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VH F Signal Diffraction
- why the highest antenna may not be the best

Fig. 1.

M y Q TH is down in a
hole in the ground,

and while it's not a big hol e,
it is sti l l suff icient to cause
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problem s on two-meter sim­
plex when I try to communi­
cate on RTTY with friend s in
Am arillo .
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H avi ng con tem p lated
and rejected the "Super­
man approach: ' ) I searched
for other so lut ions. As I
climbed up my tower to
rec over last year's quad
(w hich the West Texas wind
had turned into a three-and­
on e-half -element bird ­
catc her), I happened to
carry my handle-talkie with
me. I t ried in va in to hit the
repeater from the top of my
tower and then sad ly start­
ed the climb to the grou nd .
I had descended but a few
feet, however, when the lit-

tie transceiver squa lked to
li fe. " W hat gives?"

As it turned out, I was
ab le to communicate with
the Ama ril lo repeater, some
twenty miles away, from a
point not at the top of my
tower, but somewhat lower
down.

Never one to look a gift
horse in the mouth , I
mounted the new antenna
on the side of the tower
wher e t he sig na l w as
stronges t and then repaired
to my desk and home com­
puter to f ind out what in the
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book will do. The APPLE
models the system nicety
and results in the very in­
te resting graph shown in
Fig. 2, which displays signa l
strength as a fun ction of the
distance, D. (See Fig. 1
agai n.) The horizonta l line
depicts the line-of-sight
s t re ngt h of the s igna l.
Wow! I can. by proper
placement of the antenna,
reali ze a ga in over the line­
of-s ig ht path. This gain is
theore tically about 1.4 dB,
and under marg ina l cond i­
tions this could make a dif­
ference.

The variou s graphs show
d ifferent placements of the
knife edge in relation to the
transm itting and rece iving
sta t ions. They show clearly
that it may be possible to
place an antenna in such a
position that it can take ad­
vantage of the ga in "of­
fe red" by an obstacle such
as a hill or bu ilding and
thus allow communicatio n
ove r paths which would
otherwise not be produc­
tive.

The graphs are based
on a wave length of 2
meters, but since they were
computed using formulae
deve loped for light waves,
they must be used main ly
as a gu ide. There shou ld be
a slight d iffe rence in the
way light and rad io waves
behave, although it should
not be large. It is possible.
by a judicious p lace ment of
the base of the antenna
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to carry out communica­
tions over difficul t paths.

The grap hs a re shown fo r
severa l re prese ntat ive sit­
uations. The compute r pro­
gram takes advantage of
the HIRE S capabilities of
the APPLE, but could be
mod ified for o t he r ma­
chines. The mathematics of
the situat ion are not entire­
ly trivial and require nu­
meri cal integrati o n of
Fresne l integra ls. •
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3 Xl ", 0;Y1 ", O
4 HGR
5 HPLOT 279,53 TO 0,53
6 HPLOT O,159

15 INPUT " HOW FAR IS IT FROM TRANSMITTER
TO OBSTACLE ";A

20 INPUT " HOW FAR IS IT FROM OBSTACLE
TO RECEIVER ";B

25 INPUT " WHAT IS THE WAVELENGTH ";L
30 FOR LO ", OTO 250
40 V ", LO/SQR(S·L· (A ... S)/(2 ·Aj)
50 GOSUS 1000
60 PRINT LO; TAB(12);V; TAB(25);(X ... .5)t2 ... (Y ... .5)t2
70 GOSUS 2000
75 NEXT LO
80 END

1000 X", O;Y=O
101 0 FOR I '" 0 TO V STEP VI200
1020 X '" X ... COS(3.14159f2· I · I)· VI200
1030 Y '" Y + SIN(3.1415912 -1- 1) · Vf200
1040 NEXT I
1050 RETURN
2000 IT '" IX ... .5)t2 ... (Y ....5)t2
2010 X1 ", LO
2020 Y1 = 158 - 158·1Tf3
2030 HPLOT TO X1,Y1
2050 RETURt'!

Program listing.

tower, to max imize the size
of the zone of co nstructive
interference.

Examinatio n o f the
grap hs also shows tha t
t here is more tha n one zone
of const ructive inte rfe r­
ence whe re gain is reali zed
ove r the straight line path.
O ne would have to be ca re­
ful to place the ante nna in
the zone of greatest sig na l.
The graphs show a lso that
the re is no use go ing any
higher on the tower afte r a
certai n point is reached. In­
ste ad, moving lower on the
tower may bring you into a
zone of constructive inter­
fe rence and thus allow you
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world was going on. What I
learned may be o f benef it
to other ham s in similar
situations.

The answer I arrived at
has to do with a phenome­
non known as "d iff raction"
which many VHF o perators
have encountered in o ne
form o r another, o fte n
while dri v ing in urban
areas . Fund amentally, what
happens is that when a light
or rad io wave front passes
by a sha rp, stra ig ht edge,
the waves " interfere" with
each o ther. See Fig. 1. This
interference can take place
in e ither a "co nstructive" o r
a " de st ruct ive" manner,
causing the waves eithe r to
reinforce or destroy eac h
other. At the p laces where
re inforcement takes place,
we realiz e an inc rease in
signal - ga in. if you will .

Oh. well , he-hum. I guess
that is what is happening on
my tower. The top of the
tower happe ns to be in a
place where the interfer­
ence is destructive. thus at­
tenuating the signa l from
the repeater, while only a
few feet down the tower the
interfe re nce is co nst ruc ­
tive, resultin g in readable
signa ls. So, no problem; I
will just lowe r the anten na
into the zone of const ruc­
tive interfe rence and be
done with it.

"What did I just savt!"
Lower an antenna? w avda­
minute ! Back to the old AP­
PLE, quick . Any o ld physics
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