
Contin ued

The re lay that I show in FiJt. I
and uscat 10 Gllz is quite small
and uses miniature SMA coaxial
co nnectors. The coax cable that
is used has Te f'l ont insulation
and relativel y low loss at these
frequencies . As you can see in
Fig. 1. when the relay has cu rrent
flowing through the coil it att racts
the armature 10 the pole piece on
the coil. T his activates the arma
turc in a teeter-toner type of func
tion and uses insulated push rods
thai raise one end and to.....er the
ot her end of the switch contacts.

The unu sed switch contact is
pull e d to ward the top o f the
switch's encl osed chamber and
grounds OUI on top o f the switch
compartment. The ot her element
is pushed into contact ...... ilh the
pre viously open comect and the
center main contact. The process
reverse s when relay current is rc
moved. The internal co mpartment
where this switching act ion takes
place is much like a very shan sec
tion of air dielectric coaxial cable
with the exception that its internal
dimensions are square and the im
pedance is 50 ohms. The impcd
ance is determined by the ratio of
inner to outer conductors.

Think of this inner-to-outer ra
tio as qui te similar 10 the ratio
between coaxial cable and its in
ner and outer conductor. The ac
tion is quit e the same. When the
switch duplicates as closely as it
can the coax ial environment and
the internal elements are a Irac
tion of a wavelength at the Ire
quency of interest, it will function
well. Fa

miner hunts (Ti hunts) as k that
quest ion. The lingering yell ow
glow of the lines on my cathode
ray tube (CRT ) di splay are rcmi
ni scent o f radar sco pe s in
pre-computer li mes. But these
lines are signal hearings, 001 air
cran rrecks.

Radio Direction Finding

HOMING IN

" Is thai radar in your car?" I' m
not surprised when visitors to the
starti ng point ofo ur hidden trans-

Low-cost monitor for the
NorthScope

allo wing contact in a coaxial en
vironrncnt wi th only one contac t
betwee n the selected main inputJ
output connector. To switch it to

another position by manual rotary
action. it has a cam action 10 un
seat connections before rescating
into the new selected position.

There is virtually no coupling
be tween the main and unselected
switch pons. due to the excellent
sh ie ld ing bet ......een master and
selected rotary contact all done
in a coaxial environment. Th is
minimum coupli ng is accom
plished by th is cam-opera ted co
ax ial hairp in in te rn al to the
switch. In all respects th is hair
pin is justlike unscrewing a con
nector a nd tran sferring it to
another connector.

As far as isol ation goes. the
other connectors might as well he
in the junk box as you cannot see
them with this type of mechant
cal contact switch ing. The othe r
unu sed connectors are out of the
picture, electrically speaking. The
selected path and its connector are
totall y coaxial and shielded from
everybody else.

The Transco switch is quite ro
bust: I have used it to 450 MHl
with no pro blem. Thi s switch
mu st be boiled to some thing
sturdy. as it does require a few
po un ds of pull to rotat e t he
switch. You need this hard rnount
ing in order to turn the switc h by
hand. It has quite a stilT cam ac
lion and produces a sharp "snap"
sound (of the kind mentioned ear
her) when the coaxial hairpin is
resented .

Joe Moell P.E. KOOV
P. O. Box 2508
Fullerton CA 92837
(Homingin@aol.com)
Web: (http://members.aol.coml
hom inginl]

is co nstructed out of several lay- a great switch would have isola-
ers o f spring material and hacked tion in the 50 dB o r better range
up with a heavy brass or plated- to p rot e c t th e e q u ip me n t
steel armature for the switc h con- (receiver) it is switching.
tact rotary section. Th is type of Coupling (poor isolation) is the
switch is typica l o f a surplus bane o f any coaxial relay ci rcu it.
hea vy-duty RF switch remo ved If the frequenc y is lo w. the extra-
from o lder military surp lus. Usu- neous wiri ng can be tolerated be-
ally it is so heavy it m ust be cause the wavele ngth at the se
mo un ted on a panel in orde r lower frequenciesis quitelengthy
to o pe rate me manua l switc h and short hookup wiring tech -
from one posit ion to the ot he r. niqucs are tolerated. As the Ire-
It sw itches into position with a quenc y ri se s. sho rte r wiring
loud "snap" sound. making very methods must be used 10 limit
evident il swucbec. excess wi ring and its associated

I would hesitate 10 use th is type coupling. All is nOI lost, as the re
of switch above 20 MHz and rate are switch layout s that hel p to
it iffy at best near that frequency. mi nimize cou pl ing betwe e n

An improv ement would be to switch clements and make them f----- - - - - - - - - - - - - - - - - - - - - - -
mount the rotary switch in a metal virtually invisible 10 each other.
box and fix connectors for each what layout can we use to pro--
switch contact . As you look inside " ide lo w coupling or high loss
rhe mew box of such a swuch and between adjacent elements of the
irs wiring. you can see thai there switch? Well. when we think it
is a certa in amo unt o f co up- out, it can be shown that the best
li ng betw een eac h se c tio n of switch would duplicate as best it
the switc h. In other words. there could a manual coaxial connec-
is still some coupling (JKX>r iso- lion. The switch would look in
lation) between sections of the this scenario like a man ual coaxial
switch that are in proximity to switc h panel. The switch panel is
each othe r. Think of the opera· one thai is entirely made up of
rion as coupling between a tangle coaxial connectors and one patch
of di p leads scattered on your cu rd (coaxial). When you wan ted
workbench. to select a new pan. you would

To test this isolation. you just have to unscrew the connector
run a lest sig nal th rough the and move the cord 10 the new port
closed contact path and test at the connector. Not very practical. but
open co ntact to see how much of very efficient in minimizing cou-
the signal leaks through to he re piing and effec ting very high Iso-
and its connecting leads (see Fi~ . tanon. which is excellent.
2). What you want 10 see is lots what is needed is a mechani-
of isolation and very lillie signal cal contrivance that duplicates
leaking through. The measure of this action 10 obtain the very best
the loss is the rating of iso lation. in isolation and at the same time
usually expressed as dB isolation. maintain almost zero COUl'l lng
In this simple switch loss is low. bet ween ports- just like the pre-
g iving it a poo r rating above vious coaxial connector-and-cord
20 MHz because o f JKX>r isola- scenario. I am not dreaming. as
l ion as frequency is increased some o f you might suspect by
above a point. Operation at lower now. but ruther I am just trying to
frequencies is quite proper. make you aware of what is going

The reason you want high loss on and how important isolation
bet wee n the switch contacts is can be.
Ihat a transmit path might have The switc h tha t conforms to
100 walls of power go ing to the this design principle is made by
antenna. The open contact is the Transco. Its operation is exactly
receiver. and if the isolat ion is what was previously described in
poor. an appreciable amount of a manual-patch cord sce nario.
powcr will he coupled into the The switc h I tested has manual
front end of the receiver. T his is operation and six po ssible output
not what we want to happen. With pons. It e xhibits all the quali ty o f
a receiver sensitive 10 minus 100 the coaxial connecto r-and-cord
dB and transmitters with output operation in a very compact ro-
powers in the 100 wan category tary coax ial switch . It use s a
(+50 dB). it is sa fe to assume thai spring conractor coaxial hairpin .
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Photo H. Rear dew of the CRT
inside its mu-metct magnetic
shield, with socket , Leave the
shield em the CRT 10 prevent spu
rious deflection dill' 10 magnetic
fieldsfrom the transformers .

Use care whe n handling a CRT
du e to its high vacuum. Do not

Th e S B-6::!O has a 3RP7 high
pers istence C RT w ith a 2-5/8 
in ch-d iame ter face (Photo A ).
Th is is quite suitable for a mobile
d isplay. I had cons idered the next
size larger C RTs for the project,
but electrostat ically focused five
inch tubes are about 17 inches
long. necess ita ting a deep enclo
sure. T hey also req u ire muc h
higher acceleration and deflect ion
voltages than the 3RP7.

WAR.'lI~G: Use extre me cau
lion when working on your moni
lor. Voltages high enough to cause
serious inju ry or death are present
in the power supply. heam and
defl ection circ uits. There is no
subs titute for cautio n, prudence
and clear thinking when working
with high voltage. M ount all cir
cuits inside a grounded metal en
closure so that hig h voltage point s
are never exposed to the user dur
ing normal ope ration,

Turn off all power and wait
for capacitors to discharge fully
be fore removing th e co ver. With
power o ff. short all capaci tor
te rminals in th e high vo lt age
supply to ground w ith the metal
sha ft of an insulated screwdriver
before to uc hing a ny ci rcu its .
Observe all safety precautions
includi ng keeping one hand in
you r pocket when making ad
jus tmen ts a nd mea su reme nts
wit h the cover removed. Do not
work on HV circu its when fa
t igued or under the influence of
medical io n or intoxicants. Mea
sure high voltages o nly with in 
st ruments and probes de signed

for this p urpo se.
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all the: h ard-to - fi nd ite m s I
needed-including the long -pe r
sis te nce C RT. mount ing hard
wa re, mu- mcta l magnetic shield.
soc ket, panel. be zel. high voltage
supply, and beam controls. Wh.lt-s
more, the cabinet had plenty of
room for the interface circuit ..... ith
its front-panel controls.

Con stru cting a C RT d ispl ay
fro m scratch is possible. I buill a
bigger one for my high school
science fair years ago, but surplus
scope parts were much easter 10

find then. No.....adays. the modi
fied Scanalyzer ap proac h is far
simpler and cheaper. They show
up regul arl y in est ate sales and at
th e three computer/e lect ronics
swap meets in my area. A recent
issue o f Ama teur Radio Trader
maga zine had an SB-620 listed at

$75. -Ilt is appears to be a typical
"stree t price: ' Be sure to ge t the
manual. too.

T he Scanalyzer need nOI he in
fu ll working cond itio n. hut the
high voltage supply. CRT and
beam controls ( I!'I.TIK5 ITY. FO
CUS a nd AST IGMATlS~1)

should he functional before you
begin th e modifications. T here
arc Internet mailing lists and Web
pages de voted to "boar anchor"

equipment and lIeathkits thai ca n
help you locate an 5B-620 and re
pair it if necessary. You wi ll find
links to these resources at the
" Hom ing In" Web site. My si te
al so has info rmat io n on C RT
sources and high voltage supply

sche matics for tho se w ho choose
to bui ld a monitor fro m the
ground up.

Photo A . The Heathkit Snmaly:er
af ter repainting the from pa nel
(/ /1(1 repltlf'illX the grid screen UI! 

der the CRT /J(' ;:.eI with a transpur
elll compass (In ,riay. Ne.H comes
tobeiing . The hole at lower right

""ill be filled by afunee comrol ,

This mo nth ' s " Ho ming In" is
the fin al installment of a series
o n nort h- refe re nce d he aring

readou ts for radio d irect io n
finding (R DF). J uly ' s colu mn
covered remote head ing sensor
tec h no lo g y. An Ine xpen s ive
fluxgatc compass mod ule g ives
you a d ash hoard indication of
your mobile antenna mast posi
tion w ith re spect 10 tru e nonb.
With it. you can q uickly tell if
th e bearing to a hidde n T is
ste ady or shi ft ing as yo u drive
o n windi ng ro ads in the dark.

" Ho ming In" fo r August de
scribed an analog muhipl icr cir
cu it that co m b ines fl ux g ate
compass and recei ver Svmeter
sig nals to produce a "north-up"
display o f signal strength versus
direction. I call it the Nort hScopc .
lis polar plot simplifies the task
of separating the direc t s ignal
from mu lli ple re fl e c ti on s
<multipath) in urban and hillyareas.

Like a radar scope. a north-up
display must ha ve pe rsis tence of
several seconds so that the opera
tor can "stack up" t races. That
makes it possible to tell the di f
fere nce between fluttering refl ec
ti o ns a nd more stable d irec t
signals. Ordinary osc illoscopes
and computer mo nitors are not
suit ab le because their pers istence
is o nly a few milli seconds. Sur
plus waveform storage osctno
scope s and medical mon itors
make fine readouts, but they re
qui re llfj-volt AC power and are
so me what ex pe nsive .

Fig , J. Schematic of the lie..' deflection circuits . Two are required .
each wim a spot positioning potentiometer on the front panel . A and
8 outputs of the hori-::.ontal (X, circuit go to the orange and yellow
CRT socket wire.~ . respectively, A ami B OIl/p illS of the vertical ( Y)

circuit XO 10 white and violet socket wires .

A recycled boat anchor

I was searching the swap meets
for pans 10 hu ild a home-brew
display .....hen I di scovered a .60s.
vintage Heathkit 58 -620 Sean
aly zcr. There, in one case . we re

Photo C. Components ill the

CRT cathode slll'Ply are as
originally described in the S8
620 manual, NOll' the long insu
lated bushing em the IJtrfENSITY
control . The piggyback: s witch is
rewired f or + J2 volts .
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Photo E . t t« DC-Io-AC CO Il
verier circuit includes u step-up
transformer, 'K'O f ield-effect
transistors bolted to the chassis
and a 2-112- x I-JI2-i1J('h perf

board with the Ie and associated
componenls.

new pans shou ld be available at
your local Rad io Shack , NTE
transistors and diodes are sold by
local pans d istributors nationally.
~ty junk box played a large role
in parts selection for this project.
Ex pe r ien c ed ex pe rimen ters
should feci free to make appro
priate subsurunons.

With modifications completed
and the analog multiplier circuits
installed , your NorthScope should
be ready to align and operate, Be
sure to c hec k your wo rk tho r
o ughly before the first " smoke
test : ' warm-up time of the CRT
is about 20 seconds, DC supply
current is 600 milliamperes in
normal operat ion, not incl uding
the Iluxgate compass, Fo llow the
alignment procedures given last
month for the tt uxgarc- to-Cg'r
interface,

Better than a Doppler?

Fans of Doppler RDF units
may argue that their m1ethod is

CllQ2 ..J1lI. .. -01 OdIlOI7A. -~

n
.,~...-, , ,.'

•

150 k collector re si sto rs in the
defl ect ion ci rcuits,

Powering the scope from a car
battery is easy with the circuit of
Fig. 3 and Photo E. The TL598
convener IC is available from dis
tributors of Texas Instrument s"
semiconductors . It generates al
ternating pulses at 500 Hz to drive
the two switching transistors. Al
though the TL598 has provisions
for voltage and current feedhack,
I found it to he unnecessary in this
applicat ion,

Mount the transi stors to the
chassis with supplied insulating
hardware ,The transformer (Triad
F-4 5X ) is co nnect e d "back 
wards." Its 24-\'01t ce nter-tap ped
secondary connects 10 the transis
tor drain pins. Output at the pri
mary is 110 volts square wave, If
yo u can' t find the Triad trans
former. you can substitute Radio
Shack" 273- 15 12. but output
voltages will be about 5<;t, lower.

There is no problem feeding
the square- wave chopper o utput
into the main transformer primary
to operate the scope instead of a
sine wave . The R~tS voltage at

the C RT heater is \'ery dose to the
wa ll power val ue with normal
+13.8-voh in put. The capacitor
input high vo ltage supply filters
produce about 35% lo wer volt
ages, compared to AC power. This
is an advantage because itlowers
the C RT deflection voltage re
qui rements such that solid-state
d rivers of . ' ij;l;. I are practical.
SJXlt brightne ss is more than ad
eq uate at n igh t. b ut add a
sunshie ld for dayt ime hunts. You
can set the INTENS ITY control
to maximum without burning the
CRT phosphors.

Except for the special compo
nems mentioned above and the
NTE semiconductors , all o f the

Fig . J. Schematic of the DC-to-AC ('onver/er. Oll/PII/S are no VAC
square-ware for the high voltage supply and positive DCfor the ami'
log multiplier circuits.

The fl rs t step in the SB-620
conversion is to remove all of the
RF circuits. tubes. tube sockets
and associated components. ex
cept for the C RT of course. The
INTENSITY and FOCUS poten
tiometers arc used as is, All other
front panel controls arc no longer
needed. Replace and rewire them
with switches and potentiometers
for the new INPlIT, BALANC E.
HORI ZO NTAL PO S ITION.
VE RT ICA L POSIT ION , S IZE
and OFFSET controls,

Disconnect the violet. orange.
white and yellow CRT socket
wires at the chassis end, leaving
the other soc ket wires connected
to the supp ly (Photo B). Leave all
power supply compone nts and
.....iring intact for now. Note that
the INT ENSITY control has an
e xtended insu lated shaft and
hu shi ng , For h ig h -volt ag e
sa fety, he sure this is asse mbled
per the construct ion manual and
Photo C .

strike. scratch or subject the C RT
to more than moderate pressure
at any time. A fracture of the glass
could re su lt in an implos io n
eapahle of causing injury.

Tubes out, ICs in

Photo D. This series regulator stabitires the ac
ceterauon electrode and deflection supply votr
ages /0 prevent spot nwr~mel/t a_v vehicle voltage
fluctuates,
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NumbfN 111 1M your Feedbad ~rfI

PROPRGRTION
SEPTEMBER 1997

SUN MON TUE WED THU FRI SAT

Jim Gray W1XU 1 F 2 F-P 3 P 4 VP 5 P 6 P-F
210 E Cha teau 10-12 meters

Payson AZ 85541 7 F 8 F-G 9 G 10 8 11 G 12 G 13 G
Generally POOT, except for oc-

The most disappointing days
casional transequatorial propaga- 14 G 15 G 16 8 17 G-F 18 F-P 19 P 20 VP

(V P) for OX propagation are ex-
non w ith F2 openings on the best
d a ys-a-mo st l ikel y Sou th and 21 P 22 P 23 P 24 P 25 P-VP 26 VP 27 VP

peered to occur during the first
Central America.

and last two weeks of thi s month, 28 vp-p 29 P 30 P-F
part icu larly the 4th . 20th. 26th. 15-17 meters
and 27th, with the occas ional ap-
peanmce of minor to major mag- UX 10 Africa and La tin Daylight short-skip of about 500 160 meters
netic storms in the ionosphere. America on the Good days pos- miles will be possible, and night-
Other severe geophysical upsets siblc , with short-skip out to about Following the usual summer-

time short -skip to 1.500 miles or
may also acco mpany these days, 1,000 miles or so in the US. more will he available.

time slump, this ha nd ought to

and an unsettled -to-active iono- begin to come alive again during
sphere (P) is likely as well sur- 20 meters 80 meters the hours of da rkness when QRN
rounding these day s (see

Your best hand for DX open-
permits. Try the days marked G

calendar). Occasional DX to various areas on the calendar for best results.

Try to use the Io-day period
ings arou nd the world from dawn of lhe workl should be possible be- DX toward the east unt il mid-
to dark , and ope nings to th e

between the 81h and 18th to your tween sunset and sunrise when night. and to other areas after-
Southe rn Hemisphere after dark

best advantage, hut always re- QR:'Il levels permit on Good (G) wards until daw n. Short-skip 10

member that propagation is where
in evening hours. You can expect days (sec calendar). Short-skip dur- 1,500 miles will prevail when the

and when you find it Porecasts
e xcellent short-skip during the ing darkness to 1,500 miles or more. hand is quiet.

made for the period between two
daytime to 2,500 miles or so.

sunspot cycles, as now. are always 3Q-$O meters EASTERN UNITED STATES TO:
uncerta in and subject to sudden
increases in solar flux values. par- These bands ought to be open ""', 00 ea " 00 00 " " .. " " ro sa

"'-"AA zo eo
ticularly surrounding VPdays on for DX from just before sunset to AAGE~_ rs rs rs rs "your calendar. Stay alert and lis- just after sunrise. Signals from the '~"'-'UA .. eo eo " "
len. We're overdue for some DX east should peak until midnight, ,,~"'"' ec .. .. .. .. " rs " rs rs ",~~ .. .. .. " ro " ao
surprises. and after midnight to other areas. HAWA,II ec .. .. " eo rs

I INDIA ae ec
JAPAN " "MEXICO ., ., ., .. eo te rs te "PHILIPPINES eo eo

faster than the Northscopc (hun- d irections of direct and reflected
PUERTO RICO ., ., .. so rs rs " "RUSSIA <c.tS.) so eo

dred.."of hearings each secondJand signals. On the other hand. a Dop- SOUTHAF~CA " " rs

that Dopplers latch onto shon trans- pier set must give a single bearing WEST CQOST eo '" .. .. .. so so so

missions with ease. Plx-diodc- indication for each rotation of its CENTRAl. UNITED STATES TO:

switched Doppler arrays have no array. no matter how many signal ~ ec eo rs

moving pans and are much less components are present. A polar A,~EtfTlNA rs rs rs
AUSTRAUA, -s ec .. " so ."conspicuous than a big beam. plot gives a moving picture of the CA~ZONE ec ro .. .. .. .. rs ts rs zo

Dopplers are a hit easier to use in a channel that clearly displays mul- ENGlAND .. .. ao ro eo eo
fast-and-furious T-hunt because nplc sta tions. The operator can HAWAII rs ae " ac ~ .. .. rs

INDIA " zn
they have fewer controls to adjust. identify each nne by ear from the JAPAN ec en

Those claims are true. but a rece iver audio as the beam goes MEXICO cc eo ~ .. .. .. rs ts rs so

beam/C RT configura tion to ps around. You'll appreciate this fea- PHlLlPPlNE S " ro
POERTORlCO so so .. .. .. .. rs rs is so

Dopplers in other important re- ture when you arejammer hunting, RUSSIA <CJ.S.) ro ec
spec ts . A high-gain a nte nna because it becomes cesier to sepa- soon-""" " rs "
makes it much more sensitive . so rate the jammer's signal from that WESTERN UNITED STATES TO:

you can hun t stations at much of the Matian being jammed. '~AA ro eo ac .. .. .. .. te

greater d istances. With a twist o f On, more plu s for t he A~ENTINA is zo .. .. .. rs is

Ihe quad 's boom, it can track hori- Nonhscope : Multiple overlaid
AUSTRAIJA, " ec ro .. .. •
CANAL ZONE " ro ro ro " " "zorna]]y polarized foxes with the swee ps on Ihe C RT will show ENGLAND " ro

Drrect polarization, whi le Dop- bearings of single sidehand sl<l ' HAWAII " " " ~ .. .. .,
"

ler users are always stuck with tions and pulsed noise sources.
INDIA " "I JAPAN " ro " .. .. .. " ro

vertical antennas. Dopplers, on thC' olher hand. will •M EXICO ro ro " ro ro "The biggest ad,'antage of a no t, because they requ ire carrier- PHILIPPINES " .. ro

cope its ability In type signals. lhey aren't designed P\JERTORlCO ro " " " ro ro "" ana- RUSSIA (CoIS.) ro
pc mult ipath and multi-signal 10 trad: em issions wjlh large "'"'"""" " "
itu ati ons . It se pa rates the amplilUde variations. i'l EAoSTCOAST '" '" .. .. .. .. ro ro ro
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