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The Challenge

not direct the beam at other
persons. Allow common sense
t o prevail while experi­
menting with microwaves.
The New Yorker Magazine
published an article ("The
ROVing Reporter - Micro­
wcves;" Dec. 13 and 20,
1 976) concerning th e
research into the possible
e ffects of mtcrowove radia­
tion. Reaa tt. - Ed.

- use it or lose it to Smokey

Photo A. The tuning screws and modulator diode are shown In a different position from thot
described in the text. These components may be located In either position, but the detector
diode must be fed as shown to allow access to the tuning screws.

Of 10.5 GHz T he smo key detector'
was presented to drivers

for, among other things, the
safety value it presented. It
was intended to provide a
radar warn ing and therefore
slow the driver down to a safe
speed.

There are many possible
options for modifications of
this device for the smokey
constructor who uses his
imagination. I have received a
lot of letters asking how to
incorporate them.

One very fine idea came
from Wayne W2NSO. He sug­
gested that the smo key de­
tector have an oscillato r
which would o perate on X­
band inco rporated into the
design. This add ition, with
suitable circuitry , would
make it a t ransceiver. It will
also do many more th ings
that can provide some amus­
ing effects. This singl e addi­
tion was the subject of many
requests for a how-to-do-it
circuit.

The addition will make the
un it into a transceiver and
Dopp ler radar. In fact, the
add ition of the oscil lator will
make it exactly like the rf
head of surveillance radars
used in traffi c control.

Other letters indicated an
interest in a variable-fre­
quency modulator oscillator
giving a range of 300 to 2000
Hz. I even had one request
for the add ition of the
Trekkle circuit, so the Star­
fleet of the UFPCC could be
contacted.

Let's get on with the cir­
cuit addit ions by examining
the electron ics fi rs t. You will
see that the primary circuit,
consist ing of the smok ev de-

•

strange phy sical effects. Re­
search in this area is con­
tinuing, so, for the present
time, ploy it safe. Under NO
circumstances look Into the
horn of an operating micro­
wave transmitter. Heating of
the inner eye may occur,
causing sight Impairment. Do

(73, Holiday, 19 76). Please
bear in mind that experi­
menting with UHF and
microwave devices requires
restraints not required at
lower frequencies. There is
considerable evidence that
microwave radiation, even at
very low levels, can have

The reader Interest in this
series of mtcrowave-ortented
projects has been tremen­
dous. Stirling indicated in a
letter to 73 that he has been
flooded with requests for
additional Information re­
lating t o th e original
''Smokey Detector " article
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Fig. 1. The mixer modulator. Moterials: 4-7/16" diameter funnel; W' x l " copper WO'Veguide - RG·52/U.

Photo B. Gunn effect oscillator assembly parts. Not sho wn is the cover iris to the waveguide
flange.

teete r preampli fier, is still in­
corporated. The amplifier is
roughly the same circuit. ex­
cept tha t it consists of in te­
grated circui ts, occu pying a
much smaller space.

Also, th is unit is more
easily adapted to serve as part
of the transceiver modu lator.
The microphone inco rporated
is a standard CB mike which
has a switch that is push­
button operated to do the
many fu nct ions req ui red in a
CB transceiver. This switch
blends nicely into the trans­
ceiver, and, best of all , it's
inexpensive.

Now examine the funct ion
switc h, 53 . You can see that
it serves to shi ft the uni t from
duty as a transceiver to per­
formance as a Doppler radar
or smo key alar m. Note that,
when in the alarm posit io n. a
variable oscilla tor at audio
rates should meet the require­
ments of the vartable-fre­
qu encv modulator ent hu­
siasts. Note also tha t the con­
trol switch for this circuit , a
3-posi tion switch, al lows it to
modu late the d iode with a
" bee baw" frequency re­
sponse, a wailing sound
fam iliar to all of us. and, of
course, most importantly , a
variable-freq uency oscillator
at the audio rate of 300 to
3925 Hz_

This oscillator may be cali­
brated in its frequency range,
bu t. for better reference, the
dial ca n be direct ly marked in
miles per hour by d ividing the
frequency output of the oscil­
lator by th e one mph Doppler

frequencv." 3 1.4 Hz. The
varia ble-freq uency oscillator
pot dial will then be ca li­
brated from 9.5 to 125 mph.

In the Do ppler radar func­
t ion position, the Doppl er
sounds of ve hicles movi ng
toward or away from the
antenna wi ll be easily recog­
nized as a beat that rises in
frequency when a vehicle
approaches and dro ps in fre­
quency when the vehicle
recedes.

Many other sounds, such
as aircraft and large ships, can
also be de tected. A helicopter
can be heard qui te a wh ile
before it can be seen. This
technique is used as an
intruder alarm in many bur­
gl ar warn ing systems.

In the 5tarfleet warning
posit ion, Trekkfes! will, of
course, be able to carry on
their communicat ions wi th
o ne an o t her simply by
turning the swi tc h to tha t
positio n and pressing the
mike button, which momen­
tarily sends the ID signal.

In the transceive posit ion,
speec h modulation is applied
to the Gunn effect diode
oscillator. The level of modu­
lation is controlled by the
audio amplifier vol ume con­
trol. The speaker is disabled
so that no feedbac k will exist.
Note also that an audio jack
is incorporated so that the
signals fo r any fu nction can
be directed into the ca r ste reo
o r two meter audio system.

When this option is used, the
speaker switch. 54, must be
tu rned off.

Note that a voltage regu­
lator is shown for the Gunn
oscilla tor. This is a three­
terminal regulator and shoul d
not be left ou t in favor of
some lesser regulato r system.
Failure of the diode will
surely bring forth new ex­
pletives, since the diode costs
approximately 525. A second
protective circuit is made up
of a low-voltage, h igh-current
diode connected after the
fuse. If primary voltage rever­
sal occurs, th is diode will
blow the fuse before most of
t he se mico nd uc tors are
ruined.

A tune-up aid, consist ing

•
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Fig. 2. Gunn diode oscillator for 70 GHz.
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threaded end so that it is
fl ush with the large-threaded
end. Lap this cut smooth,
carefu lly dri ll out the eyelet
in the insulated end, and
open the eyelet mounting to
1/4-inch diameter or to clear
the detector diod e. Carefully
solder this piece on the wall
of the waveguide designated
for the detector diode. Make
a dummy diode or use a
burned out diode to align this
holder square.

Now mou nt the copper
pipe in the hole on the wide
wall of the guide as shown in
Fig. 1(a). Place the screws
and jam nuts as shown in the
drawings. Clean all solder flux
from the assembly with hot
wate r, wash them with alco­
hol, and dry them thor­
oughly.

Check all of the assembly
to see that all parts are se­
curely soldered and square
with the waveguide walls.
Slide the horn throat over the
o utside of th e c op per
pipe now mounted on the
waveguide assembly . It
should loo k something li ke
Photo A. Not shown is a hose
clamp which holds the horn
in place securely.

If you wish to build your
own Gunn diode oscillator,
the detai ls are shown fo r this
construction. It is as simple as
most of the previously de­
scribed plumbing. A Gunn
dio de, Am pe rex-ty pe
CXY- l1 -C, obtainab le from
North American Ph illips,
which costs in the vicinity of
$25, is used in this assembl y
and is rel at ively low in power,
but is suffi cient for the job.
The assembled Gunn oscil­
lator is also shown mounted
on the plum bing. Photo B
shows the components re­
quired. With the assembly
construction drawi ng and the
photo , you should have no
trouble co nst ructing this .

If you wish to buy the
Gunn oscillato r assembly, it is
available from Microwave As­
sociates or General Electric.
The units used for this pur­
pose are usually available for
police or intruder alarms and
vary in price depending upon
power output. If a commer-
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screw. Complete drilling all
holes as shown in Fig. 1(a) on
the copper pipe. Complete
tapping all holes on the pipe.
Lay this piece asi de for the
moment.

Measu re off the two
openings shown fo r the wave­
guide cavit ies on the Jh·inch
wall of the waveguide sect ion
you just drilled. Carefully and
squarely saw through the
wall s so that the saw cuts just
break through the sidewall
metal. Thcn file the edges
between these cuts until the
flats fall away. Level these
cuts off so that the thickness
of the sidewall is exposed.
Next, cut two small pieces of
waveguide, as shown, for the
sidewall cavit ies. Cut these
square, and debu rr them.
Clean all surfaces with "Bri te
Dip" or soldering acid. Now
assemble the si dewall cavi t ies,
as shown, and hold them in
place with a Oclam p. Be sure
to place the Jh x l-inch covers
under the Oclam p, and soft­
solder all parts in place. Next,
place a flange (cho ke-ty pe
UG-404 /U) on the waveguide
end show n in Fig. 1(a). Be
sure it ls square with the
vertical wall. Then solder it in
place . Pu t a Y2 x l-Inch cover
plate on the opposite end,
and solder it into pl ace.

Modify a n Amphenol
#75-3 microphone connector
by sawing off the small-
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mete r of the 3/4" l.d. copper
water pipe section used as the
diode modulator and circular
waveguide to rectangular
guide adapter shown in Fig.
1[a] , the mixer modul ator.

To construct the mixer
modulator plumbing, start by
cutti ng off a section of
RG·52 waveguide so that
each end is square and de­
burred . Lay out the holes as
shown in Fig. 1(b). Drill the
two sets of holes by fi rst
running a num ber 43 drill in
each locatio n shown, through
both walls. These holes will
serve as pilot holes fo r further
dr illing of larger holes and,
the refore, should be drilled
carefull y so that the holes are
directly in line with each
other.

Open the holes, as shown
in Fig. 1(b). Deburr each
hole, and then open and tap
for threads, as shown in Fig.
1(a). Solder in place small
sections of 3/ 32" i.d. pipe to
serve as sockets for the ends
of the Parametrlcs 400075
Schottky diodes. This pipe is
obtainable at model shops.
Do the same th ing fo r the
detector diode. Locate a
3 /8 "·d iameter, 1116"-thick
brass washer tha t will pass a
6-32 screw on the wall of the
waveguide facing the copper
pi pe, as shown in Fig. 1(a).
Solder the washer in place so
that it is concentric with the

• , +-
,,

'<,

~ +
FL ANGE
1110' BRU S

• •

DIODE
CO\JPL' ~ij

•

'"

OU TSHlE 01 "' [ N5 10"$
S'ME AS ,,, 'S

1,.!O.

J

1
".

1

DRILLED I/Z '" HOLE Cu T
TO CLU II 8- 32 SCIIE W TO TIOHt F oT ON

1/ 2 X , COOpEII
..A. [ OUl OE

'0 - >- ~ >-
'1<40' .

/ , ,, " ' /'
D.'CL TO CLtU
4 " 0 SCREW

I "
,I

___ I 7f» .______

.,.,'
l 0I"l'

"OL·
X" ,,
'"

I, I .,. " I
... HOltS

of a microwave diode con­
nected across a meter, is used
in the initial tune-up and
can be tempo raril y con­
st ructc d fo r this purpose. A
YOM and a muffin fan are all
that are needed to tune this
ng up.

Constru ction of the elec­
t ronics can be done on a
small piece of perfboard.
Since there are no real prob­
lems in the layout other than
those common to audio cir­
cuits, I will discuss the micro­
wave plumbing, which must
be fabricated by the con­
structor. Hand tools are all
that are needed, with one
exception - the di ode cou­
pling uni t, which must be
turned o n a lathe.

The horn for this unit is
made-from an alum inum fun­
nel of the approximate di­
mensi ons shown in Fig. 1.
The throat of thc funnel must
be broached out to take the
taper out o f it . Funnels of
th is size can be obtained from
a farm supply deal er and are
primarily used in dairies. I
broached minc to shape with
a 13/16-d iameter rod stuffed
down the funnel throat
gently tapping the rod with a
hammer. It's easier than you
think , but care must be used
or the metal will tear. When
the broaching is completed,
the throat of the funne l will
sli de over the outside dla-
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Fig. 3.

cial uni t is chosen, the th ree­
te rminal regulato r indicated
may have to be changed to
one which delivers a higher
voltage. Usuall y a spec sheet
accom panies the oscillator.

As a last resort, if a Gun n
oscillator is beyond your
means, a Klystron oscillator
can be used. Suitable infor­
mation o n these tu bes, as well
as power supply information,
is available in amate ur hand­
books.

The co nstruction of a
Gunn oscillator is accom­
plished as foll ows:

There are two views given
for a Gunn oscillator that
shoul d occ upy your atten­
tion. (See Fig. 2.) These show
the top view, with a fl ange in
place, and the end view, with
the flange absent. The flange
was purposely left off so that
the assembly of components
and mounting screws would
be in view. The two screws
marked A and B in this view

serve an obvious double pur­
pose. The B screw is a 4-40 x
l4-i nch-long brass screw and
shoul d be set in place so that
it is not protruding into the
waveguide. If it does, fil e it
until it just fill s the hole and
is flush with the inside of the
gu ide. The A screw is 3/8­
inch long and of the same
material. It sets th e frequency
of th e osci llator. Making it
lon ger will lower the fre­
qu en c y, and, conversely,
shorte ning it will raise it.

The insulating material for
the d iode coupling unit
should be mylar, but other
material can be substituted.

When installi ng the d iode,
mount it in the ho le of the
short 1-20 brass plug with the
large flange of the diode on
the plug. Screw the plug into
place so that the other end of
the diode engages the diode
coupling firm ly, but do not
com press this $25-dollar
jewel, or th e d iode will be

destroyed by cracking. Just a
firm clamp will do.

As shown in the top view,
all holes should be drilled and
tapped and the cover and
flange attached with soft
so lde r. For drilli ng and
soldering, use the same tech­
niques as described in the
plumb ing assembly.

The d iode coupli ng should
be turned on a lathe and
sho uld adhere to the dim en­
sions as shown. If you are
ambitious enough, you could
make this unit with a screw
and washers. The edge of the
top section of this unit must
be insulated with mylar ta pe.
A 1-mfl thickness is req ui red.
It can be obta ined from a
drafting supply hou se o r per­
haps from a friendly drafts­
man . Use another pi ece of th e
same tape over the top of the
guide to insulate the top of
the diode coupling fro m the
filter plate which is gounded
to the waveguide. Thi s plate

provides the other half of an
rf capac itor in conj unction
with the top of the diode
coupl ing.

When all of the parts are
assembl ed , includ ing the
diode, place the iris over the
flange. Be sure the holes all
align . They are d rill ed to fit
the cho ke flange o n the
plumbing assembl y and are
not uniformly spaced, so
there wil l be no possibility of
crossguid ing the two units.

Cr ossguldl ng will abso­
lutely put you out of business
and may even bl ow your
diode. The microwave in­
dustry thought of th is years
ago, so that's why the com­
mercial chokes and flanges
are drilled this way - not
becau se I thought of it.

So now let's ge t on with
the tune-up procedu re. I said
in the beginning that all you
were going to need was the
t u n ing mete r and di ode
shown in th e drawin gs and an
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elec tric fan.
Te mp o r aril y disconnect

the lead that goes from th e
Gunn diode osc illator to the
voltage regulator. Now, with
the power on (12 volts),
check' to see that the regu­
lator is putting out 8 volts
positive. If it is, then check to
see that a voltage of at least
100 mill ivolts de is indicated
at the junction of R1 and the
detector diode. If it is lower
than 100 mV, raise it by
adjusting R2, the trim pot.

Next, connect a temporary
lead to the junction of the
connection to the mike gain
pot and the lead that goes to
the mike. Now you can signal
trace the "bee baw" and
"wail" circuits by touching

the wire to the connection on
switch 53, smoke alarm
posi tion. It should be very
loud when the output pot of
this circuit is full on and the
mike gain pot is up. Now, if
all is well wi th the alarm
circui ts , con nect the te m­
porary wire to the Starfleet
warn ing posi tion, and press
th e mike button. You should

hear two th ings - the cha r­
acter istic Starfleet interroga­
t ion sou nd and aud io fro m
the ml ke.

Now that th ese circui ts
have been found in working
orde r, remove all temporary
jumpers and reconnect th e
Gunn oscillator regulator.
Pl ace the tune-up aid in fron t
of the horn antenna, and turn
on the power. Put the func­
tion switch, 53, in the
Doppler radar posi tion. There
should be an indication on
the tune-up aid meter. If it is
pegged, move it far enough
away to get a half-scale
reading. Rotate the pickup or
antenna leads of this unit for
maximum signal. Now adjust
screw C, shown in Fig. 1(a),
for a slight peak in output. It
will be disce rnible, but it will
req uire care to see it. Now
place th e electric fan or
muffin fan in fron t of the
horn , about four feet away
from it , and turn it on. That's
a lo w-f req uency Doppler
from the blades you hear.
Now loosen the hose clamp
that holds the horn in place,

and sli de the horn back and
forth on the 3/4" pipe until
you fi nd the peak signal,
which will also be very slight
and quite broad. Clamp the
horn in place when this is
found, and adjust screws A
and B al tern ately. For the
greatest signal strength, you
will p robably have to move
the fan fu rther away.

If you can connect a YOM
to the outp ut of the LM380
and put it on an ac scale, you
can adjust these screws more
accurately than by ear. Ad­
just the two screws until no
further increase in signal can
be detec ted, and th en adjust
the rrtmpo t, R2, for a further
indication of increase in sig­
nal. Th is adjustment is very
broad. Finally , readj ust screw
C for an increase in signal.
That com pletes all adjust­
ments. You probably can
hear the fan at Quite a dis­
tance from the ho rn. In fact.
you should be able to detect
your o wn movements around
the horn as very low fre­
quency sounds, dependent
upon the speed at which you

move around. If you have a
tu ning fo rk, strike it and hold
it up to the horn, and you
will be able to hear it . Or take
th e whole works outside, and
se e wha t au t omotive
Dopplers sound like.

With th e tune-up com­
plete, there are no further
instructions, except to say
that, in the communication
mode, don't expect to hear
si gnals like on seventy-fi ve in
a contest. I'll hold skeds on
10.499 MHz on th e fi ft h
Thursday o f any month at
0001 GMT. So listen for me
there.

All of the other options,
of course, will give you some­
thing to th ink about. But
co nside r th is, too - slow
down, and we can keep our
sked on the air, and you
won't end up a silent key. -
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Kenwood TS-SZOS is the best selling amateur radio today
- 16 0- 10 M. + WWV e Excellent Rece iver Sensitivity
- 6 146 B Finals etmproved Spee c h Processor
- R F Attenuator _ Effe ctive Noise Blanker
e Swltchable AGC -Pro vision fo r External Speaker
- R. I.T . Control - 8 Pole Crystal F ilter
- CW Sidetone e Pront Panel Carr ier Le vel Control
- Heate r Switch -Suil t in Co o ling Fan
- Bu ilt in Speaker -Provisions for 4 Fixed Frequencies
- 25 Khz Calibrator -Extre m e ly Low S ervice Record

FOR KENWOOD PRICES OR TO ORDER CALL TOLL FREE

.-800-228-4097
or in Nebraska (402)466 -8402

Communications Center
Your Discount Hom Radio Store

443 N. 481h St Lincoln. Nebraska 68504
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