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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into the derivation of a previously unpublished design procedure for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 . The computer aided design procedure
is explained in detail.

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 .1 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 regardi~ g 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. In 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 fac t the most
commonly used . They allow the entire feed network to be etched on the
same substrate as the patch , a def ini te  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 7 5-200 , December 1975.
2. Khulman , E. A . ,  Microstrip Antenna Study for Pioneer Saturn/Uranus

V 
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.

5
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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
pa tch 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 ~tthe center (Y 0 = 0) is low, and the impedance at the end (Y0 = A/2)
is very high. Either or both modes A and B can be utilized by properly
choosing Y and Ya b

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:

______ 
1155 \ — l/2

A ( (F ~ c~~z) - 2H 1vc) (i + .61 (E r
_ l ) (B/H) ) (1)

4. Kaloj , C. M., Asymmetrically Fed Electric Microstri~~Dipole,Naval Missile Center , Point Mugu Technical Publication ,
TP—75—03.

V 

12 

---- —~~~~~~~~~~~~~~~~
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A = PATCH LENGTH INCHES
B = PATCH WIDTH INCHES
H = SUBSTRATE THICKNESS INCHES

V0 = FEED POINT INCH ES
E = SUBSTRATE DIELECTRIC CONSTANT

= 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 sin2 distribution
was found to match our data very well. We combined these results
into a semi-graphical solution included in Appendix 1. V

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
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 f i t , so we
started building antennas. Eventually, antennas were made and data
was taken on four frequencies from 4 00 MHz to 2GHz , on boards tha t
were 1/8 , 1/16 , and 1/32 inches thick, on boards made by three
dif ferent manu facturers , and with A/B ratios of .67 to 2.0. In all ,
over 60 antennas were built and tested with each succeeding set of
antennas ba sed on results obtained with all of the preceding
antennas.

Ten (10) programs and eleven (11) subroutines were eventually
written and used in the process of the study . As a result of the
subroutine oriented organiz ation 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 -

Ba sed on approximately 60 antenna s, the max imum 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
agreemen t between the calculated patterns and measured pattern s was
obtained .

14
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CALL ANGL
SET UP SIN & COS STORAGE

11

READ
F, ATOB , H, ER , D E S I R E D INPUT

RESISTANCE , CORRECTION FACTOR ,
LOSS TANGENT

IS THERE NO

~~~~~~~~

NV MOR

~~~~~~? 6

CALCULATE SIZE

CALCULATE INPUT RESISTANCE
FOR H + OOO 1 INCHES

CALCULATE INPUT RESISTANCE
GAIN AND BANDWIDTH

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

COMPUTER ERROR FROM VO BEING
OFF BY 0.01 INCHES (VO ER)

_
I- 

II

TYPE OUT RESULTS

FIG. 9 FLOW DIAGRAM FOR PROGRAM MICROAN
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Based on nine notch—fed an~ 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:

5 9  11 —1/2
A =(F -laH z — 2H /c~)(i + .61 (Er~

l)(B/H)• 55) (1)

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.

5.9 / — — 5.9
F(GHz) 

- 
r F(GHz)

Figure 8 shows tha t this is a fa i r ly  good approx imation .
Dielectric constant scaling results from an approximation in the
second term of Equation (1) as shown in Equation (3).

I \l/2
+ .61 (Er~

l) (B/H) .1155

) 
~ /~~ (B/H ~ 72)  (3)

Figure 9 shows that this is also a fairly good approx imation .
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’, afld ‘Er’ specified (graphs where A 3.7, Er = 2 .5 , and V

H = .015 , .031 , .062 , and .125 are shown in Figure 10). Once this
graph is used, frequency scaling and dielectric constant scaling are

A-i

— V  - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -- V-- -~~ - ~~—-_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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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.

Design Procedure for Size Calculation

Step 1. Given

a. Substrate thickness ‘H’

b. Desired resonant frequency E ‘F 0 ’

c. Relative dielectric constant of the substrate ‘Er ’

Step 2. Select an A/B ratio

Step 3. Read the frequency ‘F’ for the appropriate substrate
thickness in Figure 10

Step 4. Multiply ‘F’ by

Step 5. Calculate A = 3.7 (F/F0)

Step 6. Calculate B = A/ (A/B ratio)

Step 7. To remove any errors, substitute ‘B’ into Equation (1) and
calculate ‘A’ 

-

- 

A-2

_ _ _
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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
Er 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*

V = (F*H*l0 9)2

U (A*F*l0 9)2

X = 34.82684258 + (W_l)*V

z =  (4 *v _ u*w)
Y — X~Z _278.6147406*V

2 r 2 2 2 211~”2Er = -Y/Z — [(Y/Z ) - (X/Z ) j
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 g iven 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).

~~~ 
= R0 5j~

2 (y *p) ( 4 )

whereP=
A + 2H/ i-’ç

and Ro is found experimentally.

t
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The design procedure would thus be as follows:

Step 1. Determine desired input resistance based on system
V considerations

Step 2. Build a microstrip antenna at the appropriate
frequency and feed it at an arbitrary Y0 =

Step 3. Measure the input resistance

Step 4. From Equation (4) calculate R0 = R1/sin2 (y1*p)

Step 5. Calculate ‘Y ‘ for the desired input resistance
using Equati8n (5).

Y = Arcsine (v’R . /R) (5)

A- 7
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APPENDIX B

Computer Programs and Subroutines

Program s Subroutines

1. A OF B 1. ANGL
2. A OF ER 2. CONSTAN
3. A VS F 3. DIELECT
4. DRIVE 4. LENGTH
5. E AND H 5. PAT
6. F VS ATOB 6. RIN
7. MICROAN 7. SIMP
8. PATT ERN 8. T
9. RESULT S 9. U

10. RIN VS H 10. WATTS
11. XFIL

Function “XFI L” was taken from the NSWC user library and modified.
All other programs were written by John McCorkle.

B-i
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PRO GRAM ACF~~(OUTPUT ,I~~Pt~T)
C THIS PROGPAM PLOTS L~~N G T H  A V E RS U S W IDT H ~

DTMENSICN EC (4),I-fC (3),AL (51),F~X (5j)
DATA EC/2. ,2.25 ~f l O7~~2~ , 2, 55,7.g1i,2l.73~ S/
DATA HC/.031 ,. 87~~,.f1F2S/
A (H ,ER,F ,9)= ((l,18E10—F~~~.~~H~ sQPT(:R)),(2..F.SQRT(1.+ .61# (ER—j.,+I (~~/ H )~~’. 1 1 5 5 ) ) )
F~ 1.E9
E R = E C ( 3 )
00 12 J 1,3

20 F0~ MAT (/,4 A 9*)
PRIN T 20
H HC ( J)

00 10 1 1 ,5l
Ai d )  =A (H ,ER ,F,P)
~3 X(  I)=P
PRINT 2,AL (I),RXtI )

2 FQ RMA T (2 ( I PC -2 f l .- 5 ) )
10

IF(J.LT.2) CALL CALC -’l(SI ~~~~~~~~~~~~~~~ .~~,3...8,3.75 ,12.5,9.0,
I19HMICPCSTRIP A ENNA~~,—19,15HL~~N G T H ~ II-1CHE’~,15,2 16HLENGTH A II-lC HES,1~~,1,18)
TF (J.E0 .2) CALL CAIC MI ( -~~1 ,8X ,OL, —1 )
IF (J.EO .3) CALL CA LCMI (-~~1,eX ,AL, —2 )IF(J. GT.~~) CALL CAICM I (-~ 1 ,ex ,AL ,—5 )

1.2 COMTINUE
CALL GPID (0.,0. ~~~~~~~~~~ 1~’)
CAL L CALC M1 (0,0.)
~Nr)

6-2  

- - -
-- —

- - -
-----—-- -V



- —------- --V — -_- --V~ - - - - - - --

NSWC/WOL/TR 76-69

C’

a

177 ~~~~

‘

IITIIIIII I4tI/

I

l

l

(ft 

I, 
j
’
I -1

I t21 1/ ~11111111 IIIWJ7IITILT ~
,
~ ~, H 7j -  / j

~~~~~~~~~~~~~~~~~ V r~~~~~~~~~~~~~~
V V

~~~~~~~~~~~pV V~~~~~~~~~~~ 
V~~~~~~~~

/ 

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

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

V 7
~~~~

V /
~~~~~~~~~~~~~~~~~~~~ V _ _

~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2’ 7-~~~~~-- —--~

--- ~~~~~~~~~

X

~~~~~

l_ __ -V__ II I IV

~~

~~~~~~~~~
4I 1Tf11T1T+

1

-

~
i 

~~H09L~~ 0~ A~~ O69 -~ 0Q~~~ ~~~~ ~~~~~ o~~ -~ o~~ -c o1~~- c  oct - -s
~~

VV



-V -V V V~~~~ -V-V-V~~~~~ V V~~~~-V~~-V

NSWCIWOL(TR 16-69

PROGRAM AO FEP (OUTPUT ,Tt~PEE=OUIPUT )
E X T F RN A L  ~U P~
COMMON H,ER,F
DIM~ NSICN CCNST (~~),AL (5I) ,RA (51),ATCB (1.) ,A (14),-ANS (1)
NAM E LIST ,PARAM ,H ,r ,AT O~
DAT A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OAT A A/I.,6.,1.E 1,I •~~~~ , 1.E 4 9 . 5 , , 5 , 1 e E € ~~9 9 . Q , 0 .9 t , , 1 . , , 1~~20 ./
F=1 .Eq
E IN C = .14L .
H~~ ./64.
J= 1
ATOB ( 1) 1.

E~ =?.
WR I T~ (6,1)
FOPMAT (/)
WRITE (6,P A R A M )
WR I T~~(6,2)

2 FOØVMA T ( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 FOPMAT (3(FjO .7))

00 10 1 1,51
BA (I)=1./SORT(EP)

CALL ROOTER ( FUF’~,A,A T C 1,f~NS)
AL (I)=AP’gS (l ) ~~ roec i1
WRITE (6,3)ER , AL (I) ,9A (I)

10 E’~=ER +EIP’C
X 1= .707 10E8
Y 2= ,329€ °02
IF (J.LT.2) CALL CALCM I~~~1,~3A ,AL ,a ,X1 , X 2  ,1 .5 ,~..2 ,12 .0 , 9 . 0 ,19HM ICR

IOSTRIP AN TENNAS ,—1g,1 0’I1/SQPT (ER),-9,15HLENGT)-4 A INCHES,15,1 ,18)
IF (J.EQ,2) CALL CALC ?-’l C— ~ 1, BA ,AL, —1 )
IF(J. EQ.~~) CALL CALC~I 1 (—c1,~~A ,AL, —2 )
IF(J. GT.~~) CALL CALCM 1 —~ 1,eA ,AL ,—5

12 C O N T I N U E
CALL GRID(0.,0. ~~~~~~~~~~~ 18)
CALL CALCMI (0,0.)

FU&ICTION FUt (P ,CUMY
COM MON I-4 ,ER,F
DIMENSION OUMY (1.)

~N 8 ~ D U MY ( t )
F(J’l =.( (1 .1PE10_ F*4.~ H*S~)I~T ( E R )  ) /  ( 2 .4F~ S0RT (1 • +~~~rj *  ER—1 .~~~~ (8IH -’~
1.115’))) —B N
PETtJRN

~ NO

84

—
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PRO GRAM AVSF (OUTP’JT ,~~NFUT)
C~~~THIS PR O G R A M  PLO~~ AND ~RINTS ~~~ V ERSES FDE0U~ N CY AT A S P E C I F I ED AI~~ P A T I O
C~~~ANU VARIOUS V A L U E S OF H .
C~’~IN PUT D A T A  IS - A T O B ,FM IN ,FMA X ,NP
C’ ’P4P=NUM~ ER OF FPEQLENCI S (POINTS) TO BE CALCULAPO.
C’~~ NOT E (F~~A X — F t ’ IN) / ( N P—1 )  = C O N V E P ~IENT INC PEMEt~T FOR THE FREQUENCY
C

COMMON/P/A ,P,F, H , ER
DIMENSICN HH (k) ,Ai (~~1~~,A?(5 1),A3 (~~1),A~.(E 1) ,FX(51)
DAT A HH/.Q1E,.031,.0~,2,.j25/DAT A X 1,X2 ,Y1, Y 2 , XL, Y L/. i,1D.,1.  ,10., — 2 8 . , — 9 . /

HH( U . 0’.?
ER = 2. 5
~EA0~ ,A TO~ , FMIP4 ,FMAX ,
FINC= ( F I iA X _ F P I I N ) / ( N P_  II

F=~ MI N
PRINT i ,A TOP,EQ ,HH(1),HI-’(?),HH(3),HP4(~.)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1. i’.X,~~FREQtd ~HZ)’,4(?4X, A’),/)
r~o 10 i=t ,~~FK(I) =F~~1.E—~H 1*4 ( 1. )
CALL L E N GT H ( A T O P , ? 0 )
A id I)
H HH (2)

CALL LENGTH (s~TOP ,2~)A2 (  I) A
V P-$ HH(3)

CAL L L ENG TH( AT0 ~~,20)
A 3( j) A

CAL L LENGTH (ATD’,20)
A 4( I) =A
PRINT ?,FX (I) ,At (I),A?(I) ,A~~(I) ,Ai.(I)2 FO PMAT 2X ,5UPG ’c .8fl
I F ( M O 0 ( I ) . E e . 0 )  PRINT 14 ? 5

iS~25 FO° MAT ( I H  )
10 F=F,FINC

C A LL CALrMI (Np ,cx ,Ai,D,x1,x?,YI,y2,XL,y1,
t19s-IMICRCSTRIP r,N1E~ NA~~,-1q ,15HFR~ QUENCY (GHZ),-15
2,I’ HLENGTH 0 INCHES,t ,1,1~ )CAL L L A P L Q G ( ’ g . . , . t , t O , , a . l
CAL L LAB LOG (~~., I. ,10 • , 10, 1
CALL GRID (0. ,0 ,  ~~~~~~~~~~~~~CAL L CA LC MI (O ,O .)
END

6-6
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PROGPA N DR IV C( I t ,PUT ,O LT FUT )
C TH IS PRO C-PAM PRODU CES PLOT S OF R-INPU T ,EFFICIENCY ,ANO
C R4 NDW IflT I-~ VE PSUS T~~ PA RAMETE R CH3S~ N BY SOPT �
C OPT~~ FOP PLOTS .VS . A ,FP RAT IO AtsO TP4PUT DATA IS.
C F, H , ER , XYO, LOS cTA t~, ABPIIPi, AB~lAX , NPOINTS.

— C OPT=~ FOP PLOTS VS. FQECUE’~CY ANC INPUT DATA IS
C A/B, XYO , H, ~~~~ LOSSI AN , ~~~~~ FMA X , NPCINTS
C OPT=’ FOR PLOTS .VS . ER A ND INPUT OATA IS.
C F , -4 , A/B, XVO , LOS~ T A N , ERP’ I~~, ER MAX , P4POI4TS.
C OPT:~ FOR PLCTS .V~ . ~~ ~ND INPUT DATA IS.
C A , B, VO, IOSSTAN, 2RPIN , ~ R~~A X , NPCINTS.

REAL LA M OA ,LA MOA r,,L,LCSS TAN ,IM
COMMO N/P/A ,P,F,H,E2
COMMON/E/PS,RC, PI2,Ir,L,FI,L A M O øG, LA ~ DA ,LOSSTAN ,ZO ,PA ,PP,P
COMMO N/F/EFF,CELTA F,G A IP ’.
DIMENSION X (15fl),Y(150) ,O (15fl),~~(15 0)DA T A  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PAT IO~~,~ ER/9HEPSILON R/
DA T A  IM ,A 8 IPC, FINC, !PI7-IC,Y 1, Y2 ,X L , V L/ 1 .  ,0 . ,0 . , 0. , 0 . ,0 . ,12 .0 ,9 .0/
DAT A TA MG/9I~LOS~ TAWG/
FR!QtJ(H ,EP,A ,R) .90t4’7165~ 9/(A’SQRT (1.+.61’(ER~ 1)7(B/H)’~~.1155)
1+2. ~H’SDRT (FP))MOD (r):I—(I/4).4

CA L L ANC(.
I. PEAO ’- ,N T
I PEAD’- ,OFT

IF (O PT.EO.—I 00) GO TC 4

AB ! NC:0.
FINC=Q .
FRINC:0.
IF (OPT.EO.1) GO TO 5
TFIOPT.EO.2.) r,c TO IE
T F ( O P T . F O . 3 . ’IGU TO 2~
IF ( O P T . L T . O . )  CO Tr~ 12C

REAO’ ,F,H ,EP ,X Y C , LOS S T A ~.,A BMI N ,A B M A X ,NPOINTS
NAM EL IST/C PTO/F  ,H,E0 , L O 5 S T A N , X Y C ,NT
A X :A R R
X 1 :AOMIN
X2 : AP MAX
A9IN C= X? *X1 / NFOI P.T~
AT1B :Xi

PRINT OPTO
GO TO 1,00

5 READ ’ ,ATOR,XYO,M ,ER,LCSSTAN ,FMIPI ,FMA X,NFOINTS
AX : FR~~X1:FMIN
2: FM AX

FINC~~(X2-X1)/N~ OINTS
F:X1
P=5,75~ q/ (F.ATQQ~ SOPT(rR))
NA1IEL IST/OPTI/ATOB,XYC,I~,ER,LOS5TAN ,NT
PRINT OPTI
GO TO 4 0 0

15 REA D’ ,F,M ,ATOe, XYO,LoSsTAN ,EPMI t’~,ER t4AX ,NPOtNTS
AX= EER
Xj:EPMIN
X 2: ER MAX

e=s .75Eq n F.aToB .so oT( ~~p) )
S R I N CC (X 2~~X 1 )/ N F O t N T S
NA’IELIST/CPT2/F ,H,ATOP ,XYO,LOSSTAN, NT
PR I NT OPT ?
GO TO 40U

20 REAO ’ ,A ,B ,H ,YO ,L O SSTAts ,EPMtN ,ER~ A X ,NPOINT 5

8.8 
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AT~ P A/B

- 
- AX :E~~R

X1:ERPIIN
X 2 E ~ M A X
c R XI
ERINC ( X2—X 1) /N POINTS
NAMELIST/0 PT ~ / A , R ,H,LC SSTA N,  Y O , NT
PRINT OPTI

14 0 0  N NPOINTS +1

~56 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9X ,~ DELTA Fe- , 6X ,
1’EFFICIENCY ,11 X ,~ 70 ‘, 8X,~~R INPU T~~,/)
PRINT 456
00 100 1 1,P’
IF( OPT.E0.3.) F:FREQU (H ,EP , A ,!~
TF (OPT.EO .~~.) GC T~D 10
CAL L LENGT H (ATOP,20)
YO= A/ XYO

1.0 CALL CONSTAP~t~.19E— 8,I.47E6)
CALL WATTS (N T,W)
CAL L RIN (—t. ,W,~~H)
E (I ) EFF
OCT )~~0E L T A F
FG= C~ 1. E—9
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 6. 90 77 14 94))

R I :RI-44S INCYC P)~~~2 4 FIX
V CT ) R1
X (I ) = ER

IF(OPT.E0.l.) Y(I) F
IF ( OPT. EO.O.) X U) :ATO~

78 9 FO P MA T ( 8 ( 1P G I E . 5 ) )
PRINT 789,A ,ATOP,F,ER,0 (T),ECI) ,ZO,Y (I)
TF (MOU(I).EC.O) PRINT ~

2 FOPMAT (IH )
F~~~+FINC

~~~ ER+ERIP4C
100 ATOB=ATOB+A PINC

CALL CALCMI (N ,X ,Y,—t , XI ,X2,YI,Y2,XL,YL,I9H~ ICROSTRIP ANTEN NAS,
1 — 19,AX ,—9,’

~H~~IN ,i,t,I8)C A L L  G RI O ( 0 . , C . , . 5 , . S ,’1 . ,18)
CAL L CALC MI (0,0.)

ID I
CALL CALCPII (N ,X,O,—1, X1 ,X2,Y1,Y?,XL,VL,I9HP’ICPOSTRIP ANT ENNAS,

I —19,AX ,— 9,7I’~’)ELTA F,7,1,18)
CALL GRIOCO. ,0. ,.5,.5,24, 18)
CALL CALCNI (N ,X ,E,—l ,X 1,X2 ,Vt,Y?,XL,VL,19HI~ICROSTRIP ANTENNAS,I — 1 9, AX ,—q,If)HEFFIrI~~NcY ,jo,1,18)

CALL GRI0 (O.,O.,.5,.5,~~1,,18)
120 cIOP

4
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0 75 00  cc a a e 00 a a t. 0 0  a ,j e a a n o n  a
F
C 7) 7) 75 #5 7) 7)P~ 7’ 7) 75 5”‘ 7”. 7? 7 5 7 57) C’S CV? 75 75 7) 7’ CV, 7) 7)

7’ 7.
5- In Co &“ 1o 0 0 7 III
75 1 .4 ~~ I 75

8-10



NSWC/WOL/T R 76-69

0
a

~ ~ \
—

a
a

Cd VI1III IIIVIIIII~~IIIIII .~
a

a-‘ a  — — —  ~~~~~~ .——
000 6h ooo’.z.~ ooo’q,~ Ooo ’~4 ooo-u ooo’s~ OOo ’ .L~ O O O~~ 9 ooo~cg ooa’t;

i41~~

B_il



~~~~~~~~~~- - - --.‘-.- _ V_”-
~~~~~~~~~~~~~~~-

~~IS PAO~ IS BES~! QUALITy PRAC~ZCABLE
J~~~~ OOP~ F~~~I~kj~~ ~~ NSWCPWOL/TR 76-69

D~5 O G P A M  !ANDH UNPUT,OUTPUT)
C•~~~~A SC’D ON NO ! KA L OI (S PA PER ON I~ICR0STRIP ANTENNAS t975C~~~~T W T S  PPO~~PAN ~HOWS 140W CUPCUIT B O A R D  TOERANCES . VARIATIO NS IN ER A N D  H ,
C •WtL (. ‘FFE(~T TW~ OP~~RA T I0M OF THE MI~~ROSTRIP PATCH OUTPUT DA TA IS
r...cocO (r)_ .I..ETGHt (H)..Dr~LEcr RIc C0N5~TA WT(ER)——INPU T RESISTANCC ’ (RII—— GA IN——

F ’7TN PUT D A T A  IS A S FOLLOWS .
C • • 0A ,e ,Y 0 , LDSS T A N ,HM TN , ’ IMAX, NH,ERN IN. ERMAX, N E,K K
r..3 THr P0Q~~~~~ M CONTINUES P!At3ING ~EW INPUT CA ~ OS UNT IL NONE ARE L~ FT
r’* NW-N t) I~~~ P (‘F VALUES (POINTS) FOR H
f N~~~ 4” _ NI)MD~~R OF V A L U r S  (POINTS) Fr’R EW TO TAI(E ON.

~~~~~ t i f lTr. ( I 4 5 3 A Y — M M I N )~~~ ( N I . 1 — t )  =CO NV IEN IENT INCREMENT FOR H
(••• ( M A x - M I N ) ~~~ ( I ’~~~ — j )  CONV EN IENT T1~CRFM ENT FOR ER
r•’•l( !( =~ ~CD A S’~~IC’~ OF H VAt _ Ur S PETW~

’
~ M :AC)4 CI4ANCiE IN C’Q

C’ KK~~2 FO~ A S~’~~IC’S OF “
~~ V A L U ~ S BE 1W~ EN EACH CHANG C TM H.

C
Q4( K. LAN’)A ,LAMDAG, ’~LI,L,LOSSTAN ,IM
CO MP4 r~ 1s”1/A , E1,F, H, _~~

COM )Isfl / , ,O T 2 , I M .L,P I ,LA NOA G ,LAt ~QA,LOS STAN ,TO, PA ,P~~,P
C O ” ~ 4/~

’’EFF ,OF LTA~ ,GA IN

T 4  1.
CALL AN’l

I ~~~A fl , A , ’1 , YP , L O $ ~S T A N , H M I N , H M A X ,  NH $ ~RMIN,ERMA ~ , 14C ,KK
t F ( r~~F( cLIHPuT) .N~~.”) CC TO 09

~‘ A M f  I TS T~ PAP AM/ LI , ~ ,V C’, LOcSTAN

~ NI N
H414 P417’l

141Nr (C11AX ~~II)’tI~i)~~ ( MW ’.j)
P Q T F ’ T PA QAM
PRINT ..
!r(KK.Er).2) GO TO ~.0
00 1~ I = 1 , N ~
W H ~~IN
no ? C J71, ’1H
F F P OU (U , ~~, A , I’) )
CALL COPISTAN (3.19E—A,1.47Ef ,)
CALL WA TTS(1,W)
CALL RIN (—i. ,W ,0H1
PQINT I .r ,H,ER,QH,GA TM,FFF,O LTAF ,Y~~,Y!

20 H~ H4 W t M C
PRINT 2

10 FR= CP.~~TNC
GO TO I

l.C DO 5~ 1 1,HW
ER RMI H
CO € C J= i ,NE
F=FPFQ~)()4,! P, A, R )

CALL C0NcTA N (3.19E—~~,t.L.7EF )
CA LL W A T T S (i ,W )
CALL RIN (—1 .,W , QH)
YE=PH~~(STN ((Y0..0i )55P,* .2— SIN( (YO— .~~l ).P) ’2)
YQ:ASTM(SORT (50.IRH)UP
PR INT 3.r ,14,E’R, PN.GAIM,FFF,DCLTA F ,YR ,Y!

~ C FR: E’P+E IMC
PRINT 2

50 I4~~I4+WtN C
GO TO t

2 FORPAT( 114 I
3 FOQMAT (9(lPr,1I..C))
I, FOPNAT( Y, FP~ O UENCY , 9X,NH1 ,jjX,.E~.,I1X, P • , tX,~ GA IN~ ,

V t A x , .F F F r C I E N C v . ,5x , e o A N f l W I r ) T w 7 13x ,’5~ 014W TO~ ,3X,’.Oj*� ERR OR~,/ n

99 STOP
END
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~1(XI ?AGZ IS BEST QUALITY F Cfl~A~~~
NSWC/WOLITR 76-69 ~~~M QQ~~ 1~~~L~k*~ ) IQ ~~Q

0 0 0  0 0 0  1400  a a 0
5 5 5  5 5 5  I I I  5 5 5(~ 114 ‘.51 tsJ Iii 144514 ‘ ,3 ‘51 sI 5,5 ‘,4 Lio 0’ 7) 0’ 4 7,. ~ . .3 ,g,, 70 U” 4(5

70 3 754 l~* PS 1.14 us ‘I* *0* *1) 7) 7.
~~‘ U’S c I t~5 (5 ~‘ 7” 7 s.’ P., I - ‘ 755
(II .12 7) 0’ (‘5 7) 754 5’.. 0 70 CVI “4 70

C’ 7 0 7- .  .4 .4.4 C’ (“ 70 7.7. .
V...
V. 3.1 3 753 12*4 1.53 4.4 .3’ 7 0 7 0 7 0
.4

0
7 (‘54 IfS C ii) CV) .3’ 7-j 7 )  (5. ‘1 70 .7

PCS 10 4 I’. ,~~ -4 7’.. ‘.1 7) 4 7-. 74
7’ 70*0  IA .1 7) 7) 7 0 3 1 7.. .7 74) 75)
2 7’. Pi. 7’,. 41.4 .4 10 *0 *0 .4 4’ .4o .

7 ) 7 ) 7)  ( 5 . 0 4 7 4  .‘4 4 : 4 1 , 4
Cl
S_ V

*0*0 *0 *0 *0 I0 * 0 1 0* 0  *0 *0 *1)
7’ CI 0 0 (5 CS (5 CS 0 7) 0 - 3 0
— 4 4 *  • + 4  • a ,  + 4+  VC~ ~ LI ‘I  (sC 545 55,3 ‘u l.j SsJ I3 UI i i
14 70 45. 3’ *0 7. 1 45 4 1  0’ 7) (I.
7’ ( ‘547)70  . 3 4 1*0  0 7 .  D (‘4 70
0’) 7) .0 7 1. ~ ‘ cC (7’c 0’ *0 75 70 7)
7’ *0 7’.. 0 -7 41 70 .4( 54 1?’ 1253 7) *0
75 (15 753 (3 (“l O’ *D 75J 0’ it. 7Ii 0’ *D

0’0 0’ 0 ’7 0~~~ 0’70~~~ O ’7 0 C’

7
U
z
(14 (4) 70 .? .1 0*4 ’  CI 70.4 7)
5.4 U’ CV) (54 (5C 7. 75) .5 54 75) IA (51 70
U 4) (53 *1 .3’ .4 Cl’ 7 4* 0’ 7. * 0 4Cd I’., 554 .4 5.~ r-,s 0’ 75~ 7 ) 7 4  .7 .7 4
Is, 7 0 7 0 7 0  aa, C’ C” o’r ’ 0’0’ C’
54_V
Isi

0(15 754 0*05 .5  7- 7 . 0’
7’ 74) 707) 44. 4’ 0’ I’. *0 . 7  7. 7. 7..
— 7. .4 (‘0 7’, I~. 5.’ - - C.’ 10 I’. cL US
‘0 *0 *0 *1) ‘.4 5 4 ( 5  74.4 41 7-4 (5) (‘ci

• V 
4’ .3’ -‘7’ us us us us it’ us III us us

us 7- *0 0’ 5*4 7) 7. *074 C’ 75,5 PsJ
*0 *0 U’ 0’ 70 II) .5 ( 0 4  *0 7 0 0’

Cit 7)17- C’
• I 0’ Q .~ ~~ .4 5’) 75 0 (Si

US 7) 70 74 7) 75) 1,. .3 54 iLl 5’.. 7-.
u us us .4 — *  C U P U A s  (‘4 (54 (‘ci

0 00  ‘.1 0 4.4 0 00  00 0
07 4 . 0  54.0 0 000  4 . C l 0
It’ 73 (A U’ Cl US U’ C) ((5 US CS U’

~~ .4 1.53 74 s’S (‘4 7*4 ~~ 75374 .4 1.14 74
“ 

~~~~~~~~ ~~~~~~~ (‘4 7 4 7 4  7*4 4’

7,4(54 74 (54 7*4 (54 7 4 7 4 7 4
5 4 0 0  i~~ 0c  7 5 0 0
5 S I  ( I S  ( 5 5

4 4 4 4 ( 5 , 4  (4 4 4 4 4 4  534 44 (43
0 0 4 . 4  0 0 0  0 0 0  0 0 7 5
CV, CI Cc CS CS 7’) 0 5.3 0 0 0 0
It- U~ I.’ o a o IA U’ It. Its Its U”
CM CM (Si US 14 U’ 7- 7- 4’-. 4~4 (‘4 74
.4.1 5.5 755 12,1 74 7 ) 7 ) 7 )  • 5 7 4 . 4

• C • 7) 7 ) 7 )  * 0 7 0 7 0  0*0’ 0’
(53 €4 .4 71
a CA 0
• • 4 5
535 ~si Us 44 70 70 70 70 7 0 7 0  70 7 0 7 0  70 7 0 7 0

70 75 4 0 0 0  0 0 0  07 5 0  0 0 0
• . . . 7 4 + 4  4 + 4  + 4 4  + 4 4

(4) 44 U.S 53’ IsI I.S Is. (+1 UI UI (iS 4 4 4 4
IS 55 SI (4 7 1. —4 14’ — .‘ *1) .“ 7. .1 *0 (5’ 70

4’ 70 70 .2 7. U’ . 4 7 5 7 5  7 0 . 4  74
Z ~~ 70 7.5 .1) 75 us 07 0  3 7) 7..

Q C ’ # C  4 0 5 1’  *0 ( 5 7 . .  7 . 7 ) 7 0
75 7 w 7 0 7 0 4 ’ S  0 C 70 0 * 0 * 7 0  0*0’ 70
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TBIS PAGE IS BEST QUALITY 1’R&CflCA~~i~
~~~ M Q ~~~~~~~~~~~ 1’O D~~

PR~1GRA M F V SA T C q  (OUTPU T ,s ’N PUT )
C~~~’THIS PR OG PAI 4 PLOT S AND PRINTS THE RESONANT FREQU:NCY VERSES A/B RATIO
C~~~~FOR A F I X E D  V A L U E  OF A AN C V A R I O U S  V A L U E S  OF H.
C INPUT D A T A  IS A S FOLLOWS.
C~~e~~A , E R ,  A R H I ~~, AB~~A X , NP ,Y1 ,
C~~~~ WP= NU HBER OF A / P  PAT IOS (POINT S)  TO qE CAL CULATED ~ND PLOTTED
C”~ NOT E. ( A B M L Y — A B M I N ) / ( P ~P—1 ) CO~~VEN IE”4 T INCRE MENT FOR THE A /B  RATIO POINTS
C

O I M E N S I CN X ( 5 1 )  ,F l ( 4 ’ 1 ) , F ? ( 5 l ) ,F~~(5 l) ,F 4 ( 5 i )
DATA H1,H2,I’43,H4/.015,.03t,.062,.125/
MOD (I) I— (I/5)(’~

1 2.~~H~~S O R T ( F ° ) )
100 PEA~~~,A ,E~P,AeMIN ,A B M A X ,l~P ,Y 1, Y2

IF( EO F(5L INPUT)  .NE.fl) GC TO 999
PRINT 1,A ,EP,Hi,H2, H~~,HLs

1 F O R MA T ( 1 0 X ,’A = + ,FS.~~,SX ,~~E R=+ , F E . 3,/ / ,j E X ,* A T O 3 * ,3X ,~~(j €x
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
AI ”lC= (ABMAX—A 8MIN) /(NP-1 )
ATQB ABMIN
00 10 I~~1,NF

TOP
X (T )= ATOP
F j ( I ) = F P E O U ( H l , 00 ,A , cf l . 1 .E _ 9
F2 (  I) FREOI) (H2, ~P ,A , ’ ))  ‘1. E — 9
F 3 ( I ) = F P E Q t , J ( H ~~,E P ,A , P ) ’ 1 . E — 9
Fl.( I)  = F R E O U  (H4 , P,A , P) ~ 1. E—9PRINT 2 ,X(I),F1 (!),~~2(I),F1(T),F~.(I)

2 FO~ MAT (2X ,5(1PG25.3))
TF (PIOD (I).EO.0) PRINT j4’5

11i25 FOP MAT (1w )
to ATOB~ ATOP.A !NO

CAL L CALC MI (NP ,X ,Ft, O,A P’lIN, A 8M~ X ,Yj,Y2,12. ,9•,
I IqHMICPO5TRIP AN TENW~~5,~~jq ,9~ A /p RATIO ,9,9HFR~ Q’JENCY ,9,1,j5)
CAL L CALCMI (-NP,Y ,F?,-11
CAL L CALCMI (-NP ,X ,F’~,-2)
CAL L CALC!.I(~~P4D,X ,F~~,_cCALL GRIDI D. ,0.,,c,.C,24,1~~)
CAL L CALCMI (fl,0.)
GO TO 100

gqq STO P
!M’)
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~5 ?AG~E IS BEST QUAL I I’Y F ACflQ~A4~
QU ~~~ PURNIS~~~ I’o D1~Q ~~~~~~~~~~~~~~~~~~~

3’S 0* 7’- (*4 it. .(‘ ~~ .7 0’ C 1” 7-’ 5’-’ ~ 4 .7 ‘.0 7- 0’ l’s 4’ (‘.5 .7 o (*4 4-.- .4 41 *0 0’ (,s 7. 4’ It ‘.0 3. 75 -‘4 0’ Us 7) 155PS (.4 *0 45 754 50 5.) 0* CI U’ (4. 555 7. 5” 15.5 5.) 0’ .3 3’ .7 *0 Cl’ CI 70 50 it’ 5’. 50 ‘0 .4 Cc .12 CI 5*’ 7 7-, c’s I-’) 70 7. 50 5!. 12 *0 0* .4.’ (fs 7.5 7.. 3* .4 5., Cl WI (55 ,fl CI 555 .7 .12 (5*’ (5’ .7 .7 .7 153 55.3 U’ ‘c 7. — ,-, 7’, ~., .~ 3’ CI .5* 4’ .~ 5’, 4’ .41 st ,r -  5.1 5.. .4 .7 45 45 .7 .4 7-’e rc3 ( 5 5 ,’s .3 ,’s ,j’ U’, 7,4 4 S i t  5 0 , 0 7- 7 . 3’  .-Sit3ct’7s4 C S S C C. 5. 7 I t7 . 7 ., 04 75 ( 5 p .. 4 5  7 4 5 7 ,0 ” SS i t r C ’Jt’ ... P ( ‘ - 7 . ,.S 0’ 0- ( ’ c S C I C  (.4 C’ * I -0 ’S NJ~~~~~Ø~~5 0 N J  1 4 N J ,V a . NJ 4’ i_I ..4 N4 50 3 s’ 4 ’ N J •  O C i I.3,’l l,4 I5) ” J 3Uc . .  lj (..7.C0’ Q’ s.,. ’.C . -~ . -, ii. 7. 153 .12 7.. 0 (.4 3 cC. 7.. 0’ ..i (‘4 4 I,’) .0 7. 0’ ,., o 41 75 53 .4  t i ‘a C,, (‘3 ’544 IJS IN -L 5 4’4 )  7 . 7 . 7- 7 - C  7 0 7 0 7 0 0’  0’ O’ O’ O’ O’ ‘ 3” 3 0 7 5 0  000 ( 5 0  0 0 4 4 1 0  . 3 0 4- 3 .5 4  0’-,000 0(30,7 ’ 5’ 5T’ 3’ CT 0 CT’ II’ CT’ CT CT’ (7’ 0’ ‘I’ 0’ (7’ (5’ 4.’ C” 0 .5* C 0’ IJ. I 4 1 4 1 4 1  - 4 -
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THIS PAGE ISB~ST QuALTTY PRLCrICA~L1
NSWC/WOL/T R 76-69 ~~~~ ~~~py FUB2uS~~ 1) TO 1)1)0 .‘..~~~~~~~~ -

PR OGRAM ~EC ROA N (INPUT . OUTPJY,
C TH IS PR OG RAM DESIGNS A BA C K F~ D NI CQOST R I P A NTENNA .
C INPUT O A T A  ~S AS FOLLOWS.
C’ DESIR eD F0~~OUENCY IN MW T
C A/ B  B A I T S ’ )

C S U7* S’TRATE 54’ IGHT TN INCHIS
C DIELECT R IC  CONSTANT
C DES IRS’ ) ’ INPUT IMPEOA NC E
C M’AS UR€(V C AL CUL ATEO INPU T P5S IST &N C~ FOP 0 TEST A NTENNA ft4OPEc tLt. y 1.0’S
C L OSS TANG E NT .
C’ Tw~ PROr,RAM IS 5:? UP TO RUN ON ROTH HIGH SPUD LINE PRINTERS AS WELL AS
C TF L 5 ’ TYP S ’, FO~ 1IN~ PR INTER USE, TH E FIRST FREQUENCY READ IN SHOUL D BE
C N ’GAIIVE . ¶)4 5 PROGRAM CONTINUES READING UNTIL IT RUNS OUT OF DA TA CA RDS .
C’

Bl At  K , L A M O A .LA ’ IDAG, NU,L ,L O S S T * N . t M

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COMM ON /F/EF ~~, OE LT AF .GAIN
MO fl (IP ’ .1— (I,4S Si

C A L L  ANC ,L

PRINT €1
I”,

I PEAP • ,( ,ATO1’ ,H. S’R ,ROS ,R ,LO SSTAN
Ic ( ( ” S r ( c l tN puT, .Nas .l) GO ¶0 ‘s q
1~~1*1
F F

TF(~~.G T. -’ .) GO T0 11
N I
P RI N T  .,~

5 ?
CALL L : 7 ’ 4 r , T H ( A 1 0 7, f l S
V IsA !  I.
1-i~~-i* .Q~’ 1
CA LL C O N T T A N S  R . 193’ — R . I  • ~~7 r A )

CAL l . 447(5(5,3)
CAL l. RT’4( — I., W ,~’M )
7’ 11 (. . I 01Sc~~AF,1 4- - 0! w,1 .‘* —~i• 7 . . 4~~’S .’~,’,Sc 7 ) / ( F G •  (.023 1Si,2.? 51S”l-s,

I 6. R~~7 7 • w . H l )
(‘ISP
P44170W FT Y K
H C W .~ IL’ t

C AL). CO’ TA75 li .IQ E — R , 1 . S V F 7 ’- t
CALL  W A ’ T S ( I , as)
CALL R I ’ S ( — E . . W , 5’ H)
F I R s t S . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

j  c,. a c’7 . 14 • 4 1 )
Pl-4~ P)’~~S ’ T 1  •1

?P O, c’ I .( T , B DS,RH)
t F(7 P1 . G’ .t .5 5 . 0 5 7 4 0 1 4 ” ( S T M ( Y O ’ P I  “‘ I
IF’ ( 7 5 ’ O.L ” . I .)  5* (fl C 4 5 ~~ T ( F C ) ’ ( ! P

Y j = $ /’~ — T O

II f~~i74 YO D t l •  ‘ 5
(‘.L TA F ~ ”) LT*e. 1.:—T
iC ( N .1T .I) D CI~ IT ~;.l ,’).YO ,YI, V T E - ,H - , ) 5 ’ L T A F .GA IM .PtCcS ,Ff.,A TO 3 .H

I,50 ,LOSc ’ &SI ,v ,B s-l ,o
T F ( c . ( 7  , 5  P~ IN’ ~? .3, ~~~~~~ ..1.CP .S’G ,5 O S . V I . PH .Y r S ~~R .LO S S T A N . X .

I “)~ t 1 A F , G A T N . E S ’ T
T F r S C . L T . 1 5  (“. 13’ 7’
IF(MO~I( I 5 . ” 5.,3) (‘BINT R 3

GO T O I
‘C F O B 7 A T t  1~ ( 1w , T R . S . ) )
c e  c O P7 ’A?( ~~1 A . . Ix ,.5*. . ’,x . W pC(5~~’V ,3)x . 5H• .) K .4’~~~,’Y .•F’ ,A0 .’V °’) c ,

I . V t . ’*. B . ,P t , YI c O C O S ’  ,38 , ’LO?S1 13 , 3 7 , ’I. . A K , P3303 10T54 “ ,

1 0 3  IN )DRI• . TP ,~ S’ FF• p

~ C F~ U7.A l ’ (• )
I C  FoRW A T( . T~ PU IN T I-I: FO LL OW I N G  PA ” A ~~’ T ’ Q c .• ,/,’ F R ’ Q  IN ~~~~~~~

1’ 0/55 7 ’ A ’ IO ,,. S- Is t &54 T IN 1’ICUE’~~. l, D T F L ’ CT ° I C  ~‘ON S 10 NT ,/.
70 rs l’ c~~QC ’ )  INPUT D ” 5 T S T A N C ( ,!,~ I’ ’ )R° ’ C T E O N  FACTO K
I • r A ( r . U L A T C O  INP’Ii R C S I S T A N C ’  OF A T 7 ’ ,T A N T S ’ P 4 P I A ’ V,/.
5. LOSS T&NGFN T A

V E  FO DM* T ( •  IF TO Il HAV E NO (4O~~” O* ’ A  T V P 4 -  T N tSTO ~~3” )
B I FOR MA T I •  L~~NGTH A’ ,T3~~, ..F 12.b ,/. W IO Tw P’ ,i~~~,3 C’,EI2.A,

I/~ 1 VØ 4 ,?3 Ø ~~S sC ,Fj2~ 7../, YI’A!2 — 1 •,t5Q . •’• ,Et24 ( ~,/.
7 ”  OHMS P”R c ’ S ?  CHANGE IN yc- •,’3’),”~~~.FI2.€’,/.
T 0WP S “ P  .0 0 13 3  CHAN Gr IN I-4 ,T 3),’• ,F12.( ,,,
Si ” — 3 0 C  04)40310TH lGH7) ,13~~.’~~’ ,F1’ .’- ,/,” G A I N  (OR OVER ISOT B O DICI
““ ,T Y G  ,“U( 

~~~~~~~~~~~~~~~~ T’l(’(5’ R r T I S T A N C ’ 4 • ~O0 , ” * ’ V .F 57 , 7. ,!,
FPFI)’I”ICY T ’ 9 GH7’V ,TR0 . .,Fi~~.l- ./,’ A~~ S5 P~~’1O• ,?’ O, •~~~.Fj 2.6./.

‘“ SUI1 ITS - ¶ 5 ’  wi ’I ”.I-I T •.VIS ’ . s•.F12 .,.F. OI IL T T TR TC : ON STAFIT ’
R . T S ’, * .F1 2 . f c , l , L5’SS TANG NT’,?3 t , 5 ,Fi2.O c ,!,’ CORR E CTION
90 F* CT IQ . , t ,0 C, ’ r ,F t ? . 3 .~~.~ RC ,137 , , 7.’t ? . L . / .  P’ ,13 C . 3.” ,F1 2 .t i

R 9  STO P
EN)’
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Progra. to Design Mtcrostri p Antennas
V With a Back FVcd

By: John W. IcicCorkie,

‘15/ 1 2/ 12.  IO.~CS.24. F’ 8’
WU’IE 3As( 65(10/397
USEIeNuMI-F:b, “~~bi
1EIMINAL * 53.T1Y
1~ECOVI’1’ /SYs1Er4sk,~.].c~.
~~~~~ 20600.
/I~F1.~ ‘C’CQQ...
IFL . 40000.
/CE1.M1C ON/L .”4.6~ 5.
/CE1,LI -E~~/ LN.~~~S_.
/ L I ,’~ ( . F -’11 LTR. ~P-’2 , I ’ . 2L 1E,X C

TYF’ E Ic ’4 1-4E F3LL,~4- 1.’~C’ ~‘AF5PM F T E F c S .
IPIC- IN C.I-4~ — — —

A/Is F’A113
HEICs4 1 IN £N CS 4 ES
DIELECIESIC C3NS 1PNT — — a

DESIE’EL) Is’.)&L11 E’.SIPNCF
COIc I’1.CTI0-’~ FPCI)I’ CUSL IPLLY 1.0)
LOSS TA’W C’FNT

‘1 1.2 1 .25  . 12 5  2 .5  50. 1. .0005 X

L E N C ’114 P a 2.990136

~1DT14 b • 2.392589
TO • .383353
Y l aA / 2  - T O a 1 . 1 1 2 0 1 4
OHMS ~‘E~’ .01” CrIANOE IN Y0 a 2 .A ’79940
BI4MS 1-Els .601 ”  CNA7JC E IN 14 • -.295700
-3Db 1PND~.IDTH C C-IZ) .028177
GPIN C I V E )  • 5.2949~~1
INI’UT ‘S’FSISl (SNCE a 50.000000
FFfC’UE .’9CY C C-li) a 1.200000
PIE, I.AUO • l.250C’OO
SbbSTAP1F ) i E l C .~1 14 a .125000
GIIL ECT ISIC C3NS1PN1 a 2.500000
LOSS 7 A ’ ~C’ Fc ’4T • .C00500
C0 I ’I ’L C 1I~.)4 FPC1~ 8 • 1.000000
I~l4 • 35R.9~~~~4h3
P • .997695
IF TOE) 14PVE N3 Mø)s F. DA TA TYFF IN 510F’

7 3. 1.1 .0~~7 2 .5 5~~. ~. .0(11
LENC’1 14 A a 1.195178

~‘IDT4 Is a 1.08(526
TO • .149638
Y IaA /2 - TO • .447951
BHMS FEI ‘01’ CA4 ANC ’ -F IN TO • 6.364*03
OHMS PEIs .001” C’4 PNCE IN H • .336172
-308 FAN&t..ID1H CCH Z ) • .077330
GA IN ( C E )  • 5. 1 5 094 1
INI 1~ 0’F I~~TA’ )CE • SCs.OO C’C’CiO
IIsEOLSENCY ( C - 4 7 )  a 3.OCOCC ’6
A/ P IsAlli a
SL WSTI .A T F ‘ lFIC~4T 14 a

DULEC1 bI C  C~INS’IAN 1 • 2.SC .CCCO
L0~ S 1P\C~NT • •OCIC ’sC’O
CO ISFECTION FPC1~~ a I.o(~~CC-c ’

a 3’73.p~~c L 7 R
P • 2.5(1*0( 1

IF YOU W P’JF Ni MT ). F Ut .1A 1YPI I c ’4 ST 3F ’
? a~~~~)j~

.1 (F Ml NP 111).

A*’H’Js( C’.1~’1 J 0’ I-L W (~~ 1 .57
I-I1L+-N( ‘7. Z P ( .~’ S )
‘ku

LOG .IFF. l0.3l.~~A .MS Cl” 3 .88 4 LIC.
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X — Y  P L A N E
P54! EPI4I ET FIETA ETOTA L.

SCALE 1.0 08 = 5.06138
— 1 8 0 . 0 0  11.129 —6 11.04 17.729
—1 15.00 17.451 —212.42 17.451
— 170 .00  16.562 —206 . 4 5  16.562
— 165.00 14.867 —203.01  14.867
—160.00 11.816 —200.63 11.816
— 1 5 5 . 0 0  5 .2929 —198 .85  5.2929
— 15 0 . 0 0  — 4 . 4 0 2 5  —197.4 4 — 4 . 4 0 2 5
— 1 4 5 . 0 0  10 .601 —196 . 32  10.601
— 14 0. C 0 16.231 —195.4 0 16.231
—135.00 19.854 —194.64 19.854
—130.00 22.548 —194.02 22.548
—125.00 24 .695 — 193.50 24.605
—120.00 26.476 —193.09 26.476
—115.00 27.994 —192.15 27.9~~.—1 10.00 29.313 — 192.49 29.313
—10 5 .00 30 .4 74 —19 2 .29 30 .474
— 1 0 0 . 0 0  31.509 —192.15 31.509
— 9 5 . 0 0 0  32 .440  — 192 .07  32.41. 0
— 9 0 . 0 0 0  33 .283  — 1 9 2 . 0 5  33.283
—85.000 3k.052 —192.07 36.052
— 8 0 . 0 0 0  34 .7 56  —192.15  34.756
— 7 5 . 0 0 0  35 .4 03  —192.29 35.~~03
— 7 0 . 0 C C  35.998 — 192.1.9 35.9°8
—65 .000 36.547 —192.15 36.51.7
—60 .000 37.052 —193.09 37.0C2
—55.000 37.516 —193.50 37.516
—50.000 37.941 —196.02 37.961
—45.000 38.326 —194.64 38.326
—40.000 38.672 —195.40 38.672
—35 .000 38.979 —196.32 3~ .97~— 3 0 . 0 0 0  39 .24 7  — 1 9 7 . 4 4  39.21.1
—25.000 39.675 —198.85 39,1.75
—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 —212.1.2 39.979
0. 40.000 0. 40.000
5.0000 39.979 —212.42 39.979
10.000 39.915 —206 .45  39.915
1 5 . 0 0 0  39 .8 10  — 2 0 3 . 0 1  39.810
20 . 0 00  39.663 —200.63  39.663
2 5 . 0 0 0  39.475 —198.85 39.475
30.000 39.267 —197.46 39.247
35.005 38 .979 — 196.32 38.979
4 0 . 0 0 0  38.672 — 195.1.0 38 .672
45 .000  38.326 — 194 .66 38 .326
50.000 37.941 —194.02 37.941
55 .000 31.516 — 193.50 31.516
5 0 . 0 0 0  3 7 . 0 5 2  — 193 .09  37.052
65 .000  36 .547 —192.75 36 .567
7 0 . 0 0 0  35.998 —192.49 35.998
75.000 35.401 — 192.29 35.40 3
80.030 34.756 —192.15 36.756
85.0CC 34.052 — 192 .07 34 .052
q o . o o o  3 3 . 2 8 3  — 19 2 . 0 5  3~~.283
95.000 32.440 —192.07 32.1.40
100.00 31.509 —192.15 31.509
1 0 5 . 0 0  3 0 .4 74  — 1 9 2 . 2 9  3 0 .4 74
110.00 29.313 — 192 .69 29.313
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NSWC !WOL/TR 76-69

DPOG’AN DESULTS(!NP UT ,O)T PUTP
C THIS PROGRAM COMPILES ALL OF tHE M E ASURED DATA INTO A FORM WHICH ENDS
C ITSELF to ANA LYSTS,
C INPUT DATA IS AS FOLLOW S.
C A , A, H r~~ MEASURED FRED IN M542 , MEASU RED TO, M EASURED INPUT REST INCE
C A NT A M INTEGEM ,JJ WHE R~ GROUPS OF JJ LIME S IRE PRINTED WITH A SLINK LINE
C P’ TW ” E~5 EA CH GROU P ,

045L K.LA N OA ,L ANOIG, 141,L.LOSSTAN,IM
COHI4ON~~5~~A 1P, F, H, ER
COHM’3M# K~~RS ,RC ,PI2, IP.L,P1,LANOAG .LIMOA .LOSSTA N.ZO,PA.PS,P
OIM ~N SION MFG)~~) .ICOR(1Y )
5 17* ~~GIZN3M ,2MFL, ?HCUI

t•2. ~I4~~SO R t ( Y ~~I)
MO~~( T , J)~~T— lI,”J) J
1’4. I.
LOSTYAN ., 141

~C4 O II , ,. RI I )  .‘ .t . lC )
a KA l .  ~JTFI J , Ef l .C I  ,J.5
CA L L  A NO L

~~~~~~ t O
0R T ’~ ii, (I( I R ) ! t , O t ,t t )
‘YOWl  I
‘C O. C

‘RI. US~~O -
I• .A ,p .s4 ,lp , cp ’ w ,Y t . ’p ,JJ

FI~ r’SM. 1. 4 — ’
T ’ C I A c E O . Y . )  GO ‘0 9°
tFIA.GT.O.) (‘-C, tO 20
1 . — A
‘14’I LO’ 1P1,LT” (I SKI)
‘Pt US,XFLUS/ ’( r
°Q T N T  4.

‘PL uc . l .

‘0 F4 ~~’MM °1 ,E0
! F f R . ( O . ~~,) r,~ ‘~~ 11
ST IR,  A / P
I . , .1
rC. K~~ E 0 ( ( ( W , ’~~~. I ,R)

‘~A 1L C O I T 0 * I 5 t 1qC. Y , I. l,~ F N I
C A L L  W A T ’ S I I , W)
(‘AL L  P I I I I - t . ,W . KH)
Kt ’RI’•SINIYC°PI “7
IFI St .10.0,1 GO ‘0 42
04. Oj

( ‘ O0K C t . q /F’
5~~rI’ .~~P

IT ELCIT I F  ~‘ ,I
I’ .’ H
CALL COI’STA PIII . I OE- F .’.’c7F6 )
(‘ALL WA TT S(I, W )
CALL RIW( t..W , WI
~ O . R ’ 4 0 ’ t N I Y C P) 0 ?
‘ F ) R ! . I C .q , ) GO TO 42
F I ’ ’ I 4 .. I1 I 6 4t E ? — t / R , t . 5 ’ 2 2 H ? . N A 6 ) 2 ~~b E 7 I / I F G ” I . 3 2 R i I ,,2 . ? S 1 5 H.

tw• ’s~ c .q O?7I  I
~ t . ‘0 ‘1 O X

T O’’ C ’.~~s/ 1 I
PH. P” ~~CC P’ E( ’7 ” '  O~XC. ISIN (S IR? ( 5?  . / R HI I /~

C,
‘RI_US.,  PL US. S
X R I I I,T 0 PI’ L T I
‘CD’K’ , )
T FI! .L’,I,5 w.~~_ /~

14 YI .44 1’ O N I  l , r ,5 i p.o)•~ ’ — S t 5 q ( Y C — . A t I r )• •2 ) • .S
‘ITS’ ‘, fl ,%tt. ,H,” C F ’ C . Y O , ’,F P P .€R, Z O, YM, CORRE C E,RI, CO RRFC2. Y E ,
I X , M’I ,Y C , KF CF J J I
TKIN ODIT,J) .4’), II P’tiT I,

SO T” I
92 PR OWl •

GO ‘0  94
91 ‘RON’
F CO’ IAT 12(11 ,F4 4,0 ,10 ,5 7 ,1 • 11,14 .5,1 O, ’S .2, 1O. FS • 1,2 ( iO ,FM ,15 .10 ,

1 r 4 . z . 2 0 1 1 , r 7 .  4)  , 1 4 , F~~, 1 , t T , F7 . i , 1 X , c 5 . 3 , t O , F S . 2 , 1 K , F’C , 3 , 1 E , F 6 . O ,
2 I’,’ C S . O ,tl,A?I

4
I, 31 ,’F 1MHZ) , 70 ,• 45° ,€1 , P!N ,5l .’R TN~~ 2Y, ’ MCAS! ,5O , RIN• ,EO ,
2 •4!ISI° ,21,’.010S V SNR N lOGE WIN ‘41G’ ,l, I5Y ,’S PEC M ,
3 I’II. C* IC’ ,Rl , MEIS ’ ,?O , 040*D ,30 . CA L C° , NO , M!A S° ,NO, CA LC ’ ,IO ,
I, ‘~~A LC ’  ,4,,, C*L~~~,tW , 1sO ,1IX,~~ S , lI

N FO’MIT)IH I
S “O’”IT) 4400’ fl.4 )
€ ‘ OY M * T I  IRRI?’ REM’ ) ’ )
V FO~ MA T I •1 )
S ‘ O O M * T ( A O O ,0,’4!J L Y . ’ ,1? . 5 , SX ,’lV’ . ° .17 _ S . ,)
IS ‘O’I4*15 Q’)
II ‘ O ’ M I T I I F I A P ) I

95 ‘TIP
“ NI
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401. lN ,1 01 4 4 1 670 — 3# H . t .3 9 7 7 .HA V . N 4 b S 7 , ’ . A ° )# 4 1 ’ l . 32015 . ’ . ? ’ 1 S • H P 5 . ’I0 7 1 ’ U ) )
A 9 ITO’ ) N ) I t  ST . 1 11,1175 FI~~I4?) eq ,~~ 1 ~ t ’a $ 11? 11TH S - I , ?  .T I?i  ~~~ 4 ~~ j .

V ,

CPIC C*1 -“‘ AT ‘:0”) f(/”C “ 1*5 GILT ~“ L ’ ~~~~ /1” I’I ‘C

o.ir.. 1.430 3 7 .430 , . i tS 2,91 .570 1231’.) 124 .4 .?  2. 1,5 4c~~~~ t Il l. T.~~0 I ,f, ?1 41,. 1. ~4 .j  7, ‘3 1. £‘ ‘.t .‘ I. .3~ - C i
3 .5173 I.StEO 2.633 .0310 2.55 &. ICO 1235 .5 124,0.0 2.~5 N.~~’t 11 4 . 0 0 ’ )  i.l’-A7  2’ -7.9 1.12) 2.74 1.173  4. - ’ . .~~4 .F ~~
3.55111 I.EI0 2.02) .4315 1.3$ 1,570 1235,5 4750,1 2.., 4,644. ‘ . ‘ O .E ) l  1,404. -~‘Z.6 2 . 1 4 0  2 .7 3  3 . 1 ) 3  W~~~. .35. Ii

3.1)00 3.3100 1.011 .531* 2.50 .550 t2) ’ c, S 171.0 .3  2. ’, 7 . 1 . 4 . 2  5 3 . 0 0 ’ )  1. 474 36 .9  1.00 4 (.4.3 1 .154 175 . •553  31
3 . 3 0 7 3  3 . 3 2 0 3  1. 603 .0116 2 .30  1 . C T 0  l2 ) f ’ .° *2.1, ? 7 . 3 5  2 . N s S  13*503  1,55) 3 1 1 . 3  L .14 ~ I.~~4 1.140 17’ . .S4~ 31
3 , A ’ J ’ C  1. 2 ) 4 0  1.413 .5311 2 .31 1.501 1 2 0 6 . 1 1 24.? . ’ S~ 34 2.~~4 ,? 173 ,03 *  1 .54 .) 151.? ( . IN I  1.6 ) 1 .141  17~ . ,‘4.4 31

~ ,S) 4) 3. 37 * 0  4.310 .0310 2.”) .730 001.9 A C t _ P  2.”’ 2, ‘~ 5 10.030 I .131 46.0  1 .0%?  0 .21 I • A S ?  24 ’ . .750  34
0. 5 0 3 0  0 .325 *  1,04) . 0 3 0 6  2 . 9 0  t . SC I 03 ’. , ’)  ~ccs O . ?~ 7.s’.c t5 ’ .~~~,) ( . 7 ) 0  1 3 3 , 0  1 . 1 1 ?  2 . 2 1  1 . 1 1 ?  2C C . ,7 3 4  34
1..4 3 ’ 7 .  S. 64~3 I .43 3 .3310 2 .10 2.213 0.~5. ’l 65 6 .4  2 ,27  2.4,45 114 .004  1.601 107. 3  1, 216 0 . 0 ’ . • II?. i’.. .771 3’)

5 .4310 1.110) 1,191 .1266 2.50 ,7’C$ P11 .4 Alt .P ‘.~~2 A .)17 1-11 . 0 3 0  .0 3 4 .  13.0 1 . 0 * 3  1, 45 3 .0 1 6  4 , ’ f ,  ~~~~ 3 )
4 .501 1 3. 04011 1 ,SCI .1250 2.340 1. 510 013 . 0 PI lc .4 40 . 50 0 .54 , 5  3* ) ,  CI) .10* / 9 5 .0  1.11.) I .1’ ) ( . I , . 4  4 ’ ? ,  .‘H’ 1, 5
N.~~0) O 0. 5003 4 .00’ )  .120) 2.’S 0.26) 013 .4 014,! 7, ’.? 4.471 1 . ’ E .s ( t  .667 ‘33.7 1.05S 1. 41 0 , 0 0 0  0’l. .1’ ,) 34

1.C ; ’ 7  s.41 0 0 ,.~~‘ .1256 2 . 0 4 0  .500 0171 .0 11 00,6 !.N7 6.144, 57,5,53 .304 33 .7 .S0 1 . 4 2  ) . 1PP II” . . ‘ t 0  3 3
3 .0 6 3 3  5. ’i’03 .04 ?  .125* 2.5, 1.0C R II?’.) *0 90.0 2.’! 6. 703  4 ,51 4 .297 160.1  .50). 1. 0 5  I .~~77 II,. .715 38
1 . 032 0  5 .0 ,0)  .‘.4? .1214. 7.30 1.400 1171 .0 1140.7 ~ • *q ~ .,5’ . 012 .111 *  .703 2 2 5 . 3  .1.12 1.03 2.073 551. .‘h? II

1.5)20 0. I))) 1.1)0 .1240 2.3* .40 4 31 M5~ 5 j 3 9 ~ , 4 0 , ,.? 0. s~.4 ‘5 .000 .311 ‘ .3.’. • 61.? 1.95 1.151 2’1. .sTS 3M
1.~ I l  1.”)SI 1,3)) .1790 7.)) 1.~ .) 3117 ,0 12 5.t ! .~~3 9.111 ( ‘ 3 . 0 ) 0  .520 140 .3 .104 1.IN I - I tO 7..’ • ..s~ 3’)
3 .7350 4.030) 1.031 .0260 2.30 1.300 100’.’. 12 l’~~C 7 , 19 9.010 226 .03*  .NA Z 24.9.3 .403 1.3? 2 .19? 220. ..9’ 3 I

3 .4 3 ’ )  1 . 53 0 0  0 ,A I)  .1260 2 .00  ~~~ 1713. 2 * 2 1 7 . 0  2 _ NI 16.353 ~ 0. 030 .4 44. 50 .3  1,1” . 3 ,00 0 . 2 , 4 ,  7R5 .  • “,7 3’!
3 ,353) t.’)I0 2.40) .t2 ~ 1 2.36 .3. 5 1211.2 1219.3 ,NF 15.511 7,1- , I,.) ,17~, 151.) 1.324, 5.05 1 . 5 7 4  071 • 54.2 31

3.30’I S. 2303 0 .0 33 .1756 2.50 .330 1107.3 tO?9.4 !.‘A 0.616 23 .5)3  •4.74 2hZ . 33 7 1. ’S 0.?’.) Z?! . . .’I3~~~ -
3,2.2 3 0 2.’.iO) 4.253 •$7 4 2.30 .3 10 i I l o ,3  3160 .1  2 .41 10.92) 2 9 . 0 3 0  .154 33 .9 . 31.0 7 , 3 0  1 .043  0’? . .0°’ 3~s
I.’ISIl 7 .3 00 I,5~~

) .02’) 7.5 0 .210 0 .41 . .  02 ’,). ’ Z.~~ t2 . N’t 07 .431 .41’ 24.6 V3’.4 1.01 4 .11 .0  4 ,27 .  .31.0 )‘I
0.1421 0. ‘III 1.lOs .0231 2.10 • 230 170’ ,6 (2,5. 2 2 .1 .3  15. Ph.! -31. 135 .64,7 29.0 1.13 1 3 .3 6  1 . 3 4 *  ~~~ • . 1~ 3- ~1 .637 0 1 . 5 2 3 0  2 , 4 7 3  .1212 7.56 .210 121” .? * 715.0 0.14 16.5 . I  ‘3.7411 .1*4, 20.7  .079 3.1’s ( . 1 0 0  5 ’, , •7~~ II

3 , 0 0 1 3  3 . 3 3 0 0  1 .32 ,  .0520 2.50 .‘.LO U1T..’. 4 2 1 1 , 1  2. 11 4 .702  .9.675 1.231 3h3 . 5 4 3  2 .63 (.114 04). .6(1 31
3.01’S 2.s3Rl 4 . 2 3 3  .04.21 7 .30  .NIS 1255.’  1 2 0 * . ?  i. ..5 S.~~~7 0 7 . 4 7 4  1 . 040  5 .0. ’ .  1 .093 2 .45  1.09 ’  3~ 3, • I~~! 3 4
3.0370 2.3740 $.6~ 1. .0521 7.60 •363 1225 .5 02)0, ” 2,1.4 5.011 46.1.5) (.776 52.4 1.162 2.4’ 1,142 — .7. .17’ 3’
3.641 4 1.1141 3,751. .I~ 71 2. ’.) .5 23 4 ? ’ 0 .~ 173 7.3 7..) 7 .0 73 45 .100 1.127 51.4 0 , 4 0 4 0  3. ’.? I..!’) ‘ . . 7 .  .:‘I 3”3.03 )0 0.4 )01 7 ,)$~ .0620 2.30 .290 1237.3 *2’ .5.7 2..’. 0,019 .3 ,210 1.336 S ’ J .9  ( . 2 1 .2  3 .4 1  ( .2,2 74. 3.  .257  3”

3.03’. 0 .3763 1,54.0 .031* 7.3) .740 Ii’I ~~.1 124.3.1 2. 11 Z.s ’2 75.600 1.525 61.. 1 ,051 1,57 t .i ’ .o 57.2 . .c~~. $~3 .3 0C R 2 .4.’.)) 0 , 743 .4316 2 .50 .0.- 3 l?1” l 121’ . 1 2.11 3.0.4 10 ,/lI 1.0*’. 44.4 1.7*1 1.47 3 • 2 * 0  • .s)- i 3 3
5 . 6 6 2 3  l. 030 3.530 .33*4. 7.36 ,3~C 37 77.6 1243.? 2.2’ 3.6 (1 40.134 1.5113 Lw .4 (.242 2.34 0 . 7 6 4 0  31-7, .‘.:,‘ 0’
~.oe : ; (.‘tCC 1.74. .0’(4. 2.40 .1’, *73 .2 . 1  4/1-1.3 2 . 0 6  5 . 0 3 1  70 .114 1,7.11 05.5 1.5’) 7.37 1 .45). 35? , . 17 ’  3.
0.6 121 0 . 0 3 0 9  7 ,40 . 3  .0300 2 ,50 .433 1235. 4 126 5.5 ? .  10 4, 74,4 ,  90 .  ‘3$ 1,7113  66.4 1.11.0 3.00 1,311 ‘P7 • .31~ 3°

1.3030 7.s?I1 1.200 .0246 2,6) •.5I 3155 .3 Ij’14,,5 2.13 10.0 13 . 4 . 0 3 0  .561 5 3 .9  . 760 2.1) 1.311.  27 ’ . .4 .4 .3  71-
3 .0010 25211 3 .33o  .004.2 . 2.34 .320 12(3.5 1274.3 2.50 12.04’ .3.000 .594 4.4.3 1.01) 2.45 1 .41€ 4,3°, .134 71-
0.00’) 3,7433 1,734 .1 704 7 ,35 .320 1l., .4 1239 .0 Z . S ~ 15 .743 ~ N .lIS .379 04.0 .405 3.1% 0.014 5’). .301 71-

9.60 13 2,40 00 0.231 .5600 2.50 .373 1 2 4 ” .. 3210 .3  2.13 5 .7 14  71 . 104  • ‘135 10.~ .300 2.21. 1 .1~~0 zs r.  .415 II
1.591 0 2,1300 1 . 6 3 3  .~ 5 7O 2 .54 .  .“O 122’ .6 (Z O J . 5  2. 01 6 .763 ‘4 ,4.60 1,11.4 05.3 $.J’3 2.04 1.173 5.37 . •3 1 1  71-
3.60’) 1,710) 1.?). .2626 2,96 .270 1210 .7  1203.4 2.~ 3 7.746 2 6 . 0 3 4 3 .15? 23.4 1.031. 3 .14 0 , 0 34  024. ,  .36 ’  71-

1.1151 7,1’0$ 0.251 .0310 2.50 40) 1?i” .I 1204. ’ 2,49 2.9+5 ~7,40$5 1.21.5 01.5 .950 1.111 %. C”9 07’ . .33”  1(
0.003 5 2.3100 1.001 .0306 2.50 .310 1223.4 02 7 0 . 6  21’I 1 .3 02  3 6 . 2 )4  1.294 39 .4 .  .9 .4 .  1.93 1 . 3 6 3  73’ . ..C. 11-
1.00’) 1. 7160 1.731. .33*6 2.540 .574 123 ..* 1220.0 2.’1 4.1’2 60.506 1.070 44.9 .934. 2.25 1.t’I ZP’. .41’ 71-

3,00.2 5 5,0300 2.503 . 53 0 0  2 4 3  .435 1270 .9 024.5 .3 2.’) 5.7.5 01,1)1 1.645 30.4 0,069 2.57 0 . 05 6  37 . , .33? 0”

2.1339 1.4150 1.20) .1250 2.50 .762 11” .S l76~~.’ 7.40 1S. ’JS 50.530 ,447 63.3 1.017 3.Rs 1.01? 34 . .24.3 F.
2.0030 1.313) 4 .303 .5)36 2 .35 . 0 0 6  *055.4. 1702.? 2, ’.2 IN .!.’ 44 . 771  .433 34.1 1.304’ 4.31 1..l f. .‘I. 521 FL
7.01:0 0.1479 1.75) .125* O.)S .311 (7*0.4 1797.1 ~..1 20.1.4 ~1~ .330 .413 12.! 1.161 0.14 1.050 601. .260 74.

2.0(31 1.4)11 1.203 .4620 7.35 .770 III’..? IllS,? J.5 0.339 37,510 .025 10.? ,44? 1.1* 1 .530 3+3 . .2’I IL
2.5f~~0 1. I’ll 1.563 ,4+21 7.6$ • 170 A ll? .) 10.31.0 2.91 1.334 29.5,50 .259 16.0 .423 5.74 1.404 4.4%, .37% 7 %
7.3)40 1.1424 1.103 .0120 0.91 .21 0 1lJ’.4 *076,7 2.’t 11.73? 41.900 .903 U.S 0.131 3.36 1.13* 61.2. .00* 11-

0,31,3 1.4300 0.243 .1311 2,36 .200 J0 3 7. R 1522,4 7,~~ 4.37$ 09.7-10 1.204 30.1 1.01,0 1.1? 1,151 211. .20. IL
2.6011 1.3131 (.500 .03 10 0 .6 5 .170 II’ .).’ $000 .6 7,36 4,119 00.111 1.15? 0.1 1.027 3.62 1.627 325. .261 75,
2.330) I,t~~24 1. 157 .5)10 7~ 0I .24.3 1030 .0 133?.’ 2.~4 3.924 30.010 1.20) 36.1 1,00 6.24 1.06, 479. .274 77.

1l.0~~~0 4.1730 1.1,67 .1744. 0 .04.  1.023 39.., 393,7 7.)5 s,453 14,5)5 1,415 33.3 1.0240 .00 (.070 309. ( .106 lOt’
03.OhO 4.3.63 1.06’ .0620 2.21 I.Z~~ 106.4 191,1 P 0 1.311 16,000 1,920 3;.? I.S~~ .12 1.159 01. 0.404  30’
*0.64050 4.3000 1,36? .0310 7.75 4..??) 303.1 407.1 1.331 44,031 0.112 13.1 6.532 .59 1.032 *79. 2,1.s 0’
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PROG RAM QIO4 VS H IOUT PUT,INPUTO
C”SAS O ON ‘004 KALOICS PIPER 034 MI CROS TR IP A NTE NNAS 1973
C”T3415 PROGR A M P5. OT S TIlE INPUT RES ISTANCI AT RESONANCE VERSES THE SUBSTRA T E
C”•TM ICKNFSS (H) . INPUT OSTA IS A 5 FOLLOWS.
C’• IF. C R . L OS S T A N . HNT N ,H M A X . ’ 0 N , A 8 M ! N , A P P ’ A X . N A 9 . I L ,  Y1, Y 2
C”F— FREO 170 HERTZ, ER .O!ELCC1’RTC CON STAN T (.OSSTAN—7.OSS TAN GENT
C’ HWTI4- PIINIM UM H TO BE P7.~~T E~ HMAX-M AX IM U M H TO RE PLOT1’FD
C” •Mw -NuMB ’R OF HE IGHTS (P~~INTS) TO 7’ P101150
C’°’ MO1t.IW413 —WMIN)/(N H—1 ) = CONV EN IENT NUMBER FOR TUE H INTERV AL AND
~‘‘ ( HNA X— WM!N0 F2I .  .CONVI5240I INT NUMBEH FOP A NICE ~ RAPU S CALE.
C” ~~lR iN~ M INtM UM A~’4 R A T I O  5R04AX—MAXI I I UII 5~~B P6110
C”N A9—N uH9~~ OF R1T305 (L INES)  TO BE PLOTTED ON THE GRAPH.
C~~” LL — A t IM”  IS SK I°PEO A F T~ P 500H GROU P OF LI L INES IS TYPED
C~~” y t—M1 p41Mu ’ 0  V A L U  OF V A X I S  ON THE GRAPH .
C”Y7—POAX VAL u E OF V AXIS ~)M GRA PH (RIM MA X )
1-’” M OTE . 0 9 7 — V t ) 2 5 8  • Co Hv !NUNT I N T - R V A I  FOP GRA PH S CA L E .  OR V1°12’0 FOR AUTO
C” ~ CAI~~1’4G. U~ UILIY 11 FIJL1~~R G RA P H ~

t StJLT S IF VI AND Y2 AR E  D ETER MINE D BY
r°” HAN’)
C

~~~5I L A ’ 4 0 A , 7 . A M O A G . L  , LO S S TA I O . I M
• rDMp.o’1/q,A .p.F,w,55

Cl)M p.ON,r/PS ,FC ,P12,IM .L, PI .LA M O A G , L A f r I ) A.LOSSTAN ,ZO, PA, PE, P
COMI’ - ) ’4 / 7 / EFF ,O3ELTA F ,GAIN
!3 IMrNcID ~1 P7(5j),$(53)
Han oI ,i1-’t— (I ~J)’J 7. 55 )

I e2 .~~H’ S V T ( 7 ? ) )
I i i .
CALL A’4 71

I p€A r ..r5p .L s1AN, IM,I4.~A x, NI3 ,An ’0I’ ,AB MA x .NAR .LL,y1,y2
IFl~~ ’ F ( 5 L I N P U T ) . N~~. 5I GO TO 99
c.Ac’c (F )

IlL’S.
774 ~ 14 ‘4 7 N’ WI.

‘ O M A O = - . ’ S X ’  WI
W IMC= ( 1 4 M 1 5 - S J H I M )  / ( ‘ l W — t )
A.4 I5 ’ r2 = (  3 ” M A I AR7 ’I N) / ( 0 2 r 1 1 )  -~
l”I)fl. 29’4 1N
00 2 ’  J= 1 , ’IA P

77 r. j, r.q
P07 7-IT 1

‘ IO P M A T (/ / , f,1. FP 010H7)= ,10112. . ,  3 5 , 0.”fl ? A 1 j )  , IPG1?, I..
I 1X .’LD S~~t A7-3  .‘ .I?c12.’.,’X ,’~ 0’ ’.j °Gl 2.1,3X ,‘Ilt. = ° .IP CIZ.N)

P 77 7,1 4.
I. R O~ 7’A T(1X ,’A’,1”X. ’’0’. 15. X ,’H’ , j 3 0 ,’P !110111 .1 5 .‘GAIN’ ,

t l, rTCI 7, ,11, 15N0WI07H..’X. ’~.AMfl5C ,)
CO 1. 7~~j , 74 i.s
CIII L- ’ r -T I - l ( 0 T f l l .2fl

CALL C O M I T A N ( 3 , 1 9 j — 0 ,1,h’ E4 )
C A L L  . l A T T 1 0 1 , W )
C A L L  9 t M 0 — I . . W , ~~ ’-4 )
Ff.~~0•’ 1.
~‘I~~=(,. j3I05 ?,0,7 ._ 3~~U4~ .‘‘2~I.14’7. ,‘65’, 7 ,/ ( F 7’  ‘ ( , 12 ’j ’ . . 7 . 7 5 5 5 ’ H,

PI’~~I4’ S t M ( V O ’ ° ) ’ ’2
5 7 = 7 7 .7 1*

X I II’ 4
P~~7hl’ 1. 2 ,0 .u , D1 ,713 .4 , : FF , 1) I L Y A 0 , L A . 040

7 7 I ) P H A T ( M ( I P G I A . ’ ) 0
7 7 (  (~~ 1t4 (7.1-1) .6° . ) )  .4 4 0 .  I (Ml- ’ — II .0~~.01- 1 2 2 0 0 1  P~’I NI 11.25

1420 FO~~P’ 0 T ( 1 H  I
IC H #I +W INC

“LIPE 0 0 0 ’ ( I I ) — C P ( i I  ) ‘W L  , u t T — i ) ’ w I N~~)
• P~ 17-41 2 . 01 -0P~

2 FOOPAT( ,, cx .‘SL OPE ...rR ,0,°OMP’ S/W 0V 7 L :M G T HS ’)
7F ( J .~~ 3 , j )  CALL CA LC P’1 (N14 ,1,°R , ” .IlMt ! .14M&X, Y t , Y 2 . t 2 .  .9,,

I 19WP’!0~~’)STPED lP4 T 7N P4A S, —1 9,~ MH 1190H S).9.9H104PU7 ‘ss.q,j,ie~
IF( J.747.1) CA LL r ,A L C I ( — N I i ,0.P’.— J I

26 AtO P. AT 1f l ,4 RI0 IC
CIII 0~~Il(.J., 1...3, ,5 ,7 ’ . ,3 5 )
0317. ~~~~~~~ It ,~ ,0
I)’) TI) j

99
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SUR ROUTIPIE A PW=t.
C TH IS POUTTN E STOP~~S ALL OF T H~ VALUES FOR THE SINE A P ’~D CCSIPsE FUNCTIONS
C T HAT A RE USED T HR O I S G H T  THE P R O G R A M

CO MM ~ N/A/CO(1 46),SI(1L.5), A N G I N C
ANGINC=~~. 16332313E—2flO i~ I=1,i~.5AN G =A NGI NC~ ( 1 — 7 3 )
CO( I) =CCS (A P 4 C )

10 S I ( I )= S IN(A P ’~C.)
PET UQ N
E

SURROUTINE COP ?STAN MU,. SIGMA1
C THIS PCUT!NE CALCUL~~T~~S HOST OF THE CONSTANTS USED THROUGHT THE PROGRAM

REAL K,LAMDP,LA MOAG, ML,L,LOSSTAP~,IM
COM MO N/A/ CO (i ’ . .c ) ,S1(1~~~), A NGINC
COM MON/8/A ,8,F,Fl ,0’~
C O M M O N / C / P P  ~~ ,PS~ ~PRK ,PSA ,PC~(
CO’IMON/C~ PCCN
COMMON/~~/RS,qC, P12,IH ,L,PI,LA~lC G,L.AH DA ,1OSSTAN ,7O,PA ,P F~,P
P1=3. 141592~~54
R~~~3~~6O
PI?:~~ PI
LA ~ OA G  2’ A+ ( H/SORT (~~~))
LA MD4= 1.1~~0 2~ 5Z .33 E1O/F
~ S= SORT ( Pt 4 F~~MtJ/S 1GM to )

PC~ RS4 A/P
702 376. 73O3~ H/(SOPT( R)~ ( 1. .1. 735’( EP~~~(— .°)72’.) P2 ’  (H/R F’2’ . 836) )
K P12/LA MOA
P 0  I’ /L A M D A C’

P22 P2’ ~
1= 1O /( F ’ L A H O A G)

PCON= 7O/~l .2 ’ ( 1 H / L A r l O A )~~2 ’ 2
ANr,INC=4.36!32~~13E—?
PA2 A’P~ .5
PSA :P TN C PA )
PCK “C CS C P Al
PB= P” R” , c

PSR P”S!N(PP)
P8K ‘C CS (PP)
PE1’UP N

E P4I

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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F 1 J ’ lC TT O P~ OIELE~” T ( F M~~o ,h3, U)
C THIS FUNCTION CALCILA TFS THE CIELECTR IC CCNSTANT PEQUIRED TO GIVE THE
C FDEOUENCY OBTAINE D Its AN ACT IJAL TESTED ANTE’~N A
C FM = “EASUQE C FR OUEts CY IN HZ
C A = ~HE LENGTH A Its INCHE~
C f3 2 T HE  ~~ IOT H  B IN I t s~~~ HE~~~

C H = TH !UPST PAT~ 1HI’~’KNESS IN INCHES
F=0’M2’ 1. E-~
BH’ .€sl’ (I~/H)”2’, 1155
FH= (0’”H)”’2
AF= (A ‘F)”’?
X 1k. 82~~~~25q +( ~H—1) *
7=(l.2’FH AC FH )
Y~~~

2’
~~—27~ .€,1i.7. ~~“FH

7= 7 47

V = — V /  7
DI~~V CT -=Y—SC PT ( Y 2 ’ ’Y — X ’  X/7)

~~ ET U~
’ N

E NO

SURPOUT IME IENG T H (A T O B , N)
C THIS ROUTIN E USES AN O P T I 1 2 IZ E O  M0’WTON ITERATION METHOD TO CALCUL ATE
C �At AND ~~~~ FOR A G I V E N  A/P P A T I O
C IF B DOE S NOT EOtJAL C.O WHEN THE OOUTTNE IS CALLED, THEN B WILL BE
C USED AS THE FIRS T 4PPPG~~IHATION FOR R .
C ATOB = THE RATIO A/B

N = MAXIMUM NUMBER OF ITERATIONS
COMMON/R/A,8,F, H, ER
IF(P.E~~.).) fl=5.75E9/CF’ATOB’SORT E~~l)
K =
SER SQRT (E~~)
ER M F  R— 1.
PSERM= . 61’E~~M
CERP4= .O 35 2275”E~~M
TOP 5.9O1l.27165E9/F~~24 H’SER

10 B1=P
K K +1
RH 28/H
R0T2 1.+PSFRM4BH2’*. 1155
ROT=SQRTCBOT2 )
DBOT=CIRM/(RH” .8~~’.53OTl
FUNC=TDP/ROT—B’ ATOB
OFUNC ( —TOP)” DROT/°30T?-ATOB
fl 03j—FUT .4C/(OFUNC”l. 33’.)
IF (K.GT .N) GO TO 2-J
IF (ARS (1. —B1/R) .GT.1.E—9) GO TO i i

B” A TO B
R E T U R N

20 A=e .ATOq
15 FORMAT I’ ERRO R IN LENGTH A= ’,IPG2O .tC,* B=~~,1PG2C .tO ,

1 ‘ ERROR IN B =2’,1PG20.jJ)
PRINT jc ,A,B,FUNC

RETURN
END
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SUBR OUT INE PA T ( C U T , A N G L E , O U T . S C A I . E )
C THIS ROUTINE PRODUCES A POL AR PA T T ERN ON THE CAL.COHP PLOTTER .
C CUT AN D ANE, LE DE T EPR INE T H E PA T T ER N  OL A N E  TH R O U G H  THE A N T E N N A .
C C U T ’ X Y  P4IANS T H A T  THE PLANE IS PARALLEL TO THE XV AXIS AND,
C ‘ A M G L E ( = T H ET A
C FOP ~ X AM P L~~. A PLANE G O I N G  THROUGH THE X — Y  AX I S — ANGI,.E.9O DEGREES
C CUT s 7 V W  M~~A NS THA T TH E ~ L0Nf  PA SSES THROUGH THE Z A X I S  A N D
C ~A NGL r
4’ F OR t~gAP 4c ~Lr . A PLANE 4’ ,OI’14’, THROUG H TIlE 7—V A X I S  — ANGLE.90 OR
C 7 — 1  A X I S  A1GLI’~~ C OE G R N S
C TN” PLOT IS SCA L ~~O SO T H A T  I.C OP DLOTTE O IS ACTUALLY ~ SCA LE ’  O~~.C ir (SCAL ~~ IS L~ SS THAN WHEN C PA T IS CALLED . THEN THE V A L I.E FOR SC A LE IS
0’ CHAN G O ID TH MA X IMU’4 GA IN OF THE AM TF )~NA PATTERN .
C ccAl. t .LT . 0 AUTO SCALE
C SCAI. ’ ,GT , 0 ‘.DflP • SCAL~
C OuT .L .C °°INT A’0 ’) G QA PI’I
C OIiT’ 1 P~~t NT ONLY

C (5~ J T r 5 ‘PINT SCA LE ONLY
C f I J T c  I N-l P 1”I I N C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I TX) )  (‘,)

C’~MM ON~’ ~/ C A  T l~ . 05 , ZY I
OtM~ P’cI ~4 ’I ET IOX Y ( 13)  .~~C N X Y ( 7 3 )  , t
r c e O u T . D T . ’ .~ G E  TO Q~
IF(Cl IT .~~),X Y) P~~I MT 1

I F O R M A T ( ~~:X , ’X — V ~ t. A N E4 ,/ ,IC X ,’PHI’,lbX .’EPHI ,14X , ’ETHETA
I .t20 ,’~~TOTAL . /0
IF (CUT.~~~~,7Y~~) P~~IM T IA’

I C ’  ~‘~°“ 3 ” l . ’K, X — 7 ‘LASIE’ ./, ’T W TA ’ • j E,5 ,. !rPH I4 ,L ~~X , * C T w ETA . .j 3 X ,
1 • - T r’I~~L’ ,/)

fl~~l t15~~A ’~G L - ’?.~ - ,7l

IT’  I~’

X V M A I C ( . . t ,t 7 ’ ~)
r~’ t ’ sI ’1.1c5. ’
IF(C 1’T.’’.YV) I ’~~~K 1
IF (C II I .  -1, V~ I T T ~~ I

UHrIJ ( IT . IP)
T I.I= 1’ ( IT I
~ T M X V ( )~~P 3 T K ( I’ s4 Sj ( ~~flI C ’ I ( ’ T ) ) ’7

t T ( Y Y M A S . L ’ . T E ! X V ( t ) )  YV l I~4 Y  C 5 1110) 0 1)
IC C I N I T ’ .J  I

- ..A l r’r,~~~ (XY~~AYI!r(.’ r’ ,L s- . ’-~v .’ .I I Y ) ’ ~~ Y ’3 L r
‘ C I t s  s Y ) ’ ~~

T ’ ( E I I T .L ’  • ~ .0 P3 - ’~~5~T “ .0)1”
r’!s~’.’~~T ( .  ~EA LI s,’ 1’) ~‘.1~~

’
~2C. ’)

GE TI ? t
°‘ ?~ T ” s 1 . 1~,S,  C
I rt P l
T r ( c P I - 4 X y ( I ) .’.E. 5 ,) ’ HV y ( I) rt ” ,’~.L1G1 ( ‘ 4.I X V ( 1 1 1 4 0 B C O I ’ I X Y
T F I T 4 Y V (I). 3.E.’.) T I ~~~Y (1).1C. ’A L lI~ 1 (‘TI l X V ( I ) I ,O ~~I’ONXY

I~~~’ T ’ 1 T X V  ( T )  ,54t , , , )  ~1~~T X Y ( I ) . j C  .5 A L C G 1 ~~(~~T O T 0 V (  I ) ) S N ) C O I X Y
P 4 0 ’~~ .~~ (‘—t )— 1’~
Tr(( ’UT . 5 ~~ .1. P D Q T ’ t T  7, D42 T ,~~pI.IYyf 1), T 4 X V ( ! ) , 7 0 O T X y ( I )

~
I 1 ( c I IT X V  ( T ) . L T . C  .0 T O T X Y ( I )  •C
IT I t  T W O  V II) .L T , • ) THY V (1)~~C.

I5’(~~P H X V I I) .LT .’~.) “ ‘ 4 0 Y ( II
P120)0 ( I ,~~C O I TP)  ‘ 1 1 0 1 )

~ PX V Y  (I)  ~S I ( 100 • ~~ HXV (I)
C TY YX I~ ) r  cI) ( IP) ‘1 T I-I YV( I)

5) (1 I. St ( IP) t T 3 - 4 1 V ( I )
F T”ITXY% (I) rC’l (II’) • - T 1h IYV(1 )
ET O I X V Y I I I ’ S I ( I P ) ~~~ T E 1 X V ( I)

21 CO P4T INU ’
Ir(OIiT.CO.1.) GO TO 21
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •Q.,jqs4pqICPesTRID A N T E

IN 3-a A~~,.1q,jw ,t,IH .1.t,I~~
)

CALL C A L C M I ( — ? 3 . E P I Y Y . PX Y V ,-2I
CALL CA L r NI ( _ 7 3 . I T X V V . t T x y v ._ E )
CALL CALCNIOC .O.)

21 ~~ TUQN
1041)
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SUBROUTINE R I N ( O UT , W , R H)
C THIS SUBROUTINE COIPUTES THE ~~NP tJT RESISTANC E AT RESCNANCE UNADJUSTED
C FOR THE INPU T POINT — Y3
C OUT .LT. C, FOR NO PRINTOUT
C OUT •GT. 0.  FOR PRINTOUT CF PESULTS

= W A T T S  Of’ R A D I A T E D PO W~ R
C PH = THE UNACJUS T~ 1 INPUT RESISTANCE AT RESONANCE.

REAL LAHrIA,LAMD AG,L,LOSSTAN,IM
COM MON/A/CO (145),SI (1’.5),ANGINC
COMMON/B/A, B,F, W ,E°
COMI4ON/E/PS, PC ,PI2, IP4 ,L , P I ,L A M D A G ,LA M OA , LO S S TA N  ,ZO, PA ,PP,P
COPlMON~~F/EFF, UELTAF,GAIN
C O P4 M O N/ G / P A T K , X Y ,  Z Y X
NAMELTST/RESIJLT/ZO , L, FF,W,O°,0C,OD,OT,D~T1TA F,O, RI ,RA,RC ,RS,F,

1 LAMDA , LAM DAG,IM ,LOSSTAN,A ,R,YO ,w ,ER ,GA IN
O M EC .A = P  1 2 F
PA: 2” W/ (1)4” 1)4)
QR: (OM~~GA ” L”A ) /  (2 ” PA )
OC= (Pt’ ?O’fl)/ (LAPIDA G’RSI
QO=1 . /L OS ST AN
01 1, RI ./O P+1. /OC+1./Qfl~
EFF=OT/Q Q
D!LTAF F/QT
RT = PA +2 .‘ PC
O C 7 O ” P I / P A) * ( ( ( S I N ( PA ) + S I N ( P P) ) / ( LA P~O 4 * P ) ) 4 4 2 )
GAIN=1O .’AL O&tO (D’EFF)
RH 2. “7O’ 2fPT

10 PATK= EFF’PI” 10’ (TM/LA MDA)”2/(2, “WI
IF (OUT.GT.0.) PRINT RESULT
RETUR N
E N D

F U N C T I O N ~IMP (T ,J)
C THIS FUNCT IO PS GEN E RAT E S THE PROPER COFFICIENT FOR SUNNING TERMS IN A
C SIMPSON! RUL E INT5c~~ATION
C j = T O T A L  NU MB ER DC T E RMS IN TH E SUM
C I TH~ NUMBER I OP THE ItTH TERM 3EING SliMED

~IMP:2.
6=! /7 .

11:1/2
IFCI!.EO.A )SIMP=’..
tF ((T.LT.?).OR.(I.GE .J))STMP:1.
PET LPN
F P1’~
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FUNCTION T(IT)
C THIS FUNCTION COMPUTES A CONVIENI~ NT INTERMEDIATE NUPABER
C IT - REFERS TO A PARTICULAR ANGL E FOR THETA

REAL I<
COMP4ON/A~ C() (j15) ,SI (j15) ,ANGINC
COMMON/B/A, B,F, H,ER
COMMON/C/P2 ,K,PS8,PBK , PSA,PCK
BKC=K~ B~ CO (IT)’ .5
T3 PSB’ COS (BKC)
T4=PRK SIN(BKC) ‘CO( IT)
T8 P2— (K”CD (IT) )~~“2
T= (T3—T 4)/T~
RETURN
END

FUNCTION U(IT,IP)
C THIS FUNCTION COMPUTES A CONV IFNI FNT INTERMEDIATE NUMBER
C IT — REFEPS TO A PARTICULAR ANCLE FOR THETA
C IP — REFERS TO A PARTICULAR ANGL E FOR PHI

REAL IC
COM MO~1/A/CO (1~ 5),ST (1’.5),ANGTNC
COMP)ON/ R~ A , B,F, H,ER
COPftION/C/P2 ,K,PSR,P~3K, PSA,PC’(
AK=K~ A~ SI(IT)’SI(IP)~ .5

U22PSA COS (A IC)
U3 PCK’SIN (AK)’SI (IT)’ ST(IP)
U5 P2—(K”SI(IT)’SI(IP) )“‘2
U (U2—U 3) F)J5

RETURN
END
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SUBROUT INE WATTS(P4T,W)
C THIS SUBROUTINE COMPUTES THE RAD IATE D POWER BY USING SIMPSONS RULE TO
C INTEGRATE WITH PHI, AND THEN USING FTLOW*S METHOD TO INTEGRATE WITH
C THET A .
C NT = 1 FOR HALF SPHERE INTEGRATION I AS KALDI SUGGESTS)
C NT = 2 FOR FULL. SPHERE INTEGRATION
C H = WATT!  OF RADIATED PO WER

COMMON/A/CO (j1.5 ,SI (11.5) ,ANGINC
COMMON/ D/ PCON
DIMENSION Y ( 3 8 )  , G ( 3 6 ) ,A X ( 3 6 )
IF( (NT. GT.2 ) .OR .(NT .LT.1) )GO TO ‘.0
TF(CO (80) .LT . .5) CALL ANGI
XANG =2. ANGINC
M1 73
M2 11.5
W 0 .
N= 0

30 N=N+1
J= C
00 10 Ir=PI1,M2,2
J=J+i
AX CJ ) =ANGINC’ (11—73 )
TH T ( IT )
1=0
G(J )=Q.
00 20 IP= 37,109,2
121+1
UH U( IT,IP)

20 G(J)=G (J)+ ((UH”CO(IP)+TH’SI(IT))””2+(UH’SI(IP)’C0(IT))”’2)’SIMP(I,
1 37)

10 G (J )=G (J ) ”~~A NG/3.
W=W +ABS (XF I L(AX ,G ,Y ,X A NG ,3 7 , 1 , , 1) ” PCON )
M j j

M2 73
IF(N.LT.NT) GO TO 30
RE TUR ?l

‘.0 PRINT j,NT
N T O
NT I/NT + 1/ NT+i

RE TUP N
FOPMAT (’ NT=”,IeO,” ERROR NT IS A !~ INTE GER”)
END
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FUNCTION XFIL ( T ,F ,Y,T H. NT,X,JP
C TH IS ROUT INE COMPUT ES THE INTEGRAL OF SIN OR COS FUNCTIONS OF THE FORM
C G (X ):TNTEGRAL ( F(T)’SIN (X T) lOT FROM TI TO TN
C USIN ( FILON�S METHOD,
C I = ONE DIMENSIONAL ARRAY (DIp’ GREAT ER THAN NT) CONTAINING VAL UES OP I
C F ONE DIMENSIONAL A RRAY (DIM GR~ A TEP THAN NT) CONTAINING VALUE S OF
C FIT)
C V = ONE DIMENSIONAL A RRAY (DIM GRTATEP THAN NT) USED BY TN ROUTINE
C TN = SPACING 9,~ TWEEN POIN T S  IN  R A D IANS
C N T : NUMBER OF ØDINTS
0’ X = THE PARAM ETER IN *SIN (X’T)�
C J : ~ FOR SIN FORM
C J =  !FOQ COS FORM

OIMCNSION T(j),P(1),V(j),ALP I’lA (g),RETA (g),GAPIMA (q)
COM MOM /A FCO (il.S),SI (j~.5),ANGI NC‘ATA (AL’WA (I), I 1,9)~~0 .,— .0~ 0C0C 30C00172’., .-~000O0O00I’.3307,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
33 2325, .  O O e 0 O 0 2 3 9 5 2 7 ~~, — . 0 0 C ~~O O 1 3~~82 . 2 ’ . ’ . , . G O C O Q 5 9 2 J 0 & 5 9 2 , — .0OO179 5
‘.7351290 1, • O O 3 ~~273368 67,— . 03809253$ 9~ 238, , 1’J 3,53333333333

60’ .2$2k,— . 0 0 C r ~~0 CD 7 7 ) 8 3 ’ . 1 , . , DC 0 0j ” 3 2 0 $ ’ .3 3 5,— . c 3 ooe e 1 63’.215tr , .OO’ .76
7I90~ 761q’5.— .I33333333333333,i.33333333333333/
1= MOD(NT ,21
IF(M.E~~.”) GO TC 66
THETA: X”TH

IF (T)4ETA .GE,.75 ) GO TO 3
THETAZ= TI4ETA~~~2
P .00000000 000031.9”TIIETA2
DO lo 1:1.8
A: EA.AL.DS4A(T))’Tl’4ETA2
R= (B.B~ 1A(t)) ’THETA2

I. 6= (G,GAMI4A(I))’TI4ETA2
A : (A,ALPHA (q))’TI4E TA ’THETA2

3 B: 0.0(16(9)
6= r,.GAMMA (9)
I7I XIT (I) ‘22.QI63IIS 473.

IFN=X’T(NT)’22.9183113 .73.
IF(J,EU,1) GO TO 6

7 00 8 l ( rj ,NT
IZ=X”TIX)’2?.91$3I1$ +73.

8 Y (KI F(K)’CO (17)
XF= IF (NT)”SI (IZN)—F (1) ‘SI It7i))”A
CO TO 9

6 00 5 K 1 , NT
TZ=X”TIK)’22.918311A +73.

5 Y ( K )  F( K ) ’ S I ( I7 )
(F (NT) ‘CO( 1114)—F (1) ‘COIIZlfl’ I— A l

9 SU14 IY I t ) + Y ( N T ) ) / 2 .
NTI= NT—I
00 10 K 3,NTI,2

10 SUM: SUM.Y(K)
1F XF•9” S UP
SUM: 0.
00 11 ~~‘,MT,2

11 SUM. SUM+YIl()
XF= XF•G.SUM
XFIL= XF ’T N
RE fliP N

66 XFIL ~.
PRINT I0l~,NT

jØ0 FORMAT (IHO,ITHNU$B(R OF POINTS” ,IIO,36w MUST RE 00’) IFIL SET EOU A
IL TO ZE RO)

:0)0 ’
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