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Antenna Engineer
- predict performance of phased arrays

with a TRS-80

Photo A. Po lar plot of two-efement array.

Fig. 1. The reference element is always centered on the x. y
coordinate system. A ff o ther element placements are
measured as shown here.
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question. If you are used to
thinking in term s of spacing
as parts of a wa velength
then remember this: Spac­
ing in degrees = 360° t imes
spacing in parts of wave­
length: 360 x .2A = 72°.

To help cla rif y any of the
above programm ing steps,
refer to Fig. 2 and al so to
photo A wh ich is the polar
plot of the well-known two­
element beam, with (1 ) 90­
degree lagging pha se, (2)
eq ual power divis ion, and
(3) placed at 45 degrees in
di rect ion and .25A, or 90°,
from t he re fe rence ele­
ment. The photo shows the
card ioid pattern that ac­
co mpanies the two-e lement
beam . Fig. 2. shows al so
that the beaming action is
at 45 degrees o n our coor­
dinate system, with the sec­
ond element being placed
in that direction and having
a phase di fference of 90
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3) The angles of ele­
ments. The angle of the ele­
ment is the angle whi ch is
mad e from the user's view
of the antenna placement
(See Fig. 1).

4) The relat ive ampli­
tudes of elements. This is
how much power eac h 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 referen ce,
then the respon se to the
program wou ld be (1 ). If the
element in quest ion were
getti ng twi ce as mu c h
power as the reference,
then the reply to the pro­
gram when asked thi s ques­
tion wo uld be (2), and so o n.

5) Spacing to an element.
This is t he spac ing, i n
degrees, from the reference
element lo cated at the
center o f the X-V coord inate
system to the element in
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five pieces of input infor­
mation as descr ibed below.

1) The number of ele­
ments in the array.

2) The relat ive 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 ca n be any element in
the array, and is chosen by
the user; all measurements
of phase are referenced
against i t. The phase of the
reference element is auto­
mati call y made zero (OJ
degrees. The ph ase of each
element in the rest of the ar­
ray is then the d iffe rence in
phasing in degrees from the
chosen reference element.
The examples wil l m ake
this clea r.

This article is intended
for use w ith a TRS-BO

l evel 11 16K. The program
listing is for the amateur
who is interested in design­
ing his own array of anten­
nas and pred icting the polar
plot ahead of time. This
ability to predict and create
graphic displays on the
TRS-80 saves m e many
hou rs which prev iously
were spent i n building
antenna arrays- m any of
which never qu ite worked
as I had ho ped .

The program is set up for
an array of up to 10 ele­
ments to be plotted, but
w ith o nly a few program
changes, it ca n ca lc ulate
and plot any number of
elements. A ll inputs to the
program are prompted .

The program need s only
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Photo B. Bobtail curtain with equal power division. Photo C Bobtail curtain with unequal power division.

• • 11••

.<>. .... . '.>0
\DI p.,

S ' 20'

degrees ( - 90 from refer­
ence).

The correct respo nse to
the program for a design of
thi s tw o-e lemen t bea m
would be as follows:
• Relative phase of ele­
ment #2? - 9(}

• Angle to element #2? 45
• Relative a mplit ude to
element #2? 1
• Spac ing to element #2?
90
• Number of e lements? 2

The program is very easy

to use once the input pa­
ramete r defi nitions as just
outlined are known.

lines 20 to 540 are si mply
inputs and the ir various for­
matt ing. lines 560 to 780
compute the partial s from
each e lement to the tota l
pattern of the a rray . lines
820 to 920 are format to
s ta rt the graphics plot
routine. lines 920 to 1060
sca le the pattern to be plot­
ted to fit into the TRS-BO

picture format and then
start the plot to the screen.
The rest of the program
consi sts of variou s format-
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ting to display the d ifferent
output routines from the
program.

The program will give the
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Fig. 4. Bird's-eve view of vertical e lement placement o f Bob­
tail curtain, equal power division.
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Fig. 3. Bird's-eve view of two-element antenna array place­
ment Fig. 5. Same as Fig. 4, with unequal power d ivis io n.
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following .o utputs at any
t ime during the program
once the initi al plott ing has
been done:
• Plot pattern.
• Give gain data every 30
degrees.
• Give gain data every 2
degrees,
• Rest art anot her ar ray
design,
• Give graphi c e lement
placement of the designed
array.
• Give element parameter
recap.

Fig. 4 and Fig. 5 and
Photos Band C show the
var ia tions obtai ned with
the Bobtai l curtain anten­
na, c hang ing o n ly the
po wer div ision (holdi ng
every other parameter con-

stant). I t can be seen read ily
that the correct division (o r
best pattern and gain is in
Fig. 5 and Photo C.

The Antenna Designer
program can save many
hours o f fi eld work by
computer-designing an an­
tenna idea. W ith thi s and
im agination , some helpful
inputs to one's ante nna in­
tu ition should come.

There are some assump­
tions made when using thi s
pro gram that shou ld be
mentioned, however. The
f irst is that all elements are
a ssum ed t o b e point
sources (isotropic) and the
actual pattern developed
by most real-life elements is
not isotropic. A vert ical
antenna at grou nd level can

closely compare to an iso­
t ropic source better than
most and has been my ma­
jo r l ine of study with thi s
program. Second, the add"
ed beaming effect intro­
duced by rad iation outside
of the p lane in w hich the ar­
ray lies, is not cons idered ,
And third , the problems of
mutual coupling among the
elements in the array are
not considered .

Even w ith these assump­
tions, the program closel y
describes the f ield-strength
patterns from every com­
pa rison made to date, and
t h e ir b e ing negl e c t ed
should not alter mu ch the
p attern o r ga in of any
am ateur antenna attempt­
ed .

have ca taloged over
200 po lar p lots using a
sim ila r program wri tten in
Fortran , for va riations of 2
to 10 elements. In all cases,
they are essent ia lly iden­
t ica l to other publi shed pat­
terns.

If the reader does not
cherish the thought of re­
typing the l isted program , a
cassette on quality tape is
available f ro m me fo r
$800 •
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