ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/235061009
Van Vleck Revisited - The RCS (Radar Cross Section) of Thin Wires

Article - July 1973

CITATIONS READS
0 753
1 author:

Michael Tavis
N/A

33 PUBLICATIONS 2,008 CITATIONS

SEE PROFILE

All content following this page was uploaded by Michael Tavis on 26 May 2015.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/235061009_Van_Vleck_Revisited_-_The_RCS_Radar_Cross_Section_of_Thin_Wires?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/235061009_Van_Vleck_Revisited_-_The_RCS_Radar_Cross_Section_of_Thin_Wires?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Tavis?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Tavis?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Tavis?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michael-Tavis?enrichId=rgreq-7f5cc8afa4430f7872dc309d7217e29b-XXX&enrichSource=Y292ZXJQYWdlOzIzNTA2MTAwOTtBUzoyMzM0MTExMDUyNTk1MjJAMTQzMjY2MDk1Mjg5MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

£D-768 336

VAN VLECK REVISITED-THE RCS (RADAR
CROSS SECTION) OF THIN WIRES

M, T. Tavis

Aerospace Corporation

Prepared for:

Space and Missile Systems Organization

I July 1973

DISTRIBUTED BY:

vt o

Hational Technical Information Service

. S. DEPARTNMENT OF CORMERCE
5785 Port Poyal Road, Springfield te. 22151

G
AR BN

gy " . . N N -

R,
N




YR S PO

N

N
L)

O AR R
EERERNRI ,\

NGRS

‘UNCLASSIFIED -,

Security Classification

£2.74425¢

" DOCUMENT CONTROL DATA - R& D

{Socurity clansilic stion of titie, belly of abstract and indexi ng annciation must be entered when the everall repost Is clasaified)

1. ONICINA TING ACTIVITY (Corparsie suiher) 28 REPORT SETURITY CLASSIFICATION -
The Aerospace Corporation Unclassified ‘
El Segundo, California ZF eRoUP

3. REFORT TITLE

VAN VLECK REVISIT5D - THE RCS OF THIN WIRES

¢ DESCRIPTIVE NOTES (Type of repeet and inclusive dates)

S AUTHAORTL) (Firet name, middlle inlilal, 1ot name)

M. T, Tavis

¢ REPORTY DATE 78 TYOTAL NO. OF PAGES TO NO. OF REFS ‘

73 JUL @1 38 Y/ 5

88 CONTRACT OR GRANT NO. 98 ORIGINATUR'S REPORT NUMBER(S)

F04701-73-C-0074 TR-0074(4450-16)-1

b PROJECY NO.

[ 1] &Tutn u’non'r NO(S) (Any oilor rumbere that may ba sssignec
ia report,

d SAMSO-TR-73-307

10, DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited

1Y SUMRLEMENTARY NOTRD 12. SPONSORING MILITARY ACTIVITY

Space and Missile Systems Organization
Air Force Systems Command

Los Angeles, California
T TABSTRARS ]

The approximate theory of radar reflection from thin wires by Van Vleck,
e¢t. al., gives very good average radar croes section (RCS) results and good
angular RCS results except end-on. In this paper, the nature of this end-on
discrepancy is examined. It is found that, if the conmiplete expressions de-
rived by Van Vleck, et. al., sre utilized without the approxirations made to
gimplify calculation of the average RCS over all angles of incidence, then
very accurate RCS results are predicted for nearly all angles of incidence
and for all the wire length-to-wavelength ratics between 0,45 and 50, Com-
parisons with the numerical results of 2 source distribution technique (SDT)
comiputey program and with the re-ults due to Ufimtsev are shown.

Ranr aduca iy
FATIONAL TIUHNICAL
INFORMATIOMN SERVICE
U 8 vaportmpat s Doie veves
Sorpgt atd VA DS

ag O wm _ UNCLASSIFIED

} Secueny (lasaficaton

s

5

R RS SO




T T e

o Y ae P SRR

D

1K

.}

551

LA

UNC

KEY WORDS
Statement (Continued)

istzibution
Abstract (Continued)

D

o TV peds

Source Distribution T'echnique

Long Wire Cross Section
Radar Cross Section

"BRACT

S O e T



A8

X SRS

oy P
T,
G e RO

I .

SRR

{
E
k>
£
2
b
.
&
\
ks
7
&
&S

2
f

D 760336
- Ui Pl ;f"“.'-" A7 S0 > For & .

Air Forco Regort No. Aerospace Report No,
SAMSO-TR-73-307 TR-0074(445- i 9)-1

VAN VLECK REVISITED - THE RCS OF THIN WIRFZ

Prepared by

M. T. Tavis
Engineering Science Operations

73 JUL 9

Reentry Systems Division
THE AEROSPACE CORPORATION

Prepared for -

SPACE AND MISSILE SYSTEMS ORGAN1ZATION
AIR FORCE SYSTEMS COMMAND
L.OS ANGELES AIR FORCE STATION
Los Angeles, California

Approved for public release;
distribution unlin.ited

i

'!«‘(r’l‘ RS Re AN IS RS i
W X

PR PSR
EYRV .S %@%ﬁzﬁ%@% Sk




FOREWORD

Thig¢ report is published by The Acrospace Corporation, Zl Segundo,
California, under Air Force Contract No, F04701-73-C-0074. This report
was prepared by the Electronics and Optics Division, Engineering Science
Operations, at the request of the Reentry Systems Division, Development
Operations.

 This report, which documents research carried out from Juviy 1972
through April 1973, was submitted for review and approval on 9 August 1973
to Ronald L., Adams, ist Lt, USAF,

Approved by

s S o

W, M, Mann, Jr.

Group Director

Concepts and Plans
Reentry Systems Division

Radar and Power Subdivisiun
Electronics and Optics Division
Engincering Science Cperations

Publication of this report does not constitute Air Force approval of

the report's findings or conclusions. It is published only for the exchange
and stimulation of ideas.

T

A ‘:sz.,/.é/ 2083

' ©“Ronald[I. Adams, 1st Lt, LSAF
Pen Aids Project Officer
Maneuvering Vehicle Division

System Engineering Directorate

i1

S P P et ———r ¢




VTR

oo

ABSTRACT

Fhe approximate theory of radar reflection from thin wires by
Van Vieck, et. sl., gives very good average radar crcss section (RCS)
results and good angular RCS results except end-on. In this paper, the
nature of this end-on discrepancy is examined. It is found that, if the
complete expressions derived by Van Vleck, et, al., areﬁﬁied without
the approximations made to aimplify calculation of the average RC¥ over all
angles of incidence, then very accurate RCS results ar: predicted for nearly
all angles of incidence and for all the wire length.to-wavelength ratios be‘ween
0.45 and 50. Comparisons with the numerical results of a source distribution

technique (SDT) computer program and with the results due to Ufimtsev are
shown.,

iii

o

Lo R A IR AR T




CONTENTS

ABSTRACT .t vt ittt eennoeeennenonennnsnoenneeenss i
I, INTRODUCTION v evveovseseenesanennennenneen 1
. THEORY ' oovevseenesanenesnneeeeneennnenas 3
II., COMPARISONOF RESULTS ...vvvvvnerecnnnnanans 13
IV, DISCUSSION . ... 'v'eeinnnnneennnneonnnneeeens 37
REFERENCES ..o vvvvvvnereeesnonnennsnnseoneneas 39

prapeding naye blank )




10.

FIGURISS

Plane of Incidence . .. «¢ i vootoveeescncsosecs

Generalized Van Vleck versus SDT Results: Monostatic
Cross Section of a Cipole, Linear Polarization .......

Generalized Van Vleck versus SDT Results: Monostatic
Cross Section of a Wire, Circular Polarization,
z! /x = 1.4097 . . » L) L N . L] o * o . L) L N ] . L] * L) . L] 4 L) * s & e o

Generalized Vaa Vleck versus SDT Results: Monoetatic
Cross Section of a Wire, Circular Polarization,
2!/&=5.4113 ¢ ® & % 0 & 6 9 ® @ 8 6 5 & 8 O & % D O 0 & 0 B 4 2 0 b0

Generalized Van Vleck versus SDT Results: Monostatic
Cross Section of a Wire, Linear Polarization,
2‘ /x' = 1 1 L) 0145 * L d L] L] . L] L] L] . - L ] * . L] . L] ] . L] * L[] L] . L L ] . . L]

Generalized Van Vleck versus SDT Results: Monostatic
Cross Section of a Wire, winear Polarization,
z" /x = 50 - L L] L] . L] [ ] L ] * e . L] L] i ] L] . . L] L] L] . 1 ] - - 1 . . L] . L ] - .

Original Van Vleck versus Generalized Van Vleck
Results: Monostatic Cross Section of a Dipole,
Linear Polarization . ... ... ci ottt evovean. o

Original Van Vleck versus Generalized Van Vleck
Results: Monoastatic Cross Section of a Wire,
Circular Polarization, 20/X = 1.4097 ... ¢ ¢t e s v e

Original Van Vleck versus Generalized Van Vleck
Results: Monostatic Cross Section of a2 Wire,
Circular Polarization, 26/\ =5.4113 ... .........

Original Van Vleck versus Generalized Van Vleck
Results: Monostatic Cross Section of a Wire,
Linear Polarization, 2¢/\ = 11,0%45 . ... .. .¢.v .o

Original Van Vleck versus Generalized Van Vleck

Results: Monostatic Cross Section of a Wire,
Linear Polarization, 24/N = 50 . v v v v v v o v v o v v v v oo

vi

14

15

16

17

19

21

22

23

24

25




Wi
N

3 ",}

E:
F;
e
2
5
%,
k>
k.
2

B:
3
§

i,

i a il e i &
«g ko 5‘1«, i 2 ef\:& R ERS

13.

14,

15,

16,

- i?.

Ric

FIGURES . {Continued)

Original Van Vleck versus SDT Results: Monostatic

Cross Section of a Wire, Linear Polarization,
2‘/x=50 ® & ® & 6 0 0 3 6 B 0 0 0 & P o e O e s 0 P O 0 0

Ufimtsev versus SDT Results: Monostatic Cross
Section of a Dipole, Linear Polarization ......

Ufimtsev versus SDT Results: Monostatic Cross
Section of a Wire, Circular Polarization,
2‘/X=104097...'OOQQOCDOOOl‘ll..DO..

Ufimtsev versus SDT Results: Monostatic Cross
Section of a Wire, Circular Polarivation,

2! /h - 5 [ ] 41 13 * o * 8 * o L] L] L[] s @& * L] L N ) PN ) e o o » L] . .
Ufimtsev versus SDT Results: Monostatic Cross
Section of a Wire, Linear Polarization,

zl /X = 1 1 * 0145 L] L] L] e L] . . 1 ] L[] . L] . L] [ ] ] L2 L] 1 ] ] [ L] . .
Ufimtsev versus SDT Results: Monostatic Cross

Section of a Wire, Linear Polarization,
2‘/X = 50 e o & * @ & ¢ » 0 L 2NN [ . ¢ & 9 * 0 L] *@ o 6 & 0 .

TABLE

Thin Wire Parameters . « . .« ¢ e oo oo 000 o a0

vii

29

31

32

33

34

35

i3

+ i uoaind SRR AR YRR e




[ 2]

I. INTRODUCTION

In a previous report (Ref, 1), predictions of the radar cross
section (RCS) of long, thin wires by several authors were compared with
experimental date., It was found that the predictions of Van Vieck, et al.,
(Ref, 2) were of greater validity than had previously been believed; however,
the RCS of thin wires for end-on incidence was considerably in error. This
error was believed to be due to the approximations made by Van Vieck, et al.,
to simplify the calculation of the average RCS over all angles of incidence.

To confirm this belief, the theory of Van Vleck, et al,, is examined
in detail in Sec. 2 of this report. It ia shcwn that, without some of these
simplifying approximations discussed above, the general theory derived by
Van Vieck, et al., does indeed give a cross section that goes to zero at end-
on incidence. The general theory is used to calculate the RCS of thin wires
of various lengths, These results are compared with data generated by
BRACT*, a source distribution technique (SDT) computer program, to verify
the fact that use of the general theory instead of the approximate theory
(Ref. 2) has not degraded the overall angular RCS results.

‘The approximate theory of Van Vleck, et al., is also compared
directly with the general theory and with BRACT to determine the differences
armong the results, Note that resalts obtained using the theory of Ufimtsev
(Refs. 1 aad 3) have also been compared with the BRACT results, These
comparisons are presented in Sec. 3 of this report. A brief discussion
follows (Sec. 4).

"The BRACT computer program, which solves «t» thin wire integral equation
of the complete electromagnetic scattering probiem for arbitrarv wire
structures, ha: beer. validated through extensive 'se and is roasidered o
have an accuracy of better than { 1B (Refs. ! and 4).
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II. THEORY

Consider 2 plane wave incident on a thin wire of length 24, as

shown in Fig, {.

Fig. 1. Plane of Incidence

The angle «f incidence is 6, and the angle between Eo (the electric field
vector) and the plane formed by the wire and the propagation vector Bis ¢.
The CGS system of units is used throughout this paper. Then, for the

scattered field (E "), from Maxwell's homogeneous equations

- — 1 9A°
ES=-¥p°- 2 2& (1)

where A is the scattered vector potential and ¢° is the scattered scalar

potential, If the Lorentz gauge is used

—

v.x+ L
c

m'.g
or
1"
o

(2)




Eg. (1) bécomes

- a-»
E® _ o »s 1 3°A
= UV A" = = = : (3)
at [ %tT
If all time dependence appears at a single irequency as e'iwt, then Eq. (3)
becomes
=g — > - 2 -
eE% = VTR + 2-A (4)

Now, if only the tangential component of the field at the surface of the wire

is considered and if it is assumed that the wire is a perfect conductor lying

on the z axis, E: = . le (E.l is the incident field) and Eq. (4) becomes
8ZAz 2 i
+ B°A_ = iBE (5)
azz Z P

where the superscript 8 has been dropped. The incident field is given by

ip X - iwt
pe-g 1P - W
E e

(o]

If the time component is neglected (Fig. 1)

L)

i .
E =L0CO$¢811’168

ipzcos @ (6)




or

2nd the inhomogeneous solution is

' 2

; 3"A .

z 2, _. . ipz cos @

-87;- tpA = 1(5Eo cos ¢ 8in @ e P (7)
The homogeneous solution of Eq. {. is

A cos Pz + B sin pz (8)
5 . iEo cos ¢ sin(z[ elpg cos © sin B(z - §) d§
% A
:5' . L cos ¢ iqz

. ey (e - cos Bz - i cos 6 sin Bz) (9)

where q = p cos 8 = 27/\ cos 6.
Recall from Maxwell's inhomogeneous equations that the vector

potential due to a cnrrent distribution is given by

=2

2= 4 BA" _ 4un >
VA T (10)
c ot
which has a general free space solution
= 1 T8t +(Ix-%'|/e) -
A=_EfJ Lt +(lx .x |/¢) t]dt' ax’ 3 (1)
1% - x°|




IfJ= J(f) e”mt and if it is assumed that the current ‘ows only along the z’
direction and resides at the axis of the wire, while the vector potential ia
wanted at the surface of the wire

wal [* 5 nifr 2
A (z) = : er dz’ and r=(z-2)"+a (12)

Or, if J = I/ra? and if the vector potential solutiors of Egs. (7) and (12) are
equated

mEo cos ¢

pz sin ©

2
-ipr .
f Uzde __ as' = A cos Bz+B, sin Bz+ 9?2 (13)
L1

This is identical tn Eq. (1) in Ref. 2; note that the coefficients of the sine
and cosine terms of Eqs. (8) and (9) have been combined. Equation (13) is
an integral equation that must be solved for the current on the wire, subject
to the boundary condition that the current vanish at #4. Further, the
current should vanish for 6 = 0, i.e., the right-hand side of Eq. (13) should
vanigh at 6 = 0.

In order to solve for Eq. (13), assume that the currem [{z} is
given by

Wz) = « e'9% 4 Y{ cos Pz + iY, sin pz (14)

where a, Yl’ and Yz do not depend on z. Note that Eq. {!«} is just an
approximation to the current and that a more accurate expression would

require an iterative solution (to be discussed beicw ),
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The value of o is determined by substituting the éiq?’ term of
Eq. (14) into Eq. (13) and by equating with the ¢'9% terms

1
iqz’ _-ipr iwE cos ¢
af -‘;-——;9——- dz’ = 2 - ¢lqz {15)
-1 p” sin 6

The integral on the left-I .nd side is broken into three terms for e.sy
evaluation (Ref, 5)

2N . 1 !
iqz’ -ifz s iqz’  -i
/ e e dz’ = el9% f cos fBr dz""f S cos pr d’
o | r -1 r J} r
(16)

L iqz’
-i/ e rsmgrdz,
-1
Let

! ! 1
f-——-ﬁ-“i rdz'=Z(z)=/':jdz-f Locpefrd g
L1 -1 -

The second term on the right-hand side of Eq. (17) will not go to zero for
r = 0; therefore, we may replace r by |z - z/| for this term and for the two
right-hand terms in Eq. (16). By a change of variables in Eqs. ({16) and

{17) and by use of the sine and cosine integrals

*y t
Cinxzf -——"—--t(-:-g-g--dt

PSS ST S ST R T BN s b I g el
» .
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Equations (16) and (17) are evaluated as

Z]ilz

2]1/2+ {4+ ")] - Cin B(f + z) - Cin (! - 2)

- (¢ - z)

2
Z(z) = log [(l +2)" +a
[€-2°%+a

(18)

Kz} ¢'9% - f el oia2’ gtifr g,

= % " 3%{22(z) + 2Cin B(! - z) + 2Cin (L + 2) - Cin(B + qi{! - z) - Cin(p - Q}{L + z)
-~ Cin(p - q){f - z) - Cin(p + q}{{ + 2)
- 1{Si(B + q)(1 ~ z) + Si{B - Q)¢ + z) + Si(B - q)(2 - z) + Si(B + qQ)(2 + 2)] }

+ 3; e!9%(Cin(p + q)( - 2) + Cin(B - Q)1 + z) - Cin(B + g){£ + 2} - Cinip - q){L - 2)
+i[Si(B + q)L - z)+ SI(B - qH2 + 2) - Si{B + q}{L + z) - Si{B - Q)4 - 2} ]}

Since

. iqz
. iwcosp E e
aK(z) e'9% = 5 2 (19)
B~ sin®

and since o should be independent of =, an average over the wire is taken

Z(z) = leol(?.l/s) +log 2 + a/2f - Cin 2Bt - ._2,12‘“‘; 5]

Riz) = 2 log{24/a ) +2log 2 + aft - Ci +qM - Ci - ;,GinZKE\*?z!,-inZgE-;)t
(z) ogi2t/a) log a/l - Cin 23 + q)2 « Cin 2(B - q) 33 B3
. 0 . cotzag'%g‘l-l cos 2(p - gjf -~ 1
1181 2(8 + q)t ¢ S1 &ip-qif+ 7ol + —T l

{20




or

iwcos ¢ E
@ = ':'2'——-3 (21)
Kp“ 8in®

Similarly, Yi and Yz are related to A1 and B1 by

A, =LY and B

{ 1=iLY

2 (22)

where

L =21log(2t/2) +21log 2 + a/t - Cin 4p! - Si;:;zgi 4

-i(si4pe+ 22‘-'-;%;_'.1) (23)

Note that when q goes to g or when 6 goes to zero, the value of K
approaches the value of L. The use of the complete expressions for K and L
differs from Van Vleck's usage in that he uses the asymptotic values of the
Cin and Si functions for large argumer*. The usage is incorrect when
ptqg—0,.

In order to determine A, and B, or Y, and Y

| 1 i 2’
ditions on the current are applied. However, if they are applied directly to

the boundary con-
Eq. (14), the resulis would give an infinite current for f = 2nw/2; n =1,2,3
« « «and is identically zero for q = . Instead, the integral in Eq. (13) is

broken into three terms, as in Eq. (16)

t £

z) Z(z) = -f x'-1 [I(z’) -I(z)] cos fr dz’ + if r"1 Iz sin pr dz’
-l -l
iw cos iqz .
+ —-2———2 E e + A, cor Bz + B, sin Pz {24)
<6 gin G> ° ! !
-9
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It has previously been mentioned that 2 more accurate representation
of the current would require an iterative solution. Equation (24) would be the
basis for such a solution, with the previous solution {(e.g., Eq. 14) for the
current used in the right-hand side of Eq, {24)., The averaged value of Z(z)
would be used in performing any integrations past *he first iteration to the
current, Instead of iterating, Eq. (24) is forced to obey the boundary con-
ditions I(+2) = 0 by using the zerot approximation to the current (Eq. 14} in
the right-hand side of Eq. {24) to determine ‘I1 and YZ. This leads to

Eqs. (25) and (26)

Q eiql + A1 cos BL + B1 sin f! = aD eiql + (\/1/2)('E eim + F e-ipl)
+ (v, /2(E P - F e"1P4) (25)
Q e'iqj‘ + Al cos Bl - B1 sin p? = aG eiql + (YI/Z)(E eiﬁ! +F 161)
- tv,/2) (B P - F ) (26)
where
iwcos ¢ Eo
Q= —5— 27
B~ 8in @
and

Cin 282 - Cin 2(B + g}t - i 81 2(B + g)¢

> Cin 2B2 - Cin (B -~ q)f - i Si 2(B - qM4

i

Cin 2pt - Cin 484 - i Si 4pd

51 8 Q O
{

Cin 2§84 (28)

u

~§0-
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From Eq. (22), the following solutions are obtained for Y‘ and Y?

-. 8
Yy = - k'Tl
-. 9
Y= - gTz
and the current is B
iqz . .
I(z) = .% [e % _ T, cos pz - iT, sin pz] (29)
where
, _[2K cos gt - (D eiql +G e-iql)]
Ty = BT, . _-ipZ (30)
[2Lcospt -(Ee" +Fe )
T . iqf -iqf
- _[2 iK sin qf - (D !?" - G ') (31)

2 [2iL sin B2 - (E JRTLI e'iﬁf)]

The current thus correctly goes to zero for q = £8.

The vector potential in the far field is then given by

e | ei‘Sr ! iq’z’ tng
A= =), I(z) e'? ? dz'} k (32)

where -l-c’is the unit vector in the z direction and q’ = g cos 6’, with 8’ the

received angle.

S




The far field scattered E {(from Maxweli's equation) is written as

.
-

o e & ipr 1 < s
VX VXA -‘EE I(z') &9’ % az’

e .

ol

=L
p

(33)

The scattered

Assume that the monostatic cross section is desired and that the polarization

angle of the detector is the same as that of the transmitter.

-E eiﬁ»r
o 2,18in 2q¢4 gin
—— GOS8 4{ [T +T ]—i—-‘u+ co8 6

BrK cos 6

field detected is then

E =

SCHNE 11W__(!.__3L¢]
f -cosb

The RCS of the wire is defined as

2.2 .2
o (6, ¢) = 41rrzE A cos ¢ E, El
Eo 7K K

where Ei is the quantity in brackets in Eq. (34)

i

(34)

(35)




i, COMPARISON OF RESULTS

The expressions given in the previous section have beer. programmed,
and caiculations have been performed for the casee listed in Table 1.

Tabie 1. Thin Wire Parameters

r Tolarization®
Case No. | Wavelength, m | Trans.nitted Received pa B
1 1.00 Linear Linear | 2.14X 1072 | 1.415
2 0.227 Circular Circular | 4.2x107> | 4.44
. 3 1.00 Circular Circular | 3.95 X 1072 | 17
4 0. 69 Linear Linear 9.1 x 10™3 34.6
5 0.02 Linear Linear | 4.78% 1072|157
—
2Circular transmitted and received RCS are 6 dB lower than linear trans-
mitted and received RCS.

When these calculations are compared with data generated by the
BRACT computer program (Ref. 1) for the same cases {Figs. 2 through 6),
it is seen that the general Van Vleck calculations are nearly identical to
those of BRACT. There is, however, a difference of at most Z dB in the
maximum RCS in the lobes between end-on (0 deg) and broadside (90 deg)
for the g2 = 17 and 157 cases. Further, the nulls for the general Van Vleck
theory are much deeper than for BRACT for the larger kf values. A com-
parison of the general and approximate Van Vleck theories is presented in
Figs. 7 through 11. Here it is seen that, except for end-on, the results are

almost identical to those of Figs. 2 through 6. Note that the approximate

13-
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Van Vleck theory agrees better with BRACT (Fig. 12) than does the general
theory cxcept for end-on incidence for larger p2 values. This is seen by
comparing Figes. 6 and 12, For the purpose of comparison, Ufimtsev's
equations have been programmed and used to caiculate the RCS of the thin
wire casas given in Table {. These calculations are presented, with the
BRACT calculations, in Figs. 13 through 17. It is seen that the agreement
with BRACT is not as good as the agreement between the general Van 7leck
and the BRACT resuits for pf < 35; for these larger f{ valuss, results
obtained using Ufimtsev's equations generally agree more closely with
BRACT than do the general theory results, expecially in the RCS nulls.
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IV. DISCUSSION

In this paper, the theory of Van Vleck, et al., has been reexamined
in some detail to determine if the general results, without the approxima-

tions, are applicable for all angles of incidence. It has been found that up
to B2 = 157, the general thesry agrees very well with the RCS results calcu-
lated by the BRACT computer program. At the largest g4 value considered
(B2 = 157), the difference is leass than 2 dB at the RCS maxima, though it

is considerably larser at the nulls, The disagreement is smaller at the
maxima for thirner wires. Calculations have been performed to verify
these findings. When results obtained using the approximate and the general
Van Vleck theories are compared, it is found that differences occur that
cannot be accounted for by tne neglect of angular dependence in the K, G’,
G/, H’, and H” terms of Van Vleck, et al. These further differences are
due to the "'small" terms dropped from the G', G'/, H', and H'' expressions
an’ not to the use of the asymptotic expressions for the Cin and Si functions.
The correct expressions with these terms are

) (1 -2 F7) -2 F' = (BN
26" - ( 2 ) 2 (36)
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In this paper, the theory of Van Vleck, et al., has been reexamined
in some detail to determine if the general results, without the approxima-
tions, are applicable for all angles of incidence. It has been found that up

to B2 = 157, the general theosry agrees very well with the RCS results calcu-

lated by the BRACT computer program. At the largest ff value considered

(P2 = 157), the difference is less than 2 dB at the RCS maxima, thodgh it

is considerably larsyer at the nulls, The disagreement is smaller at the
maxima for thirner wires. Calculations have been performed to verify
these findings. When results obtained using the approximate and the general
Van Vleck theories are compared, it is found that differences occur that
cannot be accounted for by the neglect of angular dependence in the K, G°,
G, H’, and H” terms of Van Vleck, et al. These further differences are
due to the ''small" terms dropped from the G/, G, H', and H' expressions

an’ not to the use of the asymptotic expressions for the Cin and Si functions,
The correct expressions with these terms are
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