
A simple interface

To connect the scope to the sin!
cos Ilu xgate outputs (describe d
las t month ) and draw a polar plot
as the mas! goes around, we ne ed
a circuit that varies the sine and
cosine amplitudes in proportion to
thc incom ing s ignal level . The
ana log multiplier, a litt le-known
function block. is pe rfect for thi s
ta sk. Not to he confused with the
more common analog mult iple xer
(which switches s ignals), the ana­
log multiplier produces an o utput
signa l that is the exact product of
two input signal s. For instance, if
one input is +2 volts and the other
is +3 volts, the mult ipl ier output

is +6 volts .

meets . They aren' t cheap, hut if
you' re an expe rimenter, you wi ll
li nd other uses for one around the
shack. Medica l monito rs suc h as
the Tektronix ~lodeI6(}3 include
waveform storage and are av ail­
able on the surpl us market at
lower prices. I ,,10k for scopes and
monitors that accept two analog
inputs and have an X-Y mode,
plus gai n and position controls for
each channel.

Laboratory scopes and medical
mo nitors are designed to opera te
fro m household ouuers. You will
need a DC-lo-AC ste p-up con­
vcrtc r to adapt them to mo bile
use. Powervertcrsw by TrippLite
are suitable and available in sev­
eral wattage rat ings. Be advised

that the curre nt drain of a storage
SI,.'"Ope or monitor can he substan­
t ial; a heavy-duty car bat tery is a
gIXxI idea.

the middle of nowhere ? How
can you interpret the d isp lay ac­
curate ly wh en it rota tes as the
vehicle tu rns?

Last month 's " Hom ing In"
showed how a Iluxgatc compas s
sensor on yo ur mobile beam de­
tccrs the mast' s orientation wit h
respe c t to tru e north . Why not

combine the fluxgatc sensor and
C RT readout to produce a polar
display of signa l strength that is
always rel ati ve to north, no mat­
ter which wa y you turn? In avia­
t ion te r ms , thi s is ca ll e d a
"north-up" display,I call mi ne the
~onhScope .

For good "eyebal l averaging."
the CRT must di splay several ro­
ta tions or sweeps of the RDF an ­
te n na a t a time . A n ordi n ary
oscillosco pe won't do-you need
a storage- type oscilloscope or a
high-pers istence CRT like those
in radar sets of the pre-computer
era. The Northx copc tr ace of
Photo A is typical for a ..trong sig­
nal wi th a s mall a mou n t of
muluparh. The highe r the beam' s

gain, the sharper and narrower the
major lobe will l1e. Note that thi s
patte rn is consistent for every ro­

tat ion of the antenna becau se the
vehicle and source arc stat ionary
and there are no moving objects
suc h as airc ra ft in the path .

The NorthScope is at its best
in a difficult RF environment such
as in J' hoto II . The large repeat­
able lobe identifies the roost likely
d irec t bearing to the T. Reflec­
t ions and noise in other di rections
show up as a j umble o f non-cor­
related traces after several rot a­
lions o f the mast. If there are two
or more keyed-down iran..miners
in di fferent di rections o n the fre­
quen c y s i m ult a neous ly, th e
Nort hxcope can resol ve bearings
for each o f the m. Try tha t with a

Doppler!
Sometimes the signal level fl ut­

ters, making it hard to find a peak
on the S- meter. Worse yet. imag ­
ine the S-mcter bounce if the s ig­
nal switches on and o ff e very
seco nd or so. ( It·s legal on some

hunrst) Under these condit ions. Ph oto R. This distant simplex
IUm the antenna slowly several signal is 011 the other side of a
time s. find the peak on the polar hill. so it has tots oI muhlpath
display, then read the direc tion. and airplane fluster. Ily vie wing

A C RT readout ne ed not he a several overlaid s weeps wnh
budget-breaker. Used sto rage the NorthS(·o/,e. it is clear tlUlt
scopes show up regularly a t elec- the most likt'/y bearing is 235
Iron ies surplu.. sales and swap degrees ,

73 Amateur Radio Today . August 1997 57

stro ngest s ignal as they rota te the
mast hy hand. An RF ancnuarcr

keeps the meter on sca le wh en
closing in. In urban area.. where
signals arc consta ntly re flected
f rom h ill s an d buildin gs
(mulupath). the beam's sharp fo r­
ward lohc can pick out each d i­
re ct a nd re flec te d sig n al
component. That 's a major advan­
tage of the beam me thod over a
Doppler or d ual-switched -di po le
setu p.

Th e down side is that interpre t­
ing your beam '.. ind ications can

he tricky and time consum ing.
slowing you do wn when speed is

o f th e esse nc e . So met ime ..
multi p.uh. ai rplane fl utter, an d
path blockage ma ke the S-metcr
read ing fluctuate consturulv as
you roll a long. Gelling an accu­
rate hearing on the direct signal
while ruling out reflected signal
peak s under the se circ ums tances
is not an exact science. A few
e xpe rie nce d 'I-hunte rs ha ve
impro ved th e ir pe rfo rmance
with polar-plot hearing d isplays
o f signal strength versus d irection
on a cathod e-ray tube (eRn or
compute r.

CRT he aring readouts featu red
in past " Homing In" columns in­
clude those o f KK 6CU (October
and November 1992 ), ;.I0~tKJ

( M arc h 1994 ), a nd AB60S1
KA6S0 X (November 19(3). Thc
screen sho ws signal strength ver­
su s d irec ti on fro m multiple
sweeps of the antenna so the op­
erator can "eyeball av erage" fluc­
tuations result ing fro m mot ion . It
is much eas ie r to discern the most
likely di rect signa l di rection in a
mult ipath em ironment with a po­
lar di splay than it is with just an
Scmct cr.

North-up is better

NlJmber 5 7 on your Fe«1b11<;11 t;;Jrd

All of the above polar displays
show signal di rections re lative to
the vehicle 's heading . That's fine
when you're driving in a stra ight
pa th and you know exactly which
way you' re going. But what about
Tt.hunts that take you on winding
road .. in new housing develop­
rnems or along desert wa shes in

Radio Direction Finding

Sometimes hidden transmitter
hunt ing. (T-hunt ing) is easy, I get
sharp. unambiguous be ari ngs.
dri ve di rectly to the hidden T o n
good streets through light traffic.
and my passengers ask, "What's
so hard about this?"

Or was I just daydreaming?
Actuall y. it seems as if every lime
I take rldc-alongs 10 demonst rat e
the fun of radio direction find ing
(RDF) contes ts, the hunt is extra
d ifficult and I don' , do as well as
I would like . Of cou rse . it
wouldn ' t be fair to blame the pas­
sengers for upseuing my conccn­
tration. The fact is that there arc
wide variat ions in d iffic ulty or
T-hun ls due 10 varia t ions in
s ignal level. polarization. te rrain.
and the surroundings o f bot h the
hidden T and the hunters. I' m
always seeking o ut new wa ys 10
get the best bearings in the worst

circumstances.
Mo..t two-meter T-hunters in

southe rn Californ ia use a yagi
or quad o f three to s ix ele ments
o n a mast extendi ng ve rtical ly
from the vehic le window or roof
hole. They depend o n the radio ' s
S- mete r to tell the directi on of

HOMING IN

Joe Moell P.E. KOOV
P. O. Box 2508
Fullerton CA 92837
IHomingin@aol.comj
[httpJlmembers.aol.coml
homingirv'J

Build the NorthScope

Photo A. A 10('(// repeater rro­
duces this pattern on rill' mobile
quad and NorthScope, Themain
for ...-ard lobe or 220 degrees true
is the direct signal. The second
lobe at 320 degrees is reflected
sixnal from nearbv foothi lls,
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Fig. 1. Schematic' of the interface circuit thai combines fluxgute compass lind Ssmrter sixnuls to drive a
norm -up CRT display. Resistors are in ohms and cepocuances are in. microfarads III/ leu otherwise noted.

outputs of the mu lti plie r ICs to vo lt age fo ll o we r s t ag e w i th ra nge is + 15.8 to +20 vol ts ; ncga-
sing le-ended . unit y gain; U3 B adds 4. 2 vo lt s tivc supply (pin I I ) can he -1.5

My rece iver 's S-meter tapoff to the S- me te r vo ltage as re - to - 12 volts. Loo k for places 10

c ircuit is described in Chapte r 5 quired by the differential analog tap o ff the se supply vo ltage s
of t he h ook TRANSMiTTER multipl ier inputs. within vour monitor.
H UNTIN G - Ra d io Direction To ensure suffic ient headroom

F inding Simplified (ava i lah le in the mu lt iplier and avoid wa ve- Tune-up Is easy
. fro m 73" s Radi o Bnoksh op ) . form cl ipping under al l input con-

It includes an opera tiona l ampli- d inons , usc ca re in c hoos ing A few simple al ignment steps are

Ilcr to drive an analog panel meter supply voltages fo r the interface req uired to ~t up the !'\onhS<:ope

atop the dashboard. The up-a mp circu it. The pos itive supply to the for the fiN time. COl1IlCCt all the

output in th at circuit goes from MC I·N 5 ICs should he regulated. assemblies and install the Iluxgate
zero to +10 vo lts full scale and Suppl ies fo r the LM324 quad op- sensor on your antenna mast. Set
co nnects to the po int marked am p ca n he unregu lated , T he the focus control on your momtor

I S-MET ER in .-i~ . I. U3 A is a LM32~ positive supply <pin 4 ) for a minimum-size spot. Keep the

A to ur-quaoru nr mu l t ip l ie r
takes into account the pola rity of
input signa ls. If A input is -:! " oils
and B input is +:! volts, output is
.~ volts. Pili in - 1.5 volts and -2.0
volts 10 get +3.0 volts, and so
forth. Typically. the product volt­
age is inte rnally divided hy a fac ­
tor of 10, This makes sense when
you conside r that the result o f 5
volts t imes 5 vo lts is too great for
a c ircuit po wered oy a 15-vo lt
source if the output j<, not sealed
down .

Analog mult iplie r integra ted
circuits a rc inexpensive and ideal
for modul ators. wan mctcrs. volt­
age-control led am pli fie rs . and
automatic gain control stages. The
major suppliers of these ICs are
Analog Devices, Ila rris Semicon­
ductors, and Motorola Se micon­
ducto rs. S in/cos s ignals swi ng
pos itive and negative. while S­
meter signals are pos it ive, There­
fore , the mu lt ip lie r mu st operate
in IWO of the four quadrants .

l chosc the Motorola ~1C I ~95 ,

avai lable from nationwide dis­
tributc rs suc h as Newark Elec­
tronics. The dual- inline package
(P suffi x) is eas ie st fo r home
builders to usc. but it may be
harder to find than the surface­
mount (0 suffix) package.

"'i~ . 1 is the fluxgatc-to-moni­
tor interface c ircuit sche mat ic,
There arc separate analog mult i­
plier ICs and opera tional ampli ­
fie rs for the X and Y axes, All
parts e xcept the mult ipliers are
available at 10cu1 part s stores,
They fit onto a tow square inc hes
o f perforated board space (Photo
C ). Construction is si mple. even
without an etched ci rcuit hoard,
No ground plane is needed. but
be sure to put the supply bypass
capac itors d ose In the ICs. Mount
S I and R I in convenie nt loc ations
for adj ustment during T-hums.

Inpu ts of the mult iplier resare
d i ffere nt ia l a mplificr s tages
That's ideal for th is applicat ion
because the s in/cos o utputs from
the Iluxgatc compass vary posi­
tive and negative with re spect
to a +4 ,2-volt analog reference
By connecnng mu lt iplier invert­
ing input pins to the analog refer­
ence. that relationship is preserv ed
through the interface circuit and
there is no nee d to r a regulated
negat ive vo ltage supply. U3A
and U3B convert the differentia
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Ibl

some thoughts on computerizing
the NorthSco pe . Meanwh ile,
keep se nd ing yo ur T-hu nting
new s and col umn sugg es tio ns
via Ecmai! o r m y post o ffi ce
box . Thank you! fa

•••
(0)

under $100. The monitor draw s
about as m uch as a typical mo ­
bile rece iver. so I don 't worry
about draining the car battery.
Next month' s " Homing In" will
have all the monitor details and

.!Uf' .
Photo C. The three l e s and associated resistors all the right side of
this perforated board are the jlu:tgatelS-ml'leT inter/au components.
The rest of the board holds CRT deflection amplifiers fOT the
home-built monitor.

brightness conrrol as low as prac­
tical to avoid burning the phos­
phor screen of the scope. X and
Y channel se nsi tiv ity se ttings
should he about one volt per di­
vision, depending on your screen
Size.

Turn SIZE control R1 on the
interface to zero. Set inpu t
switch 51 10 SPOT (position)).
Set the X and Y position con­
trols on your scope to center the
spot e n the screen. Tum the mast
and sensor around 360 degrees;
the spot should not move. If it
does. adjust O FFSET control R2
unti l the spot does nOI move as
the mast turns. Now re-ccn tcr
the spot, i f necessary, with the
position controls .

Set Sl toCIRCLE (position 3).
Adjust the S IZE control to move
the spot about an inch toward the
edge of the scree n. Rotate the
mast/sensor and adjust the X and
Y g ain co ntrols and the two
screwdriver-adjusted potentiom­
e ters on t he left sid e o f th e
fluxg ate co mpass d isplay fo r a
perfect circular pattern arou nd the
center spo t position. The E-Wand
N-S pot s on the I luxgatc equal ize
the left-right and top-bottom volt­
age swings such that positive ex ­
cursions equal negative excursions
foreach axis. This makes the circ le
trace exactly o ver the spot (see
fig. 2). If the ci rcle is elliptical
instead o f rou nd. adjust the X and
Y channel gains as appropriate.

Set SI to TRACE (position 2).

With your receiver tuned to an
active repeater and enough RF
anenuation that the S-meter does
not peg, swing the beam around
and adjust the SIZE control for a

trace s imilar to Photo A. There
is plenty o f ga in in the S-meter
channe l, so you can get a fu ll­
size trace even if the incoming
signal on ly moves the S-meter
10 q uarter-scale.

Notice that the reflection lohe
in Photo A is quite sharp but the
major lobe is broad at the outside.
This is caused by nonlinearity in
my receiver's S-meter circui ts .
Norma l ly this is not a prob lem,
but I can get a sharper lobe if
needed by adding RF att enuation
to the receiver and turning up the
S IZE co ntro l to compensate. It
should also he possible to add
nonlinear devices such as diodes
10 the feedback path of UIA to
make that stage an ant ilog ampli­
fier; I have not tried this ye t.

Whi le the north-up d ispl ay
cou ld be used with a moto rized
m a st like th e d ispl ay s of
KK6C U a nd others , I prefer
turning the mast by hand . Not
onl y does it si m plify the project
(no sli p rings for the coax and
sin/cos signals), it al so makes it
easier to find the exact direction
of signal peaks as displayed o n
the scope. I can rock the beam
back and forth unt il I' m satis­
fied that I have found the opti­
mum bearing. This is particularly
helpful when there is airplane
fl utter o r r a p id a m p l i tu de
changes due to ke ying or high
modulation levels.

I have enjoyed building several
oscilloscopes over the years so I
decided to make my own moni­
tor/display for the NorthScope.
By modifying a commonly avail ­
able " boat anchor" scope and
raiding the junk box, the cost was

Fig. 2. At (a) , unequal horizontal and vertical gain. At (bJ, offset due
to misadju sted E-W and N-S controls . At (c), a perfect circle in
proper position.

Radio Bookshop
hone 8()()'274-7373 or 603·924.()()58. FAX 603-924-86 13, or see ord
onn on a c 88 for ordenn infonnation.

Wayne's Five Buck Books:
98 Books You' re Crazy if You Don' t R~ad. Brief reviews of books that
will help make you heal lhy. wealthy. ant.! wise. If you are sick you did it to
you rself through messing up your body. Thi s is probably the single most
imponant five bucks you'll ever spend.

rn:tIii1TIII31O Garfield 51 Suite 4 ON~
PO Box2748

ElECTRONlcs Eugene, Or"900 97402 $99. 0
ht t p://www.motron .com

Control your home
from your radio!

The Aum-KAU'" AK- 16
DTMF Control ler Board
features 16 relay driver
out-put s and DTMF to X-l0
house cont rol capability!
Using your radio kt::ypad, you can cont rol either t he relay
outputs, X-10 modules, or both! X-10 operat ion requires the
PL~513 Power Line Interface ($20 ). The AK,16 mates readily
with our RB-B/1 ($99 ) or RB-16/1 ($14 9 ) relay boa rds. The
0 -1 2 dig it secu rity code is user programable usi ng your DTMF
kt::ypad. Addi t ional features include reproaramable ON ID and
several modes of operat ion, includirl{:! t wo wit h ON response
tones. Printed circuit board. assembled and tested.

ViSA, M Asn RCARd , A \I£ RiCA'i ExpR£SS, Di<,COVER CARd
COD Q 'Ij CASH OR M O\ EY ORdER basis o-dv
5tH, 58 USA; 5 I I C" . d. ; 5 Ib FORfiG' . COD, 55
Price c oo Specifications ore subject to Change without notic

Se Habla Espanol, Pido por Don Moser

Orders: (800) 338-9058
Info: (541) 687-2118 Fax: (541) 687-2492

CIRCLE 2-" ON READER SERVICE CARD
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