0.8982 7.41
9.45 0.2249 0.0538 0.2313 13.45 0.8913 0.1152 0.8967 7.37

9.50 0.2252 0.0535 0.2315 13.36 0.8918 0.1146 0.8992 7.32
9.55 0.2255 0.0532 0.2317 13.28 0.8924 0.1139 0.8997 7.28
9.60 0.2258 0.0530 0.2319 13.20 0.8930 0.1133 0.9001 7.23
9.65 0.2261 0.0527 0.2322 13.12 0.8936 0.1127 0.9006 7.19
0.70 0.2264 0.0524 0.2324 13.04 0.8941 0.1121 0.9011 7.14

9.75 0.2267 0.0522 0.2326 12.96 0.8947 0.1115 0.9016 7.10
9.80 0.2270 0.0519 0.2328 12.88 0.8952 0.1109 0.9021 7.06
9.85 0.2272 0.0516 0.2330 12.81 0.8958 0.1103 0.9025 7.02
9.90 0.2275 0.0514 0.2332 12.73 0.8963 0.1097 0.9030 6.98
9.95 0.2278 0.0511 0.2335 12.65 0.8968 0.1091 0.9034 6.94

10.00 0.2281 0.0509 0.2337 12.58 0.6974 0.1085 0.9039 6.90

WADC TR 56-614 A 81



km 0.4 " 0.00

I y -27
REL I/AG. REAL IMAG. MO lUS omp

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 1.0004 1.51
1.10 1.2576 -. 2627 0.4561 5.3992 0.0045 1.0073 0.0288 1.0077 1.64
1.15 1.2577 -7,5595 0.4735. 5.3242 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 -4.7535 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 1.2601 -4.1595 0.5973 4.6617 0.0095 1.0259 0.0495 1.0270 2.76
1.60 1.2605 -3.9034 0.8107 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 L.0333 2.95
1.70 1.2615 -3.4573 0.6362 4.3958 0.0123 1.0353 0.0547 1.0387 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 -1.6687 0.7702 3.1101 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 -1.4649 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 1.1017 0.0350 1.1023 1.82
2.80 1.2779 -1.2881 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 1.2798 -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 i.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 -0.7388 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

WADC TR 56-614 A-82



k- 0.4 C" 0.00

- --- -PHIASE

REAL IMAG. MVWLUS AIOtREHAS REAL IM. MODUWS DAEESJ

1.00 -0.0050 -0.0242 0.0247 258.27 0.0124 0.0985 0.0992 82.83
1.05 -0.0061 -0.0264 0.0271 257.08 0.0150 0.1082 0.1092 82.11
1.10 -0.0073 -0.0288 0.0297 255.84 0.0180 0.1183 0.1196 81.35
1.15 -0.0086 -0.0312 0.0323 254.54 0.0214 0.1287 0.1305 80.55
1.20 -0.0101 -0.0330 0.0351 253.19 0.0253 0.1395 0.1417 79.73

1.25 -0.0118 -0.0360 0.0379 251.79 0.0296 0.1505 0.1534 78.87
1.30 -0.0137 -0.0384 0.0407 250.35 0.0344 0.1617 0.1654 77.99
1.35 -0.0158 -0.0407 0.0437 248.85 0.0398 0.1732 0.1777 77.07
1.40 -0.0180 -0.0430 0.0467 247.31 0.0456 0,1848 0.1904 70.13
1.45 -0.0204 -0.0453 0.0497 245.72 0.0521 0.1966 0.2034 75.16

1.50 -0.0231 -0.0475 0.0528 244.09 0.0591 0.2084 0.2166 74.17
1.55 -0.0259 -0.0495 0.0558 242.43 0.0667 0.2202 0.2301 73.15
1.60 -0.0288 -0.0514 0.0589 240.72 0.0749 0.2320 0.2438 72.10
1.65 -0.0320 -0.0532 0.0620 238.98 0.0837 0.2437 0.2577 71.04
1.70 -0.0353 -0.0541 0.0651 237.21 0.0931 0.2553 0.2717 69.95

1.75 -0.0387 -0.0561 0.0682 235.41 0.1031 0.2666 0.2859 68.85
1.80 -0.0423 -0.0573 0.0712 233.59 0.1137 0.2777 0.3001 67.73
1.85 -0.0459 -0.0582 0.0742 231.74 0.1249 0.2885 0.3144 66.00
1.90 -0.0497 -0.0589 0.0770 229.87 0.1365 0.2990 0.3287 65.45
1.95 -0.0534 -0.0593 0.0799 227.99 0.1487 0.3090 0.3429 64.30

2.00 -0.057S -0.0595 0.0826 226.10 0.1614 0.3186 0.3571 63.14
2,05 -0.0611 -0.0594 0.0852 224.20 0.1745 0.3277 0.3712 61.97
2.10 -0.0649 -0.0590 0.0877 222.30 0.1880 0.3362 0.3852 60.79
2.15 -0.0686 -0.0584 0.0901 220.40 0.2018 0.3442 0.3990 59.62
2.20 -0.0723 -0.0575 0.0924 218.50 0.2159 0.3516 0.4120 58.45

2.25 -0.0759 -0.0564 0.0945 216.61 0.2303 0.3583 0.4259 57.28
2.30 -0.0793 -0.0550 0.0965 214.73 0.2448 0.3644 0.4390 56.11
2.35 -0.0826 -0.0534 0.0983 212.87 0.2595 0.3699 0.4518 54.95
2.40 -0.0857 -0.0516 0.1000 211.03 0.2742 0.3747 0.4843 53.81
2.45 -0.0886 -0.0496 0.1015 209.22 0.2890 0.3789 0.4765 52.67

2.50 -0.0014 -0.0474 0.1029 207.43 0.3037 0.3824 0.4884 51.55
2.55 -0.0939 -0.0451 0.1041 205.67 0.3183 0.3853 0.4998 50.44
2.60 -0.0962 -0.0427 0.1052 203.94 0.3328 0.3876 0.5109 49.35
2.65 -0.0983 -0.0402 0.1062 202.25 0.3472 0.3894 0.5217 48.28
2.70 -0.1001 -0.0376 0.1069 200.60 0.3613 0.3905 0.5320 47.22

2.75 -0.1017 -0.0350 0.1076 198.98 0.3752 0.3911 0.5420 46.19
2.80 -0.1032 -0.0324 0.1081 197.41 0.3888 0.3913 0.5518 45.18
2.85 -0.1044 -0.0297 0.1085 195.88 0.4020 0.3909 0.5608 44.20
2.90 -0.1054 -0.0271 0.1088 194.40 0.4150 0.3902 0.5696 43.24
2.95 -0.1062 -0.0244 0.1090 192.96 0.4276 0.3890 0.5781 42.30

3.00. -0.1068 -0.0219 0.1091 191.57 0.4398 0.3875 0.5862 41.38
3.05 -0.1073 -0.0193 0.1090 190.22 0.4517 0.3857 0.5939 40.49
3.10 -0.1076 -0.0169 0.1089 188.92 0.4631 0.3836 0.6014 39.63
3.15 -0.1078 -0.0145 0.1088 187.66 0.4743 0.3812 0.6085 38.79
3.20 -0.1078 -0.0122 0.1085 186.45 0.4850 0.3786 0.6153 37.98

3.25 -0.1077 -0.0100 0.1082 185.29 0.4953 0.3758 0.6218 37.19
3.30 -0.1075 -0.0078 0.1078 184.16 0.5053 0.3729 0.6280 36.43
3.35 -0.1073 -0.0058 0.1074 183.08 0.5149 0.3698 0.6339 35.69
3.40 -0.1069 -0.0038 0.1070 182.04 0.5241 0.3666 0.6397 34.97
.3.45 -0.1064 -0.0019 0.1065 181.04 0.5330 0.3634 0.6451 34.28

3.50 -0.1059 -0.0002 0.1059 180.08 0.5416 0.3600 0.6504 33.61
3.55 -0.1054 0.0015 0.1054 179.16 0.5499 0.3566 0.6554 32.97
3.60 -0.1048 0.0032 0.1048 178.27 0.5578 0.3532 0.6602 32.34
3.65 -0.1041 0.0047 0.1042 177.42 0.5654 0.3497 0.6648 31.74
3.70 -0.1034 0.0061 .0.1036 176.60 0.5728 0.3462 0.6693 31.15

3.75 -0.1027 0.0075 0.1030 175.82 0.5798 0.3428 0.6736 30.59
3.80 -0.1020 0.0088 0.1024 175.06 0.5867 0.3393 0.6777 30.04
3.85 -0.1012 0.0100 0.1017 174.33 0.5932 0.3359 0.6817 29.52
3.90 -0.1004 0.0112 0.1011 173.63 0.5996 0.3325 0.6856 29.01
3.95 -0.0997 0.0123 0.1004 172.95 0.6057 0.3291 0.6893 28.52

WADC TR 56-614 A-83



ka 0.4 o 0.00

x y -2
REA ~M6~ 2r f X _ _ _-

REAL IMAG. REAL IMAG. MODULWS PHASE

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 1.2094 -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 1.00888 -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 1.214R 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 358.68

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 358.82
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 1.2092 -0.3497 0.9002 0.8904 0.4105 1.0693 -0.0307 1.0697 358.36
6.30 1.2078 -0.3459 0.9009 0.8819 0.4140 1.0688 -0.0307 1.0692 358.35
6.35 1.2064 -0.3421 0.9016 0.8736 0.4174 1.0683 -0.0308 1.0687 358.35
6.40 1.2051 -0.3384 0.9023 0.8655 0.4209 1.0678 -0.0309 1.0683 358.34
6.45 1.2038 -0.3348 0.9029 0.8575 0.4242 1.0673 -0.0310 1.0678 358.34

6.50 1.2024 -0.3312 0.9036 0.8496 0.4276 1:0669 -0.0310 1.0673 358.34
6.55 1.2011 -0.3278 0.9042 0.8419 0.4309 1.0664 -0.0311 1.0668 358.33
6.60 1.1998 -0.3244 0.9048 0.8343 0.4342 1.0659 -0.0311 1.0664 358.33
6.65 1.1986 -0.3210 0.9055 0.8268 0.4374 1.0655 -0.0312 1.0659 358.33
6.70 1.1973 -0.3177 0.9061 0.8195 0.4407 1.0650 -0.0312 1.0655 358.32

6.75 1.1961 -0.3145 0.9067 0.8123 0.4438 1.0646 -0.0312 1.0650 358.32
6.80 1.1948 -0.3114 0.9073 0.8052 0.4470 1.0641 -0.0313 1.0646 358.32
6.85 1.1936 -0.3083 0.9079 0.7982 0.4501 1.0637 -0.0313 1.0642 358.32
6.90 1.1924 -0.3052 0.9085 0.7914 0.4532 1.0633 -0.0313 1.0637 358.31
6.95 1.1912 -0.3022 0.9091 0.7847 0.4563 1.0628 -0.0313 1.0633 358.31

WADC TR 56-614 A-84



k= 0.4 V= 0.00

a - Flo 1+_

REAL IMAG. MODULUS PHASE REAL MAG. MOwUS wRSF
IDEGREES) _____(DEOREES

4.00 -0.0989 0.0134 0.0998 172.30 0.6116 0.3257 0.6929 28.04
4.05 -0.0981 0.0143 0.0991 171.68 0.6173 0.3224 0.6964 27.58
4.10 -0.0973 0.0153 0.0985 171.07 0.6228 0.3192 0.6998 27.14
4.15 -0.0965 0.0162 0.0978 170.49 0.6281 0.3160 0.7031 26.71
4.20 -0.0957 0.0170 0.0972 169.93 0.6332 0.3128 0.7063 26.29

4.25 -0.0949 0.0178 0.0966 169.38 0.6382 0.3097 0.7094 25.89
4.30 -0.0941 0.0185 0.0959 168.85 0.6431 0.3066 0.7124 25.49
4.35 -0.0934 0.0193 0.0953 168.34 0.6477 0.3036 0.7154 25.12
4.40 -0.0926 0.0199 0.0947 167.85 0.6523 0.3007 0.7183 24.75
4.45 -0.0918 0.0206 0.0941 167.37 0.6567 0.2978 0.7211 24.39

4.60 -0.0911 0.0212 0.0935 166.91 0.6610 0.2949 0.7238 24.05
4.55 -0.0903 0.0217 0.0929 166.46 0.6652 0.2922 0.7265 23.71
4.60 -0.0896 0.0223 0.0923 166.02 0.6693 0.2894 0.7292 23.38
4.65 -0.0888 0.0228 0.0917 165.60 0.6732 0.2867 0.7317 23.07
4.70 -0.0881 0.0233 0.0911 165.18 0.6771 0.2841 0.7343 22.76

4.75 -0.0874 0.0238 0.0905 164.78 0.6808 0.2815 0.7367 22.46
4.80 -0.0867 0.0242 0.0900 164.39 0.6845 0.2789 0.7392 22.17
4.85 -0.0859 0.0246 0.0894 164.01 0.6881 0.2764 0.7415 21.89
4.90 -0.0853 0.0250 0.0889 163.63 0.6916 0.2740 0.7439 21.61
4.95 -0.0846 0.0254 0.0883 163.27 0.6950 0.2716 0.7462 21.34

5.00 -0.0839 0.0258 0.0878 162.92 0.6983 0.2692 0.7484 21.08
5.05 -0.0832 0.0261 0.0872 162.57 0.7016 0.2669 0.7506 20.82
5.10 -0.0825 0.0265 0.0867 162.23 0.7048 0.2646 0.7528 20.58
5.15 -0.0819 0.0268 0.0862 161.90 0.7079 0.2623 0.7550 20.33
5.20 -0.0812 0.0271 0.0856 161.58 0.7110 0.2601 0.7571 20.09

5.25 -0.0806 .0.0273 0.0851 161.26 0.7140 0.2579 0.7591 19.86
5.30 -0.0800 0.0276 0.0846 160.95 0.7169 0.2558 0.7612 19.64
5.35 -0.0793 0.0279 0.0841 160.65 0.7198 0.2537 0.7632 19.41
5.40 -0.0787 0.0281 0.0836 160.36 0.7226 0.2516 0.7652 19.20
5.45 -0.0781 0.0283 0.0831 160.07 0.7254 0.2496 0.7671 18.99

5.50 -0.0775 0.0286 0.0826 159.78 0.7281 0.2476 0.7690 18.78
5.55 -0.0769 0.0288 0.0821 159.50 0.7307 0.2456 0.7709 18.58
5.60 -0.0763 0.0290 0.0816 159.23 0.7333 0.2436 0.7727 18.38
5.65 -0.0758 0.0291 0.0812 158.96 0.7359 '0.2417 0.7746 18.18
5.70 -0.0752 0.0293 0.0807 158.70 0.7384 0.2398 0.7764 17.99

5.75 -0.0746 0.0295 0.0802 158.44 0.7409 0.2380 0.7781 17.81
5.80 -0.0741 0.0296 0.0798 158.19 0.7433 0.2361 0.7799 17.62
5.85 -0.0735 0.0298 0.0793 157.94 0.7456 0.2343 0.7816 17.45
5.90 -0.0730 0.0299 0.0788 157.70 0.7480 0.2325 0.7833 17.27
5.95 -0.0724 0.0300 0.0784 157.46 0.7503 0.2308 0.7850 17.10

6.00 -0.0719 0.0302 0.0779 157.23 0.7525 0.2291 0.7866 16.93
6.05 -0.0713 0.0303 0.075 157.00 0.7547 0.2273 0.7882 16.76
6.10 -0.0708 0.0304 0.0771 156.78 0.7569 0.2257 0.7898 16.60
6.15 -0.0703 0.0305 0.0766 156.56 0.7590 0.2240 0.7914 16.44
6.20 -0.0698 0.0306 0.0762 156.34 0.7611 0.2223 0.7929 16.28

6.25 -0.0693 0.0307 0.0758 156.13 0.7632 0.2207 0.7945 16.13
6.30 -0.0688 0.0307 0.0754 155.92 0.7652 0.2191 0.7960 15.98
6.35 -0.0683 0.0308 0.0749 155.71 0.7672 0.2175 0.7975 15.83
6.40 -0.0678 0.0309 0.0745 155.51 0.7692 0.2180 0.7989 15.69
6.45 -0.0673 0.0310 0.0741 155.31 0.7711 0.2145 0.8004 15.54

6.50 -0.0669 0.0310 0.0737 155.12 0.7730 0.2129 0.8018 15.40
6.55 -0.0664 0.0311 0.0733 154.93 0.7748 0.2114 0.8032 16.26
6.60 -0.0659 0.0311 0.0729 154.74 0.7767 0.2100 0.8046 15.13
6.65 -0.0655 0.0312 0.0725 154.55 0.7785 0.2085 0.8059 14.99
6.70 -0.0650 0.0312 0.0721 154.37 0.7803 0.2071 0.8073 14.86

6.75 -0.0646 0.0312 0.0717 154.20 0.7820 0.2056 0.8086 14.73
6.80 -0.0641 0.0313 0.0713 154.02 0.7837 0.2042 0.8099 14.61
6.85 -0.0637 0.0313 0.0710 153.85 0.7854 0.2028 0.8112 14.48
6.90 -0.0633 0.0313 0.0706 153.68 0.7871 0.2015 0.8125 14.36
6.95 -0.0628 0.0313 0.0102 153.51 0.7887 0.2001 0.8137 14.24

WADC TR 56-614 A-85



ka 0.4 o" g 0.00

I y -p -Y -/- "
REAL IMAG. REAL I/MAG. MOCIJWS 10,U

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 1.0586 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 1.1737 -0.2610 0.9175 0.6902 0.5015 1.0567 -0.0312 1.0571 358.31
7.80 1.1727 -0.2588 0.9179 0.6851 0.5041 1.0563 -0.0311 1.0568 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 0.6661 0.5142 1.0560 -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 1.3615 -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 1.1540 -0.2193 0.9268 0.5917 0.5534 1.0498 -0.0302 1.0503 358.35
8.90 1.1532 -0.2177 0.9271 0.5879 0.5555 1.0496 -0.0301 1.0500 358.36
8,95 1.1524 -0.2161 0.9275 0.5841 0.5576 1.0493 -0.0301 1.0497 358.36

9.00 1.1516 -0.2146 0.9279 0.5804 0.5597 1.0490 -0.0300 1.0494 358.36
9.05 1.1508 -0.2130 0.9282 0.5767 0.5618 1.0487 -0.0300 1.0492 358.36
9.10 1.1501 -0.2115 0.9286 0.5730 0.5638 1.0485 -0.0299 1.0489 358.37
9.15 1.1493 -0.2101 0.9289 0.5695 0.5658 1.0482 -0.0299 1.0487 358.37
9.20 1.1486 -0.2080 0.9293 0.5659 0.5678 1.0480 -0.0298 1.0484 358.37

9.25 1.1478 -0.2071 0.9296 0.5624 0.5698 1.0417 -0.0297 1.0481 358.37
9.30 1.1471 -0.2057 0.9300 0.5589 0.5718 1.0475 -0.0297 1.0479 358.38
9.35 1.1464 -0.2043 0.9303 0.5555 0.5738 1.0472 -0.0296 1.0476 358.38
9.40 1.1456 -0.2029 0.9307 0.5521 0.5757 1.0470 -0.0296 1.0474 358.38
9.45 1.1449 -0.2015 0.9310 0.5488 0.5776 1.0467 -0.0295 1.0471 358.39

9.50 1.1442 -0.2002 0.9313 0.5455 0.5796 1.0465 -0.0294 1.0469 358.39
9.55 1.1435 -0.1988 0.9317 0.5422 0.5814 1.0462 -0.0294 1.0467 358.39
9.60 1.1428 -0.1975 0.9320 0.5390 0.5833 1.0460 -0.0293 1.0464 358.40
9.65 1.1421 -0.1962 0.9323 0.5358 0.5852 1.0458 -0.02D2 1.0462 358.40
9.70 1.1414 -0.1949 0.9326 0.5327 0.5870 1j0 455 -0.0292 1.0459 358.40

9.75 1.1407 -0.1937 0.9329 0.5296 0.5889 1.0453 -0.0291 1.0457 358.40
9.80 1.1401 40.1924 0.9333 0.5265 0.5907 1.0451 -0.0291 1.0455 358.41
9.85 1.1394 -0.1912 0.9336 0.5235 0.5925 1.0449 -0.0290 1.0453 358.41
9.90 1.1387 -0.1900 0.9339 0.5204 0.5943 1.0446 -0.0289 1.0450 358.41
9.95 1.1381 -0.1887 0.9342 0.5175 0.5960 1.0444 -0.0289 1.0448 358.42

10.00 1.1374 -0.1875 0.9345 0.5145 0.5978 1.0442 -0.0288 1.0446 358.42

WADC m 56-614 A-86



k: 0.4 O* 0.00

a _ _

REAL IMAG. MOLUs REAL IMAG. MOJUWS PHASE

7.00 -0.0624 0.0313 0.0698 153.36 0.7903 0.1988 0.8149 14.12
7.05 -0.0620 0.0313 0.0695 153.19 0.7919 0.1975 0.8162 14.00
'.10 -0.0618 0.0313 0.0691 153.03 0.7935 0.1962 0.8174 13.89
7.15 -0.0612 0.0313 0.0687 152.87 0.7950 0.1949 0.8186 13.77
7.20 -0.0608 0.0313 0.0684 152.72 0.7965 0.1936 0.8197 13.66

7.25 -0.0604 0.0313 0.0680 152.57 0.7980 0.1923 0.8209 13.55
7.30 -0.0600 0.0313 0.0677 152.42 0.7995 0.1911 0.8220 13.44
7.35 -0.0596 0.0313 0.0673 152.28 0.8010 0.1899 0.8232 13.34
7.40 -0.0592 0.0313 0.0670 152.13 0.8024 0.1886 0.8243 13.23
7.45 -0.0588 0.0313 0.0666 151.99 0.8038 0.1874 0.8254 13.13

7.50 -0.0585 0.0313 0.0663 151.85 0.8052 0.1863 0.8265 13.03
7.55 -0.05681 0.0313 0.0660 151.71 0.8066 0.1851 0.8275 12.92
7.60 -0.0577 0.0312 0.0656 151.58 0.8079 0.1839 0.8286 12.83
7.65 -0.0574 0.0312 0.0653 151.45 0.8092 0.1828 0.8296 12.73
7.70 -0.0570 0.0312 0.0650 151.32 0.8106 0.1817 0.8307 12.63

7.75 -0.0567 0.0312 0.0647 151.19 0.8118 0.1805 0.8317 12.54
7.80 -0.0563 0.0311 0.0643 151.0o 0.8131 0.1794 0.8327 12.44
7.85 -0.0560 0.0311 0.0640 150.94 0.8144 0.1784 0.8337 12.35
7.90 -0.0556 0.0311 0.0637 150.81 0.8156 0.1773 0.8347 12.26
7.95 -0.0553 0.0310 0.0634 150.69 0.8168 0.1762 0.8356 12.17

8.00 -0.0550 0.0310 0.0631 150.57 0.8181 0.1752 0.8366 12.09
8.05 -0.0546 0,0310 0.0628 150.46 0.8192 0.1741 0.8375 12.00
8.10 -0.0543 0.0309 0.0625 150.34 0.8204 0.1731 0.8385 11.91
8.15 -0.0540 0.0309 0.0622 150.23 0.8216 .0.1721 0.8394 11.83
8.20 -0.0537 0.0308 0.0619 150.11 0.8227 0.1711 0.8403 11.75

8.25 -0.0533 0.0308 0.0616 150.00 0.8239 0.1701 0.8412 11.66
8.30 -0.0530 0.0308 0.0613 149.89 0.8250 0.1691 0.8421 11.58
8.35 -0.0527 0.0307 0.0610 149.78 .0.8261 0.1681 0.8430 11.50
8.40 -0.0524 0.0307 0.0607 149.68 0.8272 0.1671 0.8439 11.42
8.45 -0.0521 0.0306 0.0604 149.57 0.8282 0.1662 0.8447 11.35

8.50 -0.0518 0.0306 . 0.0602 149.47 0.8293 0.1652 0.8456 11.27
8.55 -0.0515 0.0305 0.0599 149.37 0.8303 0.1643 0.8464 11.19
8.60 -0.0512 0.0305 0.0596 149.27 0.8314 0.1634 0.8473 11.12
8.85 -0.0509 0.0304 0.0593 149.17 0.8324 0.1625 0.8481 11.05
8.70 -0.0507 0.0304 0.0591 149.07 0.8334 0.1616 0.8489 10.97

8.75 -0.0504 0.0303 0.0588 148.97 0.8344 0.1607 0.8497 10.90
8.80 -0.0501 0.0303 0.0585 148.88 0.8354 0.1598 0.8505 10.83
8.85 -0.0498 0.0302 0.0583 148.78 0.8364 0.1589 0.8513 10.76
8.90 -0.0496 0.0301 0.0580 148.69 0.8373 0.1581 0.8521 10.69
8.95 -0.0493 0.0301 0.0577 148.60 0.8383 0.1572 0.8529 10.62

9.00 -0.0490 0.0300 0.0575 148.51 0.8392 0.1564 0.8536 10.55
9.05 -0.0487 0.0300 0.0572 148.42 0.8401 0.1555 0.8544 10.49
9.10 -0.0485 0.0299 0.0570 148.33 0.8411 0.1547 0.8552 10.42
9.15 -0.0482 0.0299 0.0567 148.24 0.8420 0.1539 0.8559 10.36
9.20 -0.0480 0.0298 0.0565 148.16 0.8429 0.1531 0.8566 10.29

9.25 -0.0477 0.0297 0.0562 148.07 0.8437 0.1523 0.8574 10.23
9.30 -0.0475 0.0297 0.0560 147.99 0.8446 0.1515 0.8581 10.17
9.35 -0.0472 0.0296 0.0551 147.90 0.8455 0.1501 0.8588 10.11
9.40 -0.0470 0.0296 0.0555 147.82 0.8463 0.1499 0.8595 10.04
9.45 -0.0467 0.0295 0.0553 147.74 0.8472 0.1491 0.8602 9.98

9.50 -0.0465 0,0294 0.0550 147.66 0.8480 0.1484 0.8609 9.92
9.55 -0.0462 0.0294 0.0548 147.5b 0.8488 0.1476 0.8616 9.86
9.60 -0.0460 0.0293 0.0545 147.50 0.8497 0.1469 0.8623 9.81
9.85 -0.0458 0.0292 0.0543 147.43 0.8505 0.1461 0.8629 9.75
9.70 -0.0455 0.0292 0.0541 147.35 0.8513 0.1454 0.8636 9.69

9.75 -0.0453 0.0291 0.0539 147.28 0.8521 0.1447 0.8643 9.64
9.80 -0.0451 0.0291 0.0536 147.20 0.8528 0.1439 0.8649 9.58
9.85 -0.0449 0.0290 0.0534 147.13 0.8536 0.1432 0.8656 9.52
9.90 -0.0446 0.0289 0.0532 147.05 0.8544 0.1425 0.8662 9.47
9.95 -0.0444 0.0289 0.0530 146.98 0.8551 0.1418 0.8668 9.42

10.00 -0.0442 0.0288 0.0527 146.91 0.8559 0.1411 0.8675 9.36

WADC TR 56-614 A-87



ko 0.4 g 0.25

a 22
REAL IA "G. REAL IMAP. O S s

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 1.1179 -3.5327 0.6439 4.6021 0.0100 1.0227 0.0249 1.0230 1.39
1.55 1.1187 -3.3057 0.6588 4.5068 0.0110 1.0253 0.0252 1.0256 1.41
1.60 1.1197 -3.0994 0.6730 4.4108 0.0121 1.0281 0.0253 1.0284 1.41
1.65 1.1207 -2.9115 0.6868 4.3140 0.0134 1.0310 0.0252 1.0313 1.40
1.70 1.1219 -2.7398 0.6999 4.2167 0.0147 1.0340 0.0248 1.0342 1.37

1.75 1.1231 -2.5825 0.7125 4.1192 0.0163 1.0370 0.0241 1.0373 1.33
1.80 1.1244 -2.4380 0.7246 4.0214 0.0179 1.0401 0.0231 1.0404 1.27
1.85 1.1258 -2.3050 0.7361 3.9237 0.0198 1.0432 0.0218 1.0434 1.20
1.90 1.1274 -2.1823 0.7470 3.8262 0.0218 1.0463 0.0202 1.0465 1.11
1.95 1.1290 -2.0689 0.7575 3.1291 0.0240 1.0493 0.0182 1.0494 1.00

2.00 1.1307 -1.9638 0.7673 3.6326 0.0264 1.0522 0.0160 1.0523 0.87
2.05 1.1326 -1.8663 0.7767 3.5367 0.0291 1.0550 0.0134 1.0550 0.73
2.10 1.1345 -1.7757 0.7855 3.4418 0.0320 1.0575 0.0104 1.0576 0.57
2.15 1.1365 -1.6913 0.7938 3.3479 0.0352 1.0599 0.0072 1.0599 0.39
2.20 1.1386 -1.6127 0.8016 3.2553 0.0386 1.0620 0.0038 1.0620 0.20

2.25 1.1408 -1.5393 0.8089 3.1640 0.0423 1.0639 0.0000 1.0639 0.00
2.30 1.1431 -1.4707 0.8157 3.0743 0.0462 1.0654 -0.0039 1.0654 359.79
2.35 1.1454 -1.4065 0.8221 2.9863 0.0505 1.0666 -0.0080 1.0666 359.57
2.40 1.1478 -1.3463 0.8280 2.9000 0.0550 1.0674 -0.0122 1.0675 359.35
2.45 1.1502 -1.2900 0.8335 2.8157 0.0599 1.0679 -0.0185 1.0680 359.11

2.50 1.1527 -1.2371 0.8386 2.7335 0.0650 1.0680 -0.0209 1.0682 358.88
2.55 1.1552 -1.1874 0.8434 2.6534 0.0704 1.0678 -0.0252 1.0681 358.65
2.60 1.1577 -1.1408 0.8477 2.5755 0.0761 1.0672 -0.0295 1.0676 358.42
2.65 1.1602 -1.0969 0.8517 2.5000 0.0821 1.0663 -0.0337 1.0668 358.19
2.70 1.1627 -1.0556 0.8554 2.4268 0.0883 1.0650 -0.0378 1.0657 357.96

2.75 1.1651 -1.0168 0.8588 2.3560 0.0948 1.0635 -0.0418 1.0643 357.75
2.80 1.1675 -0.9801 0.8620 2.2877 0.1015 1.0617 -0.0456 1.0626 357.54
2.85 1.1699 -0.9456 0.8648 2.2218 0.1084 1.0596 -0.0492 1.0608 357.34
2.90 1.1721 -0.9131 0.8674 2.1584 0.1155 1.0574 -0*0526 1.0587 357.15
2.95 1.1743 -0.8823 0.8699 2.0974 0.1228 1.0549 -0.0558 1.0564 356.97

3.00 1.1764 -0.8533 0.8721 2.0387 0.1302 1.0524 -0.0587 1.0540 366.81
3.05 1.1784 -0.8259 0.8741 1.9825 0.1377 1.0497 -0.0615 1.0515 356.65
3.10 1.1803 -0.7999 0.8760 1.0285 0.1454 1.0469 -0.0640 1.0488 356.50
3.15 1.1821 -0.7753 0.8778 1.8767 0.1531 1.0440 -0.0663 1.0461 356.37
3.20 1.1838 -0.7521 0.8794 1.8272 0.1609 1.0411 -0.0683 1.0434 356.25

3.25 1.1853 -0.7301 0.8809 1.7797 0.1687 1.0382 -0.0702 1.0406 356.13
3.30 1.1868 -0.7091 0.8823 1.7342 0.1765 1.0353 -0.0719 1.0378 356.03
3.35 1.1881 -0.6893 0.8836 1.6907 0.1844 1.0324 -0.0733 1.0350 355.94
3.40 1.1893 -0.6705 0.8848 1.6491 0.1922 1.0295 -0.0747 1.0322 355.85
3.45 1.1904 -0.6525 0.8860 1.6092 0.2000 1.0267 -0.0758 1.0295 355.78

3.50 1.1913 -0.6355 0.8871 1.5710 0.2078 1.0238 -0.0768 1.0267 355.71
3.55 1.1922 -0.6193 0.8881 1.5345 0.2156 1.0211 -0.0777 1.0240 355.65
3.60 1.1929 -0.6038 0.8891 1.4995 0.2232 1.0184 -0.0784 1.0214 355.60
3.65 1.1936 -0.5891 0.8901 1.4660 0.2308 1.0157 -0.0791 1.0188 355.55
3.70 1.1941 -0.5750 0.8910 1.4339 0.2384 1.0131 -0.0796 1.0163 355.51

3.75 1.1945 -0.5615 0.8918 1.4032 0.2458 .1.0106 -0.0800 1.0138 355.47
3.80 1.1949 -0.5487 0.8927 1.3737 0.2532 1.0082 -0.0804 1.0114 355.44
3.85 1.1951 -0.5364 0.8935 1.3454 0.2604 1.0058 -0.0806 1.0090 355.42
3.90 1.1953 -0.5246 0.8943 1.3182 0.2676 1.0034 -0.0808 1.0067 355.39
3.95 1.1953 -0.5133 0.8951 1.2921 0.2747 1.0012 [0.0810 1.0045 355.38

WADC TR 56-614 A-88



ka 0.4 Vx 0.25

- + . Fo

REAL IMAG MOJULUS PH4SE REAL I1M. MODULUS PASE
_________' (DEGRE$

1.00 -0.0050 -0.0146 0.0155 250.99 0.0135 0.1078 0.1086 82.86
1.05 -0.0061 -0.0159 0.0170 249.05 0.0164 0.1185 0.1196 82.13
1.10 -0.0073 -0.0172 0.0187 247.03 0.0197 0.1295 0.1310 81.37
1.15 -0.0086 -0.0184 0.0204 244.91 0.0234 0.1410 0.1429 80.58
1.20 -0.0101 -0.0196 0.0221 242.70 0.0276 0.1528 0.1553 79.75

1.25 -0.0118 -0.0208 0.0239 240.41 0.0324 0.1649 0.1681 78.89
1.30 -0.0136 -0.0219 0.0258 238.03 0.0377 0.1773 0.1813 78.00
1.35 -0.0156 -0.0228 0.0277 235.57 0.0436 0.1900 0.1949 77.09
1.40 -0.0178 -0.0237 0.0296 233.03 0.0501 0.2028 0.2089 78.13
1.45 -0.0202 -0.0244 0.0316 230.40 0.0572 0.2157 0.2232 75.15

1.50 -0.0227 -0.0249 0.0337 227.70 0.0650 0.2288 0.2378 74.14
1.55 -0.0253 -0.0252 0.0357 224.91 0.0735 0.2418 0.2528 73.10
1.60 -0.0281 -0.0253 0.0378 222.06 0.0826 0.2549 0.2679 72.04
1.65 -0.0310 -0.0252 0.0399 219.14 0.0925 0.2678 0.2834 70.95
1.70 -0.0340 -0.0248 0.0420 216.15 0.1030 0.2806 0.2990 89.84

1.75 -0.0370 -0.0241 0.0442 213.09 0.1143 0.2932 0.3147 68.71
1.80 -0.0401 -0.0231 0.0463 209.98 0.1262 0.3055 0.3306 67.56
1.86 -0.0432 -0.0218 0.0484 206.80 0.1388 0.3175 0.3465 66.39
1.90 -0.0463 -0.0202 0.0505 203.58 0.1520 0.3290 0.3624 65.20
1.95 -0.0493 -0.0182 0.0525 200.31 0.1659 0.3400 0.3784 63.99

2.00 -0.0522 -0.0160 0.0546 197.00 0.1803 0.3505 0.3942 62.78
2.05 -0.0550 -0.0134 0.0568 193.66 0.1953 0.3605 0.4100 61.55
2.10 -0.0575 -0.0104 0.0585 190.28 0.2108 0.3697 0.4256 60.31
2.15 -0.0599 -0.0072 0.0603 186.88 0.2266 0.3783 0.4410 59.07
2.20 -0.0620 -0.0038 0.0621 183.46 0.2429 0.3861 0.4561. 57.83

2.25 -0.0639 -0.0000 0.0639 180.03 0.2594 0.3931 0-4710 56.58
2.30 -0.0854 0.0039 0.0655 176.60 0.2762 0.3993 0:4855 55.33
2.35 0.0666 0.0080 0.0671 173.17 0.2931 0.4048 0.4997 54.09
2.40 -0.0674 0.0122 0.0685 169.75 0.3101 0.4093 0.5135 52.86
2.45 -0.0679 0.0165 0.0699 166.34 0.3270 0.4131 0.5269 51.63

2.50 -0.0680 0.0209 0.0711 162.96 0.3440 0.4161 0.5398 . 50.42
2.55 -0.0878 0.0252 0.0723 159.61 0.3607 0.4182 0.5523 49.22
2.60 -0.0672 0.0995 0.0734 156.29 0.3773 0.4196 0.5643 48.04
2.65 -0.0663 0.0337 0.0743 153.02 0.3935 0.4203 0.5757 46.88
2.70 -0.0650 0.0378 0.0752 149.79 0.4095 0.4202 0.5867 45.74

2.75 -0.0635 0.0418 0.0760 146.62 0.4250 0.4195 0.5972 44.62
2.80 -0.0817 0.0456 0.0767 143.51 0.4402 0.4182 0.6072 43.53
2.85 -0.0596 0.0492 0.0773 140.46 0.4549 0.4164 0.6167 42.47
2.90 -0.0574 0.0526 0.0778 137.47 0.4691 0.4141 0.6257 41.43
2.95 -0.0549 0.0558 0.0783 134.56 0.4828 0.4113 0.6342 40.43

3.00 -0.0524 0.0587 0.0787 131.71 0.4960 0.4081 0.6423 39.45
3.05 -0.0497 0.0615 0.0790 128.94 0.5087 0.4046 0.6500 38.50
3.10 -0.0469 0.0640 0.0793 126.24 0.5209 0.4009 0.6572 37.58
3.15 -0.0440 0.0663 0.0796 123.61 0.5325 0.3968 0.6641 36.69
3.20 -0.0411 0.0683 0.0798 121.05 0.5436 0.3926 0.6706 35.84

3.25 -0.0382 0.0702 0.0799 118.58 0.5543 0.3883 0.6767 35.01
3.30 -0.0353 0.0719 0.0801 116.17 0.5645 0.3838 0.6826 34.21
3.35 -0.0324 0.0733 0.0802 113.83 0.5742 0.3792 0.6881 33.44
3.40 -0.0295 0.0747 0.0803 111.57 0.56834 0.3745 0.6933 32.70
8.45 -0.0267 0.0758 0.0804 109.37 0.5923 0.3699 0.6983 31.99

3.50 -0.0238 0.0768 0.0804 107.25 0.6007 0.3652 0.7030 31.30
3.55 -0.0211 0.0777 0.0805 105.19 0.6087 0.3605 0.7075 30.64
3.60 -0.0184 0.0784 0.0805 103.19 0.6164 0.3559 0.7118 30.00.
3.65 -0.0157 0.0791 0.0806 101.25 0.6238 0.3512 0.7158 29.38
3.70 -0.0131 0.0796 0.0807 99.38 0.8308 0.3467 0.7198 28.79

3.75 -0.0106 0.0800 0.0807 97.56 0.6375 0.3422 0.7235 28.23
3.80 -0.0082 0.0804 0.0808 95.80 0.6439 0.3377 0.7271 27.68
3.85 -0.0058 0.0806 0.0808 94.10 0.6500 0.3334 0.7305 27.15
3.90 -0.0034 0.0808 0.0809 92.44 0.6559 0.3291 0.7338 26.64
3.95 -0.0012 0.0810 0.0810 90.84 0.6616 0.3249 0.7370 26.15

WADC TR 56-614 A-89



k* 0.4 o' 0.25

a __ _ /y -2vr.y-2- ) f xM04ULUS PHASE
REAL REAL IMAG. M fr

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 1.1940 -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
4.30 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 09754 -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 35559
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 0.9527 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 0.6123 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 0.9282 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

WADC TR 56-614 A-90



kr 0.4 o's 0.25

REAL IMAG. MfODUUS tPHASE REAL IMAG MODULUS PHAE

4.00 0.0010 0.0811 0.0811 89.28 0.6670 0.3207 0.7401 25.68
4.05 0.0032 0.0811 0.0812 87.78 0.6722 0.3167 0.7431 25.23
4.10 0.0052 0.0811 0.0813 86.31 0.6772 0.3127 0.7460 24.79
4.15 0.0072 0.0811 0.0814 84.89 0.6821 0.3089 0.7488 24.36
4.20 0.0092 0.0810 0.0815 83.51 0.6867 0.3051 0.7515 23.95

4.25 0.0111 0.0809 0.0816 82.18 0.6912 0.3014 0.7541 23.56
4.30 0.0130 0.0807 0.0818 80.88 0.6956 0.2978 0.7566 23.18
4.35 0.0148 0.0806 0.0819 79.61 0.6998 0.2943 0.7591 22.81
4.40 0.0165 0.0804 0.0821 78.38 0.7038 0.2908 0.7616 22.45
4.45 0.0182 0.0802 0.0822 77.19 0.7078 0.2875 0.7639 22.11

4.50 0.0199 0.0800 0.0824 76.03 0.7116 0.2842 0.7662 21.77
4.55 0.0215 0.0797 0.0826 74.90 0.7153 0.2810 0.7685 21.45
4,60 0.0231 0.0795 0.0828 73.80 0.7189 0.2779 0.7707 21.13
4.65 0.0246 0.0792 0.0830 72.73 0.7224 0.2748 0.7729 20.83
4.70 0.0261 0.0789 0.0832 71.69 0.7258 0.2718 0.7750 20.53

4.75 0.0276 0.0787 0.0834 70.67 0.7291 0.2689 0.7771 20.24
4.80 0.0290 0.0784 0.0836 59.68 0.7323 0.2660 0.7791 19.97
4.85 0.0304 0.0781 0.0838 68.72 0.7354 0.2632 0.7811 19.69
4.90 0.0318 0.0778 0.0840 67.78 0.7385 0.2605 0.7831 19.43
4.95 0.0331 0.0775 0.0843 66.86 0.7415 0.2578 0.7850 19.17

5.00 0.0344 0.0772 0.0845 65.96 0.7444 0.2552 0.7869 18.92
5.05 0.0357 0.0768 0.0847 65.09 0.7472 0.2526 0.7888 16.68
5.10 0.0369 0.0765 0.0850 64.24 0.7500 0.2501 0.7906 18.44
5.15 0.0382 0.0762 0.0852 63.40 0.7527 0.2477 0.7924 18.21
5.20 0.0394 0.0759 0.0855 62.59 0.7553 0.2453 0.7942 17.99

5.25 0.0405 0.0755 0.0857 61.79 0.7579 0.2429 0.7959 17.77
5.30 0.0417 0.0752 0,0860 61.01 0.7605 0.2406 0.7976 17.55
5.35 0.0428 0.0749 0.0863 60.25 0.7629 0.2383 0.7993 17.35
5.40 0.0439 0.0746 0.0865 59.51 0.7654 0.2361 0.8010 17.14
5.45 0.0450 0.0742 0.0868 58.78 0.7678 0.2339 0.8026 16.94

5.50 0.0460 0.0739 0.0871 58.07 0.7701 0.2317 0.8042 16.75
5.55 0.0471 0.0735 0.0873 57.38 0.7724 0.2296 0.8058 16.56
5.60 0.0481 0.0732 0.0876 56.70 0.7746 0.2276 0.8073 16.37
5.65 0.0491 0.0729 0.0879 56.03 0.7768 0.2255 0.8089 16.19
5.70 0.0501 0.0725 0.0881 55.38 0.7790 0.2235 0.8104 16.01

5.75 0.0510 0.0722 0.0884 54.74 0.7811 0.2216 0.8119 15.84
5.80 0,0520 0.0719 0.0887 54.11 0.7831 0.2196 0.8134 15.67
5.85 0.0529 0.0715 0.0890 53.50 0.7852 0.2177 0.8148 15.50
5.90 0.0538 0.0712 0.0892 52.90 0.7872 0.2159 0.8162 15.33
5.95 0.0547 0,0708 0.0895 52.31 0.7891 0.2140 0.8176 15.17

6.00 0.0556 0.0705 0.0808 51.73 0.7910 0.2122 0.8190 15.02
6.05 0.0565 0.0702 0.0901 51.17 0.7929 0.2104 0.8204 14.86
6.10 0.0573 0.0698 0.0904 50.61 0.7948 0.2087 0,8217 14.71
6.15 0.0582 0.0695 0.0906 50,07 0.7966 0.2070 0.8230 14.56
6.20 0.0590 0.0692 0.0909 49.53 0.7984 0.2053 0.8244 14.42

6.25 0.0598 0.0688 0.0912 49.01 0.8001 0.2036 0.8256 14.28
6.30 0.0606 0.0685 0.0915 48.50 0.8019 0.2019 0.8269 14.14
6.35 0.0614 0.0682 0.0917 47.99 0.8036 0.2003 0.8282 14.00
6.40 0.0622 0.0678 0.0920 47.50 0.8052 0.1987 0.8294 13.86
6.45 0.0629 0.0675 0.0923 47.01 0.8069 0.1972 0.8306 13.73

6.50 0.0637 0.0672 0.0925 46.54 0.8085 0.1956 0.8318 13.60
6.55 0.0644 0.0668 0.0928 46.07 0.8101 0.1941 0.8330 13.47
6.60 0.0651 0.0665 0.0931 45.61 0.8116 0.1926 0.8342 13.35
6.65 0.0658 0.0662 0.0934 45.16 0.8131 0.1911 0.8353 13.23
6.70 0.0665 0.0659 0.0936 44.72 0.8147 0.1896 0.8364 13.10

6.75 0.0672 0.0655 0.0939 44.28 0.8161 0.1882 0.8376 12.99
6.80 0.0679 0.0652 0.0941 43.85 0.8176 0.1868 0.8387 12.87
6.85 0.0686 0.0649 0.0944 43.43 0.8190 0.1854 0.8397 12.75
6.90 0.0692 0.0646 0.0947 43.02 0.8204 0*1840 0.8408 12.64
6.95 0.0699 0.0643 0.0949 42.62 0.8218 0.1827 0.8419 12.53

WADC TR 56-614 A-91



k= 0.4 o" = 0.25

o/ y -2 p'
R 2r t... PHA

REAL IMAG REAL IMAG. MO WLUS owr

7.00 1.1486 -0. 177 0.9290 0.5902 0.5542 0.9295 -0.0640 0.9317 356.06
7.05 1.1478 -0.2156 0.9294 0.5849 0.5572 0.9289 -0.0637 0.9311 356.08
7.10 1.1470 -0.2135 0.9297 0.5797 0.5601 0.9283 -0.0633 0.9304 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 1.1440 -0.2055 0.9312 0.5598 0.5713 0.9259 -0.0621 0.9280 356.16
7.35 1.1433 -0.2036 0.9316 0.5551 0.5740 0.9253 -0.0618 0.9274 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 1.1411 -0.1981 0,9327 0.5412 0.5820 0.9236 -0.0609 0.9256 356,23
7.55 1.1404 -0.1963 0.9330 0.5368 0.5846 0.9231 -0.0606 0.9251 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 366.29

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 1.1363 -0.1862 0.9350 0.5114 0.5996 0.9200 -0.0589 0.9219 356.33
7.90 1.1356 -0.1846 0.9353 0.5074 0.6021 0.9195 -0.0587 0.9214 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 1.1337 -0.1800 0.9363 0.4958 0.6091 0.9181 -0.0578 0.9199 356.40
8.10 1.1330 -0.1785 0.9366 0.4920. 0.6114 0.9176 -0.0576 0.9194 356.41
8.15 1.1324 -0.1771 0.9369 0.4883 0.6137 0.9172 -0.0573 0.9189 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 -0.0538 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 -0.0593 0.9121 356.65

9.00 1.1225 -0.1553 0.9416 0.4327 0.6488 0.9102 -0.0530 0.9117 356.66
9.05 1.1220 -0.1542 0.9419 0.4298 0.6506 0.9098 -0.0528 0.9113 356.68
9.10 1.1215 -0.1531 0.9421 0.4269 0.6525 0.9095 -0.0526 0.9110 356.69
9.15 1.1209 -0.1520 0.9424 0.4241 0.6543 0.9091 -0.0523 0.9106 356.70
9.20 1.1204 -0.1509 0.9426 0.4213 0.6562 0.9087 -0.0521 0.9102 356.72

9.25 1.1199 -0.1499 0.9429 0.4186 0.6580 069084 -0.0519 0.9099 355.73
9.30 1.1194 -0.1488 0.9431 0.4159 0.6597 0.9080 -0.0517 0.9095 356.74
9.35 1.1189 -0.1478 0.9433 0.4132 0.6615 0.9077 -0.0514 0.9092 356.76
9.40 1,1184 -0.1468 0.9436 0.4106 0.6633 0.9074 -0.0512 0.9088 356.77
9.45 1.1179 -0.1458 0.9438 0.4080 0.6650 0.9070 -0.0510 0.9085 356.78

9.50 1.1174 -0.1448 0.9440 0.4054 0.6667 0.9067 -0.0508 0.9081 356.79
9.55 1.1189 -0.1438 0.9443 0.4029 0.6684 0.9064 -0.0506 0.9078 356.81
9.60 1,1164 -0.1429 0.9445 0.4004 0.6701 0.9060 -0.0504 0.9074 356.82
9.65 1.1160 -0.1419 0.9447 0.3979 0.6717 0.9057 -0.0501 0.9071 356.83
9.70 1.1155 -0.1410 0.9449 0.3954 0.6734 0.9054 -0.0499 0.9068 356.84

9.75 1.1150 -0.1400 0.9452 0.3930 0.6750 0.9051 -0.0497 0.9065 356.86
9.80 1.1145 -0.1391 0.9454 0.3906 0.6766 0.9048 -0.0495 0.9061 356.87
9.85 1.1141 -0.1382 0.9456 0.3882 0.6782 0.9045 -0.0493 0.9058 356.88
9.90 1.1136 -0.1373 0.9458 0.3859 0.6798 0.9042 -0.0491 0.9055 356.89
9.95 1.1132 -0.1364 0.9460 0.3836 0.6814 0.9039 -0.0489 0.9052 356.90

10.00 1.1127 -0.1356 0.9463 0.3813 0.6830 0.9036 -0.0487 0.9049 356.92

WADC TR 56-614 A-92



k= 0.4 O"s 0.25

a ___ __/ +__f ___ ___ #7 Fo __

REAL IMAG. MOLLUS'*NA -SE REAL IMAG. MODU PHiASE

7.00 0.0705 0.0640 0.0952 42.22 0.8232 0.1813 0.8429 12.42
7.05 0.0711 0.0637 0.0955 41.83 0.8245 0.1800 0.8439 12.31
7.10 0.0717 0.0633 0.0957 41.44 0.8259 0.1787 0.8450 12.21
7.15 0.0724 0.0630 0.0960 41.07 0.8272 0.1774 0.8460 12.11
7.20 0.0729 0.0627 0.0962 40.69 0.8284 0,1761 0.8470 12.00

7.25 0.0735 0.0624 0.0965 40.38 0.8297 0.1749 0.8479 11.90
7.30 0.0741 0.0621 0.0987 39.97 0.8309 0.1737 0.8489 11.80
7.85 0.0747 0.0618 0.0970 39.62 0.8322 0.1724 0.8499 11.71
7.40 0.0753 0.0615 0.0972 39.27 0.8334 0.1712 0.8508 11.61
7.45 0.0758 0.0612 0.0975 38.93 0.8346 0.1701 0.8517 11.52

7.50 0.0764 0.0609 0.0977 38.59 0.8357 0.1689 0.8526 11.43
7.55 0.0769 0.0606 0.0979 38.26 0.8369 0.1677 0.8535 11.33
7.60 0.0774 0.0604 0.0982 37.93 0.8380 0.1668 0.8544 11.24
7.65 0.0780 0.0601 0.0984 37.61 0.8392 0.1655 0.8553 11.16
7.70 0.0785 0.0598 0.0987 37.30 0.8403 0.1644 0.8562 11.07

7.75 0.0790 0.0595 0.0989 36.99 0.8414 0.1633 0.8571 10.98
7.80 0.0795 0.0592 0.0991 36.68 0.8424 0.1622 0.8579 10.90
7.85 0.0800 0.0589 0.0994 36.38 0.8435 0.1611 0.8587 10.82
7.90 0.0805 0.0587 0.0996 36.08 0.8445 0.1601 0.8596 10.73
7.95 0.0810 0.0584 0.0998 35.79 0.8456 0.1590 0.8604 10.65

8.00 0.0814 0.0581 0.1001 35.51 0.8466 0.1580 0.8612 10.57
8.05 0.0819 0.0578 0.1003 35.22 0.8476 0.1570 0.8620 10.49
8.10 0.0824 0.0576 0.1005 34.94 0.8486 0.1560 0.8628 10.42
8.15 0.0828 0.0573 0.1007 34.67 0.8496 0.1550 0.8636 10.34
8.20 0.0833 0.0570 0.1010 34.40 0.8505 0.1540 0.8644 10.27

8.25 0.0837 0.0568 0.1012 34.13 0.8515 0.1531 0.8651 10.19
8.30 0.0842 0.0565 0.1014 33.87 0.8524 0.1521 0.8659 10.12
8.35 0.0846 0.0562 0.1016 33.61 0.8533 0.1512 0.8666 10.05
8.40 0.0851 0.0560 0.1018 33.36 0.8543 0.1503 0.8674 9.98
8.45 0.0855 0.0557 0.1020 33.11 0.8552 0.1493 0.8681 9.91

8.50 0.0859 0.0555 0.1023 32.86 0.8560 0.1484 0.8688 9.84
8.55 0.0863 0.0552 0.1025 32.61 0.8569 0.1475 0.8695 9.77
8.60 0.0367 0.0550 0.1027 32.37 0.8578 0.1466 0.8702 9.70
8.65 0.0871 0.0547 0.1029 32.14 0.8587 0.1458 0.8709 9.64
8.70 0.0875 0.0545 0.1031 31.90 0.8595 0.1449 0.8716 9.57

8.75 0.0879 0.0542 0.1033 31.67 0.8603 0.1441 0.8723 9.51
6.80 0.0883 0.0540 0.1035 31.44 0.8612 0.1432 0.8730 9.44
8.85 0.0887 0.0538 0.1037 31.22 0.8620 0.1424 0.8737 9.38
8.90 0.0891 0.0535 0.1039 31.00 0.8628 0.1415 0.8743 9.32
8.95 0.0894 0.0533 0.1041 30.78 0.8636 0.1407 0.8750 9.26

9.00 0.0898 0.0530 0.1043 30.56 0.8644 0.1399 0.8756 9.19
9.05 0.0902 0.0528 0.1045 30.35 0.8652 0.1391 0.8763 9.14
9.10 0.0905 0.0526 0.1047 30.14 0.8659 0.1383 0.8769 9.08
9.15 0.0909 0.0523 0.1049 29.93 0.8667 0.1376 0.8775 9.02
9.20 0.0913 0.0521 0.1051 29.73 0.8675 0.1368 0.8782 8.96

9.25 0.0916 0.0519 0.1053 29.53 0.8682 0.1360 0.8788 8.90
9.30 0.0920 0.0517 0.1055 29.33 0.8689 0.1353 0.8794 8.85
9.35 0.0923 0.0514 0.1057 29.13 0.8697 0.1345 0.8800 8.79
9.40 0.0926 0.0512 0.1059 28.94 0.8704 0.1338 0.8806 8.74
9.45 0.0930 0.0510 0.1060 28.75 0.8711 0.1330 0.8812 8.68

9.50 0.0933 0.0508 0.1062 28.56 0.8718 0.1323 0.8818 8.63
9.55 0.0936 0.0506 0.1064 28.37 0.8725 0.1316 0.8824 8.58
9.60 0.0940 0.0504 0.1066 28.1P 0.8732 0.1309 0.8829 8.53
9.65 0.0943 0.0501 0.1068 28.01 0.8739 0.1302 0.8835 8.47
9.70 0.0946 0.0499 0.1070 27.83 0.8745 0.1295 0.8841 8.42

9.75 0.0949 0.0497 0.1071 27.65 0.8752 0.1288 0.8846 6.37
9.80 0.0952 0.0495 0.1073 27.47 0.8759 0.1281 0.8852 8.32
9.85 0.0955 0.0493 0.1075 27.30 0.8765 0.1275 0.8857 8.27
9.90 0.0958 0.0491 0.1077 27.13 0.8772 0.1268 0.8863 8.23
9.95 0.0961 0.0489 0.1078 26.96 0.8778 0.1261 0.8868 8.18

10.00 0.0964 0.0487 0.1080 26.79 0.8784 0.1255 0.8873 8.13

WADC TR 56-614 A-93



kz 0.4 0.50
* /-U ., x ..........I ....

2r t-2  ,
REAL IM. REA L IMAG. MO US

1.00 1.0027 -6.9741 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 1.0040 -4.9274 0.5758 5.1321 0.0059 1.0072 -0.0023 1.0072 359.87
1.15 1.0048 -4.5027 0.5966 5.0357 0.0065 1.0084 -0.0030 1.0084 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 -3.2456 0.6736 4.6263 0.0098 1.0149 -0.0076 1.0149 359.57
1.40 1.0105 -3.0112 0.5912 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 1.0200 -0.0138 1.0210 359.A2
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 358.10
1.70 1,0233 -2.0046 0.1816 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 068608 2.9319 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

2.26 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 1.0178 -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 1.0997 -0.8519 0.8961 2.1491 0.1166 1.0010 -0.1258 1.0088 352.84
2.55 1.1054 -0.8152 0.8982 2.0664 0.1266 0.9946 -0.1304 1.0031 352.53
2.60 1.1109 -0.7811 0.9000 1.9877 0.1370 0.9879 -0.1344 0.9970 352.25
2.65 1.1163 -0.7492 0.9016 1.9130 0.1476 0.9812 -0.1378 0.9908 352.00
2.70 1.1214 -0.7194 0.9028 1.8422 0.1585 0.9743 -0.1407 0.9844 351.78

2.75 1.1263 -0.6917 0.9039 1.7752 0.1694 0.9675 -0.1430 0.9780 351.59
2.80 1.1309 -0.6657 0.9048 1.7119 0.1805 0.9607 -0.1448 0.9716 351.43
2.85 1.1353 -0.6414 0.9055 1.6521 0.1916 0.9541 -0.1462 0.9652 351.29
2.90 1.1395 -0.6186 0.9061 1.5956 0.2028 0.9476 -0.1471 0.9590 351.18
2.95 1.1433 -0.5973 0.9066 1.5423 0.2139 0.9413 -0.1476 0.9528 351.09

3.00 1.1469 -0.5772 0.9071 1.4920 0.2249 0.9353 -0.1478 0.9469 351.02
3.05 1.1502 -0.5584 0.9074 1.4445 0.2359 0.9294 -0.1477 0.9411 350.97
3.10 1.1533 -0.5406 0.9078 1.3996 0.2467 0.9238 -0.1474 0.9355 350.93
3.15 1.1562 -0.5239 0.9081 1.3571 0.2574 0.9184 -0.1469 0.9301 350.92
3.20 1.1588 -0.5081 0.9083 1.3170 0.2680 0.9133 -0.1461 0.9249 350.91

3.25 1.1612 -0.4932 0.9086 1.2789 0.2783 0.9084 -0.1452 0.9199 350.92
3.30 1.1634 -0.4790 0.9088 1.2430 0.2885 0.9037 -0.1442 0.9151 350.93
3.35 1.1654 -0.4657 0.9090 1.2088 0.2985 0.8992 -0.1431 0.9105 350.96
3.40 1.1672 -0.4530 0.9092 1.1765 0.3084 0.8950 -0.1419 0.9061 350.99
3.45 1.1689 -0.4409 0.9094 1.1457 0.3180 0.8909 -0.1406 0.9019 351.03

3.50 1.1704 -0.4295 0.9096 1.116"5 0.3274 0.8870 -0.1393 0.8979 351.08
3.55 1.1717 -0.4186 0.9099 1.0887 0.3366 0.8834 -0.1379 0.8941 351.13
3.60 1.1729 -0.4083 0.9101 1.0623 0.3457 0.8799 -0.1365 0.8904 351.18
3.65 1.1739 -0.3984 0.9103 1.0371 0.3545 0.8765 -0.1351 0.8869 351.24
3.70 1.1749 -0.3890 0.9105 1.0130 0.3631 0.8733 -0.1337 0.8835 351.30

3.75 1.1757 -0.3800 0.9107 0.9901 0.3715 0.8703 -0.1322 0.8802 351.36
3.80 1.1764 -0.3714 0.9110 0.9682 0.3798 0.8673 -0.1308 0.8771 351.42
3.85 1.1770 -0.3631 0.9112 0.9472 0,3878 0.8645 -0.1294 0.8742 351.49
3.90 1.1775 -0.3553 0.9115 0.9272 0.3957 0,8619 -0,1280 0.8713 351.55
3.95 1.1779 -0.3477 0.9117 0.9080 0.4033 0.8593 -0.1266 0.8686 351.62

WADC TR 56-614 k-94



1.1 -0007 0.02 0.007 182.0 0.022 .45 010 13REAL IMAG. Af DULVS PRASE REAL /Mamu PHASE./.$ =/

1.00 -0.0050 0.0013 0.005 165.10 0.0155 0.1234 0.1244 80.54
1.05 -0.0090 0.0018 0.0063 163.65 0.0188 0.1357 0.1370 89.11
1.10 -0.001 0.0023 0.005 162.0 0.0326 0.1485 0.1502 81.34
1.15 -0.0084 0.0030 0.0090 160.40 0.0270 0.1617 0.1039 80.53
1.20 -0.0099 0.0039 0.0106 158.65 0.0319 0.1753 0.1782 79.69

1.25 -0.0114 0.0049 0.0124 156.83 0.0374 0.1893 0.1930 78.81
1.30 -0.0131 0.0061 0.0145 154.73 0.0437 0.2037 0.2083 74.95
1.35 -0.0149 0.00 0.0168 152.95 0.0506 0.2183 0.2241 7.905
1.40 -0.0168 0.0094 0.0193 150.90 0.0583 0.2332 0.2404 75.9
1.45 -0.0109 0.0114 0.0320 141.94 0.0668 0.2483 0.2571 74.65

1.50 -0.0209 0.0138 0.0351 146.50 0.0961 0.2635 0.273 73.901.55 -0.0231 0.0106 0.0284 144.29 0.0863 0.2788 0.2918 72.81
1.60 -0.0252 0.0197 0.0320 141.94 0.093 0.2940 0.3097 71.58
1.65 -0.0272 .0.0233 0.0358 139.50 0.1093 0.3091 0.3279 70.52

1.70 -0.0292 0.0273 0.0400 137.00 0.1223 0.3241 0.3464 69.32

1.75 -0.0310 0.0317 0.0444 134.41 0.1362 0.3387 0.3650 68.10
1.80 -0.0327 0.0366 0.0490 131.76 0.1510 0.3529 0.3839 66.83
1.85 -0.0340 0.0419 0.0540 129.04 0.1688 0.3667 .0.4029 65.54
1.90 -0.0349 0.0477 0.0591 126.25 0.1835 0.3798 0.4218 64.21
1.96 -0.0355 0.0538 0.0645 123.40 0.2011 0.3922 0.4408 62.85

2.00 -0.0355 0.0603 0.0700 120.49 0.2195 0.4038 0.4596 61.47
2.05 -0.0350 0.0671 0.0757 117.53 0.2387 0.4145 0.4783 60.06
2.10 -0.0338 0.0741 0.0815 114.52 0.2586 0.4240 0.4967 58.63
2.15 -0.0320 0.0812 0.0873 111.49 0.2790 0.4325 0.5146 57.18
2.20 -0.0295 0.0884 0.0931 108.44 0.2998 0.4397 0.5322 55.71

2.25 -0.0262 0.0954 0.0989 105.38 0.3209 0.4456 0.5491 54.24
2.30 -0.0223 0.1023 0.1047 102.32 0.3421 0.4503 0.5655 52.77
2.35 -0.0178 0.1088 0.1102 99.28 0.3633 0.4536 0.5812 51.31
2.40 -0.0127 0.1150 0.1157 96.28 0.3843 0.4556 0.5961 49.85
2.45 -0.0070 0.1206 .0.1208 93.33 0.4050 0.4564 0.6102 48.41

2.50 -0.0010 0.1258 0.1258 90.44 0.4253 0.4560 0.6235 47.00
2.55 0.0054 0.1304 0.1305 87.61 0.4449 0.4545 0.6360 45.61
2.60 0.0121 0.1344 0.1349 84.87 0.4639 0.4521 0.6477 44.26
2.65 0.0188 0.1378 0.1391 82.22 0.4821 0.4487 0.6586 42.95
2.70 0.0257 0.1407 0.1430 79.66 0.4995 0.4447 0.6687 41.68

2.75 0.0325 0.1430 0.1466 77.20 0.5160 0.4399 0.6781 40.45
2.80 0.0393 0.1448 0.1500 74.83 0.5318 0.4347 0.6868 39.27
2.85 0.0459 0.1462 0.1532 72.57 0.5467 0.4291 0.6949 38.13
2.90 0.0524 0,1471 0.1561 70.40 0.5607 0.4231 0.7024 37.03
2.95 0.0587 0.1476 0.1588 68.33 0.5740 0.4168 0.7094 35.99

3.00 0.0647 0.1478 0.1614 66.35 0.5865 0.4104 0.7158 34.98
3.05 0.0706 0.1477 0.1637 64.46 0.5983 0.4039 0.7218 34.02
3.10 0.0762 0.1474 0.1059 62.66 0.6093 0.3973 0.7274 33.11
3.15 0.0816 0.1469 0.1680 60.95 0.6198 0.3907 0.7327 32.23
3.20 0.0807 0.1461 0.1699 59.31 0.6296 0.3841 0.7375 31.39

* 3.25 0.0916 0.1452 0.1717 57.75 0.6388 0.3776 0.7421 30.59
3.30 0.0963 0.1442 0.1734 56.26 0.6475 0.3712 0.7464 29.82
3.35 0.1008 0.1431 0.1750 54.84 0.6557 0.3648 0.7504 29.09
3.40 0.1050 0.1419 0.1765 53.49 0.6635 0.3586 0.7542 28.39
3.45 0.1091 0.1406 0.1780 52.19 0.6708 0.3525 0.7578 27.72

3.50 0.1130 0.1393 0.1793 50.96 0.6777 0.3465 0.7612 27.08
3.55 0.1166 0.1379 0.1806 49.78 0.6843 0.3407 0.7644 26.47
3.60 0.1201 0.1365 0.1819 48.65 0.6905 0.3350 0.7675 25.88
3.65 0.1235 0.1351 0.1830 47.57 0.6964 0.3295 0.7704 25.32
3.70 0.1267 0.1337 0.1842 46.54 0.7020 0.3241 0.7732 24.78

3.75 0.1297 0.1322 0.1853 45.55 0.7073 0.3189 0.7759 24.27
3.80 0.1327 0.1308 0.1863 44.60 0.7124 0.3138 0.7785 23.77
3.65 0.1355 0.1294 0.1873 43.69 0.7173 0.3089 0.7810 23.30
3.90 0.1381 0.1280 0.1883 42.82 0.7219 0.3041 0.7834 22.84
3.95 0.1407 0.1266 0.1893 41.98 0.7264 0.2995 0.7857 22.41

WADC TR 56-614 A-95



/r 0.4 o-= 0.50

L2.'. / , y ,-2,r~ -a T x t2 r  HS

REAL IMAc - REAL IMAG. MOLUS MAs M

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 0.5389 0.8198 -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 1.1705 -0.2203 0.9203 0.5860 0.5565 0.8149 -0.0970 0.8207 353.21
5.35 1.1699 -0.2173 0.9206 0.5785 0.5608 0.8138 -0.0961 0.8195 353.26
5.40 1.1693 -0.2143 0.9209 0.5711 0.5649 0.8127 -0.0953 0.8183 353.31
5.45 1.1887 -0.2115 0.9213 0.5640 0.5690 0.8117 -0.0945 0.8172 353.36

5.50 1.1681 -0.2087 0.9216 0.5570 0.5729 0.8107 -0.0937 0.8161 353.40
5.55 1.1675 -0.2060 0.9219 0.5501 0.5789 0.8096 -0.0930 0.8150 353.45
5.60 1.1669 -0.2034 0.9222 0.5435 0.5807 0.8086 -0.0922 0.8139 353.50
5.85 1.1663 -0.2008 0.9226 0.5370 0.5845 0.8077 -0.0914 0.8128 353.54
5.70 1.1657 -0.1983 0.9229 0.5306 0.5883 0.8067 -0.0907 0.8118 353.58

5.75 1.1651 -0.1958 0.9232 0.5244 0.5919 0.8058 -0.0900 0.8108 353.63
5.80 1.1645 -0.1934 0.9235 0.5183 0.5955 0.8049 -0.0893 0.8098 353.67
5.85 1.1639 -0.1911 0.9238 0.5124 0.5991 0.8040 -0.0886 0.8088 353.71
5.90 1.1633 -0.1888 0.9242 0.5066 0.6026 0.8031 -0.0879 0.8079 353.76
5.95 1.1627 -0.1866 0.9245 0.5009 0.6060 0.8022 -0.0872 0.8069 353.80

6.00 1.1.620 -0.1844 0.9248 0.4953 0.6094 0.8014 -0.0865 0.8060 353.84
8.05 1.1614 -0.1822 0.9251 0.4899 0.6127 0.8005 -0.0858 0.8051 353.88
6.10 1.1608 -0.1801 0.9254 0.4845 0.6160 0.7997 -0.0852 0.8042 353.92
6.15 1.1602 -0.1781 0.9257 0.4793 0.6192 0.7989 -0.0845 0.8033 353.96
6.20 1.1596 -0.1760 0.9260 0.4742 0.6224 0.7981 -0.0839 0.8025 354.00

6.25 1.1590 -0.1741 0.9263 0.4692 0.6255 0.7973 -0.0833 0.8017 354.04
6.30 1.1584 -0.1721 0.9266 0.4643 0.6286 0.7966 -0.0826 0.8008 354.08
6.35 1.1579 -0.1702 0.9268 0.4595 0.8316 0.7958 -0.0820 0.8000 354.11
6.40 1.1573 -0.1684 0.9271 0.4547 0.6346 0.7951 -0.0814 0.7992 354.15
6.45 1.1567 -0.1666 0.9274 0.4501 0.6376 0.7943 -0.0808 0.7984 354.19

6.50 1.1561 -0.1648 0.9271 0.4456 0.6405 0.7936 -0.0803 0.7977 354.23
6.55 1.1555 -0.1631 0.9280 0.4411 0.6433 0.7929 -0.0797 0.7969 354.26
6.60 1.1550 -0.1614 0.9282 0.4368 0.6461 0.7922 -0.0791 0.7962 354.30
6.65 1.1544 -0.1597 0.9285 0.4325 0.6489 0.7916 -0.0785 0.7954 354.33
6.70 1.1539 -0.1580 0.9288 0.4283 0.6516 0.7909 -0.0780 0.7947 354.37

6.75 1.1533 -0.1564 0.9290 0.4242 0.6543 0.7902 -0.0774 0.7940 354.40
6.80 1.1527 -0.1548 0.9293 0.4201 0.6570 0.7896 -0.0769 0.7933 354.44
6.85 1.1522 -0.1533 0.9296 0.4161 0.6596 0.7890 -0.0764 0.7926 354.47
6.90 1.1517 -0.1518 0.9298 0.4122 0.6622 0.7883 -0.0758 0.7920 354.50
6.95 1.1511 -0.1503 0.9301 0.4084 0.6647 0.7877 -0.0753 0.7913 354.54

WADC TR 56-614 A-96



k. 0.4 Os 0.50

REAL IMAG MOJILUoS HASE REAL IMA. MOUWS

4.00 0.1431 0.1252 0.1902 41.18 0.7308 0.2950 0.7879 21.99
4.06 0.1455 0.1239 0.1911 40.40 0.7347 0.2906 0.7901 21.58
4.10 0.1478 0.1225 0.1920 39.68 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 0.1500 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 0.2034 0,803t 19.13
4.45 0.1615 0.1138 0.1976 35.16 0.7625 0.2600 0.8056 18.83

4.50 0.1632 0.1126 0.1983 34.60 0.7655 0.2566 0.8074 18.53
4.65 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 28.72 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 0.1803 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 0.8109 0.1990 0.8407 13.09
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 0.8203 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 0.8418 12.82

6.00 0.1986 0.0865 0.2167 23.53 0.8282 0.1804 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 0.8434 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 08495 0.1627 0.8650 10.85
6.85 0.2110 0.0764 0.2244 19.89 068507 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

WADC TR 56-614 A-97



ka 0.4 " 0.50

2 AL 2V. X......
REAL MAG. REAL INAG MOLLUS Wffs)

7.00 1.1506 -0.1488 0.9303 0.4046 0.6672 0.7871 -0.0748 0.7907 354.57
T 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. 848 -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 40.0719 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 1.1465 -0.1380 0.9323 0.3767 0.6861 0.7826 -0.0709 0.7858 354.82
7.45 1.1460 -0.1367 0.9325 0.3735 0.6883 0.7821 -0.0705 0.7852 354.85

7.50 1.1455 -0.1355 0.9327 0.3704 0.6905 0.7815 -0.0700 0.7847 354.88
7.55 1.1450 -0.1343 0.9329 0.3672 0.6927 0.7810 -0.0696 0.7841 354.91
7.60 1.1445 -0.1331 0.9332 0.3642 0.6948 0.7805 -0.0691 0.7636 354.94
7.65 1.1441 -0.1320 0.9334 0.3611 0.6969 0.7800 -0.0687 0.7830 354.97
7.70 1.1436 -0.1308 0.9336 0.3562 0.6990 0.7795 -0.0683 0.7825 355.00

7.75 1.1431 -0.1297 0.9338 0.3552 0.7010 0.7791 -0.0678 0.7820 355.02
7.80 1.1427 -0.1286 0.9340 0.3524 0.7030 0.7786 -0.0674 0.7815 355.05
7.85 1.1422 0.1275 0.9342 0.3495 0.7050 0.7781 -0.0670 0.7810 355.08
7.90 1.1418 -0.1264 0.9344 0.3467 0.7070 0.7776 -0.0666 0.7805 355.11
7.95 1.1413 -0.1253 0.9346 0.3440 0.7089 0.7772 -0.0662 0.7800 355.13

8.00 1.1409 -0.1243 0.9348 0.3413 0.7109 0.7767 -0.0658 0.7795 355.16
8.05 1.1404 -0.1233 0.9351 0.3386 0.7127 0.7763 -0.0654 0.7790 355.19
8.10 1.1400 -0.1223 0.9353 0.3360 0.7146 0.7759 -0.050 0.7786 355.21
8.15 1.1396 -0.1213 0.9355 0.3334 0.7165 0.7754 -0.0646 0.7781 355.24
8.20 1.1391 -0.1203 0.9356 0.3309 0.7183 0.7750 -0.0642 0.7776. 355.26

8.25 1.1387 -0.1193 0.9358 0.3284 0.7201 0.7746 -0.0639 0.7772 355.29
8.30 1.1383 -0.1184 0.9360 0.3259 0.7219 0.7742 -0.0635 0.7768 355.31
8.35 1.1379 -0.1175 0.9362 0.3235 0.7236 0.7737 -0.0631 0.7763 355.34
8.40 1.1374 -0.1165 0.9364 0.3211 0.7254 0.7733 -0.0627 0.7759 355.36
8.45 1.1370 -0.1156 0.9366 0.3187 0.7271 0.7729 -0.0624 0.7755 355.39

8.50 1.1366 -0.1148 0.9368 0.3164 0.7288 0.7725 -0.0620 0.7750 355.41
8.55 1.1362 -0.1139 0.9370 0.3141 0.7305 0.7722 -0.0017 0.7746 355.43
8,60 1.1358 -0.1130 0.9371 0.3118 0.7321 0.7718 -0.0613 0.7742 355.46
8.65 1.1354 -0.1122 0.9373 0.3096 0.7338 0.7714 -0.061C 0.7738 355.48
8.70 1.1350 -0.1113 0.9375 0.3074 0.7354 0.7710 -0.0606 0.7734 355.50

8.75 1.1347 -0.1105 0.9377 0.3052 0.7370 0.7706 -0.0603 0.7730 355.53
8.80 1.1343 -0.1097 0.9379 0.3030 0.7386 0.7703 -0.0600 0.7726 355.55
8.85 1.1339 -0.1089 0.9360 0.3009 0.7401 0.7699 -0.0596 0.7722 355.57
8.90 1.1335 -0.1081 0.9382 0.2989 0.7417 0.7695 -0.0593 0.7718 355.59
8.95 1.1331 -0.1073 0.9384 0.2968 0.7432 0.7692 -0.0590 0.7715 355.62

9.00 1.1328 -0.1065 0.9385 0.2948 0.7447 0.7688 -0.0587. 0.7711 355.64
9.05 1.1324 -0.1058 0.9387 0.2928 0.7462 0.7685 -0.0583 0.7707 355.66
9.10 1.1320 -0.1050 0.9389 0.2908 0.7477 0.7682 -0.0580 0.7703 355.68
9.15 1.1317 -0.1043 0.9390 0.2888 0.7491 0.7678 -0.0577 0.7700 355.70
9.20 1.1313 -0.1035 0.9392 0.2869 0.7506 0.7675 -0,0574 0.7696 355.72

9.25 1.1310 -0.1028 0.9394 0.2850 0.7520 0.7672 -0,0571 0.7693 355.74
9.30 1.1306 -0.1021 0.9395 0.2831 0.7534 0.7668 -0.0568 0.7689 355.76
9.35 1.1303 -0.1014 0.9397 0.2813 0.7548 0.7665 -0,0565 0.7686 355.78
9.40 1.1299 -0.1007 0.9398 0.2795 0.7562 0.7662 -0.0562 0,7682 355.80
9.45 1.1296 -0.1000 0.9400 0.2.777 0.7576 0.7659 -0.0559 0.7679 355.82

9.50 1.1292 -0.0994 0.9401 0.2759 0.7589 0.7656 -0.0556 0.7676 355.84
9.55 1.1289 -0.0987 0.9403 0.2741 0.7602 0.7653 -0.0554 0.7673 355.86
9.60 1.1286 -0.0980 0.9404 0.2724 0.7616 0.7649 -0.0551 0.7669 355.88
9.65 1.1282 -0.0974 0.9406 0.2707 0.7629 0.7646 -0.0548 0.7666 355.90
9.70 1.1279 -0.0967 0.9407 0.2690 0.7642 0.7643 -0.0545 0.7663 355.92

9.75 1.1276 -0.0961 0.9409 0.2673 0.7654 0.7641 -0.0542 0.7660 355.94
9.80 1.1273 -0.0955 0.9410 0.2656 0.7667 0.7638 -0.0640 0.7657 355.96
9.85 1.1269 -0.0949 0.9412 0.2640 0.7680 0.7635 -0.0537 0.7654 355.98
9.90 1.1266 -0.0943 0.9413 0.2624 0.7692 0.7632 -0.0534 0.7651 356.00
9.95 1.1263 -0.0937 0.9415 0.2608 0.7704 0.7629 -0.0532 0.7648 356.01

10.00 1.1260 -0.0931 0.9416 0.2592 0.7716 0.7626 -0.0520 0.7645 356.03

WADC TR 56-614 A-98



k: 0.4 O's 0.50

9/ I*FIO

REAL IMAG. MOULS REAL IM4G. MODULUS PHAS
______ WORME

7.00 0.2129 0.0748 0.2257 19.36 0.8540 0.1577 0.8685 10.48
7.05 0.2135 0.0743 0.2260 19.19 0.8551 0.1565 0.8693 10.37
7.10 0.2141 0.0738 0.2264 19.02 0.8562 0.1553 0.8701 10.28
7.15 0.2147 0.0733 0.2268 18.86 0.8572 0.1542 0.8710 10.19
7.20 0.2152 0.0728 0.2272 18.69 0.8582 0.1530 0.8718 10.11

7.25 0.2158 0.0723 0.2276 18.53 0.8593 0.1519 0.8726 10.02
7.30 0.2163 0.0719 0.2280 18.38 0.8603 0.1507 0.8734 9.94
7.35 0.2169 0.0714 0.2283 18.22 0.8613 0.1496 0.8742 9.86
7.40 0.2174 0.0709 0.2287 18.07 .0.8622 0.1485 0.8749 9.77
7.45 0.2179 0.0705 0.2290 17.92 0.8632 0.1475 0.8757 9.69

7.50 0.2185 0.0700 0.2294 17.77 0.8642 0.1464 0.8765 9.62
7.55 0.2190 0.0696 0.2298 17.63 0.8651 0.1454 0.8772 9.54
7.60 0.2195 0.0691 0.2301 17.48 0.8660 0.1443 0.8780 9.46
7.65 0.2200 0.0687 0.2304 17.34 0.8669 0.1433 0.8787 9.39
7.70 0.2205 0.0683 0.2308 17.21 0.8678 0.1423 0.8794 9.31

7.75 0.2209 0.0678 0.2311 17.07 0.8687 0.1413 0.8801 9.24
7.80 0.2214 0.0674 0.2315 16.93 0.8696 0.1403 0.8808 9.17
7.85 0.2219 0.0670 0.2318 16.80 0.8704 0.1394 0.8815 9.10
7.90 0.2224 0.0666 0.2321 16.67 0.8713 0.1384 0.8822 9.03
7.95 0.2228 0.0662 0.2324 16.54 0.8721 0.1375 0.8829 8.96

8.00 0.2233 0.0658 0.2328 16.42 0.8729 0.1366 0.8836 8.89
8.05 0.2237 0.0654 0.2331 16.29 0.8738 0.1357 0,8842 8.83
8.10 0.2241 0.0650 0.2334 16.17 0.8746 0.1348 0.8849 8.76
8.15 0.2246 0.0646 0.2337 16.05 0.8754 0.1339 0.8855 8.70
8.20 0.2250 0.0642 0.2340 15.93 0.8761 0.1330 0.-862 8.63

8.25 0.2254 0.0639 0.2343 15.81 0.8769 0.1321 0.8868 8.57
8.30 0.2258 0.0635 0.2346 15.70 0.8777 0.1313 0.8874 8.51
8.35 0.2263 0.0631 0.2349 15.58 0.8784 0.1304 0.8881 8.45
8.40 0.2267 0.0627 0.2352 15.47 0.8792 0.1296 0.8887 6.39
8.45 0.2271 0.0624 0.2355 15.36 0.8799 0.1288 0.8893 8.33

8.50 0.2275 0.0620 0.2358 15.25 0.8806 0.1280 0.8899 8.27
8.55 0.2278 0.0617 0.2360 15.15 0.8814 0.1272 0.8905 8.21
8.60 0.2282 0.0613 0.2363 15.04 0.8821 0.1264 0.8911 8.15
8.65 0.2286 0,0610 0.2366 14.93 0.8828 0.1256 0.8917 8.10
8.70 0.2290 0.0606 0.2369 14.83 0.8835 0.1248 0.8922 8.04

8.75 0.2294 0.0603 0.2372 14.73 0.8841 0.1241 0.8928 7.99
8.80 0.2297 0.0600 0.2374 14.63 0.8848 0.1233 0.8934 '7.93
8.85 0.2301 0.0596 0.2377 14.53 0.8855 0.1226 0.8939 7.98
8.90 0.2305 0.0593 0.2380 14.43 0.8862 0.1218 0.8945 7.83
8.95 0.2308 0.0590 0.2382 14.33 0.8868 0.1211 0.8950 7.78

9.00 0.2312 0.0587 0.2385 14.24 0.8874 0.1204 0.8956 7.72
9.05 0.2315 0.0583 0.2387 14.15 0.8881 0.1197 0.8961 7.67
9.10 0.2318 0.0580 0.2390 14.05 0.8887 0.1190 0.8966 7.62
9.15 0.2322 0.0577 0.2392 13.96 0.8893 0.1183 0.8972 7.57
9.20 0.2325 0.0574 0.2395 13.87 0.8900 0.1176 0.8977 7.53

9.25 0.2328 0.0571 0.2397 13.78 0.8906 0.1169 0.8982 7.48
9.30 0.2332 0.0568 0.2400 13.69 0.8912 0.1162 0.8987 7.43
9.35 0.2335 0.0565 0.2402 13.61 0.6918 0.1156 0.8992 7.38
9.40 0.2338 0.0562 0.2405 13.52 0.8923 0.1149 0.8997 7.34
9.45 0.2341 0.0559 0.2407 13.43 0.8929 0.1143 0.9002 7.29

9.50 0.2344 0.0556 0.2410 13.35 0.8935 0.1136 0.9007 7.25
9.55 0.2347 0.0554 0.2412 13.27 0.8941 0.1130 0.9012 7.20
9.60 0.2351 0.0551 0.2414 13.19 0.8946 0.1124 0.9017 7.16
9.65 0.2354 0.0548 0.2416 13.10 0.8952 0.1117 0.9021 7.12
9.70 0.2357 0.0545 0.2419 13.02 0,8957 0.1111 0.9026 7.07

9.75 0.2359 0.0542 0.2421 12.95 0.8963 0.1105 0.9031 7.03
9.80 0.2362 0.0540 0.2423 12.87 0.8968 0.1099 0.9035 6.99
9.85 0.2365 0.0537 0.2425 12.79 0.8974 0.1093 0.9040 6.95
9.90 0.2368 0.0534 0.2428 12.71 0.8979 0.1087 0.9045 6.91
9.95 0.2371 0.0532 0.2430 12.64 0.8984 0.1082 0.9049 6.86

10.00 0.2374 0.0529 0.2432 12.56 0.8989 0.1076 0.9054 6.82

WADC TR 56-614 A-99



kc -1.0 0" 0.50

REAL IMAG. 2 r , REAL IMA. AOMLUS

1.00 1.0061 -5.9752 '0.5320 5.3130 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 359.82
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 1.0088 -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 1.0146 -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 358.721.65 1.0371 -2.1538 0.7639 3.9482 0.0193 1.0172 -0,0261 1.0176 358.531.70 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 358.131.80 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 357.691.90 1.0547 -1.6103 0.8193 3.3955 0.0335 1.0143 -0.0448 1.0153 357.471.95 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 356.832.10 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 355.932.35 1.0820 -1.0458 0.8793 2.5402 0.0788 0.9900 -0.0729 0.9926 355.792.40 1.0843 -1.0030 0.8837 2.4605 0.0854 0.9864 -0.0748 0.9892 355.662.45 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 355.452.55 1.0901 -0.8905 0,8948 2.2400 0.1065 0.9756 -0.0791 0.9788 355.362.60 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 355.142.80 1.0968 -0.7444 0.9087 1.9308 0.1450 0.9584 -0.0820 0.9619 355.112.85 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 355.093.15 1.1009 -0.5995 0.9217 1.5998 0.2019 0.9384 -0.0803 0.9418 355.113.20 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 355.153.30 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 355.213.40 1.1010 -0.5242 0.9284 1.4195 0.2418 0.9272 -0.0772 0.9304 355.243.45 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 355.313.55 1.1002 -0.4871 0.9318 1.3286 0.2648 0.9215 -0.0750 0.9246 355.353.60 1.0998 -0.4758 0.9329 1.3008 0.2723 0.9198 -0.0743 0.9228 355.3838.65 1.0993 -0.4650 0.9339 1.2741 0.2797 0.9181 -0.0736 0.9211 355.423.70 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 355.53
3.85 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

WADC TR 56-614 A-iO0



kx-1.0 0' 0.50

/ +7 /+ Fo
REAL IMAG MODULUS PHASE REAL IMAG. MOUwS PHAE

1.00 -0.0047 0.0019 0.0051 158.57 0.0158 0.1239 0.1249 82.72
1.05 -0.0056 0.0025 0.0061 156.39 0.0193 0.1363 0.1377 81.94
1.10 -0.0066 0.0032 0.0073 154.11 0.0233 0.1492 0.1510 81.13
1.15 -0.0076 0.0041 0.0087 151.73 0.0279 0.1626 0.1650 80.26
1.20 -0.0088 0.0052 0.0102 149.25 0.0332 0.1764 0.1795 79.35

1.25 -0.0099 0.0065 0.0119 146.68 0.0392 0.1906 0.1946 78.39
1.30 -0.0111 0.0081 0.0137 144.02 0.0459 0.2051 0.2102 77.38
1.35 -0.0123 0.0099 0.0158 141.28 0.0535 0.2199 0.2263 76.32
1.40 -0.0134 0.0119 0.0180 138.46 0.0620 0.2348 0.2429 75.21
1.45 -0.0145 0.0142 0.0203 135.57 0.0714 0.2499 0.2599 74.05

1.50 -0.0155 0.0168 0.0229 132.61 .0.0818 0.2649 0.2772 72.84
1.55 -0.0163 0.0197 0.0255 129.59 0.0932 0.2798 0.2949 71.59
.1.60 -0.0169 0.0228 0.0283 126.53 0.1055 0.2945 0.3128 70.28
1.65 -0.0172 0.0261 0.0313 123.43 0.1189 0.3088 0.3309 88.94
1.70 -0.0173 0.0296 0.0343 120.30 0.1332 0.3226 0.3490 67.56

1.75 -0.0171 0.0333 0.0374 117.16 0.1485 0.3358 0.3672 66.14
1.80 -0.0165 0.0371 0.0406 114.01 0.1646 0.3483 0.3853 64.70
1.85 -0.0156 0.0409 0.0438 110.87 0.1816 0.3600 0.4032 63.23
1.90 -0.0143 0.0448 0.0470 107.76 0.1991 0.3707 0.4208 61.75
1.95 -0.0127 0.0486 0.0502 104.67 0.2173 0.3804 0.4381 00.26

2.00 -0.0108 0.0523 0.0534 101.63 0.2359 0.3891 0.4550 58.77
2.05 -0.0085 0.0559 0.0565 98.64 0.2549 003966 0.4715 57.28
2.10 -0.0059 0.0593 0.0596 95.71 0.2740 0.4031 0.4874 55.79
2.15 -0.0031 0.0625 0.0626 92.84 0.2932 0.4084 0.5028 54.33
2,20 -0.0001 0.0655 .0.0655 .90.05 0.3123 0.4127 0.5175 52.88

2.25 0.0032 0.0682 0.0683 87.34 0.3313 0.4158 0.5317 51.46
2.30 0.0065 0.0707 0.0710 84.71 0.3500 0.4180 0.5452 50.06
2.35 0.0100 0.0729 0.0736 82.16 0.3684 0.4193 0.5581 48.70
2.40 0.0136 0.0748 0.0760 79.70 0.3863 0.4196 0.5704 47.37
2.45 0.0172 0.0765 0.0784 77.33 0.4038 0.4192 0.5820 46.07

2.50 0.0208 0.0779 0.0807 75.05 0.4207 0.4180 0.5931 44.82
2.55 0.0244 0.0791 0.0828 72.85 0.4371 0.4162 0.6035 43.60
2.60 0.0280 0.0801 0.0848 70.73 0.4528 0.4138 0.6134 42.42
2.65 0.0315 0.0808 0.0867 68.70 0.4680 0.4109 0.6228 41.28
2.70 0.0350 0.0814 0.0886 66.75 0.4825 0.4075 0.6316 40.18

2.75 0.0383 0.0818 0.0903 64.89 0.4965 0.4038 0.6399 39.12
2.80 0.0416 0.0820 0.0919 63.09 0.5098 0.3997 0.6478 38.10
2.85 0.0448 0.0820 0.0935 61.38 0.5225 0.3954 0.6552 37.12
2.90 0.0478 0.0820 0.0949 59.73 0.5346 0.3909 0.6622 36.17
2.95 0.0508 0.0818 0.0963 58.16 0.5461 0.3862 0.6689 35.26

3.00 0.0537 0.0816 0.0976 56.65 0.5571 0.3813 0.6751 34.39
3.05 0.0564 0.0812 0.0989 55.21 0.5676 0.3764 0.6811. 33.55
3.10 0.0591 0.0808 0.1001 53.82 0.5776 0.3714 0.6867 32.75
3.15 0.0616 0.0803 0.1012 52.50 0.5871 .0.3664 0.6920 31.97
3.20 0.0640 0.0797 0.1023 51.23 0.5961 0.3614 0.6971 31.23

3.25 0.0664 0.0792 0.1033 50.02 0.6047 0.3564 0.7019 30.51
3.30 0.0686 0.0785 0.1043 48.85 0.6129 0.3514 0.7065 29.83
3.35 0.0708 0.0779 0.1052 47.74 0.6207 0.3465 0.7109 29.17
3.40 0.0728 0.0772 0.1061 46.67 0.6281 0.3416 0.7150 28.54
3.45 0.0748 0.0765 0.1070 45.64 0.6352 0.3368 0.7190 27.93

3.50 0.0767 0.0758 0.1078 44.66 0.6420 0.3320 0.7228 27.35
3.55 0.0785 0.0750 0.1086 43.72 0.6485 0.3274 0.7264 26.79
3.60 0.0802 0.0743 0.1093 42.81 0.6547 0.3228 0.7299 26.25
3.65 0.0819 0.0736 0.1101 41.94 0.6606 0.3183 0.7333 25.73
3.70 0.0835 0.0728 0.1108 41.10 0.6662 0.3139 0.7365 25.23

3.75 0.0850 0.0721 0.1115 40.30 0.6717 0.3097 0.7396 24.75
3.80 0.0865 0.0714 0.1121 39.53 0.6769 0.3055 0.7426 24.29
3.85 0.0879 0.0706 0.1128 38.79 0.6819 0.3014 0.7455 23.85
3.90 0.0893 0.0699 0.1134 38.07 0.6867 0.2974 0.7483 23.42
3.95 0.0906 0.0692 0.1140 37.39 0.6913 0.2935. 0.7510 23.01

WADC TR. 56-614 A-4O1



k=-l.O1O" 0.50

Lzxy-2v_ -
/-2__ _2 (X-2---- X- -

REAL iMA REAL IMAG MOGLWS P//sA

4.00 1.0950 -0.4011 0.9405 1.1146 0.3281 0.9082 -0.0685 0.0108 355.69

4.05 1.0942 -0.3934 0.9414 1.0951 0.3345 0.90609 -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 0.532 0.9035 -0.0658 0.9059 355.83

4.25 1.0908 -0.3652 0.9447 1.0239 0.3592 0.9025 -0.052 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 1.0889 -0.3526 0.3463 0.9919 0.3709 0.9004 -0.0639 0.9027 355.94

4.40 1,0879 -0.3466 0.9471 0.9767 0.3765 0.8995 -0.0633 0.9017 355.97

4.45 1.0870 -0.3408 0.9479 0.9620 0.3821 0.8985 -0.0627 0.9007 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 0.5930 0.8967 -0.0615 0.8988 356.07

4.60 1.0840 -0.$246 0.9501 0.9206 0.3983 0.8958 -0.0610 9.8979 356.11

4.65 1.0829 -0.3195 0.9509 0.9076 0.4035 0.8950 -0.0804 0.8970 556.14

4.70 1,0819 -0.8146 0.9516 0.8950 0.4086 0.8942 -0.0599 0.8962 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 556.26

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 0.6373 0.4329 0.8903 -0.0573 0.8922 $56.32

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 1.0723 -0.2763 0.9579 0.7965 0.4509 0.8876 -0.0554 0.8893 356.43

5.20 1.0715 -0.2726 0.9586 0.7869 0.4552 0.8869 -0.0550 0.8886 356.45

5.25 1.0702 -0.2690 0.9592 0.7776 0.4595 0.8863 -0.0545 0.8880 356.48

5.30 1.0691 -0.2655 0.9599 0,7685 0.4637 0.8857 -0.0541 0.8873 356.50

5.35 1.0681 -0.2621 0.9605 0.7596 0.4678 0.8851 -0.0537 0.8867 356.53

5.40 1.0070 -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 0.8859 -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 0.6827 -0.0520 0.8842 356.63

5.60 1.0628 -0.3462 0.9636 0.7182 0.4876 0.8822 -0.0516 0.8837 356.65

5.65 1.0618 -0.2452 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 0.6862 0.5025 0.8800 -0.0501 0.8814 3556.74

5.85 1.0578 -0.2320 0.9666 06810 0.5061 0.8795 -0.0497 0.8809 356.76

5.90 1.0568 -0.2294 0.9671 0.6741 0.5096 0.8790 -0.0494 0.8804 356.78

5.95 1.0558 -0.2268 0.9677 0.6672 0.5131 0.8785 -0.0490 0.8799 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 0.6789 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 1.0501 -0.2124 0.9710 0.6289 0.5332 0.8757 -0.0470 0.8770 356.93

6.30 1,0492 -0.2101 0.9715 0.62350 0.5363 0.8753 -0,0467 0.8765 356.95

6.35 1.0483 -0.2079 0.9720 0.6171 0.5395 0.8749 -0.0463 0.8761 356.97

6.40 1.0474 -0.2058 0.9725 0.6114 0.5426 0.8744 -0.0460 0.8757 356.99

6.45 1.0465 -0.2037 0:9730 0.6057 0.5457 0.8740 -0.0457 0.8752 357.01

6.50 1.0456 -0.2010 0.9725 0.6002 0.5487 0.8736 -0,0454 0.8748 357.03

6.55 1.0447 -0.1996 0.9740 0.5947 0.5517 0.8732 -0.0451 0.8744 357.04

6.60 1.0439 -0.1976 0.9745 0.5894 0.5547 0.8728 -0.0448 0.8740 557.06

60.65 1.0430 -0.1956 0.9749 0.5841 0.5578 0.8724 -0.0445 0.8736 357.08

6.70 1.0422 -0.1937 0.9754 0.5790 0.5605 0.8720 &0.0442 0.8732 357.10

6.75 1.0412 -0.1918 0.9759 0.5739 0.5633 0.8717 -0.0439 0.8728 357.12

6.80 1.0405 -0.1900 0.9763 0.5689 0,5662 08713 -0.0436. 0.8724 357.13
6.85 1.0397 -0.1882 0.9768 0.6640 0,5689 0.8709 -0.0433 0.8720 357.15

6.90 1.0389 -0.1864 0.9772 0.5592 0.5717 0,8706 -0.0431 0.8716 357.17
6.95 1.0381 -0.1846 0.9777 0.5544 0.5744 0.8702 -0.0428 0.8713 357.19

WADC TR 56-614 A-102



k=-i.o 0"a 0.50

Flo
IMAO.M USJIWAPHASE

REAL A MOLS SE REAL IMAG. MODUWS P~AE

4.00 0.0918 0.0685 0.1146 36.72 0.6958 0.2897 0.7537 22.61
4.05 0.0931 0.0678 0.1151 36.08 0.7001 0.2860 0.7562 22.22
4.10 0.0942 0.0671 0.1157 35.47 0.7042 0.2824 0.7587 21.85
4.15 0.0954 0.0665 0.1162 34.88 0.7082 0.2789 0.7612 21.50
4.20 0.0965 0.0658 0.1168 34.30 0.7121 0.2755 0.7635 21.15

4.25 0.0975 0.0652 0.1173 33.75 0.7158 0.2722 0.7658 20.82
4.30 0.0986 0.0645 0.1178 33.21 0.7195 0.2689 0.7681 20.50
4.35 0.0996 0.0639 0.1183 32.70 0.7230 0.2658 0.7703 20.18
4.40 0.1005 0.0633 0.1188 32.20 0.7264 0.2627 0.7724 19.88
4.45 0.1015 0.0627 0.1193 31.71 0.7297 0.2597 0.7745 19.59

4.50 0.1024 0.0621 0.1198 31,24 0.7329 0.2568 0.7766 19.31
4.55 0.1033 0.0615 0.1202 30.79 0.7361 0.2539 0.7786 19.03
4.60 0.1042 0.0610 0.1207 30.35 0.7391 0.2511 0.7806 18.77
4.65 0.1050 0.0604 0.1212 29.92 0.7421 0.2484 0.7826 18.51
4.70 0.1056 0.0599 0.1216 29.50 0.7450 0.2458 0.7845 18.26

4.75 0.1066 0.0594 0.1220 29.10 0.7478 0.2432 0.7864 18.01
4.80 0.1074 0.0588 0.1225 28.71 0.7506 0.2406 0.7882 17.78
4.85 0.1082 0.0583 0.1229 28.33 0,7533 0.2382 0.7900 17.55
4.90 0.1089 0.0578 0.1233 27.96 0.7559 0.2358 0.7918 17.32
4.95 0.1097 0.0573 0.1237 27.60 0.7585 0.2334 0.7936 17.10

5.00 0.1104 0.0568 0.1241 27.25 0.7610 0.2311 0.7953 16.89
5.05 0.1111 0.0564 0.1245 26.91 0.7635 0.2288 0.7970 16.68
5.10 0.1117 0.0559 0.1249 26.58 0.7659 0.2266 0.7987 16.48
5.15 0.1124 0.0554 0.1253 26.25 0.7683 0.2244 0.8004 16.29
5.20 0.1131 0.0550 0.1257 25.94 0.7706 0.2223 0.8020 16.09

5.25 0.1137 0.0545 0.1261 25.83 0.7729 0.2202 0.8036 15.91
5.30 0.1143 0.0541 0.1265 25.33 0.7751 0.2182 0.8052 15.72
5.35 0.1149 0.0537 0.1269 25.03 0.7773 0.2162 0.8068 15.54
5.40 0.1156 0.0533 0.1272 24.75 0.7794 0.2142 0.8083 15.37
5.45 0.1161 0.0528 0,1276 24.47 0.7815 0.2123 0.8098 15.20

5.50 0.1167 0.0524 0.1280 24.19 0.7836 0.2104 0.8113 15.03
5.55 0.1173 0.0520 0.1283 23.92 0.7856 0.2086 0.8128 14.87
5.60 0.1178 0.0516 0.1287 23.66 0.7876 0.2068 0.8143 14.71
5.65 0.1184 0.0512 0.1290 23.41 0.7895 0.2050 0.8157 14.55
5.70 0.1189 0.0509 0.1294 23.16 0.7914 0.2032 0.8171 14.40

5.75 0.1195 0.0505 0.1297 22.91 0.7933 0.2015 0.8185 14.25
5.80 0.1200 0.0501 0.1300 22.67 0.7952 0.1998 0.8199 14.11
5.85 0.1205 0.0497 0.1304 22.43 0.7970 0.1981 0.8212 13.96
5.90 0.1210 0.0494 0.1307 22.20 0.7988 0.1965 0.8226 13.82
5.95 0.1215 0.0490 0.1310 21.98 0.8005 0.1949 0.8239 13.68

6.0C 0.1220 0.0487 0.1313 21.75 0.8022 0.1933 0.8252 13.55
6.05 0.1224 0.0483 0.1316 21.54 0.8039 0.1917 0.8265 13.41
6.10 0.1229 0.0480 0.1319 21.32 0.8056 0.1902 0.8277 13.28
6.15 0.1234 0.0476 0.1323 21.12 0.8072 0.1887 0.8290 13.16
6.20 0.1238 0.0473 0.1326 20.91 0.8088 0.1872 0.8302 13.03

6.25 0.1243 0.0470 0.1329 20.71 0.8104 0.1857 0.8314 12.91
0.30 0.1247 0.0467 0.1331 20.51 0.8120 0.1843 0.8326 12.79
6.35 0.1251 0.0463 0.1334 20.32 0.8135 0.1829 0.8338 12.67
6.40 0.1256 0.0460 0.1337 20.13 0.8150 0.1815 0.8350 12.55
6.45 0.1260 0.0457 0.1340 19.94 0.8165 0.1801 0.8361 12.44

6.50 0.1264 0.0454 0.1343 19.76 0.8189 0.1767 0.8373 12.33
6.55 0.1268 0.0451 0.1346 19.58 0.8194 0.1774 0.8384 12.22
6.60 0.1272 0.0448 0.1348 19.40 0.8208 0.1761 0.8395 12.11
6.65 0.1276 0.0445 0.1351 19.23 0.8222 0.1748 0.8406 12.00
6.70 0.1280 0.0442 0.1354 19.05 0.8236 0.1735 0.8417 11.90

6.75 0.1283 0.0439 0.1356 18.89 0.8249 0.1722 0.8427 11.79
6.80 0.1287 0.0436 0.1359 18.72 0.8263 0.1710 0.8438 11.69
6.85 0.1291 0.0433 0.1362 18.56 0.8276 0.1698 0.8448 11.59
6.90 0.1294 0.0431 0.1364 18.40 0.8289 0.1685 0.8458 11.49
6.95 0.1298 0.0428 0.1367 18.24 0.8301 0.1673 0.8468 11.40

WADC TA 56-614 A-103



kz'l. O" = 0.50

o "-2" ' x  / -2 r

REAL IMAG. xREAL IMAG. MODUWS PHM

7.00 1.0373 -0,1829 0,9781 0.5497 0.5771 0.8699 -0.0425 0.0o9 3572o
7.05 1.0365 -0.1812 0.9785 0.5452 0.5797 0.8895 -0.0422 0.8705 357.22
7.10 1,0357 -0.1796 0.9790 0.5406 0.5824 0.8692 -0.0420 0.8702 357.24
7.15 1.0350 -0.1779 0.9794 0,5362 0.5850 0.8688 -0.0417 0.8698 357.25
7.20 1.0342 -0.1783 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 0.8686 -0.0400 0.8615 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 0.9630 0.4992 0.6000 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 0.8860 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 0.4608 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 0.86016 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 1.0077 -0.1259 0.9943 0.3910 0.6764 0.8576 -0.0325 0.8582 357.83
9.45 1.0072 -0.1251 0.9945 0.3887 0.6780 0.8574 -0.0323 0.8580 357.84

9.50 1.0067 -0.1243 0.9948 0.3864 0.6795 0.8572 -0.0321 0.8578 357.85
9.55 1.0063 70.1235 0.9950 0.3841 0.6811 0.8570 -0.0320 0.8576 357.86
9.60 1.0058 -0.1227 0.9953 0.3818 0.6826 0.8568 -0.0318 0.8574 357.87
9.65 1.0053 -0.1219 0.9955 0.3796 0.6842 0.8567 -0.0317 0.8572 357.88
9.70 1.0049 -0.1211 6.9958 0.3774 0.6857 0.8565 -0.0315 0.8571 357.89

9.75 1.0044 -0.1204 0.9960 0.3752 0.6872 0.8563 -0.0314 0.8569 357.90
9.80 1.0040 -0.1196 0.993 0.3730 0.6887 0.8501 -0.0312 0.8567 357.91
9.85 1.0035 -0.1189 0.9965 0.3709 0.6.901 .0.8560 -0.0311 0.8565 357.92
9.90 1.0031 -0.1182 0.9967 0.3688 0.6916 0.8558 -0.0309 0.8563 357.93
9.95 1.0027 -0.1174 0.9970 0.3667 0.6930 0.8556 -0.0308 0.8562 357.94

10.00 1.0022 -0.1167 0.9972 0.3646 0.6945 0.8555 -0,0306 0.8560 357.95

WADC TR 56-614 A-104



ka-1.0 0: 0.50

REAL IMAG. MODULUS PHASE REAL IMAG. MODULUS PHASE.
6EESREE)

7.00 0.1301 0.0425 0.1369 18.09 0.8314 0.1662 0.8478 11.30
7.05 0.1305 0.0422 0.1372 17.94 0.8326 0.1650 0.8488 11.21
7.10 0.1308 0.0420 0.1374 17.79 0.8338 0.1639 0.8498 11.12
7.15 0.1312 0.0417 0.1376 17.64 0.8350 0.1627 0.8507 11.03
7.20 0.1315 0.0414 0.1379 17.49 0.8362 0.1616 0.8517 10.94

7.25 0.1318 0.0412 0.1381 17.35' 0.8374 0.1605 0.8526 10.85
7.30 0.1321 0.0409 0.1383 17.21 0.8385 0.1594 0.8535 10.76
7.35 0.1325 0.0407 0.1386 17.07 0.8397 0.1583 0.8545 10.68
7.40 0.1328 0.0404 0.1388 16.94 0.8408 0.1573 0.8554 10.60
7.45 0.1331 0.0402 0.1390 16.81 0.8419 0.1562 0.8562 10.51

7.50 0.1334 0.0400 0.1392 16.67 0.8429 0.1552 0.8571 10.43
7.55 0.1337 0.0397 0.1395 16.54 0.8440 0.1542 0.8580 10.35
7.60 0.1340 0.0395 0.1397 16.42 0.8451 0.1532 0.8588 10.27
7.65 0.1343 0.0392 0.1399 16.29 0.8461 0.1522 0.8597 10.20
7.70 0.1346 0.0390 0.1401 16.17 0.8471 0.1512 0.8605 10.12

7.75 0.1348 0.0388 0.1403 16.04 0.8481 0.1503 0.8613 10.05
7.80 0.1351 0.0386 0.1405 15.92 0.8491 0.1493 0.8622 9.97
7.85 0.1354 0.0383 0.1407 15.81 0.8501 0.1484 0.8630 9.90
7.90 0.1357 0.0381 0.1409 15.69 0.8511 0.1474 0.8638 9.83
7.95 0.1359 0.0379 0.1411 15.57 0.8521 0.1465 0.8646 9.76

8.00 0.1362 0.0377 0.1413 15.46 0.8530 0.1456 0.8653 9.69
8.05 0.1365 0.0375 0.1415 15.35 0.8539 0.1447 0.8661 9.62
8.10 0.1367 0.0372 0.1417 15.24 0.8549 0.1438 0.8669 9.55
8.15 0.1370 0.0370 0.1419 15.13 0.8558 0.1429 0.8670 9.48
8.20 0.1372 0.0368 0.1421 15.02 0.8567 0.1421 0.8684 9.42

8.25 0.1375 0.0366 0.1423 14.92 0.8576 0.1412 0.8691 9.35
8.30 0.1377 0.0364 0.1425 14.81 0.8584 0.1404 0.8698 9.29
8.35 0.1380 0.0362 0.1426 14.71 0.8593 0.1395 0.8705 9.22
8.40 0.1382 0.0360 0.1428 14.61 0.8601 0.1387 0.8713 9.16
8.45 0.1384 0.0358 0.1430 14.51 0.8610 0.1379 0.8720 9.10

8.50 0.1387 0.0356 0.1432 14.41 0.8618 0.1371 0.8727 9.04
8.55 0.1389 0.0354 0.1433 14.31 0.8626 0.1363 0.8733 8.98
8.60 0.1391 0.0353 0.1435 14.22 0.8635 0.1355 0.8740 8.92
8.65 0.1393 0.0351 0.1437 14.12 0.8643 0.1347 0.8747 8.86
8.70 0.1396 0.0349 0.1439 14.03 0.8651 0.1340 0.8754 8.80

8.75 0.1398 0.0347 0.1440 13.94 0.8658 0.1332 0.8760 8.75
8.80 0.1400 0.0345 0.1442 13.85 0.8666 0.1324 0.8767 8.69
8.85 0.1402 0.0343 0.1444 13.76 0.8674 0.1317 0.8773 8.63
8.90 0.1404 0.0342 0.1445 13.67 0.8681 0.1310 0.8780 8.58
8.95 0.1406 0.0340 0.1447 13.58 0.8689 0.1302 0.8786 8.52

9.00 0.1409 0.0338 0.1449 13.49 0.8696 0.1295 0.8792 8.47
9.05 0.1411 0.0336 0.1450 13.41 0.8704 0.1288 0.8799 8.42
9.10 0.1413 0.0335 0.1452 13.32 0.8711 0.1281 0.8805 8.37
9.15 0.1415 0.0333 0.1453 13.24 0.8718 0.1274 0.8811 8.31
9.20 0.1417 0.0331 0.1455 13.16 0.8725 0.1267 0.8817 8.26

9.25 0.1419 0.0330 0.1456 13.08 0.8732 0.1260 0.8823 8.21
9.30 0.1420 0.0328 0.1458 13.00 0.8739 0.1254 0.8829 8.16
9.35 0.1422 0.0326 0.1459 12.92 0.8746 0.1247 0.8834 8.11
9.40 0.1424 0.0325 0.1461 12.84 0.8753 0.1240 0.8840 8.07
9.45 0.1426 0.0323 0.1462 12.76 0.8759 0.1234 0.8846 8.02

9.50 0.1428 0.0321 0.1464 12.68 0.8766 0.1227 0.8852 7.97
9.55 0.1430 0:0320 0.1465 12.61 0.8773 0.1221 0.8857 7.92
9.60 0.1432 0.0318 0.1467 12.53 0.8779 0.1215 0.8863 7.88
9.65 '0.1433 0.0317 0.1468 12.46 0.8786 0.1208 0.8868 7.83
9.70 0.1435 0.0315 0.1469 12.39 0.8792 0.1202 0.8874 7.79

9.75 0.1437 0.0314 0M1471 12.32 0.8798 0.1196 0.8879 7.74
9.80 0.1439 0.0312 0.1472 12.24 0.8804 0.1190 0.8884 7.70
9.85 0.1440 0.0311 0.1474 12.17 0.8811 0.1184 0.8890 7.65
9.90 0.1442 0.0309 0.1475 12.10 0.8817 0.1178 0.8895 7.01
9.95 0.1444 0.0308 0.1476 12.04 0.8823 0.1172 0.8900 7.57

10.00 0.1445 0.0306 0.1478 11.97 0.8829 0.1166 0.8905 '1.52

WADC TR 56-614 A-105
I



ki-2.0 0.50

-2- X-

REAL !MA . A x REAL IMAG MOaU/US s

1.00 1.0083 -5.9763 0.5319 5.3119 0.0049 1.0045 -0.0022 1.0045 359.88

1.05 1.0100 -5.4166 0.5539 52199 0.0054 1.0052 -000029 1.0053 359.84

1.10 1.0118 -4.9312 0.5752 5.1249 0.0059 1.0061 -0.0037 1.0061 359.79

1.15 1.0138 -4.5077 0.5958 5.0270 0.0065 1.0069 _0.0047 1.0070 359,73

1.20 1.0160 -4.1358 0.6158 4.9265 0.0073 1.0078 -0.0059 1.0078 359.67

1.25 1.0184 -3.8076 0,6350 4.8235 0.0080 1.0087 -0.0013 1.0087 359.59

1.30 1.0209 -3.5165 0.6535 4.7185 0.0089 1.0095 -0.0089 1.0096 359.50

1.35 1.0236 -3.2572 0.6713 4.6116 0.0099 1.0103 -0.0107 1.0103 359.40

1.40 1.0264 -3.0253 0.6883 4.5032 0.0111 1.0109 0.0127 10110 359.28

1.45 1.0293 -2.8171 0.7046 4.3937 0.0124 1.0115 -0.0149 1.0116 359.16

1.50 1.0322 -2.6295 0.7201 4.2834 0.0138 1.0118 -0.0172 1.0120 359.02

1.55 1.0352 -2.4599 0.7348 4.1727 0.0154 1.0120 -0.0198 10122 358.88

1.60 1.0382 -2.3062 0.7488 4.0619 0.0172 1.0119 -0.0224 1.0122 358.73

1.65 1.0412 -2.1665 0.7619 3.9514 0.0192 1.0116 :0.0252 1.0119 358.57

1.70 1.0442 -2.0392 0.7744 3.8417 0.0215 1.0111 -0.0280 1.0115 358.41

1.75 1.0470 -1.9229 0.7861 3.7330 0.0239 1.0103 -0.0309 1.0107 358.25

1.80 1.0498 -18164 0.7971 3.6257 0.0266 1.0092 -0.0337 1.0097 358.09

1.85 1,0525 -1.7187 0.8074 3.5201 0.0296 1.0079 -0.0365 1.0085 357.92

1.90 1.0550 -1.6289 0.8171 3.4164 0.0328 1.0063 -0.0392 1.0071 357.77

1.95 1.0574 -1.5461 0.8261 3.3149 0.0363 1.0045 -0.0418 1.0054 357.61

2.00 1.0597 -1.4697 0.8345 3.2158 0.0401 1.0025 -0.0443 1.0035 357.47

2.05 1.0618 -1.3991 0.8424 3.1192 0.0442 1.0004 -0.0466 1.0015 357.33

2.10 1.0638 -1.3336 0.8498 3.0254 000485 0.9981 -0.0488 0.9993 357.20

2.15 1.0656 -1.2729 0.8566 2.9343 0.0532 0.9956 -0.0507 0.9969 357.08

2.20 1.0673 -1.2165 0.8630 2.8460 0.0581 0.9931 -0.0525 0.9945 356.97

2.25 1.0688 -1.1640 0.8689 2.7607 0.0632 0.9905 -0.0541 0.9920 356.87

2.30 1.0702 -1.1150 0.8744 2.6783 0.0687 0.9879 -0.0555 0.9894 356.78

2.35 1.0715 -1.0693 0.8796 2.5988 0.0744 0.9852 -0.0567 0.9868 356.70

2.40 1.0726 -1.0265 0.8844 2.5222 0.0803 0.9825 -0.0578 0.9842 356.63

2.45 1.0736 -0.9865 0.8888 2.4484 0.0864 0.9798 -0.0586 0.9816. 356.57

2.50 1.0744 -0.9490 0.8930 2.3775 0.0928 0.9771 -0.0593 0.9789 356.52

2.55 1.0752 -0.9138 0.8969 2.3094 0.0993 0.9745 -0.0599 0.9764 356.48

2.60 1.0758 -0.8808 0.9005 2.2439 0.1060 0.9719 -0.0603 0.9738 356.45

2.65 1.0764 -0.8497 0.9039 2.1811 0.1129 0.9694 -0.0606 0.9713 356.42

2.70 1.0768 -0.8204 0.9071 2.1208 0.1199 0.9670 -0.0608 0.9689 356.40

2.75 1.0771 -0.7928 0.9101 2.0629 0.1271 0.9646 -0.0608 0.9665 356.39

2.80 1.0774 -0.7667 0.9129 2.0075 0.1343 0.9623 -0.0608 0.9642 356.38

2.85 1.0776 -0.7421 0.9156 1.9543 0.1417 0.9601 -0.0607 0.9620 356.38

2.90 1.0776 -0.7189 0.9180 1.9034 0.1491 0.9579 -0.0605 0.9598 356.39

2.95 1.0776 -0.6969 0.9204 1.8545 0.1565 0.9558 -0.0602 0.9577 356.39

3.00 1.0776 -0.6760 0.9226 1.8"077 0.1640 0.9538 -0.0599 0.9557 356.40

3.05 1.0774 -0.6563 0.9247 1.7629 0.1715 0:9519 -0.0596 0.9538 356.42

3.10 1.0772 -0.6375 0.9267 1.7199 0.1791 0.9501 -0.0592 0.9519 356.44

3.15 1.0770 -0.6197 0.9286 1.6787 0.1866 0.9483 -0.0587 0.9501 356.46

3.20 1.0766 -0.6028 0.9304 1,6392 0.1941 0.9466 -0.0583 0.9484 356.48

3.25 1.0762 -0.5867 0.9321 1.6014 0.2016 0.9450 -0.0578 0.9468 356.50

3.30 1.0758 -0.5714 0.9337 1.5651 0.2091 0.9435 -0.0572 0.9452 356.53

3.35 1.0753 -0.5568 0.9353 1.5303 0.2165 0.9420 -0.0567 0.9437 356.55

3.40 1.0747 -0.5429 0.9368 1.4969 0.2238 0.9405 -0.0562 0.9422 356.58

3.45 1.0742 -0.5297 0.9383 1.4649 0.2311 0.9392 -0.0556 0.9408 356.61

3.50 1.0735 -005170 0.9397 1.4342 0.2383 0.9379 -0.0551 0.9395 356.64

3.55 1.0728 -0.5049 0.9410 1.4047 0.2454 0.9366 -0.0545 0.9382 356.67

3.60 1.0721 -0.4934 0.9423 1.3763 0.2525 0.9354 -0.0539 0.9370 356.70

3.65 1'0713 -0.4823 0.9436 1.3491 0.2595 0.9342 -0.0534 0.9358 356.73

3.70 1.0705 -0.4717 0.9448 1.3229 0.2664 0.9331 -0.0528 0.9346 356.76

3.75 1.0697 -0.4616 0.9460 1.2978 0.2731 0.9321 -0.0523 0.9335 356.79

3.80 1.0688 -0.4519 0.9472 1.2736 0.2798 0.9310 -0.0517 0.9325 356.82

3.85 1.0679 -0.4425 0.9483 1.2503 0.2864 0.9300 -0.0512 0.9314 356.85

3.90 1.0670 -0.4336 0.9494 1.2279 0.2929 0.9291 -0.0507 0.9305 356.88

3.95 1.0660 -0.4250 0.9505 1.2063 0.2993 0.9282 -0.0501 0.9295 356.91

WADC TR 56-614 A-106



kz -2.0 0"a 0.50

-
" PHASE

REAL IMA. MOULUS PHsE REAL . M.. . MO..US fDERt$

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 0.0107 0.1367 0,1381 81.80
1.10 -0.0061 0.0037 0.0071 148.74 0.0239 0.1496 0.1515 80.94
1.15 -0.0069 0.0047 0.0084 145.95 0.0287 0.1631 0.1656 80.03
1.20 -0.0078 0.0059 0.0098 143.08 0.0342 0.1769 0.1802 79.06

1.25 -0.0087 0.0073 0.0113 140.11 0.0405 0.1911 0.1953 78.04
1.30 -0.0095 0.0089 0.0130 137.08 0.0476 0.2056 0.2110 76.97
1.35 -0.0103 0.0107 0.0148 133.99 0.0556 0.2202 0.2271 75.84
1.40 -0.0109 0.0127 0.0167 130.84 0.0645 0.2350 0.2437 74.65
1.45 -0.0115 0.0149 0.0188 127.65 0.0744 0.2497 0.2606 73.42

1.50 -0.0118 0.0172 0.0209 124.44 0.0852 0.2644 0.2778 72.14
1.55 -0.0120 0.0198 0.0231 121.21 0.0970 0.2788 0.2952 70.81
1.60 -0.0119 0.0224 0.0254 117.97 0.1098 0.2928 0.3128 69.44
1.65 -0.0116 0.0252 0.0277 114.75 0.1235 0.3064 0.3304 68.04
1.70 -0.0111 0.0280 0.0301 111.54 0.1381 0.3194 0.3480 66.61

1.75 -0.0103 0.0309 0.0325 108.37 0.1536 0.3317 0.3655 65.16
1.80 -0.0092 0.0337 0.0350 105.24 0.1697 0.3432 0.3029 63.89
1.85 -0.0079 0.0365. 0.0374 102.16 0.1865 0.3539 0.4000 62.21
1.90 -0.0063 0.0392 0.0397 99.13 0.2038 0.3636 0.4168 60.73
1.95 -0.0045 0.0418 0.0421 96.18 0.2215 0.3723 0.4332 59.25

2.00 -0.0025 0.0443 0.0444 93.29 0.2395 0.3801 0.4492 57.78
2.05 -0.0004 0.0466 0.0466 90.48 0.2578 0.3868 0.4648 56.32
2.10 0.0019 0.0488 0.0488 87.75 0.2761 0.3925 0.4798 54.88
2.15 0.0044 0.0507 0.0509 85.10 0.2944 0.3972 0.4944 53.46
2.20 0.0069 0.0525 0.0530 82.54 0.3125, 0.4009 0.5083 52.06

2.25 0.0095 0.0541 0.0549 80.06 0.3305 0.4037 0.5217 50.69
2.30 0.0121 0.0555 0.0568 77.66 0.3482 0.4056 0.5346 49.36
2.35 0.0148 0.0567 0.0586 75.36 0.3655 0.4067 0.5468 48.06
2.40 0.0175 0.0578 0.0604 73.13 0.3825 0.4071 0.5586 46.78
2.45 0.0202 0.0586 0.0620 70.99 0.3990 0.4067 0.5097 45.55

2.50 0.0229 0.0593 0.0636 68.93 0.4150 0.4057 0.5803 44.35
2.55 0.0255 0.0599 0.0651 66.96 0.4305 0.4041 0.5904 43.19
2.60 0.0281 0.0603 0.0665 65.06 0.4454 0.4020 0.6000 42.07
2.65 0.0306 0.0606 0.0679 63.24 0.4599 0.3995 0.6091 40.98
2.70 0.0330 0.0608 0.0692 61.49 0.4737 0.3965 0.6178 39.93

2.75 0.0354 0.0608 0.0704 59.81 0.4870 0.3932 0.6260 38.92
2.80 0.0377 0.0608 0.0715 58.20 0.4998 0.3897 0.6337 37.94
2.85 0.0399 0.0607 0.0727 56.66 0.5120 0.3858 0.6411 37.00
2.90 0.0421 0.0605 0.0737 55.18 0.5237 0.3818 0.6481 36.09
2.95 0.0442 0.0602 0.0747 53.76 0.5349 0.3776 0.6548 35.22

3.00 0.0482 0.0599 0.0756 52.40 0.5456 0.3733 0.6611 34.38
3.05 0.0481 0.0596 0.0765 51.10 0.5558 0.3688 0.6670 33.57
3.10 0.0499 0.0592 0.0774 49.85 0.5655 0.3643 0.6727 32.79
3.15 0.0517 0.0587 0.0782 48.65 0.5748 0.3598 0.6781 32.04
3.20 0.0534 0.0583 0.0790 47.51 0.5837 0.3552 0.6833 31.32

3.25 0.0550 0.0578 0.0797 46.41 0.5922 0.3506 0.6882 30.63
3.30 0.0565 0.0572 0.0805 45.35 0.6003 0.3461 0.6929 29.96
3.35 0.0580 0.0567 0.0812 44.34 0.6080 0.3415 0.6974 29.32
3.40 0.0595 0.0562 0.0818 43.37 0.6154 0.3370 0.7017 28.71
3.45 0.0608 0.0556 0.0824 42.44 0.6225 0.3326 0.7058 28.11

3.50 0.0621 0.0551 0.0830 41.54 0.6292 0.3282 0.7097 27.54
3.55 0.0634 0.0545 0.0836 40.69 0.6357 0.3239 0.7135 27.00
3.60 0.0646 0.0539 0.0842 39.86 0.6419 0.3196 0.7171 26.47
3.65 0.0658 0.0534 0.0847 39.07 0.6478 0.3154 0.7206 25.96
3.70 0.0669 0.0528 0.0852 38.31 0.6535 0.3113 0.7239 25.47

3.75 0.0679 0.0523 0.0857 37.57 0.6590 0.3073 0.7272 25.00
3.80 0.0690 0.0517 0.0862 36.87 0.6643 0.3034 0.7303 24.55
3.85 0.0700 0.0512 0.0867 36.19 0.6693 0.2996 0.7333 24.11
3.90 0.0709 0.0507 0.0872 35.54 0.6742 0.2958 0.7362 23.69
3.95 0.0718 0.0501 0.0876 34.91 0.6789 0.2921 0.7391 23.28

WADC TR 56-614 A-107



X............
k-2.0 O":0.50

x yi .2r t Y~

REAL IMAG REAL IMAG. M,,. fMCWS

4.00 1.0851 -0.4167 0.9516 1.1855 0.3056 0.9273 -0.0496 0.9286 356.94
4.05 1.0640 -0.4088 0.9526 1.1054 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
4.20 1.0609 -0.3867 0.9556 1.1094 0.3298 0.9240 -0.0476 0.9252 357.05

4.25 1.0598 - 3798 0.9566 1.0920 0.3356 0.9233 -0.0472 0.9245 357.08
4.30 1.0587 -0.3132 0.9576 1.0751 0.3413 0.9225 -0.0461 0.9237 357.10
4.36 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 -0.045 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 0.9119 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 1.0446 -0.3089 .0.9681 0.9096 0.4027 0.9152 -0.0418 0.9102 357.39
4.95 1.0434 -0.3046 0.9689 0.8982 0.4073 0.9147 -0.0414 0.9156 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 0.9705 0.8764 0.4163 0.9137 -0.0407 0.9146 357.455.10 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 1.0351 -0.2771 0.9744 0.8264 0.4376 0,9114 -0.0391 0.9122 357.54
5.35 1,0339 -0.2736 0.9751 0.8171 0,4417 0.9109 -0.0388 0.9118 357.56
5.40 1.0328 -0.2701 0.9758 0.8081 0,4457 0.9105 -0.0385 0.9113 357,58
5.45 1.0316 -0.2667 0.9766 0.7992 0.4497 0.9101 -0.0382 0.9109 357.60

5.50 1.0304 -0.2635 0.9773 -0.7905 0.4536 0.9097 -0.0379 0.9105 357.61
5.55 1.0293 -0.2603 0.9780 0.7820 0.4575 0.9093 -0.0376 0,9101 357.63
5.60 1.0282 -0.2571 0.9787 0.7737 0.4613 0.9089 -0.0373 0.9096 357.65
5.65 1.0270 -0.2541 0.9794 0.7656 0.4650 0.9085 -0.0370 0.9092 357.67
5.70 1.0259 -0.2511 0.9801 0.7577 0.4688 0.9081 -0.0308 0.9088 357.68

5.75 1.0248 -0.2481 0.9808 0.7499 0.4724 0.9077 -0.0365 0.9085 357.70
5.80 1.0237 -0.2453 0.9814 0.7422 0.4760 0.9074 -0.0362 0,9081 357.71
5.85 1.0226 -0.3425 0.9821 0.7348 0.4796 0.9070 -0.0359 0.9077 357.73
5.90 1.0215 -0.2398 0.9828 0.7274 0.4831 0.9066 -0.0357 0.9073 357.75
5.95 1.0205 -0.2371 0.9834 0.7203 0.4866 0.9063 -0.0354 0.9070 357.76

6.00 1.0194 -0.2345 0.9840 0.7132 0.4901 0.9059 -0.0352 0.9066 357.78
6.05 1.0183 -0.2319 0.9847 0.7063 0.4935 0.9056 -0.0349 0.9063 351.79
6.10 1.0173 -0.2294 0.9853 0.6995 0.4968 0.9053 -0.0341 0.9059 357.81
6.15 1.0163 -0.2269 0.9859 0.6929 0.5001 0.9049 -0.0344 0.9056 357.82
6.20 1.0153 -0.2245 0.9865 0.6864 0.5034 0.9046 -0.0342 0.9052 357.84

6.25 1.0142 -0.2221 0.9871 0.6800 0.5066 0,9043 -0.0339 0.9049 357.85
6.30 1.0132 -0.2198 0.9877 0.6737 0.5098 0.9040 -0.0337 0.9040 357.86
6.35 1.0123 -0.2175 0.9883 0.6675 0.5130 0.9037 -0.0335 0.9043 357.88
6.40 1.0113 -0.2153 0.9889 0.6615 0.5161 0.9034 -0.0333 0.9040 357.89
6.45 1.0103 -0.2131 0.9895 0.6555 0.5192 0.9031 -0.0330 0.9037 357.91

6.50 1.0094 -0.2110 0.9900 0.6496 0.5222 0.9028 -0.0328 0.9034 357.92
6.55 1.0084 -0.2089 0.9906 0.6439 0.5252 0.9025 -0.0326 0.9031 357.93
6.60 1.0075 -0.2008 0.9911 0.6382 0.5282 0.9022 -0.0324 0.9028 357.95
6.65 1.0066 -0.2048 0.9917 0.6327 0.5312 0.9019 -0.0322 0.9025 357.96
6.70 1.0066 -0.2028 0.9922 0.6272 0.5341 0.9016 -0.0319 0.9022 357.97

6.75 1.0047 -0.2009 0,9927 0.6219 0.5369 0.9014 -0.0317 0.9019 357.98
6.80 1.0038 -0.1989 0.9933 0.0166 0.5398 0.9011 -0.0315 0.9017 358.00
6.85 1.0030 -0.1971 0.9938 0.6114 0.5426 0.9008 -0.0313 0.9014 358.01
6.90 1.0021 -0.1952 0.9943 0.6063 0.5454 0.9006 -0.0311 0.9011 358.02
0.95 1.0012 -0.1934 0.9948 0.6013 0.5481 0.9003 -0.0309 0.9009 358.03

WADC TR 56-614 A-108



k( -2.0 o-& 0.50

REAL IMAG. Mo.LUS PASE REAL _I. HAS E-
,!REA IMAI MOWULIs PASE4.00 0.0727 0.0496 0.0880 34.30 0.6834 0.2886 0.7418 22.894.05 0.0736 0.0491 0.0885 33.72 0.6878 0.2851 0.7445 22.514.10 0.0744 0.0486 0.0889 33.15 0.6920 0.2817 0.7471 22.154.15 0.0752 0.0481 0.0893 32.61 0.6961 0.2783 0.7497 21 794.20 0.0760 0.0476 0.0897 32.08 0.7000 0.2751 0.7521 21.45

4.25 0.0767 0.0472 0.0901 31.57 0.7039 0.2719 0.7546 21.124.30 0.0775 0.0467 0.0904 31.08 0.7076 0.2688 0.7569 20.804.35 0.0782 0.0462 0.0908 30.60 0.7112 0.2658 0.7592 20.494.40 0.0788 0.0458 0.0912 20.14 0.7147 0.2629 0.7615 20.204:45 0.0795 0.0454 0.0915 29.70 0.7181 0.2600 0.7637 19.91
4.50 0.0802 0.0449 0.0919 29.27 0.7214 0.2572 0.7659 19.624.55 0.'0808 0.0445 0.0922 28.85 0.7246 0,2545 0.7680 19.354.60 0.814 0.0441 0.0926 28.44 0.7277 0.2518 0.7701 19.094.65 0.0820 0.0437 0.0929 28.05 0.7308 0.2492 0.7721 18.834.70 0,0826 0,0433 0.0932 27.67 0.7338 0.2467 0.7741 18.58
4.75 0.0832 0.0429 0.0936 27.30 0.7367 0.2442 0.7761 18.344.80 0.0837 0.0425 0.0939 26.93 0.7395 0.2417 0.7780 18.104.85 0.0842 0.0422 0.0942 26.58 0.7423 0.2394 0.7799 17.874.90 0.0848 0.0418 00945 26.24 0.7450 0.2370 0.7818 17.654.95 0.0853 0.0414 0.0948 25.91 0.7476 0.2348 0.7836 17.43
5.00 0.0858 0.0411 0.0951 25.59 0.7502 0.2325 0.7855 17.225.05 0.063 0.0407 0.0954 25.27 0.7528 0.2304 0.7872 17.015.10 0.0868 0.0404 0.0957 24.96 0.7553 0.2282 0.7890 16.815.15 0.0873 0.0401 0.0960 24.66 0.7577 0.2261 0.7907 16.625.20 0.0877 0.0397 0.0963 24.37 0.7601 0.2241 0.7924 16.43
5.25 0.0882 0.0394 0.0966 24.09 0.7624 0.2221 0.7941 16.245.30 0.0886 0.0391 0.0969 23.81 0.7647 0.2201 0.7958 16.065.35 0.0891 0.0388 0.0971 23.54 0.7670 0.2182 0.7974 15.885.40 0.0895 0,0385 0.0974 23.27 0.7692 0,2163 0.7990 15.705.45 0.0899 0.0382 0.0977 23.01 0.7714 0.2144 0.8006 15.53
5.50 0.0903 0.0379 0.0979 22.76 0.7735 0.2126 0.8022 15.375.55 0.0907 0.0376 0.0982 22.51 0.7756 0.2108 0.8037 15.205.60 0.0911 0.0373 0.0985 22.27 0.7776 0.2090 0.8052 15.045.65 0.0915 0.0370 0.0987 22.03 0.7797 0.2073 0.8067 14.895.70 0.0919 0.0368 0.0990 21.80 0.7816 0.2056 0.8082 14.73
5.75 0.0923 0.0365 0.0992 21.57 0.7836 0.2039 0.8097 14.585.80 0.0926 0.0362 0.0995 21.35 0.7855 0.2022 0.8111 14.445.85 0.0930 000359 0.0997 21.13 0.7874 0.2006 0.8125 14.295.90 0.0934 0.0357 0.1000 20.92 0.7892 0.1990 0.8139 14.155.95 0.0937 0.0354 0.1002 20.71 0.7910 0.1974 0.8153 14.01
6.00 0.0941 0.0352 0.1004 20.50 0.7928 0.1959 0.8167 13.886.05 0.0944 0.0349 0.1007 20.30 0.7946 0.1944 0.8180 13.746.10 0.0947 0.0347 0.1009 20.10 0.7963 0.1929 0.8193 13.616.15 0.0951 0.0344 0.1011 19.91 0.7980 0.1914 0.8206 13.496.20 0.0954 0.0342 0.1013 19.72 0.7997 0.1899 0.8219 13.36
6.25 0.0957 0.0339 0.1016 19.53 0.8013 0.1885 0.8232 13.246.30 0.0960 0.0337 0.1018 19.35 0.8030 0.1871 0.8245 13.110.35 0.0963 0.0335 0.1020 19.17 0.8045 0.1857 0.8257 13.006.40 0.0966 0.0333 0.1022 18.99 0.8061 0.1843 0.8269 12.886.45 0.0969 0.0330 0.1024 18.82 0.8077 0.1830 0.8281 12.76
6.50 0.0972 0.0328 0.1026 18.04 0.8092 0.1816 0.8293 12.656.55 0.0975 0.0326 0.1028 18.48 0.8107 0.1803 0.8305 12.546.60 0.0978 0.0324 0.1030 18.31 0.8121 0.1790 0.8316 12.486.65 0.0981 0.0322 0.1032 18.15 0.8136 0.1777 0.8328 12.326.70 0.0984 0.0319 0.1034 17.99 0.8150 0.1765 0.8339 12.22
6.75 0.0986 0.0317 0.1036 17.83 0.8164 0,1752 0.8350 12.116.80 0.0989 0.0315 0.1038 17.68 0.8178 0.1740 0.8361 12.016.85 0.0992 0.0313 0.1040 17.53 0.8192 0.1728 0.8372 11.916.90 0.0994 0.0311 0.1042 17.38 0.8205 0.1716 0.8383 11.816.95 0.0997 0.0309 0.1044 17.23 0.8218 0.1704 0.8393 11.71

WADC TR 56-614 A-109



kz -2. 0 o" 0.50

• x 2  y -2r

REAL IMAG. ' REAL IMAG. fc'wUS"
7.00 1.0004 -0.1918 0.9953 0.5963 0.5508 0.9001 -0.0307 0.9006 358.04
7.05 0.9995 -0.1899 0.9958 0,5915 0.5535 0.8998 -0.0305 0.9003 358.06
7.10 0.9987 -0.1881 0.9963 0.5867 0.5562 0.8996 -0.0303 0.9001 358.07
7.15 0.9978 -0.1865 0.9968 0.5820 0.5588 0.8993 -0.0301 0.8998 358.08
1.20 0.9970 -0.1848 0.9973 0.5773 0.5614 0.8991 -0.0300 0.8996 258.09

7.25 0.9962 -0.1832 0.9977 0.5728 0.5640 0,8989 -0.0298 0.8904 358.10
7.30 0.9954 -0,1816 0.9982 0.5683 0.5665 0.8986 -0.0296 0.8991 358.11
7.35 0,9946 -0.1800 0.9987 0.5639 0.5690 0.8984 -0.0294 0.8980 358.12
7.40 0.9938 -0.1784 0.9991 0.5595 0.5715 0.8982 -0.0292 0.8987 358.14
7.45 0.9931 -0.1769 0.9996 0.5552 0.5739 0.8980 -0.0291 0.8984 358.15

7.50 0.9923 -0.1754 1.0000 0.5510 0.5764 0.8977 -0.0289 0.8982 358.16
7.55 0.9916 -0.1739 1.0004 0.5468 0.5788 0.8975 -0.0287 0.8980 858.17
7.60 0.9908 -0.1725 1,0009 0.5427 0.5812 0.8973 -0.0285 0.6978 358.18
7.65 0.9901 -0.1710 1,0013 0.5387 0.5835 0.8971 -0.0284 0.8976 358.19
7.70 0.9893 -0.1696 1.0017 0.1347 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 0.9811 -0.1543 1.0065 0.4912 0.6119 0.8946 -0.0263 0.8950 358.31
8.35 0.9805 -0.1532 1,0068 0.4878 0.6140 0.8944 -0.0262 0.8948 358.32
8.40 0.9799 -0.1520 1,0072 0.4846 0.6160 0.8943 -0.0261 0.8947 358.33
8.45 0.9793 -0.1509 1.0076 0.4813 0.6180 0.8941 -0.0259 0.8945 358.34

8.50 0.9786 -0.1498 1.0079 0.4782 0.6199 0.8939 -0.0258 0.8943 358.35
8.55 0.9780 -0.1487 1.0083 0.4750 0.6219 0.8938 -0.0256 0.8941 358.36
8.60 0.9774 -0.1477 1.0086 0.4719 0.6238 0.8936 -0.0255 0.8940 358.37
8.65 0.9768 -0.1466 1.0090 0.4689 0.6257 0.8934 -0.0254 0.8938 358.37
8.70 0.9762 -0.1456 1.0093 0.4658 0.6276 0.8933 -0.0252 0.8936 358.38

8.75 0.9756 -0.1445 1.0097 0.4628 0.6295 0.8931 -0.0251 0.8935 358.39
8.80 0.9751 -0.1435 1.0100 0.4599 0.6313 0.8930 -0.0250 0.8933 358.40
6.85 0.9745 -0.1425 1.0103 0.4570 0.6332 0.8928 -0.0248 0.8932 358.41
8.90 0.9739 -0.1415 1.0107 0.4541 0.6350 0.8927 -0.0247 0.8930 358.41
8:95 0.9734 -0.1405 1.0110 0.4513 0.6368 0.8925 -0.0246 0.8926 358.42

9.00 0.9728 -0.1396 1.0113 0.4485 0.6386 0.8924 -0.0245 0.8927 358.43
9,05 0.9722 -0.1386 1.0116 0.4457 0.6404 0.8922 -0.0243 0.8925 358.44
9.10 0.9717 -0.1377 1.0119 0.4430 0.6421 0.8921 -0.0242 0.8924 358.45
9.15 0.9712 -0.1368 1.0122 0.4403 0.6439 0.8919 -0.0241 0.8922 358.45
9.20 0.9706 -0.1359 1.0126 0.4376 0.6456 0.8918 -0.0240 0.8921 358.46
9.25 0.9701 -0.1350 1.0129 0.4350 0.6473 0.8916 -0.0238 0.892. 358.47
9.30 0.9696 -0.1341 1.0132 0.4324 0.6490 0.8915 -0.0237 0.8918 358.48
9.35 0.9690 -0.1332 1.0135 0.4298 0.6506 0,8914 -0.0236 0.8917 358.48
9.40 0.9685 -0.1323 1.0138 0.4273 0.6523 0.8912 -0.0235 0.8915 358.49
9.45 0.9680 -0.1315 1.0141 0.4247 0.6539 0.8911 -0.0234 0.8914 358.50

9.50 0.9675 -0.1306 1.0144 0.4223 0,6556 0.8910 -0.0233 0.8913 358.50
9.55 0.9670 -0.1298 1.0146 0.4198 0.6572 0.8908 -0.0231 0.8911 358.51
9.60 0.9665 -0.1290 1.0149 0.4174 0.6588 0.8907 -0.0230 0.8910 358.52
9.65 0.9660 -0.1282 1.0152 0.4150 0.6604 0.8906 -0.0229 0.8909 358.53
9.70 0.9655 -0.1274 1.0155 0.4126 0.6619 0.8904 -0.0228 0.8907 358.53

9.75 0.9650 -0.1266 1.0158 0.4103 0.6635 0.8903 -0.0227 0.8906 358.54
9.80 0.9646 -0.1258 1.0161 0.4079 0.6650 0.8902 -0.0226 0.8905 358.55
9.85 0.9641 -0.1250 1.0163 0.4057 0.6665 0.8901 -0.0225 0.8903 358.55
9.90 0.9636 -0.1242 1.0166 0.4034 0.6681 0.8899 -0.0224 0.8902 358.56
9.95 0.9632 -0.1235 1.0169 0.4011 0.6696 0.8898 -0.0223 0.8901 358.57

10.00 0.9627 -0.1227 1.0171 0.3989 0.6710 0.8897 -0.0222 0.8900 358.57

WADC TR 56-614 A-11O



kc -2.o 0 -x 0.50

REAL IMAG. MOoJLUS PHASE REAL IMAG. MODULUS
1EGREES) _____ WOfRME

7.00 0.0999 0.0307 0.1045 17.09 0.8231 0.1692 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 0A8424 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 0.1025 0.0287 0.1064 15.65 0.8363 0.1574 0.8510 10.66
7.60 0.1027 0.0285 0.1066 15.53 0.8374 0.1504 0.8519 10.58
7.65 0.1029 0.0284 0.1067 15.41 0.8385 0.1554 0.8528 10.50
7.70 0.1031 0.0282 0.1069 15.30 0.8395 0.1545 0.8536 10.43

7.75 0.1033 0.0280 0.1070 15.18 0.8406 0.1535 0.8545 10.35
7.80 0.1035 0.0279 0.1072 15.07 0.8416 0.1526 0.8554 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 0.1052 0.0265 0.1085 14.13 0.8504 0.1445 0.8626 9.64
8.30 0.1054 0.0263 0.1086 14.03 0.8513 0.1437 0.8634 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 0.1064 0.0255 0.1094 13.48 0.8566 0.1388 0,8678 9.21
8.65 0.1066 0.0254 0.1095 13.39 0.8574 0.1381 0.8685 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 0.1072 0.0248 0.1100 13.04 0.8607 0.1350 0.8712 8.92
8.90 0.1073 0.0247 0.1101 12.96 0.8615 0.1343 0.8719 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 0.1089 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 8.019.80 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 0.1101 0.0224 0.1123 11.49 0.8757 0.1211 0.8840 7.87
9.95 0.1102 0.0223 0.1124 11.43 0.8763 0.1205 0.8845 7.83

10.00 0.1103 0.0222 0.1125 11.36 0.8769 0.1199 0.8851 7.79

WADC TR 56-614 A-il



k=-5.0 o 0.50

I y -2-
R 2 A G. REAL IMAG. MWWS '

1.00 1.0130 -5.9810 0.5315 5.3085 0.0049 1.0036 -0.0028 1.0030 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 1.0194 -4.5165 0.5950 5.0231 0.0066 1.0048 -0.0054 1.0048 359.69
1.20 1.0216 -4.1463 0.6148 4.9229 0.0073 1.0051 -0.0060 1.0051 359.63

1.25 1.0238 -3.8198 0.6338 4.8209 0.0081 1.0053 -0.0078 1.0054 359.56
1.30 1.0260 -3.5305 0.6521 4.7172 0.0089 1.0054 -0.0091 1.0055 359.481.35 1.0281 -3.2730 0.6697 4.6123 0.0099 1.0055 -0.0105 1.0055 359.40
1.40 1.0301 -3.0429 0.6866 4.5065 0.0110 1.0053 -0.0119 1.0054 $59.32
1.45 1.0319 -2.8364 0.7027 4.4001 0,0123 1.0051 -0.0134 1.0052 359.24

1.50 1.0337 -2.6504 0.7181 4.2936 0.0137 1.0047 -0.0149 1.0048 359.15
1.55 1.0353 -2.4824 0.7327 4.1872 0.0152 1.0042 -0.0164 1.0044 359.06
1.60 1.0368 -2.3301 0.7467 4.0813 0.0169 1.0036 -0.0179 1.0037 358.98
1.65 1.0382 -2.1916 0.7509 3.9761 0.0188 1.0028 -0.0194 1.0030 358.89
1.70 1.0394 -2.0654 0.7725 3.8719 0,0208 1.0020 -0.0208 1.0022 358.81

1.75 1.0406 -1.9500 0.7844 3.7689 0.0231 1.0010 -0.0222 1.0012 358.73
1.80 1.0416 -1.8442 0.7956 3.6675 0.0255 0.9999 -0.0235 1.0002 358.661.85 1.0424 -1.7471 0.8062 3.5677 0.0282 0.9988 -0.0247 0.9991 358.58
1.90 1.0432 -1.6577 0.8162 3.4697 0.0311 0.9975 -0.0258 0.9979 358.52
1.95 1.0439 -1.5752 0.8257 3.3738 0.0343 0.9962 -0.0269 0.9966 358.45

2.00 1.0444 -1.4990 0.8346 3.2801 0.0376 0.9949 -0.0279 0.9953 358.39
2.05 1.0449 -1.4284 0.8429 3.1886 0.0412 0.9935 -0.0288 0.9939 358.34
2.10 1.0453 -1.3629 0.8508 3.0994 0.0451 0.9921 -0.0296 0.9925 358.29
2.15 1.0456 -1.3020 0.8582 3.0126 0.0492 0.9906 -0.0303 0.9911 358.25
2.20 1.0458 -1.2454 0.8651 2.9284 0.0535 0.9892 -0.0309 0.9897 358.21

2.25 1.0460 -1.1926 0.8717 2.8466 0.0580 0.9877 -0.0314 0.9882 358.18
2.30 1.0461 -1.1433 0.8778 2.7673 0.0628 0.9863 -0.0318 0.9868 358.15
2.35 1.0461 -1.0972 0.8835 2.6906 0.0678 0.9848 -0.0322 0.9854 358.132.40 1.0461 -1.0540 0.8889 2.6165 0.0731 0.9834 -0.0325 0.98.39 358.112.45 1.0460 -1.0136 0.8940 2.5448 0.0785 0.9820 -0.0327 0.9826 358.09

2.50 1.0459 -0.9756 0.8987 2.4756 0.0841 0.9806 -0.0329 0.9812 358.08
2.55 1.0457 -0.9399 0.9032 2.4089 0.0899 0.9793 -0.0330 0.9799 358.07
2.60 1.0454 -0.9064 0.9014 2.3445 0.0959 0.9780 -0.0330 0.9786 358.07
2.65 1.0451 -0.8748 0.9113 2.2826 0.1020 0.9767 -0.0330 0.9773 358.07
2.70 1.0448 -0.8450 0.9151 2.2229 0.1083 0.9755 -0.0329 0.9761 358.07

2.75 1.0444 -0.8169 0.9186 2.1655 0.1147 0.9743 -0.0328 0.9749 358.07
2.80 1.0440 -0.7904 0.9219 2.1103 0.1212 0.9732 -0.0327 0.9737 358.08
2.85 1.0435 -0.7653 0.9250 2.0572 0.1278 0.9721 -0.0325 0.9726 358.08
2.90 1.0430 -0.7416 0.9279 2.0061 0.1345 0.9710 -0.0323 0.9716 358.09
2.95 1.0424 -0.7191 0.9307 1.9570 0.1413 0.9700 -0.0321 0.9705 358.11

3.00 1.0418 -0.6978 0.9334 1.9099 0.1481 0.9690 -0,0318 0.9695 358.12
3.05 1.0412 -0.6776 0.9359 1.8646 0.1550 0.9681 -0.0316 0.9686 358.13
3.10 1.0405 -0.6585 0.9382 1.8210 0.1619 0.9672 -0.0313 0.9677 358.15
3.15 1.0398 -0.6402 0.9405 1.7792 0.1688 0.9663 -0.0310 0.9668 358.16
3.20 1.0391 -0.6229 0.9427 1.7391 0.1757 0.9655 -0.0307 0.9660 358.18

3.25 1.0383 -0.6064 0.9447 1.7005 0.1826 0.9647 -0.0304 0.9651 358.19
3.30 1.0375 -0.5908 0.9467 1.6634 0.1895 0.9639 -0.0301 0.9644 358.21
3.35 1.0367 -0.5758 0.9486 1.6278 0.1964 0.9632 -0.0298 0.9636 358.23
3.40 1.0358 -0.5615 0.9504 1.5936 0.2032 0.9625 -0.0295 0.9629 358.24
3.45 1.0349 -0.5479 0.9522 1.5607 0.2100 0.9018 -0.0292 0.9622 358.26

3.50 1.0340 -0.5349 0.9539 1.5291 0.2167 0.9611 -0.0289 0.9616 358.28
3.55 1.0330 -0.5225 0.9555 1.4987 0.2234 0.9605 -0.0286 0.9609 358.303.60 1.0320 -0.5106 0.9571 1.4694 0.2301 0.9599 -0.0282 0.9603 358.31
3.65 1.0310 -0.4993 0.9586 1.4413 0.2366 0.9594 -0.0279 0.9598 358.33
3.70 1.0300 -0.4884 0.9601 1.4143 0.2431 0.9588 -0.0276 0.9592 358.35

3.75 1.0289 -0.4780 0.9615 1.3882 0.2495 0.9583 -0.0273 0.9587 358.37
3.80 1.0278 -0.4680 0.9629 1.3631 0.2559 0.9578 -0.0270 0.9581 358.38
3.85 1.0267 -0.4584 0.9642 1.3389 0.2621 0.9573 -0.0267 0.9576 358.40
3.90 1.0256 -0.4492 0.9656 1.3157 0.2683 0.9568 -0.0264 0.9572 358.42
3.95 1.0244 -0.4403 0.9689 1.2932 0.2744 0.9563 -0.0262 0.9567 358.43

WADC TR 56-614 A-112



k. -5.o a'= 0.50

REAL IMAG MOWLUS RIYA RAL IMAG. MODULUS

1.00 .0.0036 0.0028 0.0045 141.77 0.0171 0.1247 0.1259 82.20
1.05 -0.0040 0.0036 0.0054 138.34 0.0210 0.1372 0.1388 81.30
1.10 -0.0044 0.0045 0.0063 134.87 0.0256 0.1501 0.1523 80.33
1.15 -0.0048 0.0054 0.0073 131.38 0.0309 0.1635 0.1663 79.31
1.20 -0.0051 0.0066 0.0083 127.88 0.0360 0.1771 0.1809 78.23

1.25 -0.0053 0.0078 0.0094 124.40 0.0438 0.1910 0.1959 77.09
1.30 -0.0054 0.0091 0.0106 120;94 0.0515 0.2050 0.2113 75.90
1.35 -0.0055 0.0105 0.0118 117.52 0.0601 0.2190 0.2271 74.67
1.40 -0.0053 0.0119 0.0130 114.15 0.0695 0.2330 0.2432 73.39
1.45 -0.0051 0.0134 0.0143 110.84 0.0799 0.2469 0.2595 72.08

1.50 -0.0047 0.0149 0.0156 107.60 0.0911 0.2605 0.2760 70.73
1.55 -0.0042 0.0164 0.0169 104.43 0.1031 0.2738 0.2925 69.36
1.60 -0.0036 0.0179 0.0182 101.34 0.1160 0.2866 0.3091 67.97
1.65 -0.0028 0.0194 0.0196 98.34 0.1296 0.2989 0.3257 66.56
1.70 -0.0020 0.0208 0.0209 95.41 0.1439 0.3105 0.3422 65.14

1.75 -0.0010 0.0222 0.0222 92.56 0.1588 0.3215 0.3586 63.72
1.80 0.0001 0.0235 0.0235 89.81 0.1742 0.3318 0.3747 62.30
1.85 0.0012 0.0247 0.0247 87.13 0.1901 0.3413 0.3907 60.88
1.90 0.0025 0.0258 0.0260 84.54 0.2064 0.3499 0.4063 59.46
1.95 0.0038 0.0269 0.0272 82.03 0.2230 0.3578 0.4216 58.06

2.00 0.0051 0.0279 0.0284 79.60 0.2398 0.3647 0.4365 56.67
2.05 0.0065 0.0288 0.0295 77.25 0.2567 0.3708 0.4510 55.30
2.10 0.0079 0.0296 0.0306 74.98 0.2737 0.3761 0.4651 53.95
2.15 0.0094 0.0303 0.0317 72.79 0.2906 0.3805 0.4187 52.63
2.20 0.0108 0.0309 0.0327 70.68 0.3074 0.3840 0.4919 51.32

2.25 0.0123 0.0314 0.0337 68.64 0.3240 0.3869 0.5046 50.05
2.30 0.0137 0.0318 0.0347 66.67 0.3405 0.3889 0.5169 48.80
2.35 0.0152 0.0322 0.0356 64.77 0.3566 0.3903 0.5286 47.58
2.40 0.0166 0.0325 0.0365 62.95 0.3724 0.3910 0.5399 46.40
2.45 0.0180 0.0327 0.0373 61.19 0.3878 0.3910 0.5507 45.24

2.50 0.0194 0.0329 0.0381 59.50 0.4028 0.3906 0.5611 44.11
2.55 0.0207 0.0330 0.0389 57.87 0.4174 0.3895 0.5709 43.02
2.60 0.0220 0.0330 0.0396 56.30 0.4315 0.3881 0.5804 41.96
2.65 0.0233 .0.0330 0.0404 54.80 0.4452 0.3862 0.5894 40.94
2.70 0.0245 0.0329 0.0410 53.35 0.4584 0.3839 0.5980 39.94

2.75 0.0257 0.0328 0.0417 51.96 0.4712 0.3813 0.6061 38.98
2.80 0.0268 0.0327 0.0423 50.62 0.4835 0.3784 0.6139 38.05
2.85 0.0279 0.0325 0.0429 49.34 0.4953 0.3753 0.6214 37.15
2.90 0.0290 0.0323 0.0434 48.11 0.5066 0.3719 0.6285 36.28
2.95 0.0300 0.0321 0.0439 46.92 0.5175 0.3684 0,6352 35.45

3.00 0.0310 0.0318 0.0444 45.78 0.5279 0.3647 0.6416 34.64
3.05 0.0319 0.0316 0.0449 44.69 0.5379 0.3609 0.6478 33.86
3.10 0.0328 0.0313 0.0454 43.64 0.5475 0.3570 0.6536 33.11
3.15 0.0337 0.0310 0.0458 42.63 0.5567 0.3530 0.6592 32.38
3.20 0.0345 0.0307 0.0462 41.67 0.5655 0.3490 0.6645 31.68

3.25 0.0353 0.0304 0.0466 40.74 0.5739 0.3450 0.6696 31.01
3.30 0.0361 0.030 0.0470 39.84 0.5820 0.3410 0.6745 30.36
3.35 0.0368 0.0298 0.0474 38.99 0.5897 0.3369 0.6792 29.74
3.40 0.0375 0.0295 0.0477 38.16 0.5971 0.3329 0.6837 29.14
3.45 0.0382 0.0292 0.0481 37.37 0.6043 0.3289 0.6880 28.56

3.50 0.0389 0.0289 0.0484 36.61 0.6111 0.3249 0.6921 28.00
3.55 0.0395 0.0286 0.0487 35.87 0.6176 0.3210 0.6960 27.46
3.60 0.0401 0.0282 0.0490 35.17 0.6239 0.3171 0.6998 26.94
3.65 0.0406 0.0279 0.0493 34.49 0,6299 0.3133 0.7035 26.44
3.70 0.0412 0.0276 0.0496 33.84 0.6357°  0.3095 0.7071 25.96

3.75 0.0417 0.0273 0.0499 33.21 0.6413 0.3058 0.7105 25.50
3.80 0.0422 0.0270 0.0501 32.61 0.6467 0.3022 0.7138 25.05
3.85 0.0427 0.0267 0.0504 32.02 0.6518 0.2987 0.7170 24.62
3.90 0.0432 0.0264 0.0507 31.46 0.6568 0.2952 0.7201 24.20
3.95 0.0437 0.0262 0.0509 30.92 0.6616 0.2918 0.7231 23.80

WADC TR 56-614 A-113



k=-5.o o =0.50
• y -2-r

a 2vT REAL........WL

REAL IMAG. REAL IMAG MODUS PHA5E/OIEGREE$I

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 1-0.0256 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 0.9521 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 0.995-1 -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 0.9874 -0.2807 0.9965 0.8757 0.4166 0.9475 -0.0200 0.9477 358.79
5.45 0.9862 -0.2772 0.9974 0.8664 0.4205 0.9473 -0.0198 0.9475 358.80

5.50 0.9849 -0.2738 0.9982 0.8572 0.4244 0.9470 -0.0197 0.9472 358.81
5.55 0.9837 -0.2705 0.9990 0.8482 0.4282 0.9468 -0.0195 0.9470 358.82
5.60 0.9825 -0.2673 0.9998 0.8394 0.4320 0.9466 -0.0194 0.9468 358.83
5.65 0.9813 -0.2641 1.0006 0.8308 0.4357 0.9464 -0.0192 0.9466 358.84
5.70 0.9801 -0.2610 1.0014 0.8224 0.4394 0.9462 -0.0191 0.9464 358.85

5.75 0.9789 -0.2580 1.0022 0.8142 0.4430 0.9460 -0.0189 0.9462 358.85
5.80 0.9777 -0.2551 1.0030 0.8061 0.4466 0.9459 -0.0188 0.9460 358.86
5.85 0.9765 -0.2522 1.0037 0.7982 0.4501 0.9457 -0.0187 0.9459 358.87
5.90 0.9754 -0.2494 1.0045 0.7904 0.4537 0.9455 -0.0185 0.9457 358.88
5.95 0,9742 -0.2466 1.0052 0.7828 0.4571 0.9453 -0.0184 0.9455 358.89

6.00 0.9731 -0.2439 1.0060 0.7753 0.4605 0.9451 -0.0182 0.9453 358.89
6.05 0.9720 -0.2412 1.0067 0.7680 0.4639 0.9450 -0.0181 0.9451 358.90
6.10 0.9709 -0.2388 1.0074 0.7608 0.4673 0.9448 -0.0180 0.9450 358.91
6.15 0.9698 -0.2361 1.0081 0.7538 0.4706 0.9446 -0.0179 0.9448 358.92
6.20 0.9687 -0.2336 1.0088 0.7468 0.4739 0.9445 -0.0177 0.9446 358.92

6.25 0.9676 -0.2311 1.0095 0.7400 0.4771 0.9443 -0.0176 0.9445 358.93
6.30 0.9665 -0.2287 1.0102 0.7334 0.4803 0.9441 -0.0175 0.9443 358.94
6.35 0.9655 -0.2264 1.0109 0.7268 0.4835 0.9440 -0.0174 0.9441 358.95
6.40 0.9644 -0.2241 1.0116 0.7203 0.4866 0.9438 -0.0172 0.9440 358.95
6.45 0.9634 -0.2218 1.0122 0.7140 0.4897 0.9437 -0.0171 0.9438 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 0.9594 -0.2132 1.0148 0.6897 0.5017 0.9431 -0.0167 0.9432 358.99
6.70 0.9584 -0.2111 1.0154 0.6839 0.5046 0.9429 -0.0166 0.9431 358.99

6.75 0.9575 -0.209.1 1.0160 0.6782 0.5075 0.9428 -0.0165 0.9429 359.00
6.80 0.9565 -0.2071 1.0166 0.6726 0.5104 0.9427 -0.0164 0.9428 359.01
6.85 0.9556 -0.2052 1.0172 0.6670 0.5132 0.9425 -0.0162 0.9427 359.01
6.90 0.9546 -0.2033 1.0178 0.6616 0.5160 0.9424 -0.0161 0.9425 359.02
6.95 0.9537 -0.2014 1.0184 0.6562 0.5188 0.9423 -0.0160 0.9424 359.03

WADC TR 56-614 
A-14



k- -5.0 0.50

/ +;, / + Fo

REAL IMA. MOXLLUS R RAL IMAG. MODULUS

4.00 0.0441 0.0259 0.0511 30.40 0.6663 0.2884 0.7260 23.41
4.05 0.0445 0.0256 0.0514 29.89 0.6708 0.2852 0.7289 23.03
4.10 0.0449 0.0253 0.0516 29.41 0.6751 0.2820 0.7316 22.67
4.15 0.0453 0.0251 0.0518 28.93 0.6793 0.2789 0.7343 22.32
4.20 0.0457 0.0248 0.0520 28.48 0.6834 0.2758 0.7369 21.98

4.25 0.0461 0.0246 0.0522 28.04 0.6873 0.2728 0.7395 21.65
4.30 0.0465 0.0243 0.0524 27.62 0.6912 0.2699 0.7420 21.33
4.35 0.0468 0.0241 0.0526 27.20 0.6949 0.2671 0.7445 21.03
4.40 0.0472 0.0238 0.0528 26.81 0.6985 0.2643 0.7468 20.73
4.45 0.0475 0.0236 0.0530 26.42 0.7020 0.2616 0.7492 20.44

4.50 0.0478 0.0234 0.0532 26.04 0.7055 0.2589 0.7515 20.16
4.55 0.0481 0.0231 0.0534 25.68 0.7088 0.2564 0.7537 19.88
4.60 0.0484 0.0229 0.0536 25.33 0.7121 0.2538 0.7559 19.62
4.65 0.0488 0.0227 0.0538 24.99 0.7152 0.2513 0.7581 19.36
4.70 .0.0490 0.0225 0.0540 24.65 0.7183 0.2489 0.7602 19.11

4.75 0.0493 0.0223 0.0541 24.33 0.7214 0.2465 0.7623 18.87
4.80 0.0496 0.0221 0.0543 24.02 0.7243 0.2442 0.7644 18.63
4.85 0.0499 0.0219 0.0545 23.71 0.7272 0.2420 0.7664 18.40
4.90 0.0501 0.0217 0.0547 23.42 0.7300 0.2397 0.7684 18.18
4.95 0.0504 0.0215 0.0548 23.13 0.7328 0.2376 0.7703 17.96

6.00 0.0507 0.0213 0.0550 22.84 0.7355 0.2354 0.7723 17.75
5.05 0.0509 0.0212 0.0551 22.57 0.7381 0.2333 0.7741 17.54
5.10 0.0512 0.0210 0.0553 22.30 0.7407 0.2313 0.7760 17.34
5.15 0.0514 0.0208 0.0555 22.04 0.7433 0.2293 0.7778 17.14
5.20 0.0516 0.0206 0.0556 21.79 0.7458 0.2273 0.7796 16.95

6.25 0.0519 0.0205 0.0558 21.54 0.7482 0.2254 0.7814 16.76
5.30 0.0521 0.0203 0.0559 21.29 0.7506 0.2235 0.7832 16.58
5.35 0.0523 0.0201 0.0561 21.06 0.7530 0.2216 0.7849 16.40
5.40 0.0525 0.0200 0.0562 20.82 0.7553 0.2198 0.7866 16.22
5.46 0.0527 0.0198 0.0564 20.60 0.7876 0.2180 0.7883 16.05

5.50 0.0530 0.0197 0.0565 20.38 0.7598 0.2162 0.7899 15.88
.5.55 0.0532 0.0195 0.0566 20.16 0.7620 0.2144 0.7916 15.72
5.60 0.0534 0.0194 0.0568 19.95 0.7641 0.2127 0.7932 15.56
5.65 0.0536 0.0192 0.0569 19.74 0M7662 0.2111 0.7948 15.40
5.70 0.0538 0.0191 0.0570 19.53 0.7883 0.2094 0.7963 15.25

5.75 0.0540 0.0189 0.0572 19.34 0.7704 0.2078 0.7979 15.09
5.80 0.0541 0.0188 0.0573 19.14 0.7734 0.2062 0.7994 14.95
5.85 0.0543 0.0187 0.0574 18.95 0.7743 0.2046 0.8009 14.80
5.90 0.0545 0.0185 0.0576 18.76 0.7763 0.2030 0.8024 14.66
5.95 0.0547 0.0184 0.0577 18.58 0.7782 0.2015 0.8038 14.52

6.00 0.0549 0.0182 0.0578 18.40 0.7801 0.2000 0.8053 14.38
6.05 0.0550 0.0181 0.0579 18.22 0.7819 0.1985 0.8067 14.25
6.10 0.0552 0.0180 0.0581 18.05 0.7837 0.1970 0.8081 14.11
6.15 0.0554 0.0179 0.0582 17.88 0.7865 0.1956 0.8095 13.98
6.20 0.0565 0.0177 0.0583 17.71 0.7873 0.1942 0.8108 13.86

6.25. 0.0557 0.0176 0.0584 17.54 0.7890 0.1928 0.8122 13.73
6.30 0.0559 0.0175 0.0585 17.38 0.7907 0.1914 0.8135 13.61
6.35 0.0560 0.0174 0.0587 17.22 0.7924 0.1900 0.8148 13.49
6.40 0.0562 0.0172 0.0588 17.07 0.7940 0.1887 0.8161 13.37
6.45 0.0563 0.0171 0.0589 16.92 0.7956 0.1874 0.8174 13.25

6.50 0.0565 0.0170 0.0590 16.76 0.7972 0.1860 0.8186 13.14
6.55 0.0566 0.0169 0.0591 16.62 0.7988 0.1848 0.8199 13.02
6.60 0.0568 0.0168 0.0592 16.47 0.8003 0.1835 0.8211 12.91
6.65 0.0569 0.0167 0.0593 16.33 0.8019 0.1822 0.8223 12.80
6.70 0.0571 0.0166 0.0594 16.19 0.8034 0.1810 0.8235 12.70

6.75 0.0572 0.0165 0.0595 16.05 0.8048 0.1798 0.8247 12.59
6.80 0.0573 0.0164 0.0596 15.92 0.8063 0.1785 0.8258 12.49
6.85 0.0575 0.0162 0.0597 15.78 0.8077 0.1774 0.8270 12.38
6.90 0.0576 0.0161 0.0598 15.65 0.8092 0.1762 0.8281 12.28
6.95 0.0577 0.0160 0.0599 15.52 0.8106 0.1750 0.8292 12.18

WADC TR 56-614 A-115



ka-5.0 O - 0.50

- -.x~ I y t-2r Y

REAL IMAG. REAL IMAG. MODUWS H

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 0.9359 -0.1672 1.0296 0.5568 0.5730 0.9398 -0.0140 0.9399 359.14
8.10 0.9352 -0.1659 1.0300 0.5530 0.5752 0.9397 -0.0140 0.9398 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 0.9298 -0.1563 1.0334 0.5243 0.5920 0.9390 -0.0134 0.9391 359.18
8.55 0.9292 -0.1551 1.0339 0.5209 0.5940 0.9389 -0.0133 0.9390 359.19
8.60 0.9285 -0.1540 1.0343 0.5176 0.5960 0.9388 -0.0132 0.9389 359.19
8.65 0.9279 -0.1529 1.0347 0.5143 0.5979 0.9387 -0.0132 0.9388 359.20
8.70 0.9273 -0.1518 1.0350 0.5110 0.5999 0.9386 -0.0131 0.9387 359.20

8.75 0.9266 -0.1508 1.0354 0.5078 0.6018 0.9386 -0.0130 0.9387 359.21
8.80 0.9260 -0.1497 1.0358 0.5046 0.6037 0.9385 -0.0129 0.9386 359.21
8.85 0.9254 -0.1487 1.0362 0.5015 0.6056 0.9384 -0.0129 0.9385 359.21
8.90 0.9248 -0.1476 1.0366 0.4984 0.6075 0.9383 -0.0128 0.9384 359.22
8.95 0.9242 -0.1466 1.0370 0.4953 0.6094 0.9382 -0.0127 0.9383 359.22

9.00 0.9238 -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 0.9225 -0.1437 1.0381 0.4864 0.6148 0.9380 -0.0126 0.9381 359.23
9.15 0.9219 -0.1427 1.0384 0.4835 0.6166 0.9379 -0.0125 0.9380 359.24
9.20 0.9213 -0.1418 1.0388 0.4806 0.6184 0.9379 -0.0124 0.9380 359.24

9.25 0.9208 -0.1408 1.0391 0.4778 0.6202 0.9378 -0.0124 0.9379 359.24
9.30 0.9202 -0.1399 1.0395 0.4750 0.6219 0.9377 -0.0123 0.9378 359.25
9.35 0.9197 -0.1390 1.0398 0.4722 0.6236 0.9377 -0.0122 0.9377 359.25
9.40 0.9191 -0.1381 1.0402 0.4694 0.6254 0.9376 -0.0122 0.9377 359.26
9.45 0.9186 -0.1372 1.0405 0.4667 0.6271 0.9375 -0.0121 0.9376 359.26

9.50 0.9180 -0.1363 1.0408 0.4640 0.6287 0.9374 -0.0121 0.9375 359.26
9.55 0.9175 -0.1355 1.0412 0.4614 0.6304 0.9374 -0.0120 0.9375 359.27
9.60 0.9170 -0.1346 1.0415 0.4588 0.6321 0.9373 -0.0119 0.9374 359.27
9.65 0.9165 -0.1338 1.0418 0.4562 0.6337 0.9372 -0.0119 0.9373 359.27
9.70 0.9160 -0.1329 1.0421 0.4536 0.6353 0.9372 -0.0118 0.9372 359.28

9.75 0.9154 -0.1321 1.0425 0.4511 0.6369 0.9371 -0.0118 0.9372 359.28
9.80 0.9149 -0.1313 1.0428 0.4486 0.6385 0.9370 -0.0117 0.9371 359.28
9.85 0.9144 -0.1305 1.0431 0.4461 0.6401 0.9370 -0.0117 0.9371 359.29
9.90 0.9139 -0.1297 1.0434 0.4436 0.6417 0.9369 -0.0116 0.9370 359.29
9.95 0.9135 -0.1289 1.0437 0.4412 0.6433 0.9369 -0.0116 0.9369 359.29

tO0.0 0.9130 -0.1281 1.0440 0.4388 0.6448 0.9368 -0.0115 0.9369 359.30

WADC TR 56-614 A-116



k -5.o =V 0.50

REAL IMAG. MOU.IS MASE RE4L IMAG. MOYJL US P"ASC
- - - ~1EGESJ ________ - ffJEGrFEY

7.00 0.0579 0.0159 0.0600 15.40 0.8119 0.1739 0.8303 12.09
7.05 0.0580 0.0158 0.0601 15.27 0.8133 0.1727 0.8314 t1.99
7.10 0.0581 0.0157 0.0602 15.15 0.8146 0.1716 0.8325 11.90
7.15 0.0582 0.0156 0.0603 15.03 0.8159 0.1705 0.8336 11.80
7.20 0.0584 0.0155 0.0604 14.91 0.8172 0.1694 0.8346 11.71

7.25 0.0585 0.0154 0.0605 14.79 0.8185 0.1683 0.8356 11.62
7.30 0.0586 0.0153 0.0606 14.67 0.8198 0.1673 0.8367 11.53
7.35 0.0587 0.0153 0.0607 14.56 0.8210 0.1662 0.8377 11.45
7.40 0.0588 0.0152 0.0608 14.45 0.8222 0.1652 0.8387 11.36
7.45 0.0589 0.0151 0.0808 14.34 0.8234 0.1642 0.8397 11.28

7.50 0.0591 0.0150 0.0609 14.23 0.8246 0.1632 0.8406 11.19
7.55 0.0592 0.0149 0.0610 14.12 0.8258 0.1622 0.8416 11.11
7.60 0.0593 0.0148 0.0611 14.02 0.8270 0.1612 0.8425 11.03
7.65 0,0594 0.0147 0.0612 13.91 0.8281 0.1602 0.8435 10.95
7.70 0.0595 0.0146 0.0613 13.81 0.8293 0.1592 0.8444 10.87

7.75 0.0596 0.0145 0.0613 13.71 0.8304 0.1583 0.8453 10.79
7.80 0.0597 0.0145 0.0614 13.61 0.8315 0.1573 0.8462 10.71
7.85 0.0598 0.0144 0.0615 13.51 0.8326 0.1564 0.8471 10.64
7.90 0.0599 0.0143 0.0616 13.41 0.8336 0.1555 0.8480 10.56
7.95 0.0600 0.0142 0.0617 13.32 0.8347 0.1546 0.8489 10.49

8.00 0.0601 0.0141 0.0617 13.23 0.8357 0.1537 0.8497 10.42
8.05 0.0602 0.0140 0.0618 13.13 0.8368 0.1528 0.8506 10.35
8.10 0.0603 0.0140 0.0619 13.04 0.8378 0.1519 0.8514 10.28
8.15 0.0604 0.0139 0.0620 12.95 0.8388 0.1510 0.8523 10.21
8.20 0.0605 0.0138 0.0620 12.86 0.8398 0.1502 0.8531 10.14

8.25 0.0606 0.0137 0.0621 12.77 0.8408 0.1493 0.8539 10.07
8.30 0.0607 0.0137 0.0622 12.69 O.8417 0.1485 0.8547 10.00
8.35 0.0608 0.0136 0.0623 12.60 0.8427 0.1476 0.8555 9.94
8.40 0.0608 0.0135 0.0623 12.52 0.8436 0.1468 0.8563 9.87
8.45 0.0609 0.0134 0.0624 12.44 0.8446 0.1460 0.8571 9.81

8.50 0.0610 0.0134 0.0625 12'35 0.8455 0.1452 0.8579 9.74
8.55 0.0611 0.0133 0.0625 12.27 0.8464 0.1444 0.8586 9.68
8.60 0.0612 0.0132 0.0626 12.19 0.8473 0.1436 0.8594 9.62
8.65 0.0613 0.0132 0.0627 12.11 0.8482 0.1428 0.8601 9.56
8.70 0.0614 0.0131 0.0627 12.04 0.8491 0.1421 0.8609 9.50

8.75 0.0614 0.0130 0.0628 11.96 0.8499 0.1413 0.8616 9.44
8.80 0.0615 0.0129 0.0629 11.88 0.8508 0.1405 0.8623 9.38
8.85 0.0616 0.0129 0.0629 11.81 0.8517 0.1398 0.8631 9.32
8.90 0.0617 0.0128 0.0630 11.73 0.8525 0.1391 0.8638 9.26
8.95 0.0618 0.0127 0.0631 11.66 0.8533 0.1383 0.8645 9.21

9.00 0.0618 0.0127 0.0631 11.59 0.8541 0.1376 0.8652 9.15
9.05 0.0619 0.0126 0.0632 11.52 0.8550 0.1369 0.8659 9.10
9.10 0.0620 0.0126 0.0632 11.45 0.8558 0.1362 0.8665 9.04
9.15 0.0621 0.0125 0.0633 11.38 0.8566 0.1355 0.8672 8.99
9.20 0.0621 0.0124 0.0634 11.31 0.8573 0.1348 0.8679 8.94

9.25 0.0822 0.0124 0.0634 11.24 0.8581 0.1341 0.8685 8.88
9.30 0.0623 0.0123 0.0635 11.17 0.8589 0.1334 0.8692 8.83
9.35 0.0623 0.0122 0.0635 11.11 0.8597 0.1328 0.8698 8.78
9.40 0.0624 0.0122 0.0636 11.04 0.8604 0.1321 0.8705 8.73
9.45 0.0625 0.0121 0.0637 10.98 0.8611 0.1314 0.8711 8.68

9.50 0.0626 0.0121 0.0637 10.91 0.8619 0.1308 0.8717 8.63
9.55 0.0626 0.0120 0.0638 10.85 0.8626 0.1301 0.8724 8.58
9.60 0.0627 0.0119 0.0638 10.79 0.8633 0.1295 0.8730 8.53
9.65 0.0628 0.0119 0.0639 10.72 0.8640 0.1289 0.8736 8.48
9.70 0.0628 0.0118 0.0639 10.66 0.8648 0.1282 0.8742 8.43

9.75 0.0629 0.0118 0.0640 10.60 0.8654 0.1276 0.8748 8.39
9.80 0.0630 0.0117 0.0640 10.54 0.8661 0.1270 0.8754 8.34
9.85 0.0630 0.0117 0.0641 1C.48 0.8668 0.1264 0.8760 8'29
9.90 0.0631 0.0116 0.0641 10'43 0.8675 0.1258 0.8766 8.25
9.95 0.0631 0.0116 0.0642 10.37 0.8682 0.1252 0.8771 8.20

10.00 0.0632 0.0115 0.0642 10.31 0.8688 0.1246 0.8777 8.16

WADC TR 56-614 A-117



k= -10.0 = 0.50
I Io ...

2r g 2r X-2 r 
_

REAL 4MG. REAL IMAG. MOLUS fPoHfS

1.00 1.0155 -5.9890 0.5311 5.3075 0.0050 1.0022 -0.0030 1.0022 359.83
1.05 1.0170 -5.4317 0.5529 5.2159 0.0054 1.0023 -0.0036 1.0023 359.79
1.10 1.0185 -4.9489 0.5740 5.1218 0.0060 1.0024 -0.0043 1.0024 359.76
1.15 1.0198 -4.5280 0.5944 5.0254 0.0066 1.0024 -0.0050 1.0024 359.72
1.20 1.0210 -4.1587 0.6141 4.9272 0.0072 1.0023 -0.0057 1.0023 359.67

1.25 1.0221 -3.8331 0.6331 4.8273 0.0080 1.0022 -0.0065 1.0022 359.63
1.30 1.0231 -3.5446 0.6515 4.7261 0.0089 1.0020 -0.0072 1.0020 359.59
1.35 1.0239 -3.2877 0.6691 4.6240 0.0098 1.0018 -0.0080 1.0018 359.54
1.40 1.0247 -3.0580 0.6860 4.5211 0.0109 1.0014 -0.0088 1.0015 359.50
1.45 1.0253 -2.8517 0.7022 4.4179 0.0121 1.0011 -0.0095 1.0011 359.45

1.50 1.0259 -2.6660 0.7177 4.3145 0.0134 1.0007 -0.0103 1.0007 359.41
1.55 1.0264 -24980 0.7325 4.2113 0.0148 1.0002 -0.0110 1.0003 359.37
1.60 1.0267 -2.3457 0.7467 4.1085 0.0164 0.9997 -0.0117 0.9998 359.33
1.65 1.0270 -2.2071 0.7601 4.0063 0.0182 0.9991 -0.0124 0.9992 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 1.0276 -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 358.9.6
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 -0.9857 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 -0.0181 0.9854 358.95
2.65 1.0237 -0.8841 0.9174 2.3375 0.0966 0.9846 -0.0181 0.9848 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 0.1066 0.9833 -0.0179 0.9835 358.96
2.80 1.0220 -0.7989 0.9286 2.1644 0.1148 0.9827 -0,0178 0.9829 358.96
2.85 1.0214 -0.7736 0.9320 2.1109 0.1211 0.9822 -0.0177 0.9823 358.97
2.90 1.0207 -0.7497 0.9351 2.0594 0.1275 0.9816 -0.0176 0.9818 358.97
2.95 1.0201 -0.7270 0.9381 2.0099 0.1340 0.9811 -0.0174 0.9812 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 -0.6851 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 1.8300 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 1.0018 -0.4543 0.9755 1.3582 0.2571 0.9741 -0.0143 0.9742 359.16
3.95 1.0006 -0.4454 0.9769 1.3353 0.2631 0.9739 -0.0141 0.9740 359.17

WADC TR 56-614 A-118



ks -10.0 0. 0.50

a /4.l
REAL IMAG. MODULUS PHASE REAL IMAG. MODUWS S

1.00 -0.0022 0.0030 0.0037 126.47 0.0184 0.1247 0.1261 81.59
1.05 -0.0023 0.0036 0.0043 122.68 0.0227 0.1370 0.1389 80.61
1.10 -0.0024 0.0043 0.0049 119.00 0.0276 .0.1497 0.1522 79.57
1.15 -0.0024 0.0050 0.0055 115.43 0.0331 0.1626 0.1660 78.48
1.20 -0.0023 0.0057 0.0062 111.98 0.0395 0.1758 0.1802 77.35

1.25 -0.0022 0.0065 0.0068 108.66 0.0465 0.1891 0.1948 76.18
1.30 -0.0020 0.0072 0.0075 105.45 0.0544 0.2025 0.2097 74.97
1.35 -0.0018 0.0080 0.0082 102.36 0.0630 0.2160 0.2250 73.73
1.40 -0.0014 0.0088 0.0089 99.38 0.0724 0.2293 0.2405 72.47
1.45 -0.0011 0.0095 0.0096 96.50 0.0826 0.2424 0.2561 71.18

1.50 -0.0007 0.0103 0.0103 93.73 0.0936 0.2553 0.2720 69.86
1.55 -0.0002 0.0110 0.0110 91.05 0.1053 0.2679 0.2879 68.54
1.60 0.0003 0.0117 0.0117 88.46 0.1178 0.2801 0.3038 67.19
1.65 0.0009 0.0124 0.0125 85.95 0.1309 0.2918 0.3198 65.84
1.70 0.0015 0.0131 0.0132 83.53 0.1446 0.3029 0.3356 64.48

1.75 0.0021 0.0137 0.0139 81.18 0.1588 0.3134 0.3514 63.12
1.80 0.0028 0.0143 0.0145 78.90 0.1736 0.3233 0.3670 61.76
1.85 0.0035 0.0148 0.0152 76.70 0.1888 0.3325 0.3823 60.41
1.90 0.0042 0.0153 0.0159 74.56 0.2044 0.3409 0.3974 59,06
1.95 0.0050 0.0158 0.0165 72.49 0.2202 0.3485 0.4123 57.72

2.00 0.0057 0.0162 0o0172 70.48 0.2362 0.3554 0.4268 56.39
2.05 0.0065 0.0166 0.0178 68.53 0.2524 0.3615 0.4409 55.08
2.10 0.0073 0.0169 0.0184 66.64 0.2687 0.3669 0.4547 53.78
2.15 0.0081 0.0172 0.0190 64.81 0.2849 0.3714 0.4681 52.51
2.20 0.0089 0.0174 0.0195 63.04 0.3011 0.3752 0.4810 51.25

2.25 0.0096 0.0176 0.0201 61.32 0.3171 0.3782 0.4936 50.02
2.30 0.0104 0.0178 0.0206 59.66 0.3330 0.3806 0.5057 48.82
2.35 0.0112 0.0179 0.0211 58.06 0.3486 0.3823 0.5173 47.64
2.40 0.0119 0.0180 0.0216 56.51 0.3639 0.3833 0.5285 46.49
2.45 0.0126. 0.0181 0.0221 55.01 0.3789 0.3837 0.5393 45.37

2.50 0.0134 0.0181 0.0225 53.56 0.3935 0.3836 0.5496 44.27
2.55 0.0141 0.0181 0.0229 52.17 0.40'8 .0.3830 0.5595 43.21
2.60 0.0147 0.0181 0.0233 50.82 0.4216 0.3820 0.5689 42.17
2.65 0.0154 0.0181 0.0237 49.52 0.4351 0.3805 0.5780 41.17
2.70 0.0160 0.0180 0.0241 48.27 0.4481 0.3786 0.5866 40.20

2.75 0.0167 0.0179 0.0245 47.06 0.4606 0.3764 0.5949 39.25
2.80 0.0173 0.0178 0.0248 45.90 0.4728 0.3739 0.6027 38.34
2.85 0.0178 0.0177 0.0251 44.77 0.4844 0.3711 0.6103 37.45
2.90 0.0184 0.0176 0.0254 43.70 0.4957 0.3681 0.6174 36.68
2.95 0.0189 0.0174 0.0257 42.66 0.5065 0.3649 0.6243 35.77

3.00 0.0194 0.0173 0.0260 41.66 0.5169 0.3616 0.6308 34.97
3.05 0.0199 0.0171 0.0263 40.70 0.5269 0.3581 0.6371 34.20
3.10 0.0204 0.0170 0.0266 39.77 0.5365 0.3545 0.6431 33.46
3.15 0.0209 0.0168 0.0268 38.88 0.5457 0.3509 0.6488 32.74
3.20 0.0213 0.0167 0.0270 38.02 0.5545 0.3471 0.6542 32.05

3.25 0.0217 0.0165 0.0273 37.20 0.5630 0.3434 0.6594 31.38
3.30 0.0221 0.0163 0.0275 36.41 0.5711 0.3396 0.6644 30.74
3.35 0.0225 0 0161 0.0277 35.64 0.5789 0.3358 0.6692 30.11
3.40 0.0229 0.0160 0.0279 34.91 0.5864 0.3320 0.6738 29.52
3.45 0.0232 0.0158 0.0281 34.20 0.5935 0.3282 0.8782 28.94

3.50 0.0236 0.0156 0.0283 33.52 0.6004 0.3244 0.6824 28.38
3.55 0.0239 0.0154 0.0284 32.87 0.6070 0.3207 0.6865 27.84
3.60 0.0242 0.0153 0.0286 32.24 0.6134 0.3170 0.6904 27.33
3.65 0.0245 0.0151 0.0288 31.63 0.6195 0.3133 0.6942 26.83
3.70 0.0248 0.0149 0.0289 31.05 0.6254 0.3097 0.6979 26.35

3.75 0.0251 0.0148 0.0291 30.48 0.6310 0.3062 0.7014 25.88
3.80 0.0254 0.0146 0.0293 29.94 0.6365 0.3027 0.7048 25.43
3.85 0.0256 0.0144 0.0294 29.42 0,6417 0.2993 0.7081 25.00
3.90 0.0259 0.0143 0.0295 28.91 0.6468 0.2959 0.7113 24.58
3.95 0.0261 0.0141 0.0297 28.42 0.6517 0.2926 0.7144 24.18

WADC TR 56-614 A-119



k= -10.0 O" 0.50

- Z 2vPA
REAL IMA. Z -REAL IMAO. MO tomU e

4.00 0.9994 -0.4368 0.9782 1.3132 0.2690 0.9737 -0.0140 0.9738 359.18
4.05 0.9981 -0.4285 0.9796 1.2918 0.2748 0.9734 -0.0138 0.9735 359.19
4.10 0.9969 -0.4206 0.9809 1.2712 0.2805 0.9732 -0.0137 0.9733 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 0.9918 -0.3915 0.9858 1.1954 0.3026 0.9724 -0.0131 0.9725 359.23
4.35 0.9905 -0.3849 0.9870 1.1779 0.3079 0.9722 -0.0130 0.9723 359.23
4.40 0.9891 -0.3785 0.9882 1.1611 0.3132 0.9720 -0.0129 0.9721 359.24
4.45 0.9878 -0.3723 0.9893 1.1447 0.3183 0.9719 -0.0127 0.9719 359.25

4.50 0.9865 -0.3663 0.9904 1 1288 0.3234 0.9717 -0.0126 0.9718 359.26
4.55 0.9852 -0.3605 0.9916 1.1135 0.3284 0.9715 -0.0125 0.9716 359.26
4.60 0.9838 -0.3549 0.9927 1.0985 0.3334 0.9714 -0.0124 0.9714 359.27
4.65 0.9825 -0.3494 0.9937 1.0841 0.3382 0.9712 -0.0123 0.9713 359.28
4.70 0.9812 -0.3442 0.9948 1.0700 0.3430 0.9710 -0.0122 0.9711 359;28

4.75 0.9798 -0.3390 0.9959 1.0563 0.3477 0.9709 -0.0120 0.9710 359.29
4.80 0.9785 -0.3341 0.9969 1.0430 0.3524 0.9707 -0.0119 0.9708 359.30
4.85 0.9771 -0.3292 0.9979 1.0301 0.3570 0.9706 -0.0118 0.9707 359.30
4.90 0.9758 -0.3246 0.9990 1.0175 0.3615 0.9704 -0.0117 0.9705 359.31
4.95 0.9745 -0.3200 1.0000 1.0052 0.3660 0.9703 -0.0116 0.9704 359.31

5.00 0.9731 -0.3156 1.0010 0.9933 0.3704 0.9702 -0.0115 0.9702 359.32
5.05 0.9718 -0.3113 1.0019 0.9816 0.3747 0.9700 -0.0114 0.9701 359.33
5.10 0.9705 -0.3071 1.0029 0.9703 0.3790 0,9699 -0.0113 0.9700 359.33
5.15 0.9692 -0.3030 1.0039 0.9592 0.3832 0.9698 -0.0112 0.9698 359.34
5.20 0.9679 -0.2990 1.0048 0.9484 0.3874 0.9697 -0.0111 0.9697 359.34

5.25 0.9666 -0.2951 1.0058 0.9379 0.3915 0.9695 -0.0111 0.9696 359.35
5.30 0.9653 -0,2913 1.0067 0.9276 0.3955 0.9694 -0.0110 0.9695 359.35
5.35 0.9640 -0.2877 1.0076 0.9175 0.3995 0,9693 -0.0109 0.9694 359.36
5.40 0.9627 -0.2841 1.0085 0.9076 0.4035 0.9692 -0.0108 0.9692 359.26
5.45 0.9614 -0.2805 1.0094 0.8980 0.4074 0.9691 -0.0107 0.9691 359.37

5.50 0.9602 -0.2771 1.0103 0.8886 0.4112 0.9689 -0.0106 0.9690 359.37
5.55 0.9589 -0.2738 1.0112 0.8794 0.4150 0.9688 -0.0105 0.9689 359.38
5.60 0.9577 -0.2705 1.0120 0.8704 0.4188 0.9687 -0.0105 0,9688 359.38
5.65 0.9564 -0.2673 1.0129 0.8615 0.4225 0.9686 -0.0104 0.9687 359.39
5.70 0.9552 -0.2642 1.0137 0.8529 0.4262 0.9685 -0.0103 0.9686 359.39

5.75 0.9540 -0.2611 1.0145 0.8444 0.4298 0.9684 -0.0102 0.9685 359.40
5.80 0.9528 -0.2581 1.0154 0.8361 0.4334 0.9683 -0.0101 0.9684 359.40
5.85 0.9516 -0.2552 1.0162 0.8280 0.4369 0.9682 -0.0101 0.9683 359.40
5.90 0.9504 -0.2524 1.0170 0.8200 0.4404 0.9681 -0.0100 0.9682 359.41
5.95 0.9493 -0.2496 1.0178 0.8122 0.4439 0.9680 -0.0099 0.9681 359.41

6.00 0.9481 -0.2468 1.0186 0.8045 0.4473 0.9679 -0.0099 0.9680 359.42
6.05 0.9470 -0.2441 1.0193 0.7969 0.4507 0.9678 -0.0098 0.9679 359.42
6.10 0.9458 -0.2415 1.0201 0.7895 0.4541 0.9677 -0.0097 0.9678 359.43
6.15 0.9447 -0.2389 1.0208 0.7823 0.4514 0.9676 -0.0096 0.9677 359.43
6.20 0.9436 -0.2364 1.0216 0.7751 0.4606 0.9676 -0.0096 0.9676 359.43

6.25 0.9425 -0.2339 1.0223 0.7681 0.4639 0.9675 -0.0095 0.9675 359.44
6.30 0.9414 -0.2315 1.0230 0.7613 0.4671 0.9674 -0.0094 0.9674 359.44
6.35 0.9404 -0.2291 1.0238 0.7545 0.4702 0.9673 -0.0094 0.9673 359.44
6.40 0.9393 -0.2268 1.0245 0.7479 0.4734 0.9672 -0.0093 0.9673 359.45
6.45 0.9383 -0.2245 1.0252 0.7414 0.4766 0.9671 -0.0092 0.9672 359.45

6.50 0.9312 -0.2223 1.0259 0.7349 0.4795 0.9671 -0.0092 0.9671 359.46
6.55 0.9362 -0.2201 1.0265 0.7286 0.4826 0 .9670 -0.0091 0.9670 359.46
6.60 0.9352 -0.2179 1.0272 0.7224 0.4856 0.9669 -0.0091 0.9669 359.46
6.65 0.9342 -0.2158 1.0279 0.7163 0.4885 0.9668 -0.0090 0.9669 359.47
6.70 0.9332 -0.2137 1.0285 0.7104 0.4915 0.9667 -0.0089 0.9068 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 0.9293 -0.2058 1.0311 0.6873 0.5029 0.9685 -0.0087 0.9665 359.48
6.95 0.9284 -0.2039 1.0317 0.6818 0.5057 0.9664 -0.0087 0.9664 359.49

WADC TR 56-614 A-120



kz -1o.o o 0.50

REAL /MA- MOUU PHASE REAL 1444. MOULUS EGR(sJ
-EA IWIG us prows)NIUS P~ 4

4.00 0.0263 0.0140 0.0298 27.95 0.6564 0.2894 0.7174 23.79
4.05 0.0266 0.0138 0.0299 27.50 0.6610 0.2862 0.7203 23.41
4.10 0.0268 0.0137 0.0301 27.06 0.8655 0.2831 0.7232 23.05
4.15 0.0270 0.0135 0.0302 26.64 0.6697 0.2801 0.7260 22.70
4.20 0.0272 0.0134 0.0303 26.23 0.6739 0.2771 0.7287 22.36

4.25 0.0274 0.0133 0.0304 25.83 0.6779 0.2743 0.7313 22.03
4.30 0.0276 0.0131 0.0306 25.44 0.6818 0.2714 0.7339 21.71
4.35 0.0278 0.0130 0.0307 25.07 0.6857 0.2687 0.7364 21.40
4.40 0.0280 0.0129 0.0308 24.71 0.6894 0.2659 0.7389 21.10
4.45 0.0281 0.0127 0.0309 24.36 0.6930 0.2633 0.7413 20.80

4.50 0.0283 0.0126 0.0310 24.02 0.6965 0.2607 0.7437 20.52
4.55 0.0285 0.0125 0.0311 23.70 0.6999 0.2582 0.7460 20.25
4.60 0.0286 0.0124 0.0312 23.38 0.7032 0.2557 0.7482 19.98
4.65 0.0288 0.0123 0.0313 23.07 0.7064 0.2533 0.7505 19.72
4.70 0.0290 0.0122 0.0314 22.77 0.7096 0.2509 0.7527 19.47

4.75 0.0291 0.0120 0.0315 22.47 0.7127 0.2486 0.7548 19.23
4.80 0.0293 0.0119 0.0316 22.19 0.7157 0.2463 0.7569 18.99
4.85 0.0294 0.0118 0.0317 21.91 0.7187 0.2441 0.7590 18.76
4.90 0.0296 0.0117 0.0318 21.64 0.7216 0.2419 0.7611 18.53
4.95 0.0297 0.0116 0.0319 21.38 0.7244 0.2398 0.7631 18.31

5.00 0.0298 0.0115 0.0320 21.12 0.7272 0.2377 0.7651 18.10
5.05 0.0300 0.0114 0.0321 20.87 0.7299 0.2356 0.7670 17.89
5.10 0.0301 0.0113 0.0322 20.63 0.7326 0.2336 0.7689 17.69
5.15 0.0302 0.0112 0.0322 20.39 0,7352 0.2316 0.7708 17.49
5.20 0.0303 0.0111 0.0323 20.16 0.7377 0.2297 0.7727 17.29

5.25 0.0305 0.0111 0.0324 19.93 0.7403 0.2278 0.7745 17.10
5.30 0.0306 0.0110 0.0325 19.71 0.7427 0.2259 0.7763 16.92
5.35 0.0307 0.0109 0.0326 19.50 0.7451 0.2241 0.7781 16.74
5.40 0.0308 0.0108 0.0327 19.29 0.7475 0.2223 0.7798 16.56
5.45 0.0309 0.0107 0.0327 19.08 0.7498 0.2205 0.7816 16.39

5.50 0.0311 0.0106 0.0328 18.88 0.7521 0.2187 0.7833 16.22
5.55 0.0312 0.0105 0.0329 18.68 0.7544 0.2170 0.7850 16.05
5.60 0.0313 0.0105 0.0330 18.49 0.7566 0.2153 0.7866 15.89
5.65 0.0314 0.0104 0.0331 18.30 0.7587 0.2137 0.7882 15.73
5.70 0.0315 0.0103 0.0331 18.11 0.7609 0.2120 0.7899 15.57

5.75 0.0316 0.0102 0.0332 17.93 0.7630 0.2104 0.7914 15.42
5.80 0.0317 0.0101 0.0333 17.75 0.7650 0.2088 0.7930 15.27
5.85 0.0318 0.0101 0.0333 17.58 0.7670 0.2073 0.7946 15.12
5.90 0,0319 0.0100 0.0334 17.41 0.7690 0.2057 0.7961 14.98
5.95 0.0320 0.0099 0.0335 17.24 0.7710 0.2042 0.7976 14.84

6.00 0.0321 0.0099 0.0336 17.07 0.7729 0.2027 0.7991 14.70
6.05 0.0322 0.0098 0.0336 16.91 0.7748 0.2012 0.8005 14.56
6.10 0.0323 0.0097 0.0337 16.75 0.1767 0.1998 0.8020 14.43
6.15 0.0324 0.0096 0.0338 18.60 0.7785 0.1984 0.8034 14.29
6.20 0.0324 0.0096 0.0338 16.44 0.7803 0.1970 0.8048 14.17

6.25 0.0325 0.0095 0.0339 16.29 0.7821 0.1956 0.8062 14.04
6.30 0.0326 0.0094 0.0340 16.15 0.7838 0.1942 0.8075 13.91
6.35 0.0327 0.0094 0.0340 16.00 0.7856 0.1928 0.8089 13.79
6.40 0.0328 0.0093 0.0341 15.86 0.7873 0.1915 0.8102 13.67
6.45 0.0329 0.0092 0.0341 15.72 0.7889 0.1902 0.8115 13.55

6.50 0.0329 0.0092 0.0342 15.58 0.7906 0.1889 0.8128 13.44
6.55 0.0330 0.0091 0.0343 15.45 0.7922 0.1876 0.8141 13.32
6.60 0.0331 0.0091 0.0343 15.31 0.7938 0.1863 0.8154 13.21
6.65 0.0332 0.0090 0.0344 15.18 0.7953 0.1851 0.8166 13.10
6.70 0.0333 0.0089 0.0344 15.05 0.7969 0.1838 0.8178 12.99

6.75 0.0333 0.0089 0.0345 14.93 0.7984 0.1826 0.8190 12.88
6.80 0.0334 0.0088 0.0346 14.80 0.7999 0.1814 0.8202 12.78
6.85 0.0335 0.0088 0.0346 14.68 0.8014 0.1802 0.8214 12.68
6.90 0.0335 0.0087 0.0347 14.56 0.8028 0.1791 0.8226 12.57
6.95 0.0336 0.0087 0.0347 14.44 0.8043 0.1779 0.8237 12.47

WADC TR 56-614 A-121



k= -10.0 z" 0.50

X Le.. I y PH27 ZREAL IMAG REAL IMAG. MOGULUS P/E/AE"

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 0.5192 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 0.6358 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 0.9148 -0.1775 1.0407 0.6040 0.5466 0.9654 -0.0079 0.9654 359.53
7.80 0.9141 -0.1761 1.0412 0.5998 0.5489 0.9653 -0.0078 0.9654 359.54
7.85 0.9133 -0.1747 1.0417 0.5955 0.5513 0.9653 -0.0078 0.9653 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 0.9051 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 0.9846 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 0.9003 -0.1516 1.0502 0.5253 0.5914 0.9643 -0.0070 0.9644 359.58
8.85 0.8997 -0.1505 1.0506 0.5221 0.5933 0.9643 -0.0070 0.9643 359.59
8.90 0.8991 -0.1495 1.0510 0.5189 0.5952 0.9643 -0.0069 0.9643 359.59
8.95 0.8984 -0.1485 1.0514 0.5157 0.5971 0.9642 -0.0069 0.9642 359.59

9.00 0.8978 -0.1475 1.0518 0.5126 0.5989 0.9642 -0.0068 0.9642 359.59
9.05 0.8973 -0.1465 1.0522 0.5095 0.6008 0.9641 -0.0068 0.9642 359.60
9.10 0.8967 -0.1455 .1.0526 0.5065 0.6026 0.9641 -0.0068 0.9641 359.60
9.15 0.8961 -0.1445 1.0530 0.5034 0.6044 0.9641 -0.0067 0.9641 359.60
9.20 0.8955 -0.1436 1.0534 0.5005 0.6062 0.9640 -0.0067 0.9640 359.60

9.25 0.8949 -0.1426 1.0531 0.4975 0.6080 0.9640 -0.0067 0.9640 359.60
9.30 0.8944 -0.1417 1.0541 0.4946 0.6098 0.9639 -0.0066 0.9640 359.61
9.35 0.8938 -0.1408 1.0545 0.4917 0.6116 0.9639 -0,0066 0.9639 359.61
9.40 0.8933 -0.1399 1.0548 0.4889 0.6133 0.9639 -0.0066 0.9639 359.61
9.45 0.8927 -0.1390 1.0552 0.4861 0.6150 0.9638 -0.0065 0.9638 359.61

9.50 0.8922 -0.1381 1.0556 0.4833 0.6167 0.9638 -0.0065 0.9638 359.61
9.55 0.8916 -0.1372 1.0559 0.4806 0.6184 0.9637 -0.0065 0.9638 359.61
9.60 0.8911 -0.1363 1.0563 0.4779 0.6201 0.9637 -0.0065 0.9637 359.62
9.65 0.8906 -0.1355 1.0566 0.4752 0.6218 0.9637 -0.0064 0.9637 359.62
9.70 0.8901 -0.1346 1.0570 0.4725 0.6234 0.9636 -0.0064 0.9637 359.62

9.75 0.8895 -0.1338 1.0573 0.4699 0.6251 0.9636 -0.0064 0.9636 359.62
9.80 0.8890 -0.1330 1.0576 0.4673 0.6267 0.9636 -0.0063 0.9636 359.62
9.85 0.8885 -0.1322 1.0580 0.4647 0.6283 0.9635 -0.0063 0.9636 359.63
9.90 0.8880 -0.1314 1.0583 0.4622 0.6299 0.9635 -0.0063 0.9635 359.63
9.95 0.8875 -0.1306 1.0586 0.4597 0.6315 0.9635 -0.0062 0.9635 359.63

10.00 0.8870 -0.1298 1.0590 0.4572 0.6330 0.9634 -0.0062 0.9635 359.63

WADC TR 56-614 A-122



k -10.0 o' 0.50

REAL IMAG • MODULUS sPHASE REAL IMAG. MODULUS WH,1,

7.00 0.0337 0.0086 0.0348 14.33 0.8057 0.1768 0.8249 12.37
7.05 0.0338 0.0085 0.0348 14.21 0.8011 0.1756 0.8260 12.28
7.10 0.0338 0.0085 0.0349 14.10 0.8085 0.1745 0.8271 12.18
7.15 0.0339 0.0084 0.0349 13.99 0.8098 0.1734 0.8282 12.09
7.20 0.0340 0.0084 0.0350 13.88 0.8112 0.1723 0.8293 11.99

7.25 0.0340 0.0083 0.0350 13.77 0.8125 0.1713 0.8303 11.90
7.30 0.0341 0.0083 0.0351 13.66 0.8138 0.1702 0.8314 11.81
7.35 0.0341 0.0082 0.0351 13.56 0.8151 0.1691 0.8324 11.72
7.40 0.0342 0.0082 0.0352 13.46 0.8163 0.1681 0.8334 11.64
7.45 0.0343 0.0081 0.0352 13.36 0.8176 0.1671 0.8345 11.55

7.50 0.0343 0.0081 0.0353 13.26 0.8188 0.1661 0.8355 11.47
7.55 0.0344 0.0080 0.0353 13.16 0.8200 0.1651 0.8364 11.38
7.80 0.0344 0.0080 0.0354 13.06 0.8212 0.1641 0.8374 11.30
7.65 0.0345 0.0079 0.0354 12.96 0.8224 0.1631 0.8384 11.22
7.70 0.0346 0.0079 0.0355 12.87 0.8235 0.1621 0.8393 11.14

7.75 0.0346 0.0079 0.0355 12.78 0.8247 0.1612 0.8403 11.06
7.80 0.0347 0.0078 0.0355 12.69 0.8258 0.1602 0.8412 10.98
7.85 0.0347 0.0078 0.0356 12.60 0.8269 0.1593 0.8421 10.90
7.90 0.0348 0.0077 0.0356 12.51 0.8280 0.1584 0.8431 10.83
7.95 0.0348 0.0077 0.0357 12.42 0.8291 0.1575 0.8440 10.75

8.00 0.0349 0.0076 0.0357 12.33 0.8302 0.1566 0.8449 .10.68
8.05 0.0349 0.0076 0.0358 12.25 0.8313 0.1557 0.8457 10.61
8.10 0.0350 0.0075 0.0358 12.16 0.8323 0.1548 0.8466 10.54
8.15 0.0350 0.0075 0.0358 12.08 0.8334 0.1539 0.8475 10.46
8.20 0.0351 0.0075 0.0359 12.00 0.8344 0.1531 0.8483 10.39

8.25 0.0351 0.0074 0.0359 11.92 0.8354 0.1522 0.8492 10.33
8.30 0.0352 0.0074 0.0360 11.84 0.8364 0.1514 0.8500 10.26
8.35 0.0352 0.0073 0.0360 11.76 0.8374 0.1505 .0.8508 10.19
8.40 0.0353 0.0073 0.0360 11.68 0.8384 0.1497 0.8516 10.12
8.45 0.0353 0.0073 0.0361 11.60 0.8393 0.1489 0.8524 10.06

8.50 0.0354 0.0072 0.0361 11.53 0.8403 0.1481 0.85!2 9.99
8.55 0.0354 0.0072 0.0362 11.45 0.8412 0.1473 0.8540 9.93
8.60 0.0355 0.0071 0.0362 11.38 0.8422 0.1465 0.8548 9.87
8.65 0.0355 0.0071 0.0362 11.31 0.8431 0.1457 0.8556 9.81
8.70 0.0356 0.0071 0.0363 11.24 0.8440 0.1449 0.8563 9.74

8.75 0.0356 0.0070 0.0363 11.17 0.8449 0.1442 0.8571 9.68
8.80 0.0357 0.0070 0.0363 11.10 0.8458 0.1434 0.8578 9.62
8.85 0.0357 0.0070 0.0364 11.03 0.8466 0.1427 0.8586 9.56
8.90 0.0357 0.0069 0.0364 10.96 0.8475 0.1419 0.8593 9.51
8.95 0.0358 0.0069 0.0364 10.89 0.8484 0.1412 0.8600 9.45

9.00 0.0358 0.0088 0.0365 10.82 0.8492 0.1405 0.8607 9.399.05 0.0359 0.0068 0.0365 10.76 0.8500 0.1397 0.8615 9.33

9.10 0.0359 0.0088 0.0365 10.69 0.8509 0.1390 0.8622 9.28
9.15 0.0359 0.0067 0.0366 10.63 0.8517 0.1383 0.8629 9.22
9.20 0.0360 0.0067 0.0366 10.56 0.8525 0.1376 0.8635 9.17

9.25 0.0360 0.0067 0.0366 10.50 0.8533 0.1369 0.8642 9.12
9.30 0.0361 0.0066 0.0367 10.44 0.8541 0.1362 0.8649 9.06
9.35 0.0361 0.0066 0.0367 10.38 0.8549 0.1356 0.8656 9.01
9.40 0.0361 0.0066 0.0367 10.32 0.8557 0.1349 0.8662 8.96
9.45 0.0362 0.0065 0.0368 10.26 0.8564 0.1342 0.8669 8.91

9.50 0.0362 0.0065 0.0368 10.20 0.8572 0.1336 0.8675 8.86
9.55 0.0363 0.0065 0.0368 10.14 0.8579 0.1329 0.8682 8.81
9.60 0.0363 0.0065 0.0369 10.08 0.8587 0.1323 0.8688 8.76
9.65 0.0363 0.0064 0.0369 10.03 0.8594 0.1316 0.8694 8.71
9.70 0.0364 0.0064 0.0369 9.97 0.8602 0.1310 0.8701 8.66

9.75 0.0364 0.0064 0.0369 9.91 0.8609 0.1304 0.8707 8.61
9.80 0.0364 0.0063 0.0370 9.86 0.8616 0.1298 0.8713 8.56
9.85 0.0365 0.0063 0.0370 9.80 0.8623 0.1291 0.8719 8.52
9.90 0.0365 0.0063 0.0370 9.75 0.8630 0.1285 0.8725 8.47
9.95 0.0365 0.0062 0.0371 9.70 0.8637 0.1279 0.8731 8.43

10.00 0.0366 0.0062 0.0371 9.64 0.8644 0.1273 0.8737 8.38

WADC TR 56-614 A-123






