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SUMMARY

This report describes some of the basic forms of the microstrip
patch antenna and gives a general theory of operation. It then goes
into the derivation of a previously unpublished design procedure for

the rectangular patch radiator.
is explained in detail.

The computer aided design procedure

(1L

R. T. RYLAND, JR.
By direction
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FINAL REPORT ON IN-HOUSE EXPLORATORY
DEVELOPMENT PROGRAM ON MICROSTRIP ANTENNAS

INTRODUCTION

Due to its adaptability to a wide variety of aircraft, missile,
projectile and phased array applications, the microstrip patch
antenna has become a subject of great interest to antenna and systems
designers through the scientific community.l It is of particular
interest in areas where the thickness, cost, and reliability of the
antenna are of prime importance such as in projectile fuzing applica-
tions. Stripline slot antennas, although equally adaptable to many
systems, have proven to be too costly and unreliable in many instances.
Much has been said and written regardirg the various forms of the
microstrip patch antenna and their potential uses. Reference 2 in
particular gives a good overall view, and Reference 3 provides addi-
tional data; however, there is very little information in the litera-
ture which could be classified as basic design data. The Naval Surface
Weapons Center has undertaken an in-house exploratory effort directed
towards producing and disseminating a practical design procedure.

BASIC MICROSTRIP PATCH RADIATOR

Figures 1 and 2 show a microstrip patch radiator etched on a
teflon fiberglass substrate. 1In this particular configuration, as
shown in Figure 3, energy is fed to the patch through the substrate.
The patch can also be fed on its edge as shown in Figure 4, or notch
fed as in Figure 5. The latter two feed methods are in fact the most
commonly used. They allow the entire feed network to be etched on the
same substrate as the patch, a definite advantage in multi-patch
applications, an example of which is shown in Figure 6.

1. Black, L. M., and McCorkle, J. W., "Preliminary Report on the
In-house Exploratory Development Program on Microstrip Antennas,"
NSWC/WOL TR 75-200, December 1975.

2. Khulman, E. A., Microstrip Antenna Study for Pioneer Saturn/Uranus
Atmosphere Entry Probe, NASA Report CF-137513.

3. Munson, R. E., Conformal Microstrip Antennas and Microstrip Phased
Array, IEEE Transactions on Antennas and Propagation, January 1974.
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FIG. 1 BACK FED MICROSTRIP PATCH RADIATOR FRONT VIEW
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X FIG.2 BACK FED MICROSTRIP PATCH RADIATOR REAR VIEW
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FIG. 3 DETAIL OF PATCH RADIATOR REAR FEED STRUCTURE
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FIG.4 EDGE FED MICROSTRIP PATCH RADIATOR
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FIG.5 NOTCH FED MICROSTRHIP PATCH RADIATOR
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FIG.6 MULTIPATCH MICROSTRIP TELEMETRY ANTENNA
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DESIGN PROBLEM

There are two basic design problems associated with the design
and construction of a microstrip patch antenna. These are the deter-
mination of the dimensions of the patch itself, and the determination
of the input impedance at a given point on the patch. They are a
function of the thickness of the substrate, the dielectric constant
of the substrate material, the operating frequency, the patch feed
itself, and ground plane size. Figure 7 is a diagram of the micro-
strip patch and all of its parameters.

GENERAL THEORY OF OPERATION

There are three (3) independent modes of oscillation which can
occur on the back fed microstrip patch antenna. A wave can oscillate
between the ends of the patch along the 'A' dimension. When 'A' is
close to a half wave length, this is analogous to a simple half wave
dipole antenna.

A second mode of oscillation can be set up along the 'B' dimension.
Also, a third mode can be set up along the pin used to feed the patch.
This mode is referred to as the monopole mode since the pin can be
thought of as a top loaded monopole over a ground plane where the
patch is the capacitive top hat.

The input impedance of the microstrip patch is a function of Y
and all three modes. Just like a half wave dipole, the impedance 8t
the center (Y = 0) is low, and the impedance at the end (Y_ = A/2)
is very high.O Either or both modes A and B can be utilizedoby properly
choosing Ya and Yb'

INITIAL STUDY

Initially, the computer was programmed with Kaloi's equations to
determine the input impedance, the antenna gain pattern, the resonant
frequency, and the bandwidth. It was in this period that several
corrections were made to Kaloi's paper (Reference 4).

Kaloi's equations were based on there being only one mode excited
to simplify the calculations. His equation for determining the
length of the antenna (1) has been found to be very accurate.

From Reference 3:

=1/2
.1155 ) (1)

. 5.9 » -
A= (ﬁ'('c;‘:ﬁ) 2H \/E_r) (1 + .61 (E_-1) (B/H)

4. Kaloi, C. M., Asymmetrically Fed Electric Microstrip Dipole,
Naval Missile Center, Point Mugu Technical Publication,
TP-75-03.

12




NSWC/WOL/TR 76-69
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A = PATCH LENGTH INCHES
B =PATCH WIDTH INCHES
H = SUBSTRATE THICKNESS INCHES

Y, = FEED POINT INCHES
E, =SUBSTRATE DIELECTRIC CONSTANT

Y = SUBSTRATE LOSS TANGENT
AG = GROUND PLANE LENGTH
BG = GROUND PLANE WIDTH

FIG.7 ANTENNA COORDINATE SYSTEM WITH PARAMETERS DEFINED AS FOLLOWS:

13
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Unfortunately, his equations for determining the input impedance
yielded VSWR's as high as 3.5:1.0. However, the sin? distribution
was found to match our data very well. We combined these results
into a semi-graphical solution included in Appendix 1.

The ground plane size was progressively reduced on several
antennas with the following results: (1) As AG was reduced, the
input impedance increased; (2) As BG was reduced, the input impedance
decreased; (3) The frequency was almost independent of the ground
plane size. All of these changes were small enough to be neglected
in the final design equations.

Another trend, which was small enough to be ignored in the final
design equations, was an increase in the resonant frequency as Yq
increased.

COMPUTER-AIDED STUDY

Having already acquired data on a dozen antennas, the computer
was enlisted to keep track of the data. Curve fitting was used to
augment Kaloi's equations such that reliable input impedances could
be predicted.

A large data base is required to get a reliable curve fit, so we
started building antennas. Eventually, antennas were made and data
was taken on four frequencies from 400 MHz to 2GHz, on boards that
were 1/8, 1/16, and 1/32 inches thick, on boards made by three
different manufacturers, and with A/B ratios of .67 to 2.0. 1In all,
over 60 antennas were built and tested with each succeeding set of
antennas based on results obtained with all of the preceding
antennas.

Ten (10) programs and eleven (ll) subroutines were eventually
written and used in the process of the study. As a result of the
subroutine oriented organization of the programs, other users can
easily calculate any antenna parameter required. A complete listing
of all of the programs is included in Appendix 2.

FINAL RESULTS

Based on approximately 60 antennas, the maximum VSWR was 1.3:1.0
and the average VSWR was 1.1:1.0. Program MICROAN allows anyone to
design a complete back fed microstrip antenna via a teletype terminal.
An example run is shown in Figure 8 and a flow diagram for MICROAN is
shown in Figure 9. The only limitations to this program are that the
conditions H < 1/8 and A/B > 1 be met.

ADDITIONAL WORK

Antenna patterns were measured on several antennas. Very good
agreement between the calculated patterns and measured patterns was
obtained.

14
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KRFL ., 40000

kFL» 40000«
/GET,MICFOAN/Z/UN=685.
/GET» SUES/UN=685.
ZLINLK,F=MICK3AN,F=SUFS» X«

TYPE IN THE FOLLAWING PARPMETERS.
FREC IN CHZ

A/E KAT1I12

HEICHT IN INCHES

DIELECTRIC CONSTANT

DESIRED INPUT RESIS1ANCE
CORKECITION FACTIk = MEASURED/CALCULATED INFUT RESISTANCF OF A TFST ANIR
LOSS 1ANCENT

?2 1¢S5 1.2 062 2.5 SCe 1« 001

LENCTH A = 2. 42R9 64
WIDTH E 2 €.0241317
YO0 = «315R15
Y1=A/2 - YO = «BIKELET
OHMS FFR «01' CHANGE IN YO = 2961955
JHMS FER «001'*' CHANGE IN H = « 300867
=3DE BANLWIDTH (CHZ) = «037377
CAIN (CE QVEK ISATFIFIC) = S«122167
INPUT FESIS1ANCE = 50.000C00
FRECUENCY IN CHZ = 1500060
F/E FATID = 1.200000
SUESTRATE HFICHT = «062CCO
DIFLECTRIC CONSTANT = 2.5CCccGe
L3SS TANCENT = «C01C00
CIRKECTION FACTOF = 1.00CC00
kO = 336537713
P = 1.2593¢

IF rJU HAVE NJ i2FF PATA TYMF IN °*S10F°
? 172 17 (€2 235 S50« 1. «COCS

LENCTH A = €2+ 754€75
WIDTA E = 2275468
Yu = 1.35C314
Yl=pA7s72 - YO = 1C.027C23
OHYS FEF «C1°' CHFEICF IN YC = « 123224
CHMS FEF «CG1°** CHANCE IN H = 1.C3€038
=3LE EANLWILIH (CH2) = « 00225
GAIN (DE QVEF 1SJ1FSKFIO) = 3. €02143
INFUT FESISTANCE = Sc.cccooo
FRECUENCY IN CHZ = «172CCC
EZF FAT1Y = 10.0CCCCO
SUESTFATE HEICHT = «0€z0CO
DIFLECTRIC CIONSIANT = 2. 350000
1.L9SS 1ANCENT = «0CLSCC
CORFECTIUN FACTIk = 1.C0LCCO
+0 = 1465.634#37
F = « 137575

IF YJU YAVE NJ MJLF LA1A 1YFE IN 'S1OF*
? STJF

*JERAINATF LS
70081
FEFRIX COET JF FUN IS & « 56

RETUENCZZZ7C)
/

FIG. 8 SAMPLE OF COMPUTER AIDED DESIGN PRINTOUT
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CALL ANGL
SET UP SIN & COS STORAGE

READ
F, ATOB, H, ER, DESIRED INPUT
RESISTANCE, CORRECTION FACTOR,
LOSS TANGENT

NO

IS THERE
ANY MORE DATA?

CALCULATE SIZE

[ ]

CALCULATE INPUT RESISTANCE
FOR H + 0.001 INCHES

L

CALCULATE INPUT RESISTANCE
GAIN AND BANDWIDTH

y

COMPUTER ERROR
FROM H BEING OFF BY 0.001 INCHES (HER)

COMPUTER ERROR FROM YO BEING
OFF BY 0.01 INCHES (YOER)

TYPE OUT RESULTS

FIG.9 FLOW DIAGRAM FOR PROGRAM MICROAN

16
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Based on nine notch-fed anxz'ennas, a graph has been made which
can be used to augment the sin“ distribution of the antenna input
impedance. Upon further development, this could be incorporated into
program MICROAN so that notch-fed antennas could be designed via the
teletype terminal.

17
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APPENDIX A

Size Calculation

C. M. Kaloi's equation for determining the length of the antenna
has been found to be very accurate. The basic problem in finding
a concise deisgn procedure for determining the patch dimensions is
the fact that 'A' is a function of 'B' as seen in Equation (1) below.

From Reference 3:

~1/32
.1155) (1)

5.9
A =(W - 2H @)(1 + .61 (E_-1) (B/H)

As a result, a design procedure has been set up whereby the
ratio of 'A' to 'B' is arbitrarily chosen, followed by the calcula-
tion of both 'A' and 'B'. The derivation of the procedure is
explained on a step-by-step basis below.

The design procedure is based on frequency scaling and on scaling
with the square root of the dielectric constant. The frequency scaling
procedure results from an approximation in the first term of
Equation (1) as shown in Equation (2) below.

FUEHET - 2H VE; * rtdmey e

Figure 8 shows that this is a fairly good approximation.
Dielectric constant scaling results from an approximation in the
second term of Equation (1) as shown in Equation (3).

1155 /2
1+ .61 (E_-1) (B/H)" ~ VE_ (B/H % 72) (3)

Figure 9 shows that this is also a fairly good approximation.
The basic design tool becomes then, a graph of Equation (1) with the
resonant frequency plotted against the A/B ratio, with the parameters
'A', 'H', and 'Ey' specified (graphs where A = 3.7, Er = 2.5, and
H= ,015, .031, .062, and .125 are shown in Figure 10). Once this
graph is used, frequency scaling and dielectric constant scaling are

A-1
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employed to arrive at a close solution. The solution for 'B' can
then be plugged back into Equation (1) to remove any errors that
might have resulted from the approximations and/or from reading the
graph.

Step

Step

Step

Step

Step
Step

Step

1.

2.

Design Proc¢edure for Size Calculation

Given

a. Substrate thickness = 'H'

b. Desired resonant frequency = 'Fo'

c. Relative dielectric constant of the substrate = 'E_'

r
Select an A/B ratio

Read the frequency 'F' for the appropriate substrate
thickness in Figure 10

Multiply 'F' by $§§T
r
Calculate A = 3.7 (F/Fo)

Calculate B A/ (A/B ratio)

To remove any errors, substitute 'B' into Equation (1) and
calculate 'A'
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Fine Tuning the Calculation

When a particular batch of material is going to be used to
construct several antennas of differing frequencies, the dielectric
constant used in Equation (1) can be adjusted such that it "predicts"
the exact frequency for a test antenna. This is done by solving for
E, in Equation (1) (shown below) and then using the parameters and
the measured frequency of the test antenna to calculate an effective
dielectric constant for the substrate.

W= .61% (B/m)°113°

V = (F*H*107%)2

U = (a*F*10"%)2

X = 34.82684258 + (W-1)*V
Z = (4*V - U*W)

Y - X*Z -278.6147406*V

2

1/2
- (x/2%) 2]

E_ = -v/7° - BY/zz)

We are investigating the accuracy of this procedure in
determining the dielectric constant of a substrate.

Input Impedance Calculation

The calculation of the input impedance at resonance given in
reference (3) proved to be inaccurate. However, knowing the
impedance at a given feed point, the impedance at any other feed
point can be determined using Equation (4).

" i n2 *
Ris ™ R, sin® (Y, P) (4)
where P = .
A + 2H/ VEr

and Ro is found experimentally.

I—
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The design procedure would thus be as follows:

Step 1. Determine desired input resistance based on system
considerations

Step 2. Build a microstrip antenna at the appropriate
frequency and feed it at an arbitrary Yo = Yl

Step 3. Measure the input resistance 'Rl'
Step 4. From Equation (4) calculate R = Rl/sinz (Y, *P)
Step 5. Calculate 'Y ' for the desired input resistance

using Equati8n (S)is

Yo = Arcsine ({R. /R ) (5)

in 9
I
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APPENDIX B

-

Computer Programs and Subroutines

Programs

l. AOF B
2. A OF ER
3. AVS F
4. DRIVE

5. E AND H
6. F VS ATOB
7. MICROAN
8. PATTERN
9. RESULTS
0. RIN VS H

Subroutines

1. ANGL

2. CONSTAN
3. DIELECT
4. LENGTH
5. PAT

6. RIN

7. SIMP

8. T

9. U
10. WATTS
11. XFIL

Function "XFIL" was taken from the NSWC user library and modified.
All other programs were written by John McCorkle.
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PROGRAM AQFE(OUTPUT, INPLT)

THIS PROGFAM PLOTS LFNGTH A VERSUS WIDTH 8
DIMENSICN EC(4) yHC(3) yAL(51),BX(51)

DATA EC/2.492.25000762C42.55,2.914247308/

DATA HC/.031?25, 04LEBT S,y NFR25/

A(HIER)F38)=( (1 18F10=-F*L ,*H¥SQART( R) )/ (2 *F*SQRT (1 ,+,61* (ER=1,) %
1 (R/H)**,11¢55)))

F=1.E9

ER=EC(3)

D0 12 U=1,3

FORMAT(/,* A R¥*)

PRINT 20

H=HC(J)

a=1,

Nno 10 I1=1,51

AL(T) =A(H,ER,F, R)

8X(I)=1

PRINT 2,4,AL(I) BX(I)

FORMAT(2(1PCG20,5))

8=R+,15

IF(JeLT42) CALL CALCMI(E1 4BXyAL 90910098 e533:44893475512.5,3,0,
119HMICPCSTRIP ANTENNAS,=19,15HL-NGTH B INCHES,15,
2 1SHLENGTYH A IMCHES,15,1,18)

IF(J.EQ.?2) CALL CALCMI(-F1,BX,AlL,~-1)

IF(J.EQ.3) CALL CALCM1(=51,BX,ALy=2)

IF(JeGT a3) CALL CALCM1(=514BXyALy=5)

CONTINUE

CALL GRID(Dey0eype59e549”2E,18)

CALL CALCM1(0,0.)

END
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PROGRAM AQOFER (OUTPUT,TAPEE=0UTPUT)
EXTFRNAL FUN
COMMON HyER,F
DIMENSICN CONST(2),AL(51) yB8A(S51),ATOB(1) ,A(14),ANS(1)
NAMELIST /PARAM/H,F,ATOR
DATA CONST/.03125,,04E87C,4,0625/
DATA A/1.e96a9l1eC=191 eF=€ylebE=lgea59.591.E6999,090.9149105.1520./
F=1.£9
EINC=.144
H=3,/64,
J=1
ATAB(1)=1.
ER=2.
WRITE (641)
1 FORMAT(7/)
WRIT= (6,PARAM)
WRITF (6,42)
2 FORMAT( EXg*FER*, 10X 9 *A¥,7X ,*¥1/SORT (ER) *)
3 FORMAT(3(F10.7))
00 10 I=%1,51
BA(I)=1,/SQRT(ER)
CALL ROOTER( FUNyA,ATC3,ANS)
ALCI)=ANS(1) *AT0B8(1)
WRITE(693)SER,AL(I),BRA(]I)
10 ER=ER+EINC d
X1=,70710€8
X2=,329€S02
IF(J.LT.?) CALL CALCM1(519yBAyALy0 X1 9X2 91 e594¢2912e¢049.0,51SHMICR
10STRIP ANTENNAS,-19,1041/SQART(ZR) 9=9,15HLENGTH A INCHES,15,1,18)
TF(J.EQ,2) CALL CALCM1(=51,4BA,AL,=-1)
IF(J.EQ.3) CALL CALCM1(-519BRA,AL,=2)
IF(J.GT.3) CALL CALCM1(-S1,BA,AL,-5)
12 CONTTNUE
CALL GRID(De9y0s9e59e5924,y18)
CALL CALCM1(0,404)
£ND
FUNCTION FUN(B, CUMY)
COMMON HyER,HF
OIMENSICN DUMY(1)
AN=B*DUMY (1)
FUN=( (1 1RE10=-F*L F¥H*SART(ERI I/ (2. *F*SORT(1.4.51%* (ER=1,.)* (B/H)**
1.1155))) =B8N
RETURN
£ND
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PROGRAM AVSF (OUTPUT, INFUT)

C***THIS PROGRAM FLOTS AND PRINTS <A< VERSES FPEQUENCY AT A SPECIFIED A/3 PATIO
C***AND VARTIOUS VALUES OF M.,

C*#*INPUT DATA IS - ATOB,FMIN,FMAX,NP

C***NP=NUMBER OF FREQUENCISS (POINTS) TO BE CALCULAT:D,

ces»

c

1425
10

NOTE (FMAX=FMINIZ(NP=-1) = CONVENIENT INCREMENT FOR THE FREQUENCY

COMMON/B/AyB,FyH,ER
DIMENSICN HH(4) yA1(51),A82(51)4,A3(51),44(51) 4FX(51)
DATA HH/.015,4031,,06294125/
NAT A X1’XZ,YI.Y?,XL,YL/.’.,!D.’1- '100"‘28- "9.’
MOD(I)=I-(I/u)%4
HH(1) =, 047
ER=2.5
READ* JATOR,FMIN,FMAX, NP
FINC= (FMAX=FMIN)/ (NP-1)
B=1,
F=FMIN
PRINT 1 ,ATOP,ER yHH(1) yHH(2) yHH(3) gHH(4)
FORMAT(2X g ®*ATOB=*yFb ¢ 33 EX g *ER=¥3FE439/9 22Xy 4 (183X, *H=%*,F5,3),/,
1 14Xy *FRENICHZ) *,4(24LX,%A%),/)
D0 10 I=%,NF
FX(I)=F*1,E-2
H=HH (1)
CALL LENGTH(ATNE,20)
A1(T)=A
H=HH (2)
CALL LENGTH(AYTOR,20)
A2(1I)=A
H=HH (3)
CALL LENGTH(ATO0?,20)
A3(I)=A
H=HH (L)
CALL LENGTH(ATOR,20)
AL(I) =A
PRINT 24FX(T)4A1(T),A2(I)4A3(I),A6(])
FORMAT(2X,5(1PG?5,8))
IF(MOD(I).EQ,0) PRINT 1425
FORMAT(1H )
F=F+F INC
CALL CALCML (NPyFXyA1 o0y X1 gX2,Y1,Y29XLyYL,y
1194MICRCSTRIP ANTENNAS,~109,15HFREQUENCY (GHZ),-15
29y15HLENGTH A INCHES,17,1,18)
CALL LABLQG(?8,4+1510,,0,°!
CALL LABLOG(9491e¢9104470.)
CALL GRID(0s9069y1bey9ey=?y=1)
CALL CALCM1(0,0,)
END
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PROGRAM DRIVS (INPUT,O0LTFUT)
THIS PRCCRAM PRODUCES PLOTS OF R-INPUT,EFFICIENCY,AND
BANDWINTH VYERSUS ThZ PARAMETER CHISEN BY #20PT#
OPT=9 FOR PLOTS .VvS. A/f% RATIO ANC INPUT DATA IS.
Fy Hy ERy XY0, LOSSTAN, ABMIN, ABMAX, NPOINTS.
OPT=1 FORP PLOTS VS, FREQUENCY ANC INPUT DATA IS
A/By, XY0, Hy, =Ry, LOSSTAN, FMIN, FMAX, NPCINTS
OPT=? FOR PLOTS .VSe. ER AND INPUT DATA IS.
Fy H, A/By XY0O, LOSSTAN, ERMIN, ERMAX, NPOINTS.,
OPT=% FOR PLCTS .VSe FR AND INPUT DATA 1IS.
Ay, 8, YO, LOSSTAN, FRMINy, ZRNMAX, NPCINTS,
REAL LAMDAZLAMDAG,LyLCSSTAN,INM
COMMON/BR/A,B,FyH,ER
COMMON/ZE/RSyRCyPI2yIM,L4FIy)LAMDAGyLAMDA yLOSSTAN,ZO0,PA,PB,P
COMMON/F/EFF,CELTAF, GAIN
DIMENSION X (150),Y(150),0(150),£(150)
NATA FREQ/OHFRENUENCY /9 ARR/GHA/E RATIO/ 4CER/QAHEPSILON R/
DATA IMJABINCoFINCySRINCyYL 9Y29XL 9YL/14 9009009009 00e90e9312¢099.07
DATA TANG/9HLOSS TANG/
FREQU(H9ERyAyB) =5,30142716559/(A¥*SQRT(1 .+.61*(=R-1)*(B/H)**,1155)
142, *HE®*SQRT(FP))
MOD(I)=I-(I/4)%4
CALL ANGL
PEAD* ¢NT
PEAD* ,0FT
IF (OPT ,EQ.=-100) GO TC 4
ABINC=0.
FINC=0,
FRINC=0,
IF(OPT.EN.1) GO 7O 5
IF(OPT.EQ.2.,) GC TO 1°5
IF(OPTL.EQ.,3.,1G0 TO 21
IF(OPT.LT.0,) CO TO 12¢C
READ* yF yH4ERyXYC,LOSSTAN,ABMIN,ABMAX,NPQINTS
NAMELIST/COPTO/F yH9ERZLOSSTANGXYC HNT
Ax=ABR
X1=ARMIN
X2=ARMAX
ABINC=(X2-X1) /NFOINTS
ATAB=X1
B=547SEQ/ (F*ATOR*SAORT(ER))
PRINT OFTO
GO TO 400
READ* yATOByXYOyHeERy LCSSTANSFMIN ,FMAXoNFOINTS
AX=FREN
X1=FMIN
X2=FMAX
FINC=(X2-X1)/NPQOINTS
F=X1
R=5,75EQ/(F*ATOR*SQRT (ER))
NAMELIST/0PT1/ATOByXYOyFyERyLOSSTANGNT
PRINT OFT1
GO TO 400
READ* yF yH,ATOBy XYOyLOSSTANy ERMIN, ERMAX, NPOINTS
AX=EER
X1=SRMIN
X2=EPMAX
ER=X1
B=5,75EC/ (F*ATOR*SART (ZR) )
ERINC=(X2~X1) /NFOINTS
NAMELIST/CPT2/F yHyATOByXYOy LOSSTANyNT
PRINT OPT2
GO TO 400
READ* 3A3ByHy Y0, LOSSTANZEPMINSERVMAXy NPOINTS

B8
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ATOB=A/8
AX=E=R
X1=ERMIN
X2=ERMAX
ER=X1
ERINC=(X2=-X1) /NFOINTS
NAMELIST/0OPT3/A4ByHyLCSSTAN, YO,NT
PRINT OPT3
N=NPOINTS+1
FORMAT( /910Xy *A¥, 14X 9 *#A/R* 15K, *F* 414X, *ER*y 9X,*DELTA F*, 6X,
1*EFFICIENCY®*,11X,* 20 *, 8X4s*R INPUT*,/)
PRINT 456
DO 100 I=1,N
IF(OPT.EQe3s) F=FREQUI(H,FR,A,8)
IF(OPT.EQ.3.) GC TO 10
CALL LENGTH(ATOR,20)
YO= A/ XYO
CALL CONSTAN(3.,19E-B,1.47EH)
CALL WATTS(NT,H)
CALL RIN(=1.yW,RH)
E(I)=EFF
D(I)=DELTAF
FG=F*1{,E-G
FIX=(L,e1316€EE675-3/H+1,5822-H*7,.466026667)/ (FG*¥(,32814+2.,7515%H+
1 6.9077%*H*H))
RI=RH*SIN(YC*P) **2 *FIX
Y(T)=RI
X(I)=ER
IF(OPT.EQele) X (I)=F
IF(OPT.EQe0s) X(I)=ATOR
FORMAT(8(1PG1£,5))
PRINT 789,A,ATOR,FeERyD(T)HE(I) 420,Y(I)
TJF(MOD(I)LEQ,C) PRINT 2
FORMAT(1H )
F=F+FINC
ER=ER+ERINC
ATNB=ATOB+ARINC
CALL CALCMI(N 9XgY¥y=19X14X2,¥1,Y2,XLyYLy19HNMICROSTRIP ANTENNAS,
1 -19,AX 9’99’“QIN,3,1'15)
CALL GRIN(Dey9yleyge59eS92ULy18)
CALL CALCM1(0,0.)

GO 70 1
CALL CALCMI(N 3XyDy=19X1,X2,Y¥1yY29XLyYLy19HNMICPOSTRIP ANTENNAS,
1 -19,AX 9=9y 7HIELTA Fy741,18)

CALL GRID(D0ey0e9e59ye592ULy18)
CALL CALCMI(N (X Eg=1yX1yX2,Y1,Y2,XLyYLy19HMICROSTRIP ANTENNAS,

1 '19,AX ,-9,10HEFFICIENCY.10,1,16)
CALL GRID(O0e9y0e9e59¢5924y18)

STOP

FNN
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PROGRAM TANDH(INPUT,OUTPUTY
C**2RAST0) ON MOS KALOI<SS PAPER ON MICROSTRIP ANTENNAS 1975
C***THIS PROGRAM SHOWS HOW CURCUIT BOARD TOERANCESs VARIATIONS IN ER AND H,
Ce®euILL EFFCCT THME OPFRATION OF THE MICROSTRIP PATCH OUTPUT DATA IS
C88FOFEQ(F) = HEIGHT (H)==DI-LECTRIC CONSTANT(ER)==INPUT RESISTANCE (RI) ==GAIN=~
C®*eFFFICIFNCY(CSFF) =«RANDWIDTH(DELTAF)==20
Fe*seINPUT DATA IS AS FOLLOWS,
C®**%A B YO LOSSTANGHMIN ¢HMAX ; NHyERMINJERMAX ¢ NT o KK
Ce*esTuUf PEOGRAM CONTINUSS RTIADING NEW INPUT CARPDS UNTIL NONE ARE LEFTY
CeseNH-NIMRER NF VALUFS (POINTS) FOR H
C*S¥NT -NUMRER OF VALUTS (POINTS) FOR ER TO TAKE ON,
cess  AOTE, (HMAXY«HMIN)/(NH=1) =CONVIENIENT INCREMENT FOR H
CYre (Z2MAX=T"PMIN) /(NS=1) = CONVENIENT INCREMENT FOR ER
CesekK=1 FAPR A STFIES OF H VALUFS RETHEZN “ACH CHANGE IN €R
Ce®seKK=2 FO2 A SCRIFS OF <R VALUSS BETWSEN EACH CHANGES IN H,
C
RTAL Ko LAMNE, LAMDAG +MUsLoLOSSTAN,IM
COMMON/ /A BeFeHec?
COMMINZ T/RS ¢PCePI24 IMyLo+PI4LAMDAG,LAMOA,LOSSTAN ,70,PA,PB,P
COMMON/F/EFF,DF LTAF ,GAIN
FOTQU(H, "Ry A,8Y=5,30162716550/7/(A*SARTIL1.%.61*%(ER=1)*(B/H)**,1155)
142.,*H®SNOT(FER))
V=1,
CALL ANAGL
1 REAN® A sy YO LOSSTANHMINGHMAX g NH o FRMINSERMAX, N® (KK
IF(FNF(SLINPUTY NZLCY GO TO €9
MAMFLIST/PARPAM/ A,B,Y(0y LOSSTAN
FR=FPNIN
H=HMIN
FINC=(ZRMAX=FRMIN)/ (NS=1)
HINC= (HMAX=HMIN) Z (NH-1)
PRINT PAOAM
PRINT o
IF(KK.ENL2) GN TO &0
D0 10 I=1.N€
H=HMIN
NO 2C J=1,NH
F=FRINQU(HTRy A, NY
CALL CONSTAN(3,195=8,1,47E6)
CALL WATTS(1,W)
CALL RIN(=1,,W,PH)
PRINT 3 ,F yH ERyRHyGAINsFFFoDZLTAF,YR,YE
20 H=H4H INC
PRINT 2
10 ER=SR+Z INC
GO 70 1
LG 00 50 I=14NH
ER=FRMIN
CO €C J=1,NE
FFRFQU(H,EP, A, )
CALL CONSTAN(3,19E=8,1,L7ER)
CALL WATTS(1,W)
CALL RIN(=1.+H,RH)
YE=RHO(STNC(YN® ,01)%P) *22-SIN((YD=,(1)*P)**2)
YR=ASIN(SQRT(50 +/RH)Y /P
PRIMNT 3".'".ER'p“'G‘IN'FFF'anT‘FOVQ'V:
6C FR=FEP+F INC

PRINT 2
50 H=H+HINC
GO T0 1
2 FORMAT(1H )
3 FOSMAT(9(1PGL W, 5))
L FORMAT(3X*FPIQUENCY*y OGXo*H® 911X ¢ EF® 411Xy * R ®y BX,®GAIN®,

18X *EFFICIENCY® ¢SXy *BANDHINTH®, 3X,®50 OHM YO®,3X,%,01%22 ERROR®,//)

99 SToP
END
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FROM COPY FURNISHED 10 me

PROYGRAM FVSATCRB (OUTPUT,TNPUT)
C***THIS PROGRAM PLOTS AND FRINTS THE RESCNANT FREQUINCY VERSES A/B RATIO
C**¥FQOR A FIXED VALUE OF A AND VARIOUS VALUSES OF H,
C***INPUT DATA IS AS FOLLOWS,
C** %A ,ERy, ABMIN,ABMAX,NP,Y1,YV2
C***NP=NUM3ER OF A/R RATIOS (FOINTS) TC BE CALCULATED AND PLOTTED
C¥®% NOTE, (ABMAY-ABMIN)/ (NP-1) = CONVENIENT INCREMINT FOR THZ A/B RATIO POINTS
c
DIMENSICN X(51) ,F1(51),F2(51),F2(51),F4(51)
DATA HY yH2y)H34HL/ (015,,031,.062,,125/
MOD (I)=1I-(I/5)*5
FREQU(HyERyAyB) =5,901427165E9/(A*SART(1 .+.61*(-R=-1)*(B/H)**,1155)+
1 2. *H*SQRT(FR))
100 PEAD* JA,FRyABMIN, ABMAX,NP,Y1,Y2
IF(EOF(SLINFUT) «NE.O) GC TO 999
PRINT 1,A,EPyHL ,H2,HI,HY
1 FORMAT(L10X g *A=* sFBeT g SNy ¥ ER=* yFF,39//91EXy*ATO03*y3X,4(1EX
1 J*FPEDIGHZ)*) 3 /421X 3L 18Xy *H=*,F5,3),/)
AINC= (ABMAX-ABMIN)/(NF-1)
ATOB=ABMIN
DO 10 I=1,NF
R=A/ATOR
X(I)=ATOR
FL1(I) :FPEQU(HlpcogA’H)‘ioE-q
F2(I)=FREQU(H2,°P,A,R)*1,E=9
F3(ID =FPEQU(H3, EP,A,P)‘!-E’Q
F4(I)=FREQU (H4,y=RyA,R)*1,E-9
PRINT 24X(I)yFL1(IV,F2(I)yF3(I)yF4(I)
z FORPMAT(2X,5(1PG25,8))
IF(MOD(I).EQ.0) PRINT 1475
1425 FORMAT(1H )
10 ATOB=ATCR+AINC
CALL CALCM1(NPyX,F1,y0,ABYIN,ABMAX,Y1,Y2,12¢s 9.,
1 19HMICROSTRIP ANTENNAS y=-19,3HA/E RATIO y9,9HFRZQUENCY,341,18)
CALL CALCML(=NP,X,F?2,-1)
CALL CALCM1 (=NP,X4F3,-2)
CALL CALCML(=NP, Y yFl,y=5)
CALL GRID(O0e 90eyeSysSy24y18)
CALL CALCM1(D0,0.)
GO TO 100
999 STOP
END
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PROGRAM MICROAN (INPUT, OuTPUT)
THIS PPOGRAM DESIGNS A BACK F§D MICROSTRIP ANTENNA.
INPUT DATA IS AS FOLLOWS,
DESTRED FRZQUENCY IN WHZ
A/8 RATIO
SURSTRATE MEIGHT IN INCHIS
DTELECTRIC CONSTANT
DESIRED INPUT IMPENANCE
MEASUREN/CALCULATED INPUT PSSISTANCE FOR A TEST ANTENNA (HOPEFULLY 1.0)
LOSS TANGENT.
TME PROGRAM TS SZT UP TO RUN ON BOTH HIGH SPEED LINE PRINTERS AS WELL AS
TFLETYPE, FOR LINE PRINTER USE, THE FIRST FREQUENCY READ IN SHOULD BE
NTGATIVE. THS PROGRAM CONTINUES READING UNTIL IT RUNS OUT OF DATA CARDS.

REAL KyLAMDA,LAMDAG+MU+LsLOSSTAN, INM

COMMON/R/A, B, FyH ER

COMMON/F/RS 4RCoPI24 IMy L PI+sLAMDAG,LAMDA,LOSSTAN ,Z0,PA,PF,P
COMMON/F /EFF,DELTAF ,GAIN

MON(IN=T=(I/u)* 4

IM=1,

CALL ANGL

N=0

PRINT €0

1=2

REAN® oF JATOR,Hy FR4ROSe X o LOSSTAN

IF(COF(SLINPUT) (NELD) GO YO ag

I=T+1

FG=F

TF(F.GT.74) GO TO 19

M=1

PRINT &2

FG==FG

FzFG®L, T3

CALL LINGTH(ATOR,29)

YN=Az3,

H=H4+,07 1

CALL CONSTAN(3,195«Re1,4L7CR)

CALL WATTS(1,W)

CALL RUN(=1,4HyFH)

FIXNZ(Lo131REBRT =3/ HL (CR22=H®T L R6NHKRATI/(FG**(,32814Le2,7515%He
1 6,9277%4%H))

P1=p

RHL=OU* FTX® X

H=H=,1C 1

CALL CONSTAN(3,19E=Re1.LTEED

CALL WATTS(1,¥)

CALL RIN(=1,4H,FH)

FINZ (e 131ARBAT T a3/ HIL (SR =T ,uREL26RB67)/(FG**(,32814¢2,7515%Hs
1 6,9C77%4%4))

PH=PHOF IX X

YO=As2.

ZP0=S0PT(RNS/RH)

TF (7PN 6T a1 4) RNS=RUA(STN(YQ®P) #°2)

IF(7P0.LTe1.) YO=ASIN(ZPON/P

Y1=A/2,=Y0

YO<FzR)S=RUSSIN((YD=,01)%P) %2

HEPzCHUL ® (STN(YQ*PL) ®*2) =2(CS

CELTAF=N LTAF®] =3

TE(NGLT (LIPRINT A5 A, o Y0, Y1, YOE~ oM ¢DSLTAF GAINJRDSFGoATOSsH
100 LOSSTAM ¥ 01 O

TFENGGT .00 PRINT 30,80 AaHET oH ERGFGENSIY 14 RHIYNIR,LOSSTAN, X,y
1 N5LTAF . GAINGEFF

TF(NLT, 1) PEINT 72

IF(MOD(T) 4SCad) PRINT 5§

GO 70 1

FORMATI1=(IX,FR.LY)

FOPMAT(®1 A®, AX®0%, 6N ®H TPROUTGEX g OH® gE X #2008 X, 8F % ,6X,*PNS*,
17X V1% s P PRO% JAY L 2Y) FRROP® AN LOSSTAN® , SXo" X* o 3X*BENDHIDTH =,
1*GATIN(DA) ®, 3X *FFF®)

FORMAT(® »)

FORMAT(® TYPL IN THZ FOLLOWING PARAM T7OS, % ,/,% FREO IN GH7*,/,
1¢ A/R RATION®,/,* HETGHT IN INCHES®s/,® DTELFCTRIC CONSTANT® ./,

2% NrSIeTN INPUT PESTSTANCE®+/+* CORC:CTION FACTO® = “EASURSD/®,
3°CALCULATED INPUT RESISTANCE OF A TTST ANTENNA®,/,
“* LOSS TANGENT®)

FOOMAT(® IF YOU HAVE NO MOFE DATA TYPS IN 2STOP2®)

FORMAT(® L NGTH A®,T3)4%2%,F12.,647+% WINTH B® T35,%2%,F12,6,
17¢% YO0° oT304%=0oF12,6474® Y1ZAZ2 = YO TR0, *=0,F12,64/,

2% OHMS PSR o71% CHANGE IN Y(0®,731,%=¢,F12,64/,y

3% NUMS DR L00122 CHANGE IN H®,T3),*=2,F12,6 +/,

4% <3N JANOWINTH (GHZ)®T304%=%,F12,~y/¢* GAIN (N8 OVER ISOTRPOPICH

BB TX04%=2,F12.6¢/+% INPUT RESTISTANCT™® ¢ T30,%=¢,F12.647,

£% FREQUINCY TN GHZ® T30 ,%=%4F12,64/ 4% A/0 PATIO® TT0,%=%,F12.647,

7e SUASTRLTE METAHT ®,T30,%=%,F12.5¢7,* OTELECTRIC CONSTANT®

BaT304%=%,F12,6,7,% LOSS TANGENT®, 730,028 ,F12,6,7,% TORRECTION *

QOFACTOR® (TI(4®=®oF12,60/¢% RU® TID *=%,F12,be/y* P*,T3C,%=%,F12,6)
sTop

FND
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THIS PAGE IS BEST QUALITY PRACTIC
FROM COPY FURNISHED TO DDC 2
Program to Design Microstrip Antennas
With a Back Feed
By: John W. McCorkle, ~
15/12/12. 10.25.24. - 8 -
WHI1E JAK 65007391 :
USER'NUMEER: 485, T~
TERMINALS 53, T1Y
RECOVER /SYSTEMtEAICH
$RFL,20C0C.
ZRFL, 40C00
RFL,» 40000«
/CETsMICHFIAN/LN=62S,
/CET LIL=SUBS/UN=6RSe ﬁ'
ZLINK,F=MICRIAN =L 1Ees Xo
TYFE IN THE FOLLIWING PARAMETERS. '
FREG IN CHZ Tl e s ————
A/E KATIO Y' |
HEICHT IN INCHES o ;
DIELECTRIC CONSIANT Sy ey
DESIFED INFUT FESTANCE
CORKECTION FACTOR C(USUALLY 1.0)
LOSS TANGENT ”
? 1.2 1:25 2125 2.5 50. 1. 0005 %
LENGTH A = 2990736
WIDIH B = 20392589
YO = « 383353
Yi=Azg - YO = 1112014
OHMS FEK «01'" CHANGE IN YO = 2. 4799 40
OHMS FEk «GO1°**' CHANCE IN H = -«295700
=3Db EANDWWIDTH (CH2) > «0268777
GAIN (LE) = S.294947
INFUT RESISTANCE = $0.000000
FFECUENCY (CHZ) = 1.200000
A/Bb RATID = 125006000
SUBSTRATIF HEICHT M = « 125000
CIELECTRIC CONSTANT = 2.50000C
LOSS TANCFNT = «C00S00
COKRECTION FACTIK = 1.000000
kH = J35R.96€Ba43
P = «997635
IF YOU HAVE N3 MOKE DATA TYFE IN °'ST0F°
? Qe 1e)l 047 2095 50« 1o 001
LENGIH A = 1195178
wWIDTH E = 1.0B€526
YO = e ] 49638
Yi=As72 - YO » « 447951
OHMS FEK «01° CHANCE IN YO = 64364403
OHMS PER «001°'* CHANCE IN H = «336172
=3CE EANDYIDIH (CHZ) = «077330
GAIN (DE) = 5150947
INFUT REST STANCE = 50.000C00
FRKEQUENCY (CGH7) = J. c00CCC
A/E KATID = 1100CCO
SUESTRATE YFICHT W = «0470C0
DIELECTIARIC CONSIANT = 2.50CCCO
LOSS TANCENT = «0C1600
CORRECTION FACTOR = 1.0CCCCO
RH = J373.280478
P = 2504001
IF YOU HAVF NO MOKF DA1A TYFF IN *STIF'
? S0k
ST1EFMINATE D
/COS1.
AFFRIK CIST UF FUN IS ¢ «57
FETURNCZZZ/7 (YD)
7EYE
“s LOUGC UFF. 106316 4h,
685 Cr J«.AKA SEC.

Ansy
/!
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ON3
d0ls 66
67 01 09
(OS*°T=*°0¢XAZ )1Vd 1]
(0S*°T=¢°06°XAZ)iVd 1TVI
10S¢*T=¢*0¢AxX)1ivd 1VI
(3S*°T=¢°06¢AX)1lvd 1TV
*1-=3S
(Ha*M**T=)NI¥ 17VI
(M*T)S1LVM 1V
(9349 °T*e=-36T EINVLISNOD T1TVI
0AX/ZV=0A
(02°a0LVIHION3T 1TV
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(LNd1IN0 *INANIINJ311Vd WVI90dd
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X =Y PLANE
PHI EPHI ETHETA ETOTAL
SCALE 40 DB = 5.06138
-180.00 17.729 -L11.04 17.729
=175.00 17.451 =212.42 17.451
-170.00 16.562 =206.45 16.562
-165.00 14.867 -203.01 14.8€7
=160.00 11.816 =200.63 11.816
-155.00 52929 =198.85 5.2929
=150.00 =L.4025% =197 .44 “4.4025
=145.C0 10.601 =196.32 10.601
=-140.C0 16.231 =195.40 16.231
-135.00 19.854 =194 .64 19.854
=130.00 22:548 =194.02 22.548
=125.00 24.695 =193.50 24,695
-120.0¢C 26,476 =-193.09 264476
=115.00 27.994% -192.75 27.99%
=-110.00 29.313 =192 .49 29.313
-105.00 30474 -192.29 30474
=100.00 31.509 -192.15 31.509
-95.000 32.440 -192.07 32.440
-90.000 33.283 =192.05 33.282
-35.000 34.052 -192.07 34.052
-80.000 3L4.755 -192.15 3L.756
-75.000 35.403 -192.29 354403
=70.000 35.998 =-192.49 35.9°8
-65.000 36.547 -192.75 36.547
-60.000 37.062 -193.09 37.052
=55.000 37.516 =-193.50 37.516
-50.000 37.961 -194.02 37.941
-45,00¢C 38.326 =194 .64 38.326
-40.000 38.672 =195.40 38.672
=35.000 38.979 -196.32 38.977
-30.000 39.247 =197 .44 39,247
=-25.,000 39.475 =198 .85 39.475
-20.000 39.663 -200.63 39.663
-15.000 39.810 -203.01 39,810
-10.000 39.915 -206.45 39.915
=5.0000 39.979 =212.42 39.979
0. 40.000 0. 40.000
5.0000 39.979 -212.42 39.979
10.000 39.915 =206.45 39,915
15.000 39.810 -203.01 39.810
20.600 39.663 -200.63 39.6€3
25.000 39.475 -198.85 3Q.475
30.000 39,247 =197 .44 39.247
35.000 38.979 =196.32 38.979
40.000 38.672 =195.40 38.672
45.000 38.326 =194.64 38.326
50.000 37.941 =194.02 37.941
55.000 37.516 =193.50 37.516
60.000 37.052 -193.09 37.052
65.000 36.547 -192.75 36.5L7
70.000 35.998 =192 .49 35.998
75.000 35.403 =192.29 35.403
80,030 34.755 -192.15 34.756
85.00C 34.052 =192.07 34.052
90.000 33.283 «192.05 33.283
95.000 32.440 -192.07 32.440
105.00 30.470 -192.29 30474
110.00 29.313 «192.49 29.313
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PRPOGRAM RESULTS (INPUT,0LTPUT)
THIS PROGRAM COMPILES ALL OF THE MEASURED DATA INTO A FORM WHMICH LENDS
ITSELF TO ANALYSIS,
INPUT DATA IS AS FOLLOWS.
A, By, H 5 "R, MEASURED FREO IN MMZ, MEASURED YO, MEASURED INPUT RESTANCE
AND AN INTEGER JJ WHERF GROUPS OF JJ LINES ARE PRINTED WITH A BLANK LINE
BETHEEN EACH GROUP,

REAL K,LAMDA,LAMDAG,MUsL, LOSSTAN, IN

COMMON/ZEB/A B, Fy HyER

COMMON/E/RS yRCyPTI2, IMoLoPIyLANOAG s L AMDA ,LOSSTAN, 20, PA,PB,P

DIMSNSION MFG(Y¥),KOR(10)

NATA MFG/2H3M,2HFL,?HCU/

FREOU (HyEQgByR) 28,90 1427165EI/(A®SART(1.+.61°(ZR-1) *(B/H) **,1155)
142, *HE*SQORT(F2))

MON (T ,J1=T=(17J)%y

TNz,

LOSSTAN=. 701

PEAD 11, talRII),T=1,10)

OEAN® ,J

TF(J.ENLO) U=5

CALL ANGL

T=n

ORYNT 7

PRINT 10

PRINT 11, (KOR(T),I=1,10)

PRINT 3

%0z 0

YMILT=Y,

XPLUS=0,

PEAN® JA R H, TRy FMM,Y 242V, JJ

FG=FMM® 1 ,E=2

TF(A.EQ.N.) GO YO 9°

IF(A.GT.0,) FO TO 20

Az-A

XMULT=XPULT®* (1 ,/7KN)

¥PLUS=XFLUS/KO

PRINT &

XMULT=1,

¥YPLUS=C,

X0=0

Fa=FMMey EE

TF(R.EQ.C.) GC TO 3

1TNR-A/R

I=7#1

FC=FYEQUIHyER,A,48)

Fzcr

CALL CONSTAN(3,196=8,1.4TF6)

CALL WATTS(1,W

CALL RIN(=1,4W,RH)

RI=RUESIN(YC®P) **2

IF(RILEQ.0.) GO ¥Q 92

o9=0]

COOR Cf=R/F2

csocr=ER

FR=OTELECTUIFM,4,0,H)

]

CALL CONSTAN(3,1QE-A, ¢, 47E6)

CALL WATTS(1,W)

CALL RIN(=1,yW,5H)

OI=RHESIN(YCOP) *o2

TF(RIL.EC.N,) GO YO a?

FIX=(WLo 1316EEE7 " =T/He1,5022-H®T7 L 660266E7)/ (FG**(,32814¢2,7515%K¢
1HeH®5 ,9077))

PI=PI®FIX

€0°P C2=P4/R1

PH=RUSCCPRECP*E Y

YC=ASIN(SORT (5N, /RH) ) /P

FeFCeq,E-&

Y=COIREC?

YPLUS=XFLUS#X

YMILT=xpuLT®x

KO=KN +9

TFOXLT 140 X=q,./X

YEzRUS (SIN((YF4,01)%0)**2-STNI(YC-,011°F)®*2)%,5

ORINT 24A,A,ATNA M, FSEEC, YO, F FFF,ERyZ04PM,CCRRECT,RI,CORREC2,YE,
1 Xy RM,YCyMFC(IY)

TFIMODIT,J) LEQ. 0) PFINT &

G0 TN 1

PRINT ¢

G0 T) 99

PRINT &

FOOMAT (201N aFA, L) g1y 7 gl Xy FEaligl XoF5 21X F5,3,201N,F8,1),1X,
1FS, 202010, F 7,30 10 F6 3ol Xy F7 ol ot XoFEa3o1X F5,2,1XyF5.3,1XsF6.0,
2 1¥,F5,3,1X,A2)

WA, 008 AV SATOR® (SN O H® SN PER® AN, * YO L X, O F(MNZ)®
* P PER® L EX JCPIN® S, *RIN®, 2X,*MCA SX,*RIN®, 2X,
2 SMEAS/®,2X,%,0122 VSWR R EDGE NEW MFG®,/,5Y PEC®,

3 ANY,SCALC® J5X, *MEAS® (2 X, *REQED® y 3X y*CALC®y L X *MEAS® 4 X, CALC®,3X,
b SCALC® JLX *CAL ® 41X *“RI0R® 16X,°Y 0%,/ )

FOPMAT(IM )

FO MAT(® EFROC A=20%)

FORMAT(® EFRRO® RIN=0*)

FOPMAT(*1*)

FORMATI(AON, ®XMULT=® F7,5,5X, AVE 2% ,F7,5,/)

FOOMAT(*0°)

FOOMAT (10 (AR))

99 <T9P

“NY
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Flrz(e,1 9y
L]

3.03°¢
3.907)
3.00%0

3.0300
3.3070
3.99°¢C

©.51700
4.5090
84,5275

L5910
6.901%0
8.5030

3.0002
3.7972
3.0000

3.7220
3.09° 0
3.0210

J.050
3.22%0

s.03%¢
305020
3,199
3.00%0
3.0239

3.0030
JeCi0
3.06%2

¥.6873
3.5970
3.6C°3

3.0090
3.0029
3.00"3

300000

2,323
2.0020
2,0629

2.6020
2.6
2.2330

2.09%.0
z2.00%0
2.0335%

10.02%Q
1340020
10,6070

L)

15902
1.5300
15700

3.3700
3.7763
2302

3.3360
3.1:00
$.2309

ATRBID
3. 2000
%. 7300

..5)00
45703
%5100

3.9290
3. 10)
3.0209

1.5700
1.%900

1.0
2.6700
2.3300
1.7100
1.%200

3.3300
2.4300
2.0
1. 7100
.30

3.3%¢°

2,800
2.1%00
17163

1.5.00

1.5700
1.9138
11629

AT0%

2.630
et
2.00

1.000
1.605
1.000

1,570
1.50)
1.93)

1.5M
1,503
1.%00

57
o£5?
L1

1.000
130
1.007

2.072
2.0Q0

1.2
1.2%)
1.59
1.75¢
2.0M

14337
1250
1.80%
1.75%6
2.009

1.600
1.25)
14500
175«
2.0

1.259
1.5)9
1.75

1.25)
1.53
1.76«

1.2%)
1.50)
1.736

2.093

1.2%
1.503
1.7%)

1.2%3
1.%0)
1.7%)

1.2%
1.599
1.758

14667
186”7
1.he7

2319
<0310
«0310

<0316
DJ41C
D330

0310
0310
3310

«125¢C
1250
1250

«125¢
1250
1200

1280
1250
«12%

1250

TE20
Ce20
0e€20

«0310
0310
<9310

+128¢C
w620
«0310

€
cPeC

2.0 .5%0
2.50 1,359
2.50 1,50
2,50 .500
2450 1,800
2.50 1,500
270 o750
2.50 1.500
2,50 2,250
2,50 J7%9
2,50 1,500
2.60 2,250
2.50 4530
2.50 1,000
2.50 1.500
2450 .50
2450 14000
2.50 1.500
2.56 .27
2.5¢ .5.9
2.0 330
2.50 .3%0
2.5¢ .29
2,50 .23
2.5C 4210
2,56 .eL0
2,50 ob10
2,80 .380
2,50 328
2.50 .290
2.3 709
2,50 6.1
2,56 4570
2.50 .6%0
2.50 639
2.50 .e60
2.5C 4320
2.50 320
2.58 .270
2.50 .00
2.5¢ 220
2.56  .9ne
2.50 .39
2.50 o709
2.33 430
2.50 .280
2.50 198
2,50 o510
2.0 270
2.50 173
2.50 219
250 o260
2.50 4220
2.50 o280
2426 1,050
2420 1,299
2420 t.720

Ly
CaL”

1235.5
123%.3
123%,5

12058
120Fen
120¢.A

Ai%.9
86%9.9
LI TS ]

f33.9
f14,9
A18.9

1175.4
17%.9
1173.8

114n.5
1182,5
118%,.5

12132
1218.2

1182.5
119¢,5
160340
120*.6
12112

121C04%
1219.6
122€,6
1.
1237.8

];'f‘".ﬁ
121401
1222.6
12304
123t.5

119€.5
1263.9
120%.6

1217
1227.6
12%.7

121k,
1223.%
123404

1272.9

1767,6
17589
1762y

17167
182¢ )
183,68

183,
1061,.%
1850.8

3%
J8S.6
3834
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FLwry
LI 3

12480,0
1240.¢
125041

1346043
12e1.7
1262.%

Lid
A50. ¢
a5c.t

AMlop
PihoA
819,7

1140.¢
1191.C
1194,

1194.°¢
12260
1215,¢

1217.¢
1219.3

1109.4
1198,3
1269.°
12.9.2
1215.¢%

1231.0
12V1.¢
1236, ¢
1237.2
126642

1265.7
129¢.3
1265.¢0
12C1.3
12095, 4

1196.¢
12008
1219.¢

1218.%
1225.¢
122%9.¢

1219,.¢
1220.0
122%¢

1268, 8

1760, ¢
178202
1792.¢

181580
1823.¢
107607

1822.0
102A.¢C
LAS2.8

393.?7
396.6
347.1

€
2

265
265
2eh

2.7
2436
2.3%

Cr b
2.27
2.27

2,52
Z.hn
2ou?

2,07
2,63
2.49

2.ur
2,4

2.49

2408
2,07

2.0
2.69
PELL
2.93
20

2461
25
2,45
2408

2.4b

2.1
2.45
2.37
2.11

2,24

2.53
2.69
2.99

2.%0
2.54
2.%3

2449
!x!l
2,54
2.%9

2,68
2402

2.1

2.%)
2.51
2.2

2452
ol
2.%%

2.1
& e
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r

AR
tont
[T

2,442
2,448
2,467

24495
24048
2,445

ALATY?
8,945
4.97%

6,154
6,213
Q.54

f.9.9
9.0y
9.118

16,563
16,5%

.19
10.92)
12.87%
18, 76y
16.5518

.. 712
$.777
COLEL]
ToATS
A,a59

24672
3,346
3,610
Lottt
& Tuh

10,913
124857
14,768

S.716
6,766
7.79%

2.9¢0
$.507
bolne

Lo T00

15,835
LR L]
214000

11,787

. 3%
$.119
$.926

[ LD
24580
1,338

“I
VEAS

110e8.0
LRI LE]
470,020

175,030

50,000
157.600
19C. 000

126,030
179.00)
o000

27.41
92.9570
110,070

Sb.000
175.230
225,000

59,800
2,L.030

28,400
29410
27.91
1,729
26,240

49.630
E7.070
LITELE ]
4300
23.270

76,600
TR 209
18.A00
78,610
18.%0

“1.000
«5.000
56,000

21.700
9,000
26,000

€7.9030
e.20
82500

Ai.0N0

£2.5%0
36.7%2
17,320

57.5%0
29.100
56,500

19.710
16,000
6,020

e,000
$6.000
“w.008

LAY
caLe

1.671
1597
1,686

1.576
1,558
1.549

1,691
1730
1.581

LA L]
«751
B2

«300
0297
<28

o513
528
Ll

oAy
o7y

o TA
556
555
667
Sl

1.931
1.158
1.226
1.422
1.3%¢

1.5C5
1.600
1.580
1,581
1.743

Sy
5N
579

55
1e146
1a0?

1.261
1.29N
L1272

1,605

N4
w35
38

.t21
792
«90

1.206
1187
1287

1030
1.92¢
a8

RIN %-as2 Sz
raLt AL errFenr
Aden 1,201 2.
¢6T.9 1,120 2.70
362,86 1,108 2.7%
36.9 1.i80 1.65
111.3  1.160 L. %6
15G.7 1.161 1.6%
“6.0 1.087 1.21
138.8 1,017 1.2}
107.) 1.316 f.1h
19.0 1,017 1,45
2935 1.16) 193
“33.7 1,988 1.9
53.7 502 1.7
163.1 «506 1,15
2840 JeR?2 1,03
LR «M57  1.9%
195.3 708 1,9¢
269.3 L4355 1.97
503 1.176 3.A0
151.0 1.326 4,05
27.2 N2 1.
30.9 o6l 2,32
29.6 b 2,78
2%.8 1.101 3.38
28%.7 «AT9  3.0e
5.5 <983 2.0)
52eb 1.095 2,09
52.0 1.162 2.9%
$51.6 1.250 3.47
59.9 1.262 3N
6%.0 lelel 1,62
Beeb 1,200 1,97
Toeb 1,262 2.36
64,08 1.15C 2,952
66.% 1.3540 3.03
£3.9 L7611 2.1)
o3 1,016 2.85
Sh.8 «98¢  3.15
he P «T 2.00
6hed 14073 2.4
2%.1 1.036 N.1é
2.6 «30 1,85
3%.% 966 1499
6649 (936 2,25
86,4 1,069 2,87
65.3 1.037 3.me
J6el 1.016 4,32
122 1,158 Se1t
6.7 LT 3,79
33.9 323 4,28
$6.0 1.131 S.3%
381 1.061 3.17
35.1 1.027 3.62
Slel 1,097 4,24
38.3 1.020 .00
3%.7 62
33.9 39

Viwe

Lel6l
14420
1.133

1.18C
1144
1.161

1.007
1.117
1.016

1.01€
1.168
1.04A

1988
1.977
2.073

1.153
1.125
1.197

1e176
14326

1.248
1.063
1.059
1.108
1.118

1018
1.08°
14162
1.2%0
1.242

felbl
1.200
1.262
1.35¢
1,360

1.314
1.016
1.018%

1,148
1.073
1.03¢

1.t99
1.050
1.071

1.069

1.0
1ei16
1.158

1.097
LR L1
tan

1.061
1.627
1.097

1.820
1.009
1.032

]

. dTa w5
ve
w“fle  o8¢% 4
Slte o847 M4
Liles o350 34
178, Q563 31
1?60 SLe I
176 oFeb 34
20, o750 3%
2, o730 3%
1€0s o777 34
W, W1 3
a7, UL A
L L RS L |
119, 710 3%
1807, 715 3%
118, o762 3%
262,  Jal5 IM
2. LeB7 3
226, <692 31
7oL, o267 34
87, 262 3%

Pt .
37,
827,
hit,
584,

24,
s,
wth,
6T,
Tal.

170, oS5
27T ekt
3C7. w632
367, W37
UL 18]

CTX.  Jbb5

4% 111
$%1. .30
290. 419
LIE. 4339
L U )
170, .53
238, aeie
AT, LY
R LUPSINRS £ 14
39%. 2693
1. W28
66 . L1008
365, 251
(33 238
682, .181
261, W23
3¢, J261
439, $22%
389, 1.1985
2%6. 1007
129, 2.160
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FL
o

L
L2
FL
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PROGP AM RINVSH (OUTPUT, INPUT)
Ce**g8AS=0 ON MOE XALOICS PAPER ON MICROSTRIP ANTENNAS 1975
C**8T4 1S PROGRAM PLOTS THE INPUT RESISTANCE AT RESONANCE VERSES THE SUBSTRATE
C®*STHICKNESS (H) . INPUT DATA IS AS FOLLONWS,
Co®8F (SR LOSSTAN,HMIN ¢HMAX JNH o ABMIN ABMAX JNABSLLy Y1,Y2
C®*SF-.FREQ IN MHERTZ, ER=-DIELECTRIC CONSTANT LOSSTAN-LOSS TANGENT
Ce®*eyMIN=-MINIMUM K TO BE PLOTED HMAX=MAXIMUM H TO RE PLOTTFD
C®**SNH=NUMBZR OF HEIGHTS (PIINTS) TO BT PLOTTED
Co%8 NOTE, (HMAX=HMIN) /INH=1) = CONVENIENT NUNBER FOR THF W INTERVAL AND
Ce®s (HMAX=HMIN) /264 =CONVIENIENT NUMBER FOR A NICE GRAPH SCALE.
Ce**sAaNMIN-MINTMUM A/8B RATIO ARMAX=MAXTIMUM A/B RATIO
C***NAR-NUMA3-R OF RATIOS (LINES) TO BE PLOTTED ON THE GRAPH,.
C*sesL L= A LINS IS SKIPPED AFTFR FACH GROUP OF LL LINES IS TYPED
Cessy)-MINIMUM VALUS OF Y AXIS ON THE GRAPH,
Cessy2<MAX VALUE OF Y AXIS IN GRAPH (RTN MaX)

C**® NOTE. (Y2=-Y1)718 = CONVENIENT INT-RVAL FOR GRAPH SCALE, OR Y1=Y2=0 FOR AUTO

C*** SCALFING, USUALLY A FULLFR GRAPH FSULTS IF Y1 AND Y2 AFE DETFRMINED BY
rsss yAND
€
PSAL LAMOA,LAMDAG.L +LOSSTANWIM
COMMON/S/A, By FyHyER
COMMON/F/RS yFCyPI2y IMy LoPI,LAMDAGWLAMNA,LOSSTAN4Z0,PA,PP,P
COMMON/F/EFF4DELTAF 4GAIN
DIMENSIIN PR(S51)4X(51)
MOD(T 4 J¥=T=(1750%Y
FREQUIH SR, A4 A) =5,9310 271655/ (A*SART (1.+,61%( C=1)*(B/H)**,1155!
142,%H®SNOT(FR))
IM=1,
CALL ANSL
1 READ® oF ¢ "Ry LOSSTAN  HMINGHMAX g NH ¢ ARMI g ABMAX JNARGLLoY1,Y2
IF(ENF(SLINPUT) (NZ,7) GC TO 99
F=ARS (F)
WL=1.187286433713/7(F*SCRT(EC))
WL=1.
HMIN=HMIN® WL
HMAX =HMA XS WL
HINC= (HMAX=HMIN) / (NH=1)
ARINC=(APMAX=ABMIN) /(NAH=1)
ATNR=ABMIN
0O 27 J=1,NAPR
HzuMIy
FFE=F*{,2=9
POINT 5,FF,ATNR,LOSSTAN =R, WL

& FORMAT(// sAX s *FREQIGHT ) =% 41PR1244s3X,*A/0 FATID =%41PG12. ks
1 3XG®LOSSTAN =%, 1P512,bo3IX # P=2,1PG12,Ls3X 4" WL =*41PG12.4)
PIINT &
[N FORMAT(AN G R A% 16X ®0%, 1UX *H® 413X ,*P INPUT#,17X,*GAIN®,

113X *CFCTCIENCY S o TX 4 S VANNWIOTH® o X, *LAMNAGY )

0O 1. I=14NH

CALL LANATH(ATOF,21)

Y0=28/2,

CALL CONSTAN(3,192=3,1,47ER)

CALL WATTS(1,W)

CALL RIN(=1,4H,yEH)

FH=Fe1,3-0

FIXNZ (4, 131R6HRTE=3/H4L (FA22~H2T ,LRA PHERT)/ (FG**(432R1442,7515%He
1 AR QT 775HUHY

PI=EUSSIN(Y(Q*P) **2

RI=RY®FIX

P (1)=RT

X(I)=H

PRITINT 34840 gH 421 ,GAIN,"FF,0 LTAF,LA"DAG
FNOIMAT(8(1PGI6.5))

TFOMIDCT JLLY oF N3 JAND  CANM=T) 5T, (LL72V )Y POINT 162%

[

1625 FOIMAT(LIH )
1C H=HeH INC
TI=NH®2,/3.4.5
SLOAPE=(PP(II)=CP(1))*WL Z((TT=1)"HINC)
POINT 2,SL0PC
2 FOOMAT(/ 45X 4*SLOPE=®4F R 04*OHMS/WAVT LINGTHS®)
TF(JeT7e1) CALL CALCML (NH X PRy T HMTE JHMAX, ¥1,4Y24100 494
1 19HMICOISTRIP ANTENNAS =19 FHH(INCH S)49,9HINPUT 2ES,9,1,18)
TFCJNEC1) CALL CALCML (=NHyX4RF y=J)
2¢ ATOP= AT )+ ABINC
CALL GRINMeeNeved9eb5e¢20919)
CALL CALOMILT " o)
60 70 1
99 sTne
ENN
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121972
$209°2

5109°2
99682
23852
9248°L

2496
£585°2
sThg*L
962¢°2

12052
£58%°L
96502
LA R

206£°L
Stag*L
29222
91612
Ivamv

2299°¢L

01s9°4-

56€9°¢
§£59°2
64%59°2

61592
24%9°L
6£99°L
8¥ES L

62592
2929°L
"8 192
"609°L

Tbbs°*L
£295°L
9£15°L
9455°L

S6£5°4L
62152
226%°L
£199°L

2252
InLEL
S6lEL
LA A TAY]
ovahvd

404300144 1°¢ 99506° £6490°S 99°49%8%

20435%211°2 6££06° hhn0°S hd°6fS
204320911°2 20006° 22£0°s 10°0£S
404318577°2 h006H° 99719°s %5°81S
2043 36211°2 S8 8° 0£00°S L9°n.5
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SURROUTINZ ANGL
THIS RCUTINE STORFS ALL OF THF VALUES FOR THE SIN: AND CCSINE FUNCTIONS
THAT ARE USED THROUGHKT THE PROGRAM

COMMON/A/CO(145),ST(145), ANGINC

ANG INC=4,36332313c-2

N0 19 I=1,145

ANG=ANG INC* (I-73)

CO(TI)=CCS (ANG)

SI(I)=SINCANG)

RETURN

ENTD

SURROUTINE COMSTAN(MU,SIGMA)

THIS RCUTINE CALCULATES MOST CF THE CONSTANTS USED THROUGHT THE PROGRAM
REAL KyLAMDAZLAMDAG,ML,LyLOSSTAN,IM
COMMON/A/CO(145),ST(145), ANGINC
COMMON/B/A,ByFyH,ED s
COMMON/C/P2 4% ,PSA,PBK 4PSA,PCK
COMMON/C/PCCN
COMMON/E/RSyRCyPI2yIMyL yPIyLAMDAG,LAMDA,LOSSTAN,Z0,PA4PB,P
PI=3.141592¢€54
R=63360
PI2=2*P1
LAMDAG=2*A+ (4L *H/SQRT (F?))

LAMDA=1,.,1802854L33E10/F
RS=SQRT (PI*F*MU/SIGMA)
RC=RS*A/B
70=376,7303€c*H/(SQRT(ZR) *3* (1., 41.,735% (ER**(=,N0724))* (H/B)**,83€))
K=PI2/LAMDA

P=P I? /L AMDACGC

P2=pP=pP

L= 70/(F*LAVDAG)
PCON=Z0/8.* (IM/LAMDA) **?2
ANG INC=4,36232313¢E-2
PA=A*P* 5

PSA=P*SIN(PA)
PCK=K*CCS(PA)

PB=pP*B* ,5

PSR=P*SIN(PE)
PBK=K*CCS(PE)

PETURN

END

8-28
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FUNCTION DIELECT(FMyA,T,4)
THIS FUNCTION CALCULLATFS THE CIZLECTRIC CCNSTANT REQUIRED TO GIVE THE
FREQUENCY OBTAINED IN AN ACTUAL TESTED ANTENNA
FM = MEASURED FRINUZNCY IN HZ
A THE LENGTH A IN INCHES
8 THE WIOTH B IN INCHES
H THE SURSTRATS THINKNESS IN INCHES
F=rM*1,E-9
QH= ,61* (R/H)**, 1155
FH= (F*H ) **2
AF=(0A*F)*%*2
X=34,82€84258+(8H-1) *aF
7=(L*FH=-AF*EH)
Y=X*7=278,61474+16%FH
2=2%7
Y==Y/7
DISL CT=Y=SCRT(Y*Y=-X*X/2)
RETUSN
£NN

s EeNe Re Ne Ne]

|
;
1:
|
|
|
;

SURFOUTINE LENGTH(ATOB,4N)
THIS ROUTINE USES AN OPTIMIZED NEWTON ITERATION METHOD TO CALCULATE
ZAf AND #RZ FOR A GIVEWN A/B RATIO
IF B DOES NOT SQUAL C.0 WHEN THE ROUTINE TS CALLED, THEN B WILL BE
USED AS THE FIRST APPROXIMATION FOR R,
ATOB = THE RATIO A/8
N = MAXIMUM NUMBER OF ITERATIONS
COMMON/B/A,B,Fy HyER
IF(BeEQede) B=S,75E9/(F*ATOB*SQRT(ER))
K=0
SER=SQRT(ER)
ERM=FR=-1,
PSERM=,61%*ERM
CERM=,0352275%EFM
TOP=5,9301427165E9/F =2* H*SER
10 B81=8
K=K+1
BH=8B/H
ROT2=1,+PSFRM*RH**, 1155
BOT=SQRT(BOT2)
DBOT=CERM/(BH** ,8845*30T)
FUNC=TOP/BROT=-B*ATO8
OFUNC=(=TOP)*DBOT/30T2=-ATO8
B=81=-FUNC/ (DFUNC*1,034)
IF(KeGTN) GO TO 213
IF(ARS(1,-B1/8B) ,GT.1.2=9) GO YO 19
A=RB*ATOR
RETURN
20 A=8#%AT08
15 FORMAT (* ERROP IN LEINGTH A=*,1PG2010+* B=%*,1PG2C0 .10
p S ERROR IN B =%,1PG20.10)
PRINT 15,4A4BsFUNC
PETURN
END

OQOO0O0OO0

N ST——
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SUBROUTINE PAT(CUT, ANGLE,OUT,SCALE)
THIS ROUTINE PROODUCES A POLAR PATTERN ON THE CALCOMP PLOTTER,
CUT AND ANGLE DETERMINE THE PATTERN PLANE THROUGH THE ANTENNA,
CUT=XY MIANS THAT THE PLANF IS FARALLEL TO THE XY AXIS AND,
CANGLZ<=THETA
FOR EXAMPLE, A PLANE GOING THROUGH THE X=Y AXIS = ANGLE=90 DEGREES
CUT =7YX MTANS THAT THE PLANE PASSES THROUGH THE Z AXIS AND
SANGLF< = PHI
FOR TXAMPLF, A PLANE GOING THPOUGH THE Z=Y AXIS = ANGLE=90 OR
Z-X AXIS ANGLF= ( DEGRESS
THE PLOT IS SCALTD SO THAT 4C DB PLOTTZOD IS ACTUALLY <SCALE< D8,
IF <SCALES IS LESS THAN ) WHEN <PAT< TS CALLEDs THEN THE VALUE FOR SCAL: IS
CHANGED TO THT MAXTIMUM GAIN OF THE ANTENNA PATTERN.
SCALT «LT. 0 AUTO SCALE
SCALF .GT, 0 &0NP = SCAL®
OUT, L™ .0 PRINT AND GRAPH
NUT=1 PRAINT ONLY
OyYT=> 98INT SCALL ONLY
OUT=3 NN PRIMTING
COMMON/ZA/ZCO (1451,ST (145) 4 ANGINC
COMMON/ZPAT/ZFOXYX (77D TOXYY(7T) 4 ETXYX(73) JETXYY (73D LETOTXYX(73),ETO
1TXYY(72)
COMMOMNZG/PATK ¢ XY 4 ZY X
CIMEMSION FTHXY (73) 4EPHXY(T73) 4eTOTXY(?3)
IF(QUT.GTW24) GO TO 93
IF(CUT, "N XY) PCINT 1§
1 FORMAT(ULIX,*X = ¥ D L AN E® o/ 10X y%PHT® 310X o*EPHI® 314X, *ETHETA
1%,12X4*-TOTAL®, /)
TF(CUT.“Q.7YX) PRINT 102

DOHOODODDIONOONONODOOOOO

162 EOOMAT (W)X ®*X = Z SLANE® o/ ¢ *THITA® L 16X 4 * FPHT * 1L X,*ETHET A® 413X,
1 *ETOTALS /)

ap IP=ANGL T/2.5 #723
IT=1p
1=0

XYMAX=(~1 ,F75)

00 17 K1=1,145,7

IF(CUT, "N XY) IF=K1

IF(CUT,=N,ZYX) TT=K{

I=Te1

UH=U(TIT,T1P)

TH=T(IT)

ETHXY (D) =PATKS(UHSSTI(IPI®CN(IT))**2

TOHXY(T)=PATKA(UKSCO(IPI+THEST(ITIY 2

CETOTXYLT) =CPHXY (T) e THXY (T

TF(YYMEX, LT ETOTYYLT)) XYMAX = ETOTXY(I)
10 CONTINUS

XYNN=17 (¢ ALOGLN (XYM AY)

TF(SCALF,GTe o) XYDW=SCALE

SCALE =xynR

NACONXY =4 0, =XYNP

TF(OUT,LT43.) POINT Z,xXYVYOR

2 FAOMAT(® SCALE 47 N1 =2,1PG2( k)
127
IF(CUT.G7¢24) GO T 21

Ll ne 21 IP=1,145,2
I=Te1

TECEPHXY (T GNE, "o ) TOHYY(T)=1" (®ALNGLC (FPUXY (1)) ¢0BCONXY
TRCEETHXY(T) (NEL o) TTHXY (IV =10 (* ALOGL . (TTHXY (I)) #D3CONXY
TFCETOATXY (T) N7 QUe) FTOTXY(IN=10,*ALCGLA(ZTOTXY(T)) +DRCONXY
PHI=E,* (T=1)=1R",

TECOUT LT o1 IPRINT 2y PHIZPHXY (I) o TTHXYLT) JZTOTXYL(I)

2 FORMAT(4(1P519,%))

IF(FTOTXY(TIWLT o006 ZTOTXY(TI)=C,
TECFTHXY(I) oL Yo (o) STHXY (ID=C,

IF(EPHYXY (T 4LT 0, ) EP4XY(TN =0,
EOXYX(I)=COL]IP) HXY(T)
EPXYY(TI=ST(IP)®ZOHXY (1)
FIXYX(I)=COCIP) *ETHXY (I
FYXYY(I)=ST(TIP) *CTHYY(T)
EYOTXYX (T)=CO(IO)I*=TOTXY ()
ETOTXYY(T)=ST(IPI®ZTOTXY(])
2¢ CONTINUC
IF(OUT.EN,1,) GO TO 21
CALL CALOML(7 3, TOTXYX 4 TOTXYY 037400 090¢9¢ ¢9¢ 919HMICRCSTRIP ANTE
INNAS,; =19, 1H s141H 141419
CALL CALCML (=73 ,EPXYX, IPXYY,=2)
CALL CALOMLU=T73,ZTXYX,CTXYY,=F)
CALL CALCML(C 4040
21 RZTURN
NN
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SURROUT INE RIN(OUT,W,H)

THIS SUBROUTINE COMPUTES THE INPUT RESISTANCE AT RESCNANCE

FOR THE INPUT POINT = Y2

OUT +LT, Ce FOR NO PRINTOUT

OUT «GT, 0o FOR PRINTOUT OF RESULTS

W = WATTS OF RADIATED POW:ZR

RH = THE UNADJUSTZID INPUT PESISTANCE AT RESONANCE.
REAL LAMDA,LAMDAG,L 4LOSSTAN,IM
COMMON/A/ZCO (1450 4SI (145) 4 ANGINC
COMMON/B/ZA,RyFy HyER
COMMON/E/RS 4RCePI2y IMyL +PI4LAMDAGyLAMDA,LOSSTAN 4Z0,PA,PE,P
COMMON/F/EFF,DELTAF,GAIN
COMMON/G/PATK 4 X Y4 ZYX

UNADJUSTED

NAMELIST/RZISULT/ZOyLsSFFyWyQP9QCyNN4OT4DZLTAF4D, RI oRA,RC4RS,yF,

1 LAMDA,LAMDAGIM,LOSSTANGA,R,YO4HsZRsGAIN
OMEGA=PI2*F

RA=2%*W/ (IM* IM)

QR= (OMEGA®L*A)/ (2*RA)

QC=(PI*7Z0*R)/ (LAMDAG*RS)

QD=1./LOSSTAN

0T=1./7(1.,/QP+1,/0QC+1,.,7QND

EFF=QT/QR

DELTAF=F/QT

RT=FA+2 ,*RC

D=(ZO*PI/RAI* (((SIN(PA)+SIN(PR) I/ (LAMDA®P))*22)
GAIN=10,*ALOG10 (D*EFF)

RH=2,%Z0%*2/RT

PATK= EFF*PI*Z0* (IM/LAMDAYI**2/(2.%W)

IF (OUT.GTe0,) PRINT RESULT

RETURN

END

FUNCTION SIMP(T,J)

THIS FUNCTION GENERATES THE FROPER COFFICIENT FOR SUMMING TERMS IN A

SIMPSONS RULE INTEGRATION
J = TOTAL NUMBER OF TERMS IN THE SuM
I = THE NUMBZER I OF THE TI2TH TERM 3Z ING SUMED
SIMP=2,
A=T/2,
11=1/72
IF(IIENQ.A)SIMP=4L,
TFC(ToLTe2) sORe (I4GELJ)ISTMF=1,
RETURN
FNN

ik i ot
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FUNCTION T(CIT)
THIS FUNCTION COMPUTES A CONVIENIZNT INTERMEDIATE NUMBER
IT - REFERS TO A PARTICULAR ANGLE FOR THETA
REAL K
COMMON/A/ZCO (145) ySI (145) 4 ANGINC
COMMON/B/A,ByFy HyER
COMMON/C/P2 4K+sPSB4PBK,PSA,PCK
BKC=K*B*CO(IT)* .5
T3=PSB*CNS(BKC)
T4=PBK*SIN(BKC)*CO(IT)
T8=P2=(K*CO(IT) )**2
T=(T3=T4L) /TR
RETURN
END

FUNCTION U(IT,IP)
THIS FUNCTION COMPUTES A CONVIFNIENT INTERMEDIATE NUMBER
IT = REFERS TO A PARTICULAR ANGLE FOR THETA
IP - REFERS TO A PARTICULAR ANGLF FOR PHI
REAL K
COMMON/A/CO (145),4SI (14594 ANGINC
COMMON/B/A,ByeFyHyER
COMMON/C/P2 4K 9PSB4PBK, PSA,PCK
AK=K®*A®*ST(IT)*SI(IP)*.5
U2=PSA®*COS(AK)
U3=PCK*SIN(AK)*SI(IT)*SI(IP)
US=P2=(K*STI(IT)*SI(IP))**2
U=(u2-U3) /7uS
RETURN
ENOD
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SUBROUT INE WATYTSINT W)
THIS SUBROUTINE COMPUTES THE RADIATED POWER BY USING SIMPSONS RULE TO
INTEGRATE WITH PHI, AND THEN USING FILON2S METHOD TO INTEGRATE WITH
THET A,
NT = 1 FOR HALF SPHERE INTEGRATION ( AS KALOI SUGGESTS)
NT = 2 FOR FULL SPHERE INTEGRATION
W = WATTS OF RADIATED PONER
COMMON/A/CO (145) ,SI (165) , ANGINC
COMMON/D/PCON
DIMENSION Y (38) ,G(38),AX(38)
IFCINTeGT 2) e OR(NT.LT.1))G0 TO &0
IF(CO(B80)Y LT, «5) CALL ANGL
XANG=2. *ANGINC
M1=73
M2=145
W=0,
N=0
N=N+1
=0
DO 10 IT=M1,M2,2
J=J+1
AX(J) =ANGINC* (IT=-73)
TH=TC(IT)
I=0 {
G(J)=0, |
D0 20 IP= 37,109,2
I=1+1
UH=U(IT,IP)
GUJ)=G(J)+((UH*CO(IPI+TH*STI(ITI)I**2+(UH*SI(IPI*COCITII**2)*STMP (I,
1 37)
G(J)=G(J)*XANG/ 3,
H=W+ABS(XFIL(AX yGoY o XANG,37 41,4+ 1)*¥PCON)
Mi=1
M2=73
IF(NJLT.NT) GO TO 30
RETURN
PRINT 1 ,NT
NT=0
NT=1/NT ¢1/NT+1
RETURN
FORMAT(* NT=%,120,* ZRROR NT IS AN INTEGER*™)
END

B-33
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FUNCTION XFIL(ToFoYoTHINTyXyJ)

THIS POUTINE COMPUTES THE INTEGRAL OF SIN OR COS FUNCTIONS OF THE FORM
G(X) =INTEGRAL( F(T) *SIN(X*T) 10T FROM T4 TO TN

USING FILON2S METHOD,

T = OME DIMENSIONAL ARRAY (OIM GRTATER

F = ONE DIMENSIONAL ARRAY (DIM GRFATER
F(T

Y = ONE DIMENSTIONAL ARRAY (DIM GRFATEP

NT NUMBER OF POINTS

X = THE PARAMETZR IN 2SIN(X®*T)2
J = 1 FOR SIN FORM

J = 2 FOR COS FORM

TH = SPACING BITWEZN POINTS IN RADIANS

THAN NT) CONTAINING VALUES OF T
THAN NT) CONTAINING VALUES OF

THAN NT) USED BY TH ROUTINE

DIMENSION T (LD, F (1) ,Y(1),ALPHA(9) ,AETA(3) 4GAMMA (9)

COMMON/A/CO(145),ST (145)ANGINC

DATA (ALOHA(T) 4 T1=149Y/0,4~.000C0C20C001724,+.50009000014L3307,
1-,00000000939682¢,,00)000469P 8174s=4e’00017102239324,+.0004232804232
2B9=e00H3U920F349226 90 JbbLLLLLLLLLLLLL/ ,(RETA(I)I=1,9)/~,0000000000
332325,,000000002395272+-400030013782.244,4.CC00005920006592,-.0001795
473512907,,0035273368R167+=e028092538.95238,,133333333333333,
5.6666666566666677y (GAMMA(I) 41=1,91/0.,-,600600000000180,.000000000
6062824,-,00CC00007708341,,00C001702684335,~,000088183421517,.00476
71904761905+4-,133333333333333,1.33333333333333/

M= MOD(NT,2)

IF(M.EQ.,"”) GO TC 66

THETA= X*TH

A=9=G=(C,

IF(THETA,GE4e75) GO TO 3

THCTA2= THETA®®?2

B= ,000000000000349*THETAZ

DO & I=1,8

A= (A+ALPHA(I))*THETA2

A= (B+BETA(I)I®THETAZ

G= (G¢GAMMA(I)) *THETA2

A= (A+ALPHA(9)) *THETA®*THETA2

B= B+N0ETA(I)

G= G+GAMMA(9)
171=X*T(4)%22,Q3183118 +72%,
IZN=X®*T (NT)*22,9183118 +73.

IF(J.EQL1Y GO TO 6

NO 8 K=1,4NT
TZ=X*T(K)*22,91 83118 +73,

Y(K)= F(K)*CO(I2)

XF=(FINT)®SIC(IZN)=F (1) *SI(IZ21))*A

GO T0 9

DO 5 K=1,NT
IZ=X*T(K)®22,9183118 ¢73,

Y(KYI= F(K)*SI(IZ)

XF=(F(NT)®CO(IZN)=F (1) *CO(IZ1))*(=A)

SUM= (Y (1)¢Y(NT))/2,

NT1= NT=-1

DO 10 K=3,NT1,2

SUM= SUM+Y(K)

XF= XFeR®SUYM

SuM= 0.

D0 11 K=2,NT,2

SUM= SUM+Y(K)

XF= XFeG*®SUM

XFIL= XFOTH

RETURN

XFIL= 3,

PRINT 100,NT

FORMAT(LHO,47HNUMBER OF POINTS=,110,36H MUST BE 0DD XFIL SET EQUA

1L TO ZERDY

RETURN
NP
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