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Confused About Phased Arrays?
- educate yourself with this simple model

have the same co lo r com­
binations at their free ends.

Next. se lect a spot near
the center of that large
shee t of ca rdboard and
ma rk two points, one being
d irec tly above the othe r, a
half wavelengt h away. Stick
the tw o pins into these
po ints. These pins simu late
the two radia ting e lements
an d esta bl ish the ir rela tive
positions . The n stre tch out
the two strings horizontally,
pa rallel to each other. Ar­
bitrarily designate thi s
di rection as 0°.

Now read your results.
Note tha t like colors are to­
gether at the e nds of the
strings . This shows that t he

tion pattern of two ve rtic al
radiato rs spaced a half
wave (180°) apa rt and fed in
phase. See Fig. 1(a ) for a
suggested configurat ion .
Tak e two e q ual- lengt h
stri ngs . These should be
seve ra l wavelengths long
and prefe rabl y some multi­
ple of a half wave in tota l
length . Fasten a pin at an
end of each stri ng. Then
color a hal f-wave port ion of
the free end of each string
one color (say, red ). and go­
ing back towa rd the pins,
color the adjacent half­
wave sec tion the contrast­
ing color (say, green). Con­
t inue this sequence fo r an­
othe r ha lf wave o r two .
Now each of the strings wil l
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o r simila r mate rial. two
pins, two pieces of string,
and two different-colored
ma rking pens-say, red and
green. Establish some mea­
sure (inch, em, etc .I to re p­
resent a ha lf wa velength in
space (not coaxi a l cable).
Retain tha t uni t of measure
for a ll segments of your pat­
tern checks .

Now here's wha t you do,
taking for t he fi rst check
the exploration of the redia-

Here 's what you 'll need:
a la rge square of cardboard
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Co nf use d about how
phased antenna e le­

ments cause a certain radia­
tion pattern? If you 're think­
ing about two ve rtical ele­
ments, each fed with an
equa l amount of rf power,
you can construc t a simple
mod e l that'l l tel l you q uick­
ly and acc ura te ly just how
the actual rad ia tion pattern
will look.

•.---------+iH~~

Fig. 7(b). Simu fat ion of the phase relat ionship o f radiation
from two an tennas spaced one-half wavelength apart and
fed in phase with equa l power to each antenna. Note the
cance llar ion a r 90°. A similar situation will exist at 270°,

Fig. l (a). This shows two different situations: the spacing and
feed method for actual antennas and the method of
simula ting the generation of a radiation pattern. This simula­
tion wilf show the radiat ion pattern of two antennas spaced a
half wave apart and fed in phase with equal power to each
antenna. A similar situa tion will exis t at 180°,
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Fig. 4(a). Simulation for o bserving radiation pattern of two
antennas spaced a qua rter wa ve apart and fed equal power
but with power fed to antenna B delayed b yan extra quarter
wavelength of cable. Note partial cancellat ion, partial en­
hancement of the pattern at 0°, A sim ila r situation exists at
180°,

Fig. 4(b). Radiat ion partern as observed at 270°. Note full
enhancement. A similar situation will not exist a t 90°.
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Fig. 2. Simula tion o f phase relationship at 0° fo r rad iat ion
from two antennas spaced one-half wayelength apart and
fed equal power but out of phase. That is. the power fed to
antenna B has been delayed 1800 by an extra half wave­
length of cable. Note the phase cancel/ation at 0°. A similar
situation will exis t at 180°. Menta lly rotate the fin es to 270°
and you 'If readil y see the in-phase relationship. A similar sit­
uation exists at 90° ,

Fig. 3. Simulation for observing the rad iat ion pattern o f two
antennas spaced a quarter wave apart and fed equa l power
in phase. Note that the pattern is similar to that of two an­
tennas spaced e half wave apart and fed power in phase, ex­
cept that the " nulls" are much less deep.

Fig. 4(c). Rad iat ion pattern as observed at 90°. Note cancel­
lat ion. Contrast this with the pa ttern observed at 270°, and
you"fJ see the unidirectional effect of th is antenna-and-feed
configura tion.

sw in g t he " e le me nts"
cou n te rclockw ise around
360°, you ' ll note a radiation
pattern qu ite similar to tha t
of the f irs t check b ut having
the poi nts o f min imum and
m a ximum fie ld st re ngth di s­
p la ced by 90° .

But w ha t a bo ut other
spac ing of the radiati ng ele­
ments? Le t's t ry 90° (% ­
wa ve ) spaci ng . This ca lls fo r

radi at io n from that e lement
by 180° .

If you sta rt with the
st rings pull ed out in the
same di rection, 0°, as in the
first portion o f the pr ior
check, yo u' ll notice the a d­
jacen t colors a re unlik e .
This ind icates a mi ni mum (a
near null ) in fi eld st re ngth
at 0°, quite un like what you
found before . As yo u then

• ""' """ ll'''' ,n'n., " ,,", ,un,,, ",,,""""?

180·

tw o ve rtica l a nte n nas
spaced a ha lf wa ve apart
and fed in pha se w ith equa l
rf power to eac h element.

Fo r the next port io n o f
you r tour o f disc o very,look
a t Fig. 2, wh ich te lls you
how to simulate t he red ia­
tion from two antenna ele­
ments spaced a half wa ve
apar t but fed equ al rf
powe r with that of o ne e le­
ment delayed 180° (YJ
wa ve ) re la t ive to the othe r.
Th is is another wa y of sav­
ing they' re fed o ut of phase.
For th is. you' ll ne ed to
shorten o ne st ring (the o ne
fa stened to the p in repre­
sen t ing the a nte n na el e­
ment fed with the del ayed
rf power) by o ne ha lf wa ve
so as to duplic a te the effec t
of delayi ng the phase of the

rad ia tio n from eac h a nten­
na e lement is in pha se wi th
that o f the o the r element,
a nd that the total field
st re ngt h in th at di re ction
(0°) is twice that which
would be radia ted from a
sing le elem e n t. Now ro tate
the two st rings (keeping
them parall el to eac h o ther)
a quarter turn (90°) counter­
c loc kw ise. O bse rve th e col­
o rs. Now you 'll se e that un­
like co lors a re a d jacent,
sho wing that the pha se o f
rad ia tio n from o ne element
is unli ke t hat from the
other, so that the total fie ld
st re ngt h in that a re a is be­
ing reduced to nearly zero.
Cont inue co u nte rclockw ise
around 360° a nd you will
have disco vered the a zi­
muthal rad ia tion pa ttern o f

73 MagaZine - May. 1980 119



d iating element spacing
and proper string length to
simu late the initial phase
relationship, you can ex­
plore any combination your
fancy may dictate! Just re­
member, these simulations
are valid only for situations
in whi ch the rad iat ing ele­
ments are fed equal rf
power.

The methods of feeding
antenna elements , a s
show n in the several fig­
ures. are d isp layed in a
manner intended to show
clearly the delay (or lack of
delay) in the phase of rf
power fed to one element
as related to the phase of rf
power delivered to it s
pai red element. There ' s
nothing wrong with t hese
systems other than their re­
qui ring an inord inate length
of feedline cab le . There are
other, preferable. ways of
doing this in actual antenna
installations, so you sho uld
cons ider alternative meth­
ods.•

reducing the spacing be­
tween pins to one-half what
you 've been using. A lso,
you' ll need to use equal­
length strings for observing
the pattern for in-phase
feed . A fte r you 've looked at
that, as in Fig. 3. you might
want to shorten o ne st ring
by o ne-half wavelength
(180 0 ) and check the pat­
tern for out-of-phase feed .

When you 've explored
those patterns. look at Fig.
4. In this setup. you retain
the quarter-wa ve spac ing
between elements but de­
lay the rf power fed to one
element by 90 0 (V. wave).
To compensate for this de­
lay. you'll need to shorten
the string for the pin repre­
senting tha t element by a
quarter wave. Run through
the same procedure you've
used before. Note now that
the pattern is unidi rectional
instead of bi-di rectiona l as
on prev ious checks.

By using proper pin spac­
ing to simulate actual ra-
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