
AD—AO3 S 052 ROME AIR DEVELOPMENT CENTER GRIFFISS AFB N Y FIG 9/5
THE COMPLETE ELECTROMAGNETIC FIELDS IN THE FOCAL REGION OF A PA—ETC(U)
SEP 76 R I. FANTE. R L TAYLOR

UNCLASSIFIED RADC—TR—76—295 NL I

L4 END
0 A 1 E

- FILMED

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~J



:- 

~~~~~~~~~ !~
‘

- 

.,. 
~~

-

~

1 I
3 if~ r ~

- a 

- -
. ~~. 

. 
~~ 

- 
;-~~~~t ’fr~ 

1*~

— 
7

r ‘- 

- - - 

7 

7

:~ ~~~~~~~~~~~~ 
.~~~~~ 

. - - :.~~~~~

‘

_ _ _  ThL

‘1 

_1 ~
-l________________________________  7 

-4 
a



‘~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.~~~~~~rf ~~~~~~~~~~~~~~~~~~~~~~~

J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~

, 

~~~~~~~~~~~~~~~~~~~~~~~~

~ 
2~~

_______________ 4, 
~~~~~~~~ ~~

.

‘.‘ .. ‘
, ; - ‘ ‘

~~~~
‘ ‘ :~~~~~~~~~ 

~~~~~~~
• • •

~~~~~~~~ ~~~~~~~~~~~~~__________ 
4.,

,A . ”:. 
~~ ~~~~ ..

~~ 
•
.

‘ 
‘~ :; ;~

• . :‘  ~~~ 
...

~ ~ 
.‘

I ~r ~~~~~~~~~ ______ 
_______

‘.Y,’:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~



r ,. - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~ Unclaasified
SECURITY CLASSIFICATION OF THIS PAGE (lIRin bat. Snt•cad)

REPORT DOCUMENTATIOW PAGE BEFORE COMPL.E’TUIG FORM

~2. GOVT ACCEWON NC, L RECIPIENT S CATALOG NUMBER

RADC-TR-76-2951 4/” j  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~ ~~ T rG, .c  -. - 5. TYPE OF REPORT B PERIOD COVERED
(p THE COMPLETE~~LECTROMA GNETIC FIELDS

Th T11~E FOCA L REGION OF AJA RA BO~~MDA L n House

t
’t_. 

~~EFLEtTO~~~ ~~ ~~. ~~ o~si~~o ORG. REPORT NUMBER

cZ! 
~~~~~~~~~~~~~~~~~ S. CONTRACT OR GRANT NUNSER(.)

~~ Ronald L. #*jinte j
V Richard L.fraylorI

I PERFORMING ORGANIZATION NAME AND ADDRESS tO PROGRAM ELEMENT PROJECT . TASI C
Deputy for Electronic Technology (RA DC/ETEPI ARE~~~~j ORK UNIT NUMBERS

Hanscom A FB. ç~ 
6

1~3o2O1Massachusetts 01731
II. CONTROLLING OFFICE NAME AND ADDRESS ~~~~~~~~~~ ~..JT1 J

Deputy for Electronic Technology (RADC/ETEP) Sepf ~~~~.r~W6 j
Hanscom AFB, ~JMassachusetts 01731 19

IA. MONITORING AGENCY NAME B A Inj OHIo.) IS. SECURITY CLASS. (OS IkI• o.poIt)

IS. DECLASSIFICAtIONIDOWNGRAOING

IS. DISTRIBUTION STATEMENT (otffil.R

Approved for public release’ distribution unlimited.

i~ i)~~~~~ &i27
‘7. DISTRIBUTION STATEMENT (of A. ab.I,act .nt.e. d In 8I.. k 20, It dItIatant boo. ROnc0)

IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (Coollniat On cocO• aid. SI n.eaoa T Ond Idsnfffy by block .,On.b.c)

Antennas
Reflectors

‘N Electromagnetics

ABST RACT (CooIMua On rsow•o aid. If n.e...aty Ond IdsntIfr by block n. bo0)

By using the physical optics approximation we have developed a computer
program to calculate the complete near field distribution of a paraboloid
which is illum inated by a plane wave. This program Is described and a
number of results obtained with this program are presented . including some
comparisons w ith known results for the fields in the focal plane .

t .  
_ _ _ _ _ _

DO 
~~~

“n 1473 EDITION OF 1 NOV IS IS OBSOLETE Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (IROn Data Ent.c.~

I

IL . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

_
_ _



SECURITY CLASSIFICATION OF TI4It PAGF(II~~c,, !).t. EnS.,.d)

4 
. I 

—

SECURITY Cl. OSSIFICbTIO% OF THIS PAGE(WP,*n Data £nI..sd)

.~t S .

I~~~.

-f -

~~~~~~~~~~~~~~~~~~ - ;A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— ~~~~~~~

S

t
Contents

- 
1. INTRODUC TION 5

2. THEORETICAL BA CKGROUN D 5

3. RESULTS 9

APPENDIX A 15

Illustrations

1. Reflector Geometry 6
2. Magnitude of the Fields Along the y0 • 0 Axis for z 0. 95F 10
3. Phase of the Fields Along the y0 • 0 Axis for 20 

a Q~ 95F 10
4. Magnitude of the Fields Along the x0 a 0 Axis for 0. 95F 10
5. Phase of the Fields A long the x0 ~~0 Axis for • 0. 9SF 10
6. Magnitude of the Fields Along the y0 0 Axis for 20 

I o~ 967F 12
7. Phase of the Fields Along the y0 = 0 Axis for • 0. 967F 12

~~ 
~~~~ 8. Magnitude of the Fields Along the y0 ~ 0 Axis for • 0. 983F 12

9. Phase of the Fields Along the y • 0 Axis for z 0. 983F 12
I., o 0 l~te Sud~10. Magnitude of the Fields Along the x a 0 Axis for z • Fr ~ (focal plane) 13 0a 

..~~~~~~
3 SI$~II3IJfl~~/*UJIM*.1fl Nfl

II __________________I..~°I ~L
- ‘-~~~~~.. ‘~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~



“‘~~~ ~~ ~~ —~~ --— - ~~~~~ - ~~~~~~ ‘~~~~
- —

~~~ - . - — -~~~- — — — - - 
._-__._

~~ —- - ..——— - -

Illustrations

11. Phase of the Fields Along the x0 0 Axis for 20 
o. F (focal plane) 13

12. Magnitude of the Fields Along an Axis Oriented at 45° w ith Respect
- to the x Axis, for • 0. 967F 13

13. Geometry for the Results in Figure 12 13

0.

*

Ii~

p 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ :.. ,~~ . ~~~ I~~.



- -

~~

-

~~~~~~ ~~~~~~~~~~~~~~ 

.. 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The Comp lete Electromagnetic Fields in the
Foca l Region of a Paraboloidal Reflector

I. INTRODi CTIO~

In designing optimum feed system a for Cassegrain reflector systems, it is
highly desirable to have an accurate picture of the electromagnetic fields in the
reflecto r focal region. In order to study these fields we have considered the case
of a plane wave incident upon a large reflector , as shown in Figure 1. and have
used the physical optics approximation to calculate the complete electromagnetic
field distribution produced in the vicinity of the reflector focus.

2. THEORETICAL BACkGROUND

Let us consider a plane wave with electric and magnetic fields*

• E0 ~ exp I i  (wt + kz) ) . (la)

0. • H~, i exp [ i(wt + kz) ) . (ib)
• ‘I

(Received for publication 29 September 1976)
*In Eq. (1) ~, 

~~. and ~ are unit vectors along x, y, and a. Also k Is the wave-

4 number • 2 i/ X , where X is the signal wavelength.
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incident from the right upon the reflector in Figure 1. If we assume that the
- reflector surface is described by the arbitrary function

z f(x.y) , (2)

it can be shown 1 that the magnetic field scattered by the reflector is given, in the
physical optics approxim ation by

- ~~~~~~~~~~~~~~~~~~~~~~ )x ~~ eth2 x~~~(e
”
~~~~ ) ,

where R is the distance from a soi~rce point (x, y, z) on the reflector to the field
- point (X

()~ y0, z0), S0 is the projection of the reflecto r surface onto the x - y plane
and x, y, and z are unit vectors.

x

• REFI.ECTOR

•

~

,
/

/
/ 

~~~~~~~~~~~~~~ 
,j S (x 01Y01z0~)

* 
. Figure 1. Reflector Geometry

~1 
___________

:1 

. 1. Silver, S. (1985) Microwave A ntenna Theory and Design, Dover (New York).
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If we assume that the reflector surface is a parabola with a focus at z F.
then Eq. (2) becomes

2~~ ~~s(x 2 +y 2) , (4)

and the projection of the reflector onto the x-y plane is a circle satisfying the
equation

+ y2 
= (..

~~)2 (5)

where D is the diameter of the reflector. If we now use Eqs. (4) and (5) In (3) we
obtain, after some manipulation

D/ 2

H5(xo.y 0,zo)~~~~~~~fd x  f  dy ö (x ,y)
-D/2 -7(x)

~~~~ 
+

~~~~

. 

~~ 
~~~ (x0-x)y 

~~ 
(x0-x) , (6)

where

~~~ [(r )

2 2 ]u/2

1 (x, y) .( !.+ .4) exp [_ ik  ~R -~p - j~ r~~ ].
• R = - x0)2 + - y0)2 + (z - z0)2 

J 
1/2

The electric field distribution can be obtained by employing the Maxwell equation

The result for E5 is
B.

D/2 7(X )

E~ (x0,y01z0) a  
21F1w€ f d xf dY  (xo

_x)
[Yo_ 7 + .~4zo 

_
~~~(.~ r +~~ j  ~ (x .y) .

4 D/2 7(X ) (8a)

7
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D/2 .y(x)

E~ (x0.Y 0.z0
) ,r

’
i~:€0 J dxf  dy Ø(x ,y)

D/2 - Y (x)
(8b)

H D/2 y (x) 2 2
- 27riL* f dxJ dy 0 (x, y) {a(x .Y) [zo _ h  

~
j

~
.]+ (x0

_x)~~
-D/2 --y(x)

• D/2 7(X )

~~~~~~~~~~~~~~~~~~~~~~ dx f  dy ~4 t t t (x ,y )

-D/2 -v(x )

D/2 7(X )

- 2 ’rio€ f  dx f  dy 0 (x, y) {.

~
. (x1, -x) 2 

- (y0 
- y) o(x . y) } , (8c)

0 D/2 7(X)

where

2 2 y y
a(x ,y)  = z0 -

~~~~~~ ~~~~~ 
-
~~~r’

eXp [ - i k ( R - ~~~ 

~~~J .
Equations (6) and (8) are the formal expressions for the complete electro-

magnetic fields in the physical optics approximation. They represent a quite good
approxim ation for the entire region z > (x2 + y2 ). which is of interest to us.
Of course, they are inaccurate for z < 0; over part of that region the geometrical
theory of diffraction must be employed.

* 
- 

By observing Eqs. (6) and (8) it is clear that the scattered electric and
magnetic fields possess certain symmetry properties. These are (for a fixed z0

)

H~ (x0.-y0
) a H~ (x0.y0) , (9a)

H
~
(-x0. y )= H (x ,y) . (9b)

H~ (x
0~ -y0

) -H
7

(x
0.Y0

) . (9c)

H
7
(-x0,y0) -H~~x0.y0) (9d)

8
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H
5

(x
0,

_y
0
)aH~(X0.y0

) , (Ge)

H2(-x01y0) -H2(x~,y~ ) . (9f)

• E~ (x01 -y0) _E
~ (x
0~y0

) , (b a)

~
Ex

(x
oaYo

) , (lob)

E
y

(x
0.~ y0)=E y

(x
0.y0

) , (lOc)

E
7
(-x0,y0) 

a 
~~~~~~~~ , (lod)

- 
E5

(x
0,-y0) -E2(x~,,y~,) (lOe)

I E2(-x0,y0) = E2(x0,y0) • (lof)

Because of the aforementioned symmetry properties we have calculated
• E and H only for positive values of x0 and y0; the values for negative x0, y~ follow

immediately from Eqs. (9) and (10).

• 3. RESULTS

We have developed a computer program to calculate the field components
given by Eqs. (6) and (8). As an example of typical results of our program , we

• have studied a reflector such that

I .f~ = -
~
-. , (h a)

- r 60 , (l ib)

where A is the signal wavelength, and have calculated the field distribution in the
planes z0 = 0. 95F, 0. 967F, 0. 983 F, and 1. OF. In Figures 2 and 3 we show * the
amplitude and phase of the electric and magnetic fields in the plane 20 

a o~ 95F.
• ~,. The fields shown are those along the line y0 = 0. for differing values of x0. In

Figures 4 and 5 we show the fields along the line x0 • 0 for differing values of y0.

*In all the results of Figures 2 to 11 we have assumed H0 = 2w .

9
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We note, upon comparing Figures 2 and 4 , that If the results are known along the

• y0 = 0 axis we can immediately obtain those along the axis x0 a 0 by replacing
• I H x I by IE~ I /Z0, lH~I by ~E2 I /Z0, and I E~ I /Z0 by IH~

I, where is the

impedance of vacuum. Because of this duality, in the remaining figures we will

only show results along either the x0 0 or the y0 • 0 axis. In Figures 6 and 7

we show the fields in the plane z0 • 0. 967F; in Figures 8 and 9 we show the results

in the plane z0 = 0. 983F , and finally, in Figures 10 and 11 we show the results

• in the fo cal plane. The components E~ 
and Hy are now shown bec. ~se they

are both zero.
There are several observations which should be m ade regarding our results:

• (1) The results of Figure 10 for the transverse fields in the focal plane

agree with those calculated earlier by M innett et ~i. 2 (see Figure 11 of Minett ’s

paper, for our case 8
~

’— 740).

(2) The cross-polarized fields 1E 2 1/Z 0 and IH 2~ are generally of the sam e

order as H~ I and ~E~~I /Z 0. except very near to the z0 axis. This is true even

in the focal plane, and even holds within the fo cal spot (that is, we call the trans-

verse dimension of the first null in Figure 10 the focal spot size, and this is of

order XF/D) as can be seen from Figure 10, where 1E 2 1 /Z0 is small near the

center of the focal spot (y0 near zero) but is large near the outer edge (y0.~~ 0. 5)4.

(3) In Figures 2 to 11 we have shown the fields on the x and y axes where

E~ = H~ = 0. This should not imply that E~ = Hy 0 off these axes. In Figure 12

• we show the field distribution along an axis (see Figure 13) oriented 45° relative
• to the x axis in the plane z0. Note that both E~ and H~ are nonzero, although they

are considerably smaller than the other field components.

0.

B. - -

- ~~~. 2. Minnett, H. C. and Thomas, B. (1968) Fields in the image plane of symmetrical
focusing reflectors. Proc. IEEE, 115:1419-1430.
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Appendix A

In this appendix we present a Fortran listing of the computer program used
to calculate E and H. Note that the quantities printed out for E are actually the
electric field normalized by Z0 rather than E. The inputs to the program are:

D = diameter of reflector ,
F = fo cal length.
K = wavenumber = 2 1r/X ,

X0 , Y0 , ZO = coordinates of observation point,

XTOL = YTOL usually set to l0~~.

4.

It. . 7
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PROGR A M HAIN (IP4PUT, OUTPUT)
IMPLICIT CONPLEX (Q)
coMNoN /oNE/Xa, ONEO2F, OP4EO4F, ZO , K, VO, OOV2SQ, OCONSI
COI4HOH/QXIIOXINTEG (6)

- COI~HOP&XT0L/XTOL
C0NMON/YTOL~YT OL• REAL K
NAI~ELIST~ XTNPUT/ 0, F, K, Z0, *0, Y0 , XTOL , YTOL
REAO XTNPUT
OCONST a (1.0, 0.0) / CMPLX (0 .0, K)
ON~O2F a 0.5 / F
ONEO4F z 0.25 / F
00V250 a (0 / 2.0)~~~2
XR 0 / 2.0
XA a — XB
CALL XTNTEG (X 8, XA )
PR INT ~oo , OXINTEG

• STOP
600 FO°NAT (6H MX ,1P2E12.5/6H HY ,2E12.5/6H HZ ,2E12.5/

1. 611 LX a ,2E12.5/6H Lb = ,2E 12.5/6H El = ,2E12.5)
ENfl

&

S.

~~~~~~

• ~
. 

. 
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SUBROUTI NE XINTLG (X0 , XA )
• IMPLIC IT COMPLEX (O)• CC ’PON/OXIFOXIHTEG (6)

• COPNON/QYI/QYINTEG (6)
COMNONFX TOL/TOL
DIMENSION OTNO (6), OFOUR (61, OENOS (6), OTOTAL (6)
H a (*8 — U) F 2.0
N a j
CALL YINTEG (Hi XA)
00 10 Jzt,6
QTWC (J) a (0.0, 0.0)

10 OFOUR (J) = OYIHTEG (J)
CALL YINT LGIXA )
00 20 Jal,6

20 0(1105(J) = OYTNTEG (J)
CALL YINTEG (XB)
00 30 Jal,6
OENOS(J) = OENOS (J) + OYIHTEG (J)

30 OTCTAL (J) a (OENDS (J) + 4.0~ QFCUR (J) I H / 3.0
~o o o so jx i,s
50 QXTNTEG (J) OTOTAL (J)

Y = H H / 2 .0
N 2 N
00 60 J=1,6
OTWO(J) = OTWO (J) + OFOUP (J)

65 QFOURtJ ) a (0.0, 0.0)
I = 0

70 I = I + I
CALL YINTEG (Y+XA )
00 80 J 1~ 6

80 OFOUR (J) a OFOUR (J1 + 0YII~TEG(J)Y : Y + H + H
IFII .LT. H) GO TO 70
IFLAG O

• 
• PRINT ‘

‘ 00 90 J=1,6
OTOTAL (J) = (QENDS(J) + 2.O’QTWO (J) 4 4.0~ OFOUR(J) I H / 3.0

= OTOTAL (J)
4 IF (CAES (OOENOM) .LT. TOLl ODEKOI’ = CMPLX (TOL , 0.0)

IF(CABS ( (CXINTEG (J) — OTCTAL (JI )/ODENOM) .GT. TOLl IFLAG a j

PRINT ~~, CABS I QTOTAL(J)
90 CONTINUE

IFIIFLAG •EO. 1) GO TO kO
• 00 100 J l,6

100 OXINTEG (J) = OTOTAL (J)
RETURN
END

17
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SUeRO~lTINE Y!NTEG(X)
IMPLICIT COMPLEX (0)
CO PNON/ONE#’XO, ONEO2F , ONEO4F, ZD, K, Y0, DOV2SQ, OCONST
COMNON/000/OINT (6)
CONNON/OYI/OYINTEG (6)
COWMON/XXX/XDIFF, XOIFF2, XSO, LX
COMMON/YTOL/TOL
REAL K
DIMENSION QTWO (6), QFOUR (6), OENOS (61, QTOTAL (6)

• E X a X
xso a X~~ 2
XOIFF = *0 — X
XDIFF2 a XOIFF’42
YB a GANX a SORT (OOV2SO — XSO)
YA — GAMX
H GA N X
N a t
CALL FIEt.flS(H+YA )
00 10 Jat,5
OTWO (J) a (0.0, 0.0)

10 QFOUR (J) a OINT (J)
CALL FTELDS (YA )
00 20 Jat.6

20 OENOS (J) = OINT (J)
CALL FTELOS (Y8)
no 30 J aj , 6

• QENOS (J) a QENOS (J) + QINT (J)
• 30 OTOTAL (J) = (OENDS(J) • k.O~ 0FCUR (JI I • 14 / 3.0
• 45 00 50 Jat,6

ES OYINTEG (J) = OTOTAL (J)
V H = H F 2.0
N 2 ’N
00 60 Jaj ,5

• OTNO (J) a OTWO (J) + OFOUP (J)
60 OFOURIJI = 10.0, 0.0)

• T a O
70 I = I + 1

• CALL FTELOS (Y+YA)
00 80 .1*1,6

80 OFOUR(J) a OF OU R ( J )  + OIHT (J)
V ‘ V  + 14
UI! •LT. N) GO TO 70
IFLAG 0

• . 00 90 Jsj,6
. 1 OTO TAL (J1 a (QENOS (J) + 2.0~ 0TWO (J) + ~.0~QFOUR (J) I H / 3.0

• OOCNO M a OTOTAL (J)
IF(CABS(OOENOM) •LT. TOL l QOENOM CMPLX (TOL, 0.0)
TF (CA 8S( (OYINTEG (J) — OTOTAL. (J) 1/00(110111 •GT. TOLl IFLAG * j

90 CONTINJE
IF(IFL AG •‘O. 1) GO TO ~000 100 Jz1,6

100 OyTwTEr,(J) a QTOTAL (J)
RETUR N

f € 110

‘
-

I
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SUBROUTINE FIELDS (Y)
IMPLICIT COMPLEX O)
COMNON/ONE/X0, ONEO2F , ONEOkF , 70, K, Y0, OOV2SQ~ OCONSI
COMNON/000!OINT(6) -
COM PON/XXX /XOIFF , XDJFF2, XSO , K
RE AL K
Y5Q a Y 2
YOTFF = Y 0 — Y
YOIFF2 a Y01FF 2
TEPMI = 70 — ONEO~ F~ (X SQ + YSO)
P50 a XOIFF2 • YOIFF2 • TEPM1~~ 2P = SQRT(RSO)

• ONECR2 a 1.0 / P50
ON~ OR a 1.0 / P

a CEXP (CNPLX (O.0, —K4(R • TER HI — 20) 1 I
QPI4I = OCEXP CNPLX (ONEOR, K) • ONEOR2
OTI4ETA a OCEXP ‘ CPIPLX(3.0 ONECR2 K~~2, 3.G~ K’ONEOR)~~CNEOR 2~ONEOR
TEQM2 a 70 — ONEO4F • (*50 — V~~(Y — 2.O’YO) I
01111(1) a OPHI • TER)12
01111(3) a —OPHI * XDIFF
OINT (2) * —O INT (3) V CNEO2F
OINT (I.) XDIFF • (VOIFF + ONEO2F’Y4TERHI ) OTHETA OCONST
OINT(5) a (2.0 0P141 — 0THETA*(IERM2~ TERN1 + XOIFF2) )4QCONST
OINT(6) a (2.0~ QPHI’Y~ CNE C2F — QTH~TA (XOIFF2’Y ONEO2F — VOIFF’

T~RM2) )~~OC0NST
RETURN
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