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PREFACE

This paper is the twenty-sixth in a series growing out of studies of radar cross
sections at The University of Michigan Research Istitute. The primary aims of this
program are:

1. To show that radar cross sections can be determined analytically,

2. A, To obtain means for computing the radiation patierns from antennas
by approximate techniques which determine the pattern to the accuracy
required in military problems but which do not require the exact
solutions,

B. To obtain means for computing the radar cross sections of various
objects of military interest.

(Since 2A and 2B are interrelated by the reciprocity theorem it is necessary
to solve only one of these problems.)

3. To demonstrate that these theoretical cross sections and theoretically
determined radiation patterns are in agreement with experimentally
determined ones,

Intermediate objectives are:
1. A. To compute the exact theoretical cross sections of various simple
bodies by solution of the appropriate boundary-value problems
arising from electromagnetic theory,
B, Compute the exact radiation patterns from infinitesimal sources on
the surfaces of simple shapes by the solution of appropriate boundary-

value problems arising from electromagnetic theory.

(Since 1A and 1B are interrelated by the reciprocity theorem it is necessary
to solve only one of these problems. )

2, To examine the various approximations possible in this problem and
to determine the limits of their validity and utility.

3. To find meane of combining the simple-body solutions in order to
determine the cross sections of composite bodies.

iv
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To tabulate various formulas and functions necessary to enable such
computations to be done quickly for arbitrary objects,

To collect, summaxrize, and evaluate existing experimental data.

K. M., Slegel



2501-3-T

izations of recent work on a

xposition and certain gen

We present a

etic theory. Briefly, we indicate the

class of problems in classical electros
approach as the Fock theory, It i8 a method of obfaining the field induced by an
incident electromagnetic wave on or near the surface of & good conductor. The

d to be smooth, convex, and of characteristic dimensions

e i restricte

et to the wavelength of the incident radiation. The

which are "large with resp:

term "large' will be made more precise below.
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:NSIONAL PROBLER

At the outset we make the polnt that Fock's method i8 an essentially two-dimensional

method which has as its prototype the solution of the diffraction of electromagnetic radiation

by a perfectly conducting, infinite circular cylinder. For this reason we propose to review

the solution of the civeular cylinder problem. We follow and add somewhat to the treatment

of W. Pranz (Re

.1). We consider a perfectly conducting clrcular eylinder of radius a
having its axis along the Z-axis of a Cartesian coordinafe system. Let a plane wave be

incident along the X-axi

ooy § wwons owwen  mws w

Flgure 1.1
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etie fleld induced on the su;

ace of the cylinder. If the

, (1.1

component of the fleld on the surface is in the Z-direstion, Hence,

o N
g A ‘é}f , (1.2)

to satisfy the equation

(V+E)Y =0 (1.3)

Ref.2) we can immediately write the solution as

-3y qy(f- X
JB-) | wig-)

(1.5)
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where we have put

8o, quite generally, we have the problem of solving integrals of the form

e

ﬁ@f ”““”“@;w?mw ) {1&@?
(1) (k)

(o) =

where 0 lies in the range Ew gm s @}E o

in asymptotic approximations to the

tion of the

function. The appropriate asymptotic forms are four

id by an examina

stationary points of the phase of the integrand.

m asymptotic form of the I function (Ref, 3)

1

ﬁi 5 E ka (sine - @ cosa) Z s {1.10)

where J == ka cosa. We find that the integrand has the phase
== V0 -ka (sine - acosa) . (1.11)
Hence, the phase is stationary afa = -6 or

Vo= ko cos@ . {1.12)

We now draw a distinction between the regions § ~ ~ % and 6 near zero or positive.
¥

&

The first region corresponds to the physical reglon of direct

ination, geometrical optics
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.4) evaluation of the integral
8ind

and by carrying out & stationary phase (R

K6) = xka

8o for @ ~ - K.
&

Ymze . (1.14)

i¢ just the geometrical optics approxim mgnetic fleld induced on the

ntial component of the incident magnetic

Langer form reduces to the Nicholson asymptotic for:

-1

gl (ka) =i (B2 ) B g

Y 3 2 ’

where

4 izt
- L dt {1,19)
Ve wi(
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where we restrict ¥ to be near zero or positive. For 5> 0 gi;%} can be glven a8 a

5t
g5)= = @) ) — (1.20)

’ Ve aw'(t)
at Wﬁﬁ

1 sy

where

wit) =0 , (1.21)

and we have deformed the contour to encircle the zero of w' which lies in the first quadrant

(R

of.5). For 5 ~ 0, however, the residue series converges slowly for 5 > 0 and

diverges for § < 0, hence g(%) need be found by quadratures.

Figure 1.2

The Contour {*

§
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n g{%%} , (1.22)
where we have put

(1.23)

and

(1.24)

ia

correspouding to these path lengtl

wily we

give the interpretation of the terms of Equation (1.22) as “creeping

waves', We note tha tance from the geo-

metrical shadow bo gure 1.3. The inter-

pretation, first proposed by Franz of.6), is tha

t a wave is launched at
the shadow boundary and then creeps into the shadow. The subsequent terms in the series

with 8 replaced by 6 + 2wn will then represent terms which have made n cireuits around

the cylinder. The justification of this interpretation has been given by Friedlander (Ref. 7).



-

For the incident otic fleld along the y-axis we have a

Briefly, we have on the surface,

A
H, = dx , (1.25)

veotor on the surface in the

(1.26)

In and neax the shadow we app

Bguation (1.286) and find

4, and %m are as defined above and
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1 { @igi (1,27
f(5) v ol dt . 1.27)

f{g} can he evaluated by a residue series for 5 > 0 and by quadrature for 5o~ 0.

dmation to the

For % < 0, the optics region, the Nicholson appr kel function

is no longer valid. We use Langer's asymptotic approxima

tlon evaluated by stationary

gument gives a
ndary near the surface
in terms of a parabolic differential equation. 'The import of this in terms of Franz's con-
cept of creeping waves will be made clear below.

We let £(X,¥) == 0 be the equation of a convex cylindrical surface, the cylinder axis

in the Z-direction. We consider a pl

ane electromagnetic wave to be ineident in the X-

direction and we rface at the geometrical

given by the solution of gﬁl =t 0, This i8 {lustrated in
%

pproximation to the surface, {.0.

where

gystem,
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Flgure 1.4

hig essentially two-dimensional vector problem can be characterized in terms of the

?W@E@m
igg”&kg}w e @ . {i«gg}

where we assume the time dependence @fikm

. The Incident wave will have the func

lence e&m and this we introduce explicitly put

“XP = @

Substituting in Equation (1.30) we have

d

(1.31)

Uy, + ﬁgfy + Eﬁﬁm’x = 0, (1.32)

Now we come to Fock's order arg that the variation of the

riae greater than the variation in the

x~direction. The physical content of this argument is apparent: There is a large variation
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shadow b

in the field quaniities on crossing the

By, ¥ =2 0, x >0, but having elis

o incident field the variation in the x-direction should be relatively slow,

the dependence on

Fock makes the more precise assumptions

LN k (1.33)
3y miﬁ{m m o, (1.33)

fﬁg’“ m@i%ﬁz , (1.34)

where m a 3 dimensionless parameters satisfyin

g the inequalities

M>»>m>» 1 . (1.38)

sed on this order argument we neglect the second derlvative with respest to x in

Equation (1.30) and write

(1
‘i?w + 23@3& w0, {1.36)

This implies M 1s of order m® go we put

» (1.37)

- X (1.38)

Xy, (1.38)

) =0 (1.40)




(1.41)

+ imﬁ + g%@"j} w0 . (1.42)

For implification we put

®
S
vees "5 vy, (1.43)

I8 resulis in the equation

(1,46)

function V and

(1.47)

ar golution is glven by

Vo= o5t wit-9 ) (1.48)

st
oy
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» the solution of

wit) = tw(t) . (1.49)

(1,50)

——
o
=3
B

ngg} s m;%w

")

where the contours 5}: i’; are glven in Figure 1.5. We

then look for the solution in
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boundary condition,

and wyg the sorrect phase for this problem.

(1.52)

wilt) wa(t) ~ wyelt) wlt) = -21 , (1.83)

the fleld on the surface, ; == 0, is glven by
{(1.54)
where

. (1.56)

For the incident fleld

, (1.56)

H, = 0, (1.57)

tion to the region of the sl

ic field is given by Eﬁy

ﬁy = 0 on 8, (1.58)
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write Equation (1.59) as

8o If we write

the divergence condi

Repeating the order arg

o

{1.59)

(1.60)

(1.63)
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The fleld component H,

» {1.66)

where Y satisfies

(1.67)

{1.68)

Ho we wrils
(1.68)

and
(1.70)

Using the notation

(1.72)

We are now able to apply Fock's solution to the clrcular cylinder and compare it with

nz “ereeping wave" golution. From Equations (1.20) and (1.55) we have for the

ular eylinder solution & Fock solution the fun

15
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g(®) = };‘ ( @igt dt . (1.73)
(@ w(t)

However, we note that for the circular cylinder

, | (1.74)

while in the Pock treatment

=, (1.75)

sin @ . (1.78)

These arguments of the function gi;ﬁ%’} thus agree to first order for 6 ~0. This imposes a
restriction on the applicability of Fock's method as it stands.

To bring these solutions into agreement we return fo the creeping wave interpretation

and Fock's derivation of the parabolic differential equation. Prom the creeping wave inter-
Pretation we have a wave launched at the boundary which ﬁz@n creeps along the surface into
the shadow boundary, Now the natural description of such a phenomenon would be by a
parabolic differential equation. This Fock has done. However, we note that gF measures
distance along the direction of propagation rather than along the suxface of the obstacle.

We now observe that the argument used by Fock in his derivation of the parabolic

equation is also applicable outside the region % ~ ( provided we compare the variations

16
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of fleld along the surface of the obstacle and perpendicular to the surface of the obstacle.

That 18, we can use the Fock equation anywhere in the shadow reglon provided we define a

new set of variables % and g for each increment we move ato the shadow. To {llustrate

this we write the formal solution of Equation (1.44) as

V(5,0) = o0 V0,9) (1.7

where
Twm %% \}@
a1 _

gives us an expression valld for say T £ 5; << 1. Given this we then redefine

our variables and write
(1.78)

which generalizes to
{1.79)

with
{1.80)

@ © {E\-o g@}

nz's treatment and, hence, we have

This 18, however, the expression appearing in Fra

bt the Fr

d Fock solutions into agreement.

17
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is import und by J.B. Ke

r to the above treatment.

Keller proceeds from a local solution of the cirecular oy,

n of the Fock result for the elrcular cylinder with the sum

of the harmonic series as given by L.

tof, 10) for ka = 12, In this we use two

"ereeping wave' terms.
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S 0 = 90°)

\QB\ <4 Foek
| Theory

40 60 80 100 120 140 160 180

@ (in degrees)

19
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As an example of the application of the generalized method we will find the field induced

on a perfectly conducting elliptic eylinder by a plane electromagnetic wave., We take the plane

wave to be incident along the minor axis of the ellipse with the incident magnetic field parallel

to the cylinder axis as in Figure 1.8.

s s 5 oy

Figure 1.8

If the major and minor semi-axes are a and b respectively the generalized argument of

Fock's function 18 given by

1
v 3 a8
v = ®

[y

Ve )
5= (8) {mo-mgon)
and

8 = a[®Be-E(X-v,0)] , (1.85)

20
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where € is the eccentricity

arameter 7 i8 related fo the coordinate by

x&%%@mﬁ? 5

MICHIGAN

(1.86)

(1.87)

and K and F are elliptic functions of the first kind while E is the elliptic function of the

second kind,

We compute the first two "ecreeping waves' with
8 = a(E(6) -E(T -q,£))
2

8' = a(E() +E(1.€))

§&%

» {1.88)
(1.89)
ap . (1.90)
(1.91)

1
%m@wﬁ§@M@w§%w%@>
‘ /

‘o
&

¥

NSV
—

1
P ®(O+F(,E))

(1.92)
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These arguments give for the shadow region

We compare this expression with the e

ols) + gle) . (1.93)

iments of Brick and Wetzel (Ref. 11) for

ka = 12 and kb = 7.5 in Figure 1.9,

Keller (Ref, 12) has glven a treatment which makes more precise the content of

Fock's assumptions. This method, "the method of stretching', starts from the reduced

eqguation, 3.
AU 00U 421 WU = 9, (1.94)

(1.95)

2 ol
A Egysya $+ &1k "ﬁxa m ), {1.96)

that this goes to Fock's parabolie equation In the limit

2 = l4+a>ia 20

[hiz condition resulis in the equation

Vynyﬁ + 21V = 0 . {(1,97)

y%&ﬁm@

2 -a
ry condition in the new variables

s (1.98)

and imposing the Dirichlet bov

22
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1.4 |
|
|
1.2 L i S
1,0 » B

0.4
0.2 - ‘ e
Foe T TN
Theory \\ // \Mw””
N —rd
0

8 9 10 11 12 13 14 1
distance from specular reflection point {(in cm.)

ENTAL DATA AND FOCK'S
TRICTTY 0,780 WiTH

ka =12 AND kb=17.5

23
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2
V=0 on kP g 4+ k2 é%m =0 . (1.99)
2

&g
Hence, the boundary condition is satisfied on y' 4 A xT =g provided

2 a
B=2a {1.100)
The boundary condition in the limit is then
V=0 on w%§&§“m@ for ko . (1.101)
Solving for e and B
o = iéa , B == wgm , (1.102)
8o the reduced Equation (1.96) becomes ,
ULk 20T, = k3 LI (1.103)

Stnce the solutions of Equations (1.104) and (1, 97) cannot be the same function we

therefore agsume

. ¥
o~ } j‘;% (1.104)
A 1&
Substituting (1.104) in (1. 108) U, must satisfy
E&ww%ai@%gmam%%%%a ,  ax»l
(1.108)
Eﬁﬁyﬁyﬁwm‘gj’%g = 0
dary condition
v 1 Xﬁ :
U, =0 on vy + e . = ), {(1.108)

24
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This treatment 18, in itself, no greater justification for the Fock method but it does

make more precise the meaning of Fock's essentially physically based assumption.
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IENSIONAL PROBLEMS

We now turn to the application of Fock's method to three-dimensional problems.

There is an essential complication present In the case of finite, convex, three-dimensional

surfaces. Again we will illustrate the general problem by a prototype problem, scalar

secattering by a sphere.

We sgtart with the Dirichlet boundary condition, i.e. we wish the solution of

(v3+id)y = 0

(2.1)
Wia) == O (2.2)
where & is the radius of the sphere. In particular we want to determine
Y| 2.3
o | (2.3)
trmg

Let the incident field approach along the polar a then the normal derivative of the field

induced on the surface of a sphere of radius a is glven by the series

oY
- =

S -4 & n
J k(n%mg@ P (cos 6) e a , % (2.4)
S 5 3a)
Since the summand has no singularities with respect to the index on the positive real

axis this can be written as the confour Integral

9 - 4z
Mﬁmsga f&f@ “2
on (o]

W;%MW Sec ¥ 1 (cos@) d¥  (2.5)

g .
D (ka) V=i
b4 :

26
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THE UNIYV

where C is a contour encireling the positive real axis and where we use the notation

P (x) == P Y (WX} . (2°5>

r in the second and fourth quad

netion of J regula

Since the integrand is an odd fu
and having simple poles (the zeros of 5{33 (ka) 1in the first quadrant) we change the
1

contour C to Gy 4

Figuve 2.1

ince Im V > 0 along C; we make the convergent ex

w
2.
Sec Yy = éi?m/ / @mm

‘n=0

" . 2.7

Now making use of the reduction of the Legendre function (Appendix 1) we have

TSN W *
Sec Yr P* _ (cos ) = e /(= (P, (0+2m) -P ' (2u(n+1) -6)
Y= s £ ymg ywﬂg

f a—

3
(2.8)

Substituting in the integrand,
27
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ig NTon
IO =e (~) I (6 + 2am) - 1y 2e(n 4+ 1) ~ @}g (2.10)
where
~1 8y
4 (#)
1 (6) == day & . .
1(6) f D g P 1 (6) (2.11)
Cy ‘ éfm»%u

For the range .%“é; Z 0 « %f., we use the expansion

i6

+ V
M g= L [ h ooy (%w%; Va1 wmﬁmwmw} (2.12)
Ve Verising [ W+1) 2°2 21 8in 6
and the notation
p=0-5 . #="F-0 .19

LT - N 1
IS S O U TN S L Y

Sy e
2zl 8in & ya TV +1) 1 k
19 1/ (f'+2m) i (2.14)
.M 1 1. yaq. ©
2@@&{&) te ﬁ”ﬁ“g‘?ﬁy%i? Z:ccss?)‘))}

28
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F——— {2.18)
J2w 18ind

The terms of this series correspond to the 'creeping waves' of F

. In this sense

we note that ) and ' are just the angular

tances measured from the shadow boundaries,

. -

e

function in the denominator of the s

nd or integrand. We then treat with integrals of the

29
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CR ) f dy [V+D D) g o ' F . .
oy B2

Gy

large value of ka so that the Afry integral appr

derivative is justified. We put e.g.

ol ~im%2 W) (2.18)
2
where
3 .
m w{%\g Lop= il (2.19)
The integral Iy is then essentially of the form
’ izt
= | fn £ a (2.20)
w(t)

Gy

where we put g = mf and Cy 18 the contour r g from infinity along arg ¢ = ? to the

origin and from the origin to infinify along arg t = 0,

We note that the form of (2.20) i8 very like that of Fock's function. In fact, Fock in

his paper, Dif dio Waves Around the Barth's ace (Ref. 5) arriyes at just

this form which he then approximates by using the asymptotic form

1 o
o+ -
yigwwmﬁ% F(ég gs V41 - ) ~ |y (2.21)
[V +1) 21 8in 6

30



Then, in the shadow region, he eval

oceurs near 2/ =ka, and t

residue series, he approximates (2,21) by ./ ka.

funetions.

results and the parabolic equation results. The physical si

immediate on noting that the parabolic equation is strictly applicable o a two-dimensional

problem (the infinite cireular cylinder) while the sphere being a finite body forces the waves

creeping into the shadow to converge on the pole & = g. 'This accounts for the term 1 fJ sin 6
in Equation (2.14). In fact, if we consider that the energy surface density must increase
inversely as the available space we have

E~ |y~ (2.22)

o
(2.23)

This result has already been noted by Franz (Ref. 1).

N.A. Logan (Ref. 13) has applied Fock's reasoning in approximating the asym

form of Equation (2.20) itself. Since the major contribution to the lntegral comes from the

reglon t ~ 0 and f(t) is a slowly varying function he writes

31
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[ ds5r )
= J 1 22 _ 4ty @)
VW é_ ‘
L Cq " (2.24)
A , T
L L LY Lhimen S ) | < a,
" (ka + 1) \ 21806 © Wit)
Ca
where he restricts the region of applicability to |ka sin 6{>> 1.
Near the pole 6 = ¢ we use the asymptotic representation,
Ph, () = dy{ @v+Dom—] +0@o’ L) (2.25)

rather than the decomposition into Eﬁjﬁ and ?éﬁ which are singular at 6 s » .

Using the asbove approximations, N. Logan hag made a comparison with the sum of
the harmonie series for ka = 20 and hag found good agreement between the two. In the
transition reglon between }ygm 61>> 1and |sin @ E «< 1 the results from either
side are continued into this reglon and even here the agreement was good.

Fock (Ref. 8) has applied his method to the three~dimensional problem. His result is
precisely the same as that presented above for the two-dimensional problem.

We consider a finite, smooth, convex, perfectly conducting body illuminated by &
plane electromagnetic wave. We take the plane wave to be Incident along the x-direction and
erect a coordinate system at some point on the shadow boundary with the y-axis normal to

the surface and the z-axis chosen so as {o form a right-handed system as in Figure 2.3,
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;
|
e |
%
E
IR ~{p i o }{
//,/" N
R / }
" \\ v/./ l
Figure 2.3 |

As before we perform a local apalysig near the origin of the coordinate system. We

write

— _ kx
H == g ?zzjﬁ%
(2.26)
E o= e B,
Hence, the starred quantities satisfy
V W)g 4+ 1 S L w@
- o L (2.2

owntf

Vxik + R xE® = ik D¥

from Maxwell's equations for free gpace.
Now we extend the order argument and write, letting ¥ stand for any of the fleld

components, in Equation (2.27),

33
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K3

¥~ o(ky)

(M@E ,
(2.28)

W = (k
@ém$>

where, as before,

M yy my»>1l (2,29)
aund in fact, we put M= m . (2.30)

Since each of the starred field components must satisfy the reduced wave equation

7Y+ 21k LL (2.31)
’ g x

by applying the ordering assumption of Equation (2.31) we have

2
Y Lo @Y o (2.32)
3372 g x

Finally, dropping the asterisks, we have from the ordering assumptions and

Equation (2,2%7)

E'mg;’mz Na}iy>§

ay 0%
Ey d ﬁx s
(2.33)
E, = mﬂy s
" BH,, oH
b )
By oz
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We see then that the three~dimensional solutions of Fock are precisely the two-dimensional
golutions glven above,

In fact for the incident field fkx A
%

E%@ = g . | (2.34)
we put
H = IE \y (2.35)
Then, near the shadow boundary, %ﬁ must satisfy
2
) v
a¥ + 21k T o= 0, (2.36)
8y 3 x
and the boundary condition
= 0 , (2.37)

These are precisely the conditions on H, in the two-dimensional problem as given above in

Equation (1.46),
For the incident field . kx a
H = Y o (2.38)
on the other hand, we put
H, = R (2.39)

where §§ satisfies

3
o %&ik%@‘ =0 , (2.40)
ay %
p l =0 . (2.41)
'8
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These are the conditions given in Equation (1,59) for the two-dimensional problem. Again

use of the divergence condition we have

restricted to the region of the geometric shadow boundary. To carry these solutions farther

into the shadow reglon we must 1 rface area decreases

going into the shadow region the energy density must increase, Further, we make fhe

point that the "ereeping waves' propagate along geodesics on going into the ow. The

first requirement was illustrated in the treatment of the scalar sphere problem in the ap=
julrement

pearance of the factor (sin @?m% in the expression for the fleld, The second ret

was met in the tacit assumption that the creeping waves followed great circles on the sphere.
-1
To determine move generally the convergence factor corresponding to (sin 6) 2 in

the case of the sphere we consider two adjoining geodesic paths arising on the geometrical
shadow boundaxy. The geodesics are determined by the two conditions:

(1) the point on the shadow boundary at which they arise, and

(2) the angle which the incident radiation mak

es with the shadow cuwrve.

We write for the two paths

i (2.43)
Ty o= UL, 8,

36



IVERSITY OF
2591 =31

HIGAN

where £ and /+ A are points on the shadow boundary an

the geodesics, This is shown in Figure

Figure 2.4

We choose 8; and 8y so that ¥y and »y be equiphase points, then the convergence of area

available o the energy propagating into the shadow will be proportional to

i sl
A s mg;%: T3

(2.44)

or in the imit as Af vanishes

(2.45)

In oxder to use the Fock method, then, we require the fleld functions to be
wd
multiplied by the factor A 2 |
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As an {llustration of the use of Fock's method for something other than a cylinder ox

sphere, we now propose o determine the fleld Induced on the surface of a perfectly conducting

Infinite cone by an incident plane electromagnetic wave. We restrict ourselves to the

condition that not all of the cone be {1}

nd we shall use Fock's method to find

field on the surface in a

1 near the shadow reglon,

Here we obtain an approximate method of determining the field on the surface of a

tromagnetic wave incident on a perfectly conducting semi-infinite

cone. We take the direction of incidence to be such that part of the cone is shadowed and

apply the ¥ Fock theory to determine the fleld induced on the surface of the cone in the

ghadow and fay from the tip. The term "far from the tip" will be made more precise below

and indicated as a requirement for the application of the theory,

ing the coordinate system illustrated in Figure 3.1 the equation of the cone can be

glven as
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Figure 3.1
nate System for the Cone
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6 =6,, 6o>x/2 . (3.1)

The plane wave incident in the xz plane making an angle 6(¢ > x - 6,) with the cone axis is

again characterized by the unit vector

A # A
:gg s M&iﬁggxwg@g %iz © {3@%}

This fixes the shadow boundaries which are solutions of

)

ke V=0, (3.3

where £ = 0 i8 the equation of the cone, i.e. In Cartesian coort

fmx +y -2 o, . (3.4)

Denoting § = 4 fi; as the equations of the shadow boundaries we have the solutions of (3.3)

% tan 6,
8 tan 6

(3.5)

Taking the viewpoint of Franz we consider the field in the shadow as arising from
a wave launched at the shadow boundary and propagating along a geodesic according to
the prescription of Fock., This makes more precise the condition on the distance from

the tip. We now require the radius of curvature everywhere along the geodesic to be much

Jarger than a wavelength, In Fock's notation

p (3.6)

where R is the radius of curvature and k = %ﬁ* with ), the wavelength.
Our first step 18 to find the geodesics, the curvatures, and finally the generalized

ents of Fock's functions,
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We need the equation of the geodesic T = T (ff) which starts at some point r = 1y, f = fiy
on the shadow boundary and, at this point, has the unit tangent vector % @‘iﬁ (In this section

¥ will denote radial dista

nee on the suris

ce, primes denoting differentiation.)

The geodesic 18 glven by the equations

T4 =9 " -1 eind g, §* = 0
de?
or (3.7
A 438
pe 4 X wmp , et 42 @ =0
de?

rth along the geodesic and the primes indicate differentiation with
regpect to 8, From the second of Equations (3.7) we have

) (3.8)

which has the solution

pro= L (3.8)

where a i8 to be deter

(3.10)

(3.11)
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ting this to (3.9) we find
dr e I [t sl . (3.12)
dg a
Thig has the solution
r = o sin 6, sec [ {ém%} sin %«%5 \%jl 5 (3.13)
where Y is also to be dete
Applying the condition r = r_ at f =0, we have
o = p 08Y (3.14)
8ind,
The tangent vector is given by
@2 #6
T om OF = § dr 4, dr (3.15)
ds ds ds

making use of the above, becomes

(3.16)
T = fin Ei@«»%} &iﬁ.%@»%@} %gmg E (§-9g)sin g, + %ﬁ .

HRH
Now imposing the condition T =kat § = iy, r=r, we have

= .. CO8 0 (3.17)
cos O
Finally
r=rgoos Y sec [ (f-fetm0y+y]
(3.18)
oo gin | - cos 0
o8 %
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vature is given by

(3.19)

&
1l at the point in question, Since ?ﬁ. =g ,

goB 6, ¥y eosY
gﬁ w0080 TgoosVg (3.20)
gin 6, ré

A
ing the above expression for T,

. (3.21)

(3.22)

Substituting and performing the infegration,

k:fg PO8 @ ﬁm @@
\ 2 gec? 6,

(3,23)

lly we anticipate our need for the path length,

B == rgec W

sin [(f - §) sin 6] . (3.24)

the Fock theory., We fix on a point x, §§ in the shadow and determine

ribution to the fleld at this point arising from the wave launched ar r, % , Where

ry satisfies Equation (3.24) with these fixed », @
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gnetic fleld is perpendicular to the surface at ry, iy, then, acco

to Fock, the fleld at r, § due to the surfa

ed at xy, % will be tangent to the

i
o £ ?3 » {3,25)

where 8 1# the path length and

_— ( , (3.26)
- ke in 8 i
j{ = (NW% SO8 l%} wﬁm%mw&} 3 i@ még} . (3.27)
2 sec” 6,

Otherwise, if the incident magnetic fleld 18 tangent fo the surface at r_, i the field will

be perpendicular to the geodesic and given by

H, == olk8 g{§} . {3.28)

We need the projection of the magnetic polarization, fp%g onto the perpendicular and

tangent directions at the shadow boundary in order to apply the above method of computin

the fleld. We designate these directions at the shadow boundary by

A
q, = (cosd,cosf,, cos g sin B, ~5ind,)

# A A
ié’ﬁ& =4q, xk

(3.29)

Hence, with the Incldent §% polavization, the fleld H,, is multiplied by §§ N g‘éﬂ; ) whil

the field H 1is multiplied by (p° fcﬁﬂ ).

There will be a contribution from each geodesic path satisfying the boundax

conditions and passing through a given point. We enumerate these,
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Let the point in question be specified by r, §§ where §

g % éé % %. Then, glven the

direction of ineidence we have the possible geodesics

r o= %{m} cos W sec i (2an + P - §5) ein 8, + 2%3_1 ,n= 0,1,,.. (3.30)

P s %iﬁ% cos ¥ sec | (2m' - - p)eing + V] ,nt=1,2,... (3.31)
These are to be solved for ( %im}% and '{%iﬁﬁé } , where we note the flrst set terminates

L

at n such that ‘
(2m + p-pheme, + Y > 5, (3.32)

while the second terminates at n' such that

{(2am' - § - fig) sin 8, *

> £, (3.33)

corresponding o these will be the sets

%@K and { %%} as well ag the path lengths

Since, in general, the shadow boundary does not colncide with the phase front of the

SR

Ik - x5 (n)

g the factor e or

adiation we take ageount of the phase by inser

incident ¥

ey

° Iy ()

in each case, This glves a total phase of
(3.34)

(3.35)

(3.36)
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Since we will need to add the various @@mﬁmﬁmﬁ vectorially we choose to facilitate

A, A,
co in the ) and r directions. Now

this by resolving the components of the fleld on the surfa

while the fleld H i les along the vector
A
8

#
These explicitly glve the ?’ and §§ components, Finally, we find the total contributions. On

A (3.38)
2T = wggm H@w%} %ﬁm@@%ﬁ%ﬁ +r cos giﬁw%} sin 6, + %ﬂﬂ

the surface at the point r, §) we have, for incident g;%@l&mmﬁmig ) (3. 39)

) cos X

%@ - G/m) K5

) cos X

®- %’g&}ﬁj mi@g} i %ga,

where we have put

Xﬁ = (2am + - p) sin 8, +V

(3.40)

1= (2an' - =) ein 6, +

8
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g to the eriterion of the ¥

becomes more apparent if we use a geometrical method t

We start by unrolling the cone of angle 8 by breaking it at one of the shadow boundaries

as in Figure 3.2

If the inocident ray x

onto the unrolled su

the cone, fol

re i then no conver lesios, away from the tip, and

on of Fook's m

n of an array of slots on a

#Meon seems to oty
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CONCLUSIONS

We can characterize the Fock approach as stemming from a local and primarily

physical analysis of the behavior of the fields at and near the geometrical shadow boundary.

This coupled with cex general considerations of the known solutions for the ecircular
cylinder, and the sphere give a method of treating the shadow and transition regions
provided we exclude any regions In which there 18 a focussing effect.

Asgide from the use of the method in solving physical problems we can lock on if as

glving 2 hint as to the form of asymptotic solutions of boundary value problems in which

the boundary is a coordinate surface in a system in which the Helmholtz equation is
separable. That is {o say, we suggest that the asymptotic form of the special functions
agsoclated with these separable boundary value problems may be found more easily if we

agsume the Fock solution is what we are looking for. This approach should be cautious,

however, since some recent work of R. K. Ritt (Ref.2) suggests that there may be a dig~
crepancy in the case of scalar scattering by a prolate spherold.

Extensive tables of both the Fock functions have been computed by the Alr Force

Cambridge Research Center under the direction of N, L

positive values of the argument 0 & %f < 9,99 in steps of 0.01. The i

been computed by Fock (Ref. 14) for 4.5 ¢ % < 4,5 in steps of 0. 1.
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APPE]

HiE CON JATION OF CERTAIN
EQUATION TO AN "BLY MA
RIE FACE

ONS OF LEGEND

o,

; 4@
B, foost) = L. LLED YT e gi%% %»{% " 3%»
" 1 a8 e T e
(A.1)
i+ $)0 e 16
e e s ]
gj’ 24 gin 6 2igln B

which is absolutely convergent in the specified range. (The series expansion is asymptotic

outside this range, l.e. for £< 8§ < v -5 and |/sin& | >1). Let £z 5@3 thus

{A. 1) becomes

¥ =vtl =
p, = - f““""*’“{ o1 5 7 z&i&% V+3 WZW} +
" mww::«s §3g§ # ww‘
T rwe+d | 5-3 5-3
(A.2)
!
o ¢ ”“’"’%}% %
5-%7,
Or equivalently \
® Vel - 8
t Cwen [ 11 3 . p(ii.y. 8. 3
» ' == Flywi V*3i 3 *
T P{M»mg; \/TQW % g -1
Va1 a
4 X . 5
@»gig 5 @é“ﬁ%’s%s }/%%‘& = %
Vi-s 3" -1
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If now we make use of the transformation of the hypergeometric function,

Fa,b,e;2) = (1 -2) Fa,o -b;c; f:«g? ’ (A.3)

Equation (A.2) takes the form

1 [+ 12 z(V/+1) 1 3 <3
P, = FOLE 5 o1 % F(I, Ve V4355 ) +
(A.4)
+ o T rl} v veds ¥)
From this reduction we are led to define the fun
A ey X V1 %
My L W%W? e 3 % (3 vt vl g)
= [r+3
(A.5)
(= 1 ey 15 v+l ) 3 3d
‘ (%) 5 P73 o # § ¥ <“§$‘§§f +1: m@; % )e)
So that
N .
Py (cos @) == ﬁﬁib + Z?i} (A.8)
- ! iy -
P% (cos @) = P, (-cosb) = e v ?ﬁd} teo " ?ij
We also note that
P o) = -2 () . (A7)

arguments of the hypergeometric functions we have that they are absolutely

convergent on the unit circle except at the points 7?? i%) = ¥ 1, They are, moreover,
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t if we contlnue the functions §§} past the cut

periodic in @ having the period # so tha

nrface we have

im:z,$ i} onto an infinitely many sheeted I

B (9 + 2m) = &™) B (9
! (A.8)

P (o - 2m) = o ) o)

&5z
ol



Gol
“

fasd

fy
&

[y
fonds
°

Gt
(AN

s
G2

Fy
-
o

THE UNIVERSITY OF
2591-3-T

W. Franz, Zeit, fur, Natur, 92, 705 (1954).

R.K. Ritt, "Studies in Radar Cross Sections - The Theory of Scalar Diffraction
with Application to the Prolate Spheroid”, (Appendix by N.D. Kazarinoff), The University
of Michigan, Radiation Laboratory Report éﬁﬁ@iw@m{& {August 1958). UNCLASSIFIED,

Staff of the Bateman Manuscript Project, Higher Transcendental Functions, Vol. II,
McGraw-Hill (1955),

B.L. Van Der Waerden, Applied Scientific Research, B2, 33 (1950),

V.A. Fock, Journal of Physics, IX, 255 (1945).

W. Franz and K, Deppermann, Annalen der Physik, 10, 361 (1952).

presis

F.G. Friedlander, Communications in Pure and Applied Mathematics, VII, 705 (1954).

V. A. Fock, Journal of Physics, X, 399 (1946).

J.B. Keller, Transactions of the Institute of Radio Enplneers, AP-4 312 (1956).

L.L. Ba

ilin, Transactions of the Institute of Radio Englneers, AP-3 128 (1955),

L. Wetzel, D.B. Brick, Alr Force Cambridge Research Center, Scientific Report No. 4
(1955),

J.B. Reller, private communication.
N.A. Logan, private communication.

V.A. Fock, Journal of Physics, X, 130 (1946).

R.E. Doll, R.¥. Goodrich, R.E. Kleinman, A.L. Maffett, C.E. Schensted and
K.M. Slegel, "Studies in Radar Cross Sections [ - Calculated Far Fleld Patterns
from Slot Arrays on Conical Shapes', The University of Michigan, Radiation Laboratory

Report 2713-1~F, (February 1958). UNCLASSIFIED,

N.A. Logan, ¥ock Tables (exact title and number to be obtained from AFCRC).

52



AFCRC DISTRIBUTION LIST

UNIVERSITY OF MICHIGAN -~ Contract AFI9(604)-1949

PART A: CLASSIFIED AND UNCLASSIFIED REPORTS

PART B: FOR UNCLASSIFIED REPORTS ONLY

{one copy unless otherwise noted)

53



CODE
AF 15

AF 28

AF 18

AF 5

AF 28

AF 63

AF 43

AT 65

AF 68

DISTRIBUTION LIST

PART A

ORGANIZATION

Jommander
Alr Research and Develoy
Andrew Alr Force Ras
Washington 25, D, C,
Commander

Eglin Alr Force Base
Valpariso, Florida

Director
Air University Library
Maxwell Alr Force Base, Alabama

Commander Alr Force Missile Test Center
Patrick Alr Force Base, Florida
ATTN, MU-411 (MTE - CLASSIFIED)

Tactical Alr Group

Directorate of Research and Development, DCS/D

Headquarters, USAF
Waghington, D, C,
AT'TN: Major R, L, Stell

Commander

Wright Air Development Center
Wright-Patterson Alr Force Base, Ohio
ATTN: WCLRS-6, Mr, Portune

Wright Alr Development Center
Wright-Patterson Alr Force Base, Ohlo

Flight Research Laboratory, Research Division

ATTN: WCRRA

Commander

Wright Alr Development Center
Wright-Patterson Air Force Base, Ohio
ATTN: WCLNQ~4, N, Draganjac

Commander

Wright Alr Development Center
Wright-Patterson Alr Force Base, Ohilo
ATTN: WCLRE-5, Mr, Paul Springer

54




DISTRIBUTION LIST
PART A (continued)

AF 140

Air Technical Intelligence Center
Wright~Patterson Alr Force Base, Ohlo
ATTN:; AFCIN~4Bia

AF 141 Commander
Wright Alr Development Center
Wright-Patterson Air Force Base, Ohlo
ATTN: WCLJH, Dr,C, A, Traenkle

AF 124 Commander
Rome Alr Development Center
Griffiss Alr Force Base, New York
ATTN: RCSSTL~1

AF 120 Commander
Rome Alr Development Center
Griffiss Alr Force Base, New York
ATTN: RCUE, Mr, Donald Dakan

AF 139 Commander
Alr Force Missile Development Center
Holloman Alr Force Bage, New Mexico
ATTN: HDOIL, Technical Library

AF 194 Commander

Rome Alr Development Center
Griffiss Alr Force Basge, New York
ATTN: RCEM

Rome Air Development Center
Griffiss Alr Force e, New York
ATTN: RCOPP

AF 186 Commander
Wright Alr Development Center
Wright-Patterson Alr Force Base, Ohlo
ATTN: WCLRE= , Mr, W.F, Bahret

Alr Research and Development Command
Andrew Air Force Bage

Washington 25, D, C,

ATTN: Col, P.8, Bechtel, RDZPA

AF 195

55



AF 108

AF 199

AF 200

AF 205

AF 201

AR 202

DISTRIBUTION LIST

PART A {(continued)

Commander

Air Force Ballistic Missile Division
Headguarters, ARDC

P, O, Box 282

Inglewood, Callfornia

Strategic Alr Command
Offutt Air Force Base, Nebraska
ATTN: QAET

Commander

Alr Force Ballistic Missile Division
Headquarters, ARDC

P, O, Box 262

Inglewood, California

ATTN: WDTLAR

Defence Research Member

Canadian Joint Staff

2450 Massachusetts Ave, , N, W,

Washington 8, D, C,

{for

Defence Research Board, Ottawa, CANADA

ATTN: R, I, Primich

THRU: Commander
Wright Air Development Center
Wright-Patterson Air Force Base, Ohio
ATTN: WCOSR)

Operations Analysis Division
Directorate of Operations
Deputy Chief of Staff, Operations
Headquarters, USAF
Washington 25, D, C,

ATTN: Mr, Leroy Brothers

Air Defense Command
Headquarters Ent Alr Force Base
Colorado Springs, Colorado
A'TTN: L, Col, Charles Miller



DISTRIBUTION LIST
PART A (continued}

AF 203 Special Projects Branch
Hy. Armed Forces Special Weapons Project
Washington 25, D, C,
ATTN: Li, Col. R, H, May

AF 204 Office for Development Plauning
Deputy Chief of Staff, Development
Headquarters, USAF
Washington 25, D, C.

AR 42 Director
U. 8, Army Ordnance
Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland
ATTN: Ballistic Measurements Laboratory

AR 47 Director
Evans Signal Laboratory
Belmar, New Jersey
ATTN: Mr, O, C, Woodyard

AR B U. 8, Army Signal Research and Development
Laboratories
Evans Signal Laboratory
Belmar, New Jersey
ATTN: Technical Document Center

AR 40 Director
Evans Signal Laboratory
Belmar, New Jersey
ATTN: 8,Krevsky, Chief,
Microwave DF and Antenna Section

AR 10 Massachusetts nstitute of Technology
Signal Corps Lialson Officer
Cambridge 39, Massachusetts
ATTN: A, D, Bedrosian, Room 26-131

AR 67 Commander
Redstone Arsenal
Huntaville, Alabama
ATTN: Technical Libracy

AR 76 Operations Research Office
Department of the Army
6410 Comecticut Avenue
Chevy Chase, Maryland
ATTN: Dr,W.W, Nicholas

8%



AR 9

AR 41

AR 48

G2

DIS’

BUTION LIST

PART A (continued)

Commander
U.8. A, Signal Engineering Laboratories
Antenna and Microwave Clreuitry Section

TN: Mr. O, C. Woodyard , Belmar, N, J.

Department of the Army

Office of the Chief Signal Officer
hington 25, D, C,

ATTN: SIGRD-7

Department of the Army

Office of Chief Signal Officer
Engineering and Technical Division
Washington 25, D, C.

ATTN: SIGNET-5

Commander

U.8. Army Signal Engineering Laboratories
Fort Monmouth, New Jersey

ATTN: Mr, ¥, J. Triola

Diamond Ordnance Fuze Laboratories
Guided Missile Fuze Library
Washington 25, D, C,

ATTN: R, D, Hatcher, Chief
Microwave Development Section

U,8, Army Signal Engineering Laboratories
Fort Monmouth, New Jersey
ATTN: SIGFM/EL-AT

Armed Services Technical Information Agency
Document Service Center

Arlington Hall Station { 8 and master)
Arlington 12, Virginia

ATTN: TICSP

Office of Technical Services
Washington 25, D, C.

ATTN: Technical
(UNCLASSIFIED ONLY)

(6)

58



N1

N 23

N 28

DISTRIBUTION 1LIST
PART A {(continued)

Hg Alr Force Cambridge Research Center

Alr Research and Development Command
Laurence G Hanscom Field

Bedford, Massachusetis

ATIN: CROTRE - P, Condon 2)

Hg Alr Force Cambridge Research Center

Air Research and Development Command
Laurence G Hanscom Field

Bedford, Massachusetts

ATTN: CROTR - J, Armstrong (5)

Director, Avionics Division (AV)
Bureau of Aeronautics
Department of the Navy
Washington 25, D, C,

Chief, Bureau of Ships

Department of the Navy

Washington 25, D, C,

ATTN: Mr, E, Johnston, Code 833E

Commander

U. 8. Naval Alr Missile Test Center
Point Mugu, California

ATTN: Code 366

U. 8. Naval Ord
White Oak
Silver Spring 189, Maryland
ATTN: The Library

nce Laboratory

dnance Test Station
China Lake, California
ATTN: Code 753

Alr Force Development Field Representative
N&mi Lﬁ.@ggmeh Laboratory

ATTE@ Q@{i&% 1072

Director

%.f 8. Naval Research Laboratory
wghington 25, D, €.

ATTN: Code 2027

59



DISTRIBUTION LI8T
PART A {continued)

N 30 Dr, J. I, Bohnert, Code 5210
U, 8. Naval Research Laboratory
Washington 25, D, C,*

N 35 Commanding Officer and Director
U. 8, Navy Underwater Sound Laboratory
Fort Trumbull, New London, Connecticut

N 37 Chief of Naval Research
Department of the Navy
Waghington 25, D, C,
ATTN: Code 427

N 85 Commanding Officer and Director
U, 8, Navy Electronics Laboratory (Library)
San Diego 52, California

NS Chief, Bureau of Ordnance
Department of the Navy
Wasghington 25, D, C,
ATTIN: Code Ad3

N 86 Chief, Bureau of Ordnance
Department of the Navy
Surface Guided Missile Branch
Washington 25, D, C.
ATTN: Code ReSl-e

N 87 Chief, Bureau of Ordnance
Department of the Navy
Washington 25, D, C,
ATTN: Fire Control Branch (Re84)

N 88 Department of the Navy
Bureau of Aeronautics
Technical Dats Division, Code 4106
Washington 25, D, C,

N al Commander
U, 8. Naval Alr Test Center
Patuxent River, Maryland
ATTN: ET-315, Antenna Branch

N 92 New York Naval Shipyard
Material Laboratory, Code 932
Brooklyn 1, New York

ATTN: Mr, Douglas First

ICLASSIFIED REPORTS TO:
Director, U.8, Naval Research Laboratory, Washington 25, D, C. ATTN: Code 5200

60



DISTRIBUTION LIST
PART A {(continued)

N 83 Director
Naval Ordnance Laboratory
Corona, Callfornia

N 97 Commanding Officer
U, 8. Naval Ordnance Laboratory
Corona, Californis
ATTN: Mr, W, Horenstein, Division 72

N 32 Director
U. 8. Naval Research Laboratory
Washington 25, D, C,
ATIN: W. 8., Arrent, Code 5271

N 131 Chief, Bureau of Ordnance
Navy Department
Washington 25, D, C.

N 132 Chief, Bureau of Qrdn
Navy Department
Washington 25, D, C,

1529 Radio Corporation of America
Missile and Surface Radar Department
Moorestown, New Jersgey
ATTN: David Shore

1 530 Raytheon Manufacturing Company
P. 0. Box 398
Bedford, Massachusetis
ATTN: W, R, Hutchins

I 531 Bell Telephone Laboratories, he.
Whippany, New Jersey
ATIN: C. A, Warren

1532 AVCO Manufacturing Cormpany
20 South Union Street
Lawrence, Massgachuselis
ATTIN: Henry C, Alberts
Systems Analysis Group

1533 AVCO Manufacturing Company
750 Commonwealth Avenue
Boston, Massachusetts
ATTN: Mr, John W, Marchetti

61



I 535

I 536

156

1208

I 538

1539

1278

DISTRIBUTION
PART A {(contin

:

AVCO Manufacturing Company
2385 Revere Beach Parkway
Everett, Massachusetts
ATTN: Dr, A, R. Kantrowitz

Ramo-Wooldridge Corporation
Cwlded Missile Research Division
5760 Arbor Vitae Street

Los Angeles, Californis

ATTN: F, 8, Manov

General Eleciric Company
3198 Chestnut Street
Philadelphia 4, Penngylvania
ATTN: P, R, Gehman, MOSD

General Electric Company
Electronics Park
Syracuse, New York
ATTN: R. 8, Mughrush

ughes Alrcraft Company
Culver City, California
ATTN: Dr, Van Atta

Hughes Alrcraft Company
Culver City, California
ATTN: D, Adeock

Battelle Memorial nstitute
505 King Avenue

Columbug, Ohlo

ATTN: George K, Falkenbach

Convair, Division of General Dynamics Corp,
n Dlego, California
ATTN: Wm, Monroe

Lockheed Aircraft Corp,
Missile Systems Division
7701 Woodley Avenue
Van Nuys, California

62



DISTRIBUTION LIST
PART A (continued)

154 Cornell Aeronautical Laboratories
4455 Genegsee Street
Buffalo 21, New York
ATTN: W. Schatz

1542 Sylvania Electric Products, Inc.
100 First Street
Waltham, Massachugetts
ATTN: A, Schnelder

1543 Douglas Alrcraft Company
Guided Missiles Division
Santa Monica, California
ATTIN: J, M, Tachirg

1544 Missile Section
Bendix Aviation Corporation
400 ﬁﬁlgw éstm@i;

1206 Republic Aviation Corporation
Guided Missiles Division
223 Jericho Turnpike
Mineola, Long Island, New York

I194 The Rand Corporation
4700 Maln Street
Santa Monica, California
ATTN: Dr, A, L., Hiebert

U 220 Columbia University
Electronic Research Laboratory
New York, New York
ATTN: L, O'Neill, Director

U 221 Lincoln Lab, , MIT
Box 73
Lexington 73, Massachusetts
ATTN: M. Skolnik
DISTRIBUTION LIST
PART B

CODE

11 Alrborne Instruments Laboratory, Inc,
160 Old Country Rd,, Minecla, N, Y.
ATTN: Dr, E, G, Fubini, Director

Divigion




DISTRIBUTION LIST
PART B {(continued)

18 Bell Afrcraft Corporation
P, O, Box 1
Buffalo 5, New Vork
ATTN: Mrs, J. Mulcahey
Technical Librarian

I 56 Hughes Alrcraft Company
Florence and Teale Sts
Culver City, California
ATTN: Dr, L. C, Van Atta, Assoclate Director
Research Laboratories

166 The W, L. Maxson Corporation
460 Wegt 34th Street
New York , New York
ATTN: Miss Dorothy Clark

I8z Northrop Alreraft, Inc,
Hawthorne, California
ATTN: Mr, B, A, Freitas,
Library Department. 3145
1001 E, Broadway '

196 Sandia Corporation, Sandia Base
P, O, Box 5800, Albuquerque, New Mexico
ATIN: Classified Documents Division

116 ' Melpar, Ic.
3000 Arlington Boulevard
Falls Church, Virginia
ATTN: Engineering Technical Library

I136 The Glenn L, Martin Company
Rocket Research Library
P, 0. Box 179
Denver 1, Colorado
ATTN: Jack McCormick

1 149 Raytheon Manufacturing Co,
Misgile Systems Division
Bedford, Massachuseits
ATTIN: Mr, Irving Goldstein
1142 Sanders Assoclates

95 Canal Street
Naghua, N, H,
ATTIN: N, R, Wild, Library

64



DISTR

IBUTION

PART B {(continued)

1126

I 145

1230

1 246

I 247

1 249

Convalr, A Division of General
Fort Worth, Texas
ATTN: B, G, Brown, Division Research Librarian

Dynamics Corp.

Microwave Radiation Company, Inc.

19223 South Hamilton Street

Gardena, California

ATTN: Mr., Morris J. Ehrlich, President

Jansky and Balley, Inc,

1339 Wisconsin Avenue, N, W,
Waghington 7, D, C,

ATTN: Mr., Delmer C, Poris

Radio Corp, of America

RCA Laboratories

Rocky Point, New York

ATTN: P. 8. Carter, Lab, Library

American Machine and Foundry Company
Electronics Division
1085 Commonwesalth Avenue

ATTN: Mrs, Rita Moravesik, Librarian

Bendix Aviation Corporation

Pacific Division

11600 Sherman Way

North Hollywood, California

ATTN: J. R, Breninger, Engineering Librarian

Bendix Radio
Divigion of Bendix Aviation Corporation
East Joppa Road
Towson 4, Maryland
ATIN: Dr, D, M, Allison, Jr,
Director of Engineering and Research

Boeing Alrplane Company

Pilotless Alrcraft Division

P. O, Box 3707

Seattle 24, Washington

ATTN: R, R, Barber, Library Supervisor

65



I 250

I 251

1 256

1240

1 257

I 258

127

I 207

SUTION LIST

PART B (continued)

Boeing Airplane Company

Wichita Division Engineering Library
Wichita 1, Kansas
ATTN: Kenneth €, Kni

ght, Librarian

Boeing Alrplane Company

Seattle Division

Seattle 14, Waghington

ATIN: E, T, Allen, Library Supervisor

Douglas Alrcraft Company, Ine.

P, O, Box 200

Long Beach 1, California

ATTN: Engineering Library (C-250)

Technical Research Group

17 Union Square West

New York, 3, N, Y,

ATTN: M, L. Henderson, Librarian

Douglag Alreraft Company, Inc,
827 Lapham Sirveet

El Segundo, California

ATTN: Englneering Library

Douglas Alrcraft Company, e,

3000 Ocean Park Boulevard

Santa Monica, California

ATTN: P, T, Cline, Eq, Sec., Reference Files
Eq. Eng, A250

Federal Telecommunication Laboratories
500 Washington Avenue

Nutley 10, New Jersey

ATTN: Technical Library

Goodyear Alrcraft Corp,

1210 Masgillon Road

Akron 15, Ohio

ATTN: Library D/120 Plant A

Hughes Alrcraft Company

partment, Microwave Laboratory
Bldg, 12, Rm 2617

Culver City, California

ATTN: M, D, Adcock

66



DISTRIBUTION LIST
PART B (continued)

1 280 m@ Glenn L. Martin Company
imore 3, Maryland

Aﬂi@m& Design Group

1282 M

wbert Saint-Louwls Municipal Alrport
516, 8t. Louls 3, Missouri
ATTN: R, D, Detrich, Engineering Library

Jonnell Aireraft Corp,

1284 North American Aviation, Inc,
12214 Lakewood Boulevard

Downey, California

ATTN: Engineering Library 485-115

I 285 North Amelican Aviation, Ine,
Los Angeles International Alrport
Los Angeles 45, California
ATIN: Engineering Technical File

1288 Radiation, Tnoc.
P, O, Drawer 37
Melbourne, Florida
ATTIN: Technical Library, Mr., M, L, Cox
I 290 RCA Laboratories
David Sarnoff Research Center
Princeton, New Jersey
&?K‘?ﬁ Migs Fern Cloak, Librarian,
Defense Electronic Products
Bldg, 10, Floor 7
Camden 2, New Jersey
Mr, Harold J, Schrader, Staff BEngineer
Organization of Chief Technical inistrator
1282 Director, USA¥ Project RAND

Vias Ai? Force Idalson @fﬁi@ﬁ

Santa Monlea, California

67



I 294

I 286

1297

1298

I3

I 472

I 472

DISTRIBUTION LIST

PART B (continued)

Raytheon Manufacturing Company

Wayland Laboratory

Wayland, Massachusetts

ATTN: Miss Alice (&, Anderson, Librarian

Republic Aviation Corporation
Farmingdale, Long Island, New York
ATTN: Engineering Library

Thru: Air Force Plant Representative
Republic Aviation Corp,
Farmingdale, Long Island, New York

Sperry Gyroscope Company
Great Neck, Long Island, New York
ATTN; Florence W, Turnbull, Engr, Librarian

Stanford Regearch Institule
Menlo Park, California
ATTN: Library, Engineering Division

International Business Machines Corp.

Military Products Division

Oswego, New York

ATTN: Mr, D, I, Marr, Librarvian
Dept, 459

Hycon Eastern, Inc, .

75 Cambridge Parkway

Cambridge, Magsachusetts

ATTN: Mrs, Lois Seulowitz, Technical Librarian

Raytheon Manuvfacturing Company
Missile Division

Hartwell Road

Bedford, Massachusetts

AVION Division

ACEF Industries, Inc.

800 North Piit Street
Alexandria, Virginia
ATTN: Technical Library

Raytheon Manufacturing Company
Migsile Division

Hartwell Road

Bedford, Massachusetts

68



DISTRIBUTION LIST
PART B (continued)

1139 Westinghouse Electric Corp.
Electronics Division
Friendship International Airport
Box 746
Baltlmore 3, Maryland

U3 University of Alaska
Library Geophysical Institute
College, Alaska

Ui Cornell University
School of Electrical Engineering
Ithaca, New York
ATTN: Prof, G. C., Dalman

U 39 New York Unlversity
Institute of Mathematical Sciences
R 802, 25 Waverly Place
New York 3, New York
ATTN: Professor Morris Kline

U 45 The Penngylvania State University
Dept. of Electrical Engineering
University Park, Pa.

U 54 Harvard College Observatory
60 Garden Street
Cambridge 39, Massachusetts
ATTN: Dr, Fred L, Whipple

U 32 Massachugetts Institute of Technology
Research Laboratory of Elecironics
Rm 20B-221
Cambridge 39, Massachugetts
ATTN: John H, Hewiit

U 48 Polytechnic Institute of Brooklyn
Microwave Research Institute
55 Johnson Street
Brooklyn, New York
ATTN: Dr, Arthur A, Oliner

U 6l Brown University
Dept, of Electrical Engineering
Providence, R. I
ATTN: Dr, C, M. Angulo

69






DISTRIBUTION LIST
PART B (continued)

U102 Harvard University

Technical Reports Collection

Gordon McKay Library, 303A Pierce Hall
Oxford Street, Cambridge 38, Mass.
ATTN: Mrs, E, L, Hufshmidt, Librarian

U 103 University of Ilinois
Documents Divigion Library
Urbana, Ilinois

U 104 Unlversity of Illinois
College of Engineering
Urbana, Hlinois
ATTN: Dr, P, E, Moyes,
) iment of Electrical Engineering

U 105 ~ Applied Physics Laboratory
The Johns Hopking University
8621 Georgia Avenue
Silver Spring, Maryland
ATTN: Mr, George L., Selelstad

U 108 The University of Oklahoma
Research hnstitute
Norman, Olklahoma
ATTN: Prof, C. L, Farrar, Cha
Electrical Engineering

irman,

U 1o Syracuse Unlversity Research Institute
Collendale Canpus
Syracuse 10, New York
ATTIN: Dr., C, 8. Grove, Jr,
Director of Engineering Research

U The University of Texas
Electrical Engineering Research Laboratory
P, 0. Box 8026, University Station
Augtin 12, Texas
ATTN: Mr, John R, QGerhardt
Asgsistant Dirvector

U 133 University of Washington
Department of Electrical Engineering
Seattle 5, Washington
ATTN: G, Held, Assoclate Professor

71



DISTRIBUTION 18T
PART B (continued)

U 157 California Institute of Technology
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pagadena, California
ATTN: 1. E. Newlan

U 158 Massachusetts Tnstitute of Technology
Lincoln Laboratory
P, O, Box 73
Lexington 73, Massachusetis
ATTN: Document Room A-229

U 182 Case Institute of Technology
Cleveland, Ohio
ATTN: Prof, 8. Seeley

U 183 Columbia University
Department of Electrical Engineering
Morningside Heights
New York, New York
ATTN: Dr, Schleginger

U 184 Purdue Universiiy
Department of Elecirical Engineering
Lafayetie, Indiana
ATTN: Dr, Schultz

U 185 University of Pennsylvania
Institute of Cooperative Research
3400 Walnut Street
Philadelphia, Pemnsylvania
ATTIN: Dept. of Electrical Engineering

U 186 University of Tennessee
Ferris Hall
W. Cumberland Avenue
Enoxville 16, Temnessee

U 187 University of Wiscongin
Department of Electrical Englneering
Madigon, Wisconsin
ATTN: Dr, Scheibe



DETRIBOTION 18T
PART B {continued)

U 188 Univergity of Seattle
Department @3‘ El a@mgal Engineering

ATTN: Dr, XZ% Ei Reynolds

U 189 Wayne University
Detroit, Michigan
ATTN: Prof. A, ¥. Stevenson



frepee



