Dennis Mitchell K8UR
520 N. Hamilton Street
Ypsilanti M1 48197

his article is intended

for use with a TRS-80
Level 1l 16K. The program
listing is for the amateur
who is interested in design-
ing his own array of anten-
nas and predicting the polar
plot ahead of time. This
ability to predict and create
graphic displays on the
TRS-80 saves me many
hours which previously
were spent in building
antenna arrays—many of
which never quite worked
as | had hoped.

The program is set up for
an array of up to 10 ele-
ments to be plotted, but
with only a few program
changes, it can calculate
and plot any number of
elements. All inputs to the
program are prompted.

The program needs only

Antenna Engineer

— predict performance of phased arrays
with a TRS-80

five pieces of input infor-
mation as described below.

1) The number of ele-
ments in the array.

2) The relative phase of
each element. This is the
phasing that each element
in the array receives com-
pared to the reference ele-
ment. The reference ele-
ment can be any element in
the array, and is chosen by
the user; all measurements
of phase are referenced
against it. The phase of the
reference element is auto-
matically made zero (0)
degrees. The phase of each
element in the rest of the ar-
ray is then the difference in
phasing in degrees from the
chosen reference element.
The examples will make
this clear.

3) The angles of ele-
ments. The angle of the ele-
ment is the angle which is
made from the user’s view
of the antenna placement
(See Fig. 1).

4) The relative ampli-
tudes of elements. This is
how much power each of
the elements is getting com-
pared to the reference ele-
ment. If element #2 is get-
ting the same amount of
power as the reference,
then the response to the
program would be (1). If the
element in question were
getting twice as much
power as the reference,
then the reply to the pro-
gram when asked this ques-
tion would be (2), and so on.

5) Spacing to an element.
This is the spacing, in
degrees, from the reference
element located at the
center of the X-Y coordinate
system to the element in

question. If you are used to
thinking in terms of spacing
as parts of a wavelength
then remember this: Spac-
ing in degrees = 360° times
spacing in parts of wave-
length: 360 x .24 = 72°.

To help clarify any of the
above programming steps,
refer to Fig. 2 and also to
photo A which is the polar
plot of the well-known two-
element beam, with (1) 90-
degree lagging phase, (2)
equal power division, and
(3) placed at 45 degrees in
direction and .25A, or 90°,
from the reference ele-
ment. The photo shows the
cardioid pattern that ac-
companies the two-element
beam. Fig. 2. shows also
that the beaming action is
at 45 degrees on our coor-
dinate system, with the sec-
ond element being placed
in that direction and having
a phase difference of 90
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Fig. 1. The reference element is always centered on the X-Y
coordinate system. All other element placements are
measured as shown here.

Photo A. Polar plot of two-element array.
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Photo B. Bobtail curtain with equal power division.

degrees (—90 from refer-
ence)

The correct response to
the program for a design of
this two-element beam
would be as follows:
® Relative phase of ele-
ment #2? —90
® Angle to element #27 45
® Relative amplitude to
element #2? 1
® Spacing to element #2?
90
@ Number of elements? 2

The program is very easy

to use once the input pa-
rameter definitions as just
outlined are known,

Lines 20 to 540 are simply
inputs and their various for-
matting. Lines 560 to 780
compute the partials from
each element to the total
pattern of the array. Lines
820 to 920 are format to
start the graphics plot
routine. Lines 920 to 1060
scale the pattern to be plot-
ted to fit into the TRS-80
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Fig. 3. Bird’s-eye view of two-element antenna array place-

ment.

Photo C. Bobtail curtain with unequal power division.

picture format and then
start the plot to the screen.
The rest of the program
consists of various format-

ting to display the different
output routines from the
program.

The program will give the
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Fig. 4. Bird's-eye view of vertical element placement of Bob-

tail curtain, equal power division.
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Fig. 5. Same as Fig. 4, with unequal power division.
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following .outputs at any
time during the program
once the initial plotting has
been done:

® Plot pattern.

® Give gain data every 30
degrees.

® Cive gain data every 2
degrees.

® Restart another array
design.

® Cive graphic element
placement of the designed
array.

® Cive element parameter
recap.

Fig. 4 and Fig. 5 and
Photos B and C show the
variations obtained with
the Bobtail curtain anten-
na, changing only the
power division (holding
every other parameter con-
2d CLy
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stant). It can be seen readily
that the correct division for
best pattern and gain is in
Fig. 5 and Photo C. |

The Antenna Designer
program can save many
hours of field work by
computer-designing an an-
tenna idea. With this and
imagination, some helpful
inputs to one’s antenna in-
tuition should come.

There are some assump-
tions made when using this
program that should be
mentioned, however. The
first is that all elements are
assumed to be point
sources (isotropic) and the
actual pattern developed
by most real-life elements is
not isotropic. A vertical
antenna at ground level can

closely compare to an iso-
tropic source better than
most and has been my ma-
jor line of study with this
program. Second, the add-
ed beaming effect intro-
duced by radiation outside
of the plane in which the ar-
ray lies, is not considered.
And third, the problems of
mutual coupling among the
elements in the array are
not considered.

Even with these assump-
tions, the program closely
describes the field-strength
patterns from every com-
parison made to date, and
their being neglected
should not alter much the
pattern or gain of any
amateur antenna attempt-

ed,

1384 NEXT
14E% GOTO 1164
1422 END

| have cataloged over
200 polar plots using a
similar program written in
Fortran, for variations of 2
to 10 elements. In all cases,
they are essentially iden-
tical to other published pat-
terns.

If the reader does not
cherish the thought of re-
typing the listed program, a
cassette on quality tape is
available from me for
$8.00.1

Bibliography

1. “HP-67/97 Plots Antenna's
Polar Pattern,” Electronics Mag-
azine, September 13, 1979.

2. W. L. Weeks, Antenna Engi-
neering, McGraw-Hill, 1968.

3. J. Kraus, Antennas, McGraw-
Hill, 1950.

4. ARRL Antenna Handbook.

222 LIM GNC38RL) ,GMNCI62) tAAZ BB 22 =, 2174535 2CV=581CH=95
222 NI1=153683zEL =1 2eF =" me 0 0” FI=2
242 LS "RF wFed e inYBLTAINGS (64, =" ) :BLE=UTHINGS (64, ") SSLEF
I5(cLS,15)
262 PAINTTENPUT Mdibcd OF ELENZNTS
282 IF ui=2 04 wl>13 THEN 282
323 CU=(NL+3)=54:0000UB 1442
323 FOn 5=2 TO al
342 PRINTSCU,“INPUT RELATIVE PHASE OF ELEMeNT#™;5;
362 INPUT A(N):GOSUs J523:PRINTS(N+1)eb6a+]14 AIN);
388 PHINTECU, INPUT ANGLE OF ELEMENT #"3N3
422 INPUT O(N):GOLUB |5BJ:PRINTE (B+])u6a+28,0(K);
PRINTECU, "INPUT RELATIVE ArPLITUDE OF ELEMENT #"383
INPUT RAN)GOSUS I5APRINTSCATIImGA+AL K (N);
PRINTECU, "INPUT SPACING OF ELEMENT #7;N;
482 INPUT S(N):GOSUE 1502:PRINTE (N+]1)%64+56,B(N);
ANSET"sPRINTECU, ™" ;s INPUT “15 THIS DATA CORRECT ";aNS
522 IF ANS=""0H LEFT3(ANS,1)="Y",NEXT CLSE 3432
£42 GOSUE 1522:005081682
560 ZMz 23 PRINTER96, "NOW CALCULATING FOR™;
S8Q PHINT® 965, "DEGREE oEARING™;
6§22 FOR J=32 TO 36 TEP2
PHINTES6R2,J5
FOR N=2 TO NI
Co(BINI=COGCCO (N I=d ) =D )+a (N ) ) =RD
HO=COS (C)=K (N I+rO VT =SIN I+ VT
702 GN (U d=5QR CCAR+HO ) [Ba+(YTLEE))
IFGN(J)>ZM, ZM0GN ) 3P 1=d
752 LFGh W) <ZL ,ZL=0K W) :P2=d

thake 1207 :LaPdT M1

B22 IFPI1>= 1 BATHENP3=P = | BAELSEP3=PI+] 8

B2 CLS:FOAI=3TOI5sPOKE]ISISZ2+(1«64) ,CVINEXT

863 FORI-1582EBT015871:POKEI ,CHz NEXT

882 PrIKRTES11, 2% sPRINT®#99], 92 ; :PRINT#448,7 1827 ;:
PrRINTES],"272%;

22 PAlNTE962,"PLOTTING:";

923 FOH M=2 TO 362 sIzP2

943 1F F1=2 THEN GM(M)=GN M)

6 GN ()= (25/2ZM) =GN (M)

982 PHINTR 96, M}

1222  X=COS (M=HD JwGN (M) w2 5 IFX<=64,X==864:[FK>64,X=64
1aza Y=SIN (OeRDI%GN (M) s IFY <=23,Y==23:1FY»23,Y-23
1242 BET (84+X, 25+Y)

1262 NEXT

| 282 Dbz |2+ LOCCIMI /LOGCIA)) sFB= 12+ (LOGCGMCP 1) ZGM(P3II/AUGCLIA) )
ji@d IF Fi1=0 THEN DCsDB

1120 PrINT@2,"# EL'S:"jN1; sPRINT@48, "GAIN:"; sPHINTUSINGFS;DC ;3P
INT" Do ;:PRINT@951,“F /01" ;sPRINT@ 1R12,USINGFS;FB; :PRINT" DE"™;
1142 Fi=1

1162 PRENTERSS, "HIT ANY KEY FOR™;:PRINT®962,"OPTIONS LIST";

1162 IF INKEYS=""THEn GOTOD 1183

1200 CLE: PRINTS®A, “ENTER " sPRINTS64,71) PLOT PATIERN™ ;:PRINT®12B,
=2} GRIN EVERY 33 DEG."p:PRINTS192,"3) GAIN EVERY 2 DEG."j:PAINT®
256,"4) NEW START™;:PHINT®322,75) B ENENT PLACENENT "3 :PRINT®3B4, "
6) ZLENENT DATA"

1222 X=2:Y=2:INPUTLL:IFLL=1,ZA=23ELSE IFLL=3,J=2

124C ON LL GOTO Ba2,1282,1342,1542,1563

1262 GOSUs 1442:50T01162

1282 CLS:PRINTTABC(22) SYNOPSIS OF GAIN DATA" :PRINTHYS;

1322 J=33:HEM DEGREE STEP

1328 PRINT, "BEGAEE" ,"PUR. GAIN.", DB (1) GAIN"

1342 FORI-2TU362 STeP J

1968 PalNTTABCIG) 31, :PHINTUSINGGS;GN (1) s 1FGACE)>=EPRINT, 19«(L
OECGMm 1)) /LOGC1I23)

1442 LLUSPRINTHYS ;s PAINTEL 0" §TABCLG) s "PHASE" sTAG (28) 3 "hNGLE T}
TRo C(4L) 3"aMPL . " s TRD(S6) 3" SPACI NG sPHINTRHYS;

1863 FOR 1=2TONL:PRINTI;TALCIQ)sACL)3TAS(EBIs0(LI;TAn(42)zR (1) ;
TAB (S8 ;B CI) sHERT sPHINTHYS ;

1488 aEldnN

1533 PRINTECU,BL3; sHETURN

1523 FOR [=CU TO 869 STEP64:PnILTGI ,oL3;:R=XT tRETURY

1542 CLS:CLEAR: AULLIBS

1562 FOR PL=2 TO HI+1:IF o (PL )>40 BG=E {PLIZNEXT
1582 CLU2PRININS1] , "2 s :PAINTE991, 792" s sPRILTEASE, " 182" tPAINTSS
1,T2T2%;1FOR HL=2 TO NI:XX=COS(0OlL)=HU)

1822 KK=XKeb (HL ) /2G=56+62

18243 YYSSIRCOCAL dwinl )=k (KL ) AIG 1 B2 SET (XK, YY) sGET AKX+ 1, YY 1)L
ET CAK=1 ,YY=13:s5ET (AK+1,YY=1):8ET (XK=1,YY+1)

1642 NeXT nl

1662 FOR V=1TO22: CET (64,22)35ET (65,23)sSET(63,21)352T (85, 210382
T(63,23)sNEXT sFOR JU=|TO282HECET (65, 23):HESET (63,210 14521 (62,210
AESET (63,230 sNEXAT :IF INKEYS="" ,PRINTEB56,"HIT ANY RKeY TO™;:PRINT
@962, "CONTINUE"; :GOTOI662ELEE 163

1682 FOR PL=2TONI+1:1F o (PL >80 ,8G=8 (PL J:NEXT

1732 PRINTGBYS, " HIT ANY KEY TO"jtPRINTESE2,"CONTINJE" j2IF INKEYS
=""THEN GwOTO L7080

1728 CLSIPRINT@S11, 3" s PRINTROSL, 92" J IPRINTE 448, " | B2" § SPRINT®S
1, "274%;

1742 FOA AL=2TONI:XK=COS COCRL Y=RD I sXX=X% =8 (RL ) /BGe56+641YY=SINCO
(nl d=rtldeo (RLY/BG#IB+22; SET (XX, YYD s5ET XK+, YY +1 0 sSeT(XA=1,YY=12):
SETARA® ), YY = 1) 3SET (XX=1,YY+ 1) :5ET (64, 22): NEXT

1763 RETUHN

1782 CLS:PRINTCHAS (23) s PHINTE 532, "HAN =" ;2FORE = | TUGZ2: NEXT :PRINTE
532,68 PRINIE538, "-TENKA ™ sFOAL= ITOS2DsNEXT sPRINTES53B, 85 :PRINTE532
o HAN="; tFUNI=ITOS33sHEXT :PRINTE 542, "TERKAT § :PRIKNTEDES, "7 sFORI=I
TOBzPRINT tFORE= 1TOS22: NEXT tNeXT :GOTO 1832

1822 PRINIBSIE, "PULAR PLOTTING PROGRAN™ :PRINT&SES,"FOR LURIVEN AR
naYST:GOTU 1822

1822 PRINT®962," 1975 - D.C.NITCAELL - KBUR™;:FOMI=ITO1522:NEXT 2
CLS:PRINTCHRS(2B)

1832 PRAINT® TalS PROGRAM LETS THE USEM DeSIGN WIS OWR PHASZD
ANTENNA ARHAYS JP T0 12 ELEMENTS, ®ORE ELEMENTS NAY BE JSED 3
Y CAANGING THE "12" IN LINE 283 TO THE CeSIHED NUMBER OF ELENENTS
1842 PHINT™ TO DESIGN AN ARRAY, PLACE THE ELewzNTS OUT RS BE
S1iel USING A 'BIRUS EYE® VIEW OF THE AHRAY AND aN X=Y COORDINAT
£ UYSTEM WITH 2-DEGHEES AT THE RIGHT ,272 AT TOP, 182 AT LEFT AND
92 DEGHEEAT BOTTOM.™

IB52 PHINT "™ THE PHOGAAM WILL ALK YOU PHASE ,ANGLE ,AMPLITUDE R
ML SPRCING Prase 1S €=) FON LAGGING PrASE AND (+) FOR LeauIfNG  PhH
ASE PHALE [S IN DEGREES FROM THE REFERENCE 'EL&£wENT, CHOOSE ONE E
LEMENT UF THE AHRAY AS A REFERENCE "

1855 PAINT®962,"nlT ENTER TO CONTINUE™ jsINPJTUUS :CLE

1862 PnINT” (ALL MEASUREMENTS FOR THE UTHeR ELEAENTS #ILL sE
TakeN FAOM THE AErcHENCZ ELEMENT CHOSEN).ANY ELEMzNT &ILL U0, In
onCINRIE, "3

1ES1 PrINT™ Tne REFCHENCE ELEMENT WWICH IS ALWAYS w1 THZ CESTER
OF THE X=Y COORDINATE, ARD Trc cLEAENT IN QUESTIUN.™

1ET2 PalNT" THE AMPLITUDE 15 THe aMUUNT OF POWzR #HICH THE
£LEENT IN JUESTION «ECEIVES COSPARED TO YOUR REFERZMCE., 1T IS E
XPAchuEn AL A AATIO. THE AEFERENCE ELEMENT ALWAYS GETS 1:1 POME
o0 IF"

1875 PrINT™ EherchI 2 ¥Edi 70 GET THICE AS muUCH POWER, YOUKR 1NPU
T #OULL b2 (22 FOR ARPLITUUE JTHE UPACING IS HOW Fall T ELEAENT

N sJESTION IS re0M THeE HEFEHENCE IN DEGHZeS.”

1BBE PHINT™ SEE POOP-5HEET FOR ANY LaYOUT PHOBLEMS .

1898 PrlNT#968, "nIT ENTER TO CONTINUE";:INPUTUUS:CLS
1322 KETdAN

Program listing.
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	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228

