
•

December 1960

37¢

•'I

WAGr-Xu
f\ SJ K XA,

yv {'"> N : , f )
J ":> /N /" '()., v

:;.' ~1 U v -

V



73 Magazine
1379 East 15th Street
Brooklyn 30, N. Y.

Table of Contents

December, 1960
Vol. I, No.3

Transistorized 220 me Converter ..
Crystal controlled t oo.

• • • • • • • • • • • • • • • . . J. Specialny W3HIX . • 8

R-F Sniffer .
Snooper sens it ive R F detector which you will buil d .

SSB Dynamic Demonstrator .
Tea ching 8SB calls for som e tricky s t rutez ems.

· Jim W. Kyle, Jr. K5JKX/6 .. .

· Ed Summerfield W2UQB .

• • • • I I

12

Capacity Meter Tom Lamb K8ERV . ' .
T wo ranges : 0·40 mmfcl (resolves 1 rnmfd) a n d 0-900 m m fd.

• • • • • • • 14

Station Control System .
Even if you don' t build this one it w ill give you idea s .

David Cabaniss WI TUW. • • • • • • • 16

The Multivibrator in VOX Circuitry Roy E. Paffenberg .
Tech nica l art icle ending up with a co r ker of a V O X circuit.

• • • • • • • • • • • • • 18

The Fine Art of Transistorizing .
Changing your tube circuits to transistors.

. . . . . . . . . . . Jim Kyle K5JKX/6 . • • • • • • • • • • • • • 22

Simplify Your Log Keeping .
J ust an id ea wh ich you probably won't li ke a nyway.

• • • • · Staff • • • • • • • • • • • • • • • • • • • • • • • • • 25

Perfect Squelch Staff .
Ou r big tech n tcal a r t icl e for t he m onth • _ . a ll a bout squ elch ing.

• • • • • • • 26

Low Noise Two Meter Converter .
T he newest, t he la test , the hottest 417A co n ver ter yet.

Surplus Frequency Standard .
S imple conversion or the VO-l oscil lator. You ' ll like it.

Lester Earnshaw ZL IAAX .

R. Paffenberg .

• • • • • • •

• • • • • •

32

40

Simple Phone Patch Herb Brier W9EGQ .
T h is one is pretty s im p le and effective. Nex t m unth H s im p ler on e.

. . . . - . . , . . . . 42

New Tube Base Coil Forms ' " R. Paffenberg .
OC3W , 5R4 W GA. e tc. , b a ses make sp len d id eo tt fo rms.

Propagation Forecast Dave Brown K21GY
W h a t bands what t ime to where probably.

· . . . . . . . , , . . .

· . . . . . . . . . . . .

44

50

Misc.:
Edito ria l 4
Shopping List C ove r Story 6
New Products 25. 51
Book Revie ws 25, 44, 57
Echo Ech o 46
Lette rs 49
Vag abo nd He m _. 52
Most lmportent Item This Mont h _. 54
Othe r He m Publica t ions 58
Adverti ser's Ind ex 62
Tobie of C on tents . 3

Stalf:

ed ito r-pu bl isher Wa yne Gree n W2NSD

pub li cations ma noger David Fish

associate ed itor Jim Kyle KSJKX

a ssocia t e e d ito r Don Smith W3UZN

associa te ed itor J im MorrisseH WA6EXU

cont rib uting editor John Campbell W2ZGU

subsc riptions " Virginia K2MNW

1 h e Cllv('r : Vir gin ia mu ll s over the sh op p inK list we've a ssem bled on page 6. A ll items are u nde r $20 a n d are
n eeded in every h a m sha ck, Photog ruph by Mort We ldon .

13 (Titl e regi stered U. S. P ost Omce ) i s publlahed monthly by AllI ateur Radlo l'ulJ lishlnr . I nc. Exel'U t h'6 and ed itor ial emcee at
1 37 ~ Esst l fi th Street. Brooklyn 30. New York. Telephone : I Ngersoll 9-6951.
Application for enrrr a. second-d an ma tter Is pl'ndl nl" at Norwalk . COIln.
Suuscrl ptlon ra te-s : U. S. A. and POlueuions. APO. FPO. Canada lind ~Iedco ; one year $3.00 ; two YU fI $5.00 ; t hree )"e. n $7.00.
Forelrn : one )'Mr $4.00; two YNfi $7.00.
Printed in the U. 8 . A. Enti re conlenta COPyrigbt 1960 by Amateur Radio PublllhJnr. I nc.
P ostmu Ler : send form 3519 to 13 Maa:u ine. 1319 Eut 15th Street . Brooltlsn 30. x ew York.



•

A

Transistorized

Crystal

Controlled

Converter

• • • fo r the 220 me (1 -% meter) A mateur Band

J . Specie lnv W3HIX
Phi lco Corporatio n/Lansd ale Division

This report desc ribes a 11/-4 meter converter for the 220 ·225 me amateur band . It employs
five Philco MADT VHF transistors and o pe rates at a supply voltage of 12 volts. A communica ­
tions receiver ca pa ble of tuning t he 10 to 15 me frequen cy ra nge can be used as the"
system.

T H E unit employs five t r ans istors, all oper­
ating in common emitte r con figur at ion.

Transi stor TRI, oper a ting as a neutralized r f
amplifier, is coupled to the mixer through a
double tuned circuit. This method of interstage
coupling is preferred because of its ability to
rej ect signa ls outside the rf bandpass and to
minim ize feed through at the if frequency. The
antenna is coupled to the amplifier through a
tap on t he input coil Lt. Shunt capacitor Cl
tunes the input circuit t o the proper frequency.
A ser ies matching ca pacitor C2 applies the in­
coming signa l to the low impedance base which
typically is about 60 ohms. Neutralization is
provided for by a ca pacitor network consi sting
of C3 and CG. Neutralization provides an in ­
crease in r f power gain of a pproximately 3
db as well as good circuit stabili t y, although
the amplifier would be quite stable if neutrali­
zation was not used.

The rf amplifier output circuit is t u ned by in­
ductor L2 and capacitors C4 and C5. A manual
rf gain cont rol is incorporated to reduce the
gain on st rong signals. The method used here is
termed "forward gain control" and is noted
for it s excellent over load characteristics. The
term "forward" is der ived f r om the fact that
the collector cu rrent is increased to reduce the
stage g a in rather than decreasing the collector

- -- . .._._...-

cur rent as is done in the r everse method. A
r esi stor R5 is inser ted in ser ies with out put
circuit and the negat ive terminal of the power
su pply. As the cur rent increases by adj ust­
ment of g a in cont r ol potentiometer R3 the vol­
tage available between the collector and emit­
ter of t he rf s tage decreases causing the gain
to drop. This drop in power gain is nearly
linear as the collector to em itter voltage is
varied from eight volts to one half a volt.
The l\IADT is the only VHF transistor suited
f or this type of gain cont rol. Resi stor R4 pro­
vides emitter stabilizat ion and resistors RI,
R2 and R3 determine the biasing level. The
value of collector current varies from 2.5 to
6 rna depending on t he setting of R3 . The nor­
mal operating value is 2.5 rna fo r maximum
gain . A stand by r eceiver switch is incorpo­
rated in the emit ter lead.

Mixer

The out put of t he rf amp is coupled to the
mixer transi stor TR2 (P hilco T1833) by loose­
ly coupling mi xer coil L3 to amplifier coil L2
(see coil data for det ails ). Capacitor C7 tunes
coil L3 and t he value of capacitor C8 is se­
lected to ma tch the input r esistance of the
mixer. The local oscillator power is injected



into the emitte r terminals by returning the
bypass capacitor C13 to ground through a
tap on coil L8. An if frequency of 10-15 mc
was selected . Coil L4 and capacitor C9 tune
the collector outpu t t o this frequency range
aud the out put is coupled to the load through
coil L5 which is wound over the cold end of
coi l L4. The 3 db if r esponse of the converter
is about 3 me. Since most of the activity is
centered around 221 me, the if response was
peaked to 11 me. The rf r esponse a t the mixer

base is quite flat from 219.5 to 225.5 mc.
Emitter resistor R8 provides de stabiliza t ion

and resistors R6 and R7 determine the oper­
ating point.

Harmonic Generator

This sect ion provides at least 180 millivolts
rms of injection voltage to the emitter termi­
nal of the mixer TR2 (Philco T1833) . The
local oscilla tor frequency is on the low side

PA RTS L IST COIL D A T A

C l =0.05 to 5.0 mmCd P is­
ton Capacitor

C2 = 1.5-7.0 m m Cd Ceramic
Trimmer. ( A fix ed eap ne­
itor oC a bout 2.5 m m fd
can be su bat tt u t ed. ]

C3=2 .2 mmCd Cera mic
C4=4.7 mm Cd Cer am ic
C5=O.5-8.0 mmCd Pis t on

Capacitor
C6=50 mmfd
C7=0.5-8.0 mmfd Piston

Capac itor
C8= IOO mmCd
C9=3 mmfd
C=10- l.O-18 mmfd Pis ton

Capacitor
C l1 =1.0-1 8 m m fd Piston

Capa citor
C 12=O. 5-5.0 mmfd P iston

Ca pacitor
C 13=0.01 m fd Ceramic 75 V
C 14=0.0015 mfd Ceramic

stan d off type.
C 15=O.Ol mCd Ce ramic

75V

C16=470 mmCd Ceram ic
C17=68 m m fd Ceramic
C1 8=68 mmfd Ceram ic
C 19=O. 00 15 mfd Ceramic

s tan d off t ype.
C20=2.0 mmCd M ica
C21 =5 .0 mm fd Ceramic
Rl = 8200 ohm s l/2w
R2= 2700 oh m s 1/2w
H:i= lO,OOO oh m s P otent.lo-

m et e r
R 4= 470 ohm s l/2 w
R 5= 820 oh m s 1/2w
R 6=1 5 K 1/ 2w
R 7=4.7 K 1/ 2w
R 8= 1.5 K 1/2 w
R 9= 8.2 K 1/2w
R I0=3.3 K 1/ 2w
Rl1=l.S K l/2 w
R1 2= 39 K l/2w
R I 3=4 .7 K 1/2w
R 14= 470 oh m s 1/ 2w
R 15= 39 K 1/2w
RI6= 4 .7 K 1/2w
R17=47 0 oh ms 1/ 2w

Ll--6 t urns #20 tinned cop per w ir e h " Ld . 'th" winding
anten na tap 1 turn f rom grou nd e nd.

L2- 3 Jh t u r ns # 26 tinned copper j," l.d, ~ .. winding
len g t h.

L3--4 Jh turn s # 24 tin ned copper '1&" l.d. %" winding
length .
L 2 and L 3 Co rm a double tuned c ircuit. Ai r wou nd in
the s a m e d irection ; spaci ng between coils a s noted
a bove.

IA-72T # 34 N yclad copper wir e close wou n d . W .L.
a bout %" o n :~ .. ceram ic form (Ca m b ion type PLS-5
2C4L) powdered ir on slu g.

1.5- 15 t urns #".34 N yclad cop per wire close wound over
grou nd e nd o C 1.4 .

1.6--9 turns o f #3003 Minducto r ( B & W ) or air d u x
#416T.

1.7- 3 turns o C # 3003 Miniductor ( n & W) or a i r dux:
# 41 6T.

1.8- 5 t u rns #18 t in ned copper wi re %" l.d. W .L. ='th"
t apped abou t % t u r n from e nd.
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and the output frequency is 210 me. This high
frequency output is obtained through the use
of two stages of frequency doubling and a one
stage overtone oscillator operating on a fre­
quency of 52.5 me,

Transistor TR3 (Philco T1859 or T1695)
is used in the crystal controlled oscillator cir­
cuit. Coil L6 and capacitor C10 are tuned to
52.5 me, the overtone frequency of the crystal.
The oscillator output drives TR4 (Philco
T1859 or T1695) through coupling capacitor
C20. The output is tuned to a frequency of
105 me by coil L7 and capacitor Cll. The
105 mc output from frequency doubler TR4
is used to drive another frequency doubler
TR5 (Philco T1859 or T1695) through coup­
ling capacitor C21. The output frequency of
TR5 is tuned to 210 mc by coil L8 and capaci­
tor C12.

Emitter resistors Rll, R14 and R17 provide
the necessary de stabilization and biasing re­
sistors R9, RIO, R12, R13, R15 and R16 deter­
mine the biasing current of their respective
stages.

The actual collector current flowing in tran­
sistors TR4 and TR5 is influenced to some
extent by the level of rf exitation from the
oscillator TR3 since a combination of fixed and
self biasing is employed in these stages.

10 • 73 MAGAZINE

Operation

The individual collector and total currents
are tabulated below:

Tol.IIC
with divider

TR I TR2 TRJ TR4 TRS current
2.5 me 1.8 me 2.0 me 2.0 me 2.0 me 14 me

The sweep generator method of alignment is
suggested in tuning up the converter. However,
the unit can be tuned up fairly well by peak­
ing it up on a carrier from the transmitter
or an rf signal generator.

If a variable capacitor is used for C2, al­
ternately adjusting C1 and C2 for maximum
output should peak the input properly. The
point of best noise figure should coincide very
nearly to the point of maximum power gain.
The noise figure should be in the vicinity of
5.5 to 6.5 db.

The overall power gain is about 22.0 db. An
additional 1.5 to 2.0 db can be realized by in­
serting a series tuned 11-12 me trap between
the mixer base and ground because the input
circuit does not completely short the 12 me in­
put admittance of the mixer. It was felt that
the additional tuning procedure involved did
not warrant the addition of the trap. 73

"r"'I"!' ........_....
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Mount capacitor end d iode on back of meter
...,it h shortest possible leads. Attach nlckue 10 00

di rectlv to ne oative meter terminal ; it's stiff
e nough to do without other mechanical support.

Oscillator Checking- P lace the pickup loop
near the oscillator coil. If t he oscillator's work­
ing, the Sniffer wiII indicate rf. Touching
either t he grid or plate lead (use an insulated
tool for this test, not y our fi nger s ) should re­
duce the Sniffer's indication.

Receiver Troubleshooting-Check the oscil­
lator as described above. If it's okay , next
check the mixer plate coil by placing the Snif­
fer pickup loop nea r it. If you get an indica ­
tion here, move to the first if st age and place
the pickup loop near the plate pin of the tube
socket . Proceed through the receiver until you
lose the indica tion. T he trouble is somewhere
between the la st indi ca t ion and t he point at
which it disappeared .

F ield Strengt h Meter- Couple a short an­
tenna to the pickup loop by two turns of wire
around the loop. Field st rength will be in­
dica ted in a comparative manner by the meter.
It cannot be calibrated, but proves useful in
tuninc m obile or beam antennas. etc.

S\VR Measurem ent- ( P a r a llel lines only) .
Move t he Sniffer long the line. Mark maximum
reading and minimum reading over a half­
wavelength. Divide minimum into maximum.
The quotient is, roughly, yonr VSWR. This
method is by no means exact, but will indi­
cate whether the line is under or over a 2 :1
SWR. r c- l

UHF F requency Measurement - Set up
Lecher wires. Coupl e the rf Sniffer lightly to
the tank circuit instead of using a flashlight
bulb . Use Lecher wires in nor mal fa shion, r ead.
ing' Sniffer indications for maximum and mini­
mum. This is much more exact than the nor­
mal methods.

Improvised Gr id·Dippe r-1f you have a sie­
nal generator available, it can be used with
the rf Sniffer to serve as a "grid-dip" meter
to locate resonance for any tank circuit.
Couple both the generator and the Sniffer
lightly to the u nk nown tank . Var y generator
frequency. A sharp r ise in Sniffer ind ication
indicates the resonance point. IIll],\

}l Amp
METER

. ,. ,

1+
1

·50

-UP LOOP
WIRE
NG

SPACI NG

PICK

"1"2-LO
1/ 2"

The

iffer

VERY now and then there's a need to know
E if any rf is present in a circuit. Frequency
isn't so important-the question is simply. "Is
there r f h er e ?"

Your grid-dipper can frequently answer this,
if used in the wavemeter mode, but occasion­
ally it's not sens it ive enough-particularly if
you"re working with a receiver osc illator where
power is measur ed in microwatts.

Her e's an rf Sniffer which will indicat e the
slight est trace of rf in a circuit. In addition to
checking r eceiver oscilla tors, it's a perfect
gadget to ensure perfect neutralization of a
transmitter final.

Desi gned by W5JCB along classic lines, the
Sniffer is built around a microammeter. While
most 0-50 rna meters still bear price tags in
the $15 region , an import stocked by Arrow
Sales Inc., North H ollywood, Calif., and lis ted
as t he ir catalog number 606PM1, sells for
only $5,95. .

U sing th is meter, the total cost of the Smf­
fer should be less than $6.75 complete-the
only other parts are a IN34A diode a nd a .001
mfd capacitor.

Connect the component s as sh own in the
schema t ic and photograph. U se long-nosed
pliers as a heat sink between the diode .and
the solder joint when wiring, to prevent diode
damage. Note that the pickup loop of 14 gauge
wire is in sulated with a st r ip of apaghett.i .

That's a ll there is to construction of the
Sniffer. Her e arc some of it s uses : .

Ampl ifier Neut raliza t ion-Couple the Sniffer
to the antenna terminal with a t emporary
two-turn link around the pickup loop. Remove
plate a nd scr een volta~e from the ~nal. amplj­
fier. Apply drive. Adjust neutralization for
minimum indication on the Sniffer-but don't
expect t o be able t o get it down to zero.

.J irn Kyle, KSJKXjb
1851 Ste nfc rd Ave. •
Sante Suse ne. CaJif.
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Balanced

Modulator

Dynamic

Demonstrator

E. H. Sommerfi e ld W2UQ B
8 18 Wellece Street
Endicott, New York

T HERE comes a time in every "ham's" life
when he is called upon to impart to others

h is knowledge and experience on a given sub­
ject. This occurred to the writer recently when
he was approached by "Doc"l 'V2JVZ, of the
Greene Amateur Radio Society of Greene. New
York, and invited to deliver a lecture on Bal­
anced Modulators. Now one just does not get
up before a group and point out a balanced
modulator configuration and ask the listeners
to accept the fact s of carrier cancellation and
sideband gener a tion, neither does one go into a
long ser ies of vacuum tube equations. Its the
correct mathematical procedure, but it's also
a great cure for insomnia ! No! The sensible
approach is to analyze, via vectors, CW, AM,
DSB and SSB, in that order , and demonstrate
these forms of modulation on a dynamic dem­
onst r a tor . This is the procedure the writer f ol­
lowed. After the talk the audience was invited
to "twiddle knobs." As a result, an enjoyable
and enlightening evening ensued .

The sta te-of- the-a r t of balanced modulators
was examined to determine which circuit con­
figuration would lend itself conveniently to the
demonstration of all four of the aforemen­
tioned modes of modulation. It might be noted
t hat CW is considered, by definition, a mode of
modulation. The \V2UNJ exciter was selected
a s a model for the following r easons:

1. Each tube, or gener a tor , could be ap­
plied to the tank circuit , or rf sum­
ming network, independently, without
upsetting the other generators.

2. All terminals, input, output , and mod­
ulation were isolated from each other

IDr. Cen terwall- W2J VZ

, ,
T II :

, ,
T

I* Note t hat since t he screens of the carrier
t ubes are operated at ground, very little RF
output is obtained; therefore, under AM con­
ditions very low modu!ation is epplied.]

1l0lJlU Slllu.rHI1

- -
I: I

, ," " , , ,
I " '2 '
'. ¥ " • •
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preventing interaction between the
different frequencies used.

3. Because of 1 & 2, a udio frequencies
could be used for both carrier and
modulating sig na ls. This permitted
the use of long lead lengths necessary
to physically mount controls and
swit ches where the panel artwork
directed.

If rf frequenci es were u sed for the carrier,
oscillation would have no doubt resulted. A
single frequency was used for modulation with
specia l emphasis being made that a phase
shif t ing network, commercially available, would
hold the phase difference, for the sta nda r d
audio frequency range of 30-3000 c :~..cles.

The cir cuit is shown in the a ttached photo.
With the exception of the modulating phase
sh ift networks, it is identical to the \V2UNJ
exciter described in many previous ARRL
Ha ndbooks. Although the overall circuit t heory
has been adequately covered in the previously
mentioned handbooks, som e circuit infor ma tion
was gained by noting the r esults obtained when
the different g enerators were connected onto
the tank circuit.

Abnormal operation can be displayed in 88B

by switching 81-84 (one at a time) to 0° and
noting the increase in output ripple that oc­
cu rs from the appearance of the unwanted
sideband.

Before each mode was presented, Figure 1
displayed on large charts were referred to. to
explain the theory.

A n effor t was made, at the conclusion, to
point out the advantages of both DSB and
SSB a s a modes of modulation insofar as over­
a ll communications efficiency is concerned.
Also, mention was made of the newer and more
efficient balanced modulator configurations.

Although cr ude perhaps in its pedagogical
approach, the effectiveness of this method of
lecturing can be attested to by the number of
additional invitations received to repeat it. [lI OO

Ta ble I descri bes t he conditions of th e vari­
ous generators for th e different mod es of
modulation.

Mode V l V~ V a V , V o V " SW, SW:: SW, SW.

CW - - ON - - O' O' O' O'
AM - ON - ON - - O' O' 0 ' O'
OSS - ON ON ON - O' O' 0 ' 0 '
SSS ON ON ON ON ON ON -45' + 45 0 + 45 0 --45·

. .. . . .. ,.. .. .,.",1'" _ .'"
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CIIlCUIT RESONATES
WITH lIO ... , cAe

Fig. I-C apacity measure ment
substitution met hod.

Capacity

Meter

Tom Lomb K8ERV
1066 l archwood Road
Mansfield, Ohio

M EASURING variable or s m a ll unmarked
capacitors is often a major problem. The

Grid Dip Oscillator method is inconvenient and
often more work than it is worth. The meter
described will measure 0-40 mmfd and 0-900
mmfd in two ranges, and will r esolve one mmfd
on the low range.

The operation is shown in Fig. 1. A coil is
tuned to resonate at one me by two capacities,
Cl and ex. An oscillator excites the circuit
at one me. and an rf voltmeter indicates reso­
nance. Assume the circuit resonates with a
total capacity of 50 mmfd. If there is no CX
connected, then Cl must be 50 mmfd. to r eso­
nate. If an unknown capacity is now connected,
Cl must be r educed exact ly the amount of ex
to bring the circuit back to resonance. If Cl
is calibrated, the value of the unknown is in­
dica ted directly on the Cl di al.

T his process is called ca pacity measurement
by subst it ut ion. The u nknown subst it utes for
an equal amount of capacity in the calibrated
variable. This method has severa l important
features. First, and most important, the ac­
curacy a nd long time stability depend only on
the calibrated variable condenser. Drifts in the
battery, oscillator, and induct ances will not a f­
feet the instrument. Second, the meter is un­
affected by the hum pickup that often plagues
homemade bridges. Third, condensers that are
lossy at radio frequencies can be detected.
Fourth, it is easy to measure capacities at the
end of a long, high-capacity cable.

Fig . 2 shows the complete circuit. A si mple
transistor oscillator drives the tu ned cir cuit

by t he

Ca C.
o 50
'0 ..

~ 18
' 0, 0

" - _.... .. _._.....

""" 0
ORClJIT

•
In

usefulness

to
the
GDO
1Ili=_

... Second

only



Calibra tio n

C. · UNKfiWlI'N UP
C o- KNOb e A P

c- - TOT....L "("SUllIEO
CAPACIT ",

c,

~o 00 Ct

ca libr ation or zero adjustment for the C2 dial.
Now place known capacities across the ex
terminals, and peak the meter with the 02
dial. Mark the known values on the C2 dial.
The maximum capacity that can be measured
is the value of the maximum capacity of 02.

Small capacities a re substi tuted in the oscil­
lator circuit which, because of its lower oper­
a ting capacity, gives a more spread out sca le.
Set 02 at its zero mar k and swit ch Sl to "Lo­
C". P eak the meter with 0 1 a nd mark the 01
dial "0". Place small known capacities on the
CX terminals a nd calibr a te the C1 dial. The
0 2 dia l now becomes the zero adjustment f or
the low capacity sca le. The maximum capacity
r eadable on the C1 dial will be less than 50
mmfd because of stray capacities.

Fig. 3-A lerqe capecity een be measured by
placing a ~nown capacity in series end measur­

ing t he combination.

Operation

To opera te the capacity meter, sim ply set
t he sca le in use on zero and peak the meter
wit h the other dial. Add the unknown capacity
a nd re-peak the dial in use a nd read the un­
known capacity.

Capacities above the range of 0 2 may be
measured by placing them in ser ies with a
known capacity of about 1000 mmfd and read­
ing this combina t ion. The unknown may then
be calcula t ed a s shown in Fig. 3. If desired, a
second scale could be calibrated on 02 for use
with a particular series condenser.

At r esonance the total capacity tuning Ll
and L2 do not change between the zero and
measure adjustments. Therefore the meter
r eadings shou ld be exactly the same. A h igh Q
(low loss) condenser will not affect the meter

reading, but a low Q
unit will decrease the
reading. Generally,
any co n de nse r that
af f ects the meter
reading should not be
used in a high Q or
t uned cricuit.

This meter ha s
been in use for two
years and is second
only to the GDO in
usefulness around the
shack. 73
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~2C2 through a sma ll coupling condenser . A
diode voltmeter indicates circu it resona nce by
~ maximum r eading. The oper a t ing frequency
In my case was 1450 kc, but is not critical so
long as the Lj Cj, and L2C2 circuits resonate
at the same frequencies with 0 1 and 02 a t
J"?aximum capacity. I suggest t ha t L2 be dup­
Heated and Ll be adjusted a s described later.
The leads to C3, 81, and t he CX t erminal
should be short a nd spaced away from g round
to r educe st r ay capacity in this pa r t of the cir ­
cuit.

ing' is obtained , either
the oscillator is not
opera ting or it is not
t u n i ng t o th e i r e ­
qu ency of L2C2. ) The
meter reading should
be sha rp but smooth
as L1 is tuned. If C3
is too large, the meter
will umjp, due to the
two tuned circu its in­
teracting. If C3 is too
small , the meter indi­
ca t ion will be low. In
my case the maximum
r eading was 20 Ita .

N ow switch SI to "Lo-O" and r educe Cl to
aga in peak the meter. The difference in the
two Cl set t ings is due to stray capacity in the
instrument. The meter is now ready for cali­
bration.

Turn 81 to the "Hi_O" position and set 0 1
and 0 2 to maximum. Adjust the slug in Ll
for a maximum meter reading. (If no read-

Adjustment

C. - CI

(1::.,1 (C II
c. =--;::-::-;::-_c.Turn SI to "Hi·C" a nd set C2 to very near

its maximum capacity. Mark the 02 dial "0."
Peak the meter with C1., which becomes the



The
Mu Itivi brator
•

In
Amateur
Vox

C ircu itry

Roy E. Pefe nberq
P. O . Box 844
Fort Clayton, Canol Zone

Pulse Circuits are Adapted to Provide Superior Performance in this

Critical SSB Application.

._ ..,

Fig. IA. Schmitt trigger relay circuit provides
greatly improved operation. Note I: Insert reo
sistance in series with RL, if required, to pro­
vide a 10,000 ohm plate load. Note 2: Add R3
for negative VOX, positive anti-VOX control.
Adjust value d ownward to point where relay
opens with no control input.

I F ANY single feature of Single Sideband op-
eration has contributed most to the justly

ea r ned popularity of this spect r um saving
mode of transmission, it is the talk-to-talk or
VOX convenience incorporated in most such
transmitters. Also, in the opinion of the writer,
this is the area of greatest technical deficiency
in many home bu ilt and commercial rigs.

Most circui t s for this application consist of
a diode to r ectify t he cont rol voltage and a
simple de amplifier to actuate the transmtt-re-

ceive relay. An RC network is inserted be­
tween the detector and the amplifier to hold
the r elay closed between normal pauses in
speech. Anti-VOX may be added by rectifying
the audio output of the station receiver and
applying an equal and opposite voltage to the
input of the dc amplifier, thus preventing actu­
ation of the VOX by the receiver speak er .
Although the de amplifier is usually driven
into sa turation by the control signa l, circuit
performance is strictly at the mercy of the
relay until the output stage current exceeds
the normal operating current rating of the
relay winding. Most relays, in the range of
current between the release and operate points,
are more or less erratic and unpredictable in
operation. It is extremely difficult to manufac­
ture a relay that will meet specifications as to
shock , vibration and orientation, in both op­
erated and nonoperated conditions, and at the
same time exhibit completely reliable and pre­
dictable performance from zero to rated maxi­
mum winding current. Further, the rise time
of an integrated de voltage, derived from ran­
dom speech , may be r elatively slow. This re­
sults in considerable dwell time in this unre­
liable area of operation.

One apparent solution to this problem is to
drive the relay with a fast acting electronic
switch . This switch must have smoothly and
precisely adjustable sensit ivit y , long term
stabili t y, and the output must be an unequivo­
ca l on or off. F ortunately, just such a device
is available and, while not widely used in this
a pplica tion, is admirably suited to the task.
The case in point is the monostable multivi­
brator.
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Fig_ I B. Sugg est ed a udio a nd d etector circu it
for t he Schmitt trigger shown in Fig. IA. Note
I: If verleble C a d just a ble d elay is desi red ,
change CI and C2 to .05 mfd <!I nd add C3 ,
C4. C5 , cs and 51. Note 2: If va ria ble R ad
justeble d elay is d esired. change RI and R2
to 10 megohm d ua l potentio meter. The fixed
values shown for C I, e2, RI, E2 provide op­
tim um recovery delay.

\Vhile the basic circuit has many variations,
the most su it able of these is the Schmitt trig­
ger. The output of this circuit has two st a tes,
either cutoff or sa t ur a tion , wh ile the input
possesses a selective or slicing characteristic.
That is, when a signal or control voltage below
a precisely determined trigger point is ap­
plied, there is no change in output. When the
control voltage exceeds this point, the output
stage triggers from cutoff to sa tu r a tion . The
circuit switches back to its quiescent condition
when the control voltage fall s sli ghtly below
the oper a te point. There is no appreciable in­
between condition a s the switching time is
measured in microseconds. All of this is obtain­
able at no additional cost, since the component
requirements of the Schmitt trigger are less
than those of many de amplifier circui ts. F ur ­
ther , a very sensitive or high quality relay is
not necessa ry. Almost any relay will do, so
long as it has the required number of contacts
and its operating current approximates the
sa tu r a t ion current of the output s tage.

Practical testing now appeared in order, so
a speech amplifier and VOX a ssembly, using
the circuit shown in Fig. lA, was constructed
for use in a surplus conversion project. \Vith
the configuration selected , the output stage is
normally saturated and a positive control vol­
tage is r equ ired to switch the Schmitt trigger
circuit. The device f unctioned perfectly, switch­
ing reliably on 3 volts de and switching back
when the V OX voltage fell slightly below that
point. A positive voltage applied to the grid of
VIA causes a drop in the plate potential of
that stage. This plate is coupled to the grid
of VIB, which is normally clamped at cathode

potential. The plate cur rent of VIB decreases,
thus the cathode potential drops and the grid
potential of VIA increases. The action is re­
generative and VIB rapidly cuts off. Lowering
the applied bias sig na l to a point slightly below
t he t r igger voltage causes a reversal of this
action . With the control voltages available, it
was mor e convenient to return the input grid
to a slig htly negative point and t o use a posi­
tive voltage to switch the stage. If t he reversed
relay operation is considered objectionable,
simply add the bias resistor shown in dotted
lines and a negative sig na l will sa tu r a te the
out put section of VI, although a slightly great­
er control voltage will be r equired . The im­
provement of this circuit over the conventional
de amplifier type of voice control is remark­
able. No attempt was made to further optimize
the circu it s ince operation, with values shown,
was satisfactory in every respect.

Input and detector circuits suit able for use
with th is Schmitt trigger r elay a re shown in
Fig. IB and are typical of those normally used
in th is application. The VOX gain control is
advanced until the unit is tripped by normal
speech. Since the relay circuit oper a tes on a
" slicing" principle, considerable delay or re­
cove r y time adjustment may be obta ined by
varying the VOX gain between the points
where normal speech trips the relay and am­
bient room noise causes operation. The theory
of t his is simply that t he more the rectified
control voltage exceeds that requ ired to operate
the r elay, t he longer it takes tha t voltage. to
decay to the point where the reverse oper-ation
occurs. After adjustment of the VOX gain, t he
Anti-VOX gain sh ould be advanced to the point
where normal speaker level will not trip the
relay.

If the range of delay adjustment is not con­
sider ed adequate, the values of Rl and R2 or
Cl and C2 may be simultaneously changed to

Fig. 2. Trenslstcrlred mult ivibrator relay circuit
provides reli ab le switching with very low level
audio inp ut.
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Transistorization

sistorized 8SB exciter with all of t he oper a­
tional features and performance cha r acter is­
tics of the better availa ble commercial equip­
ment . T he following material was ga thered f or
the preliminary design of the VOX circuit of
this f uture project.

The use of a transi storized monostable mul­
tivibrator for r elay control is not new. Such a
circuit was fea tured in an article, " Multtvibra­
to r Operates Relay" , by G. B. Miller , and pub­
lished in the December 5, 1958 issue of
" Electronics". While the circuit , r eproduced
in Fig. 2, wa s designed to fu nction with an ac
switching signal, the basic slicing act ion with
the attendant advantages is present. While it
might appear that an ac ope r ated r elay would
be ideal for VOX switching, this is not neces­
sari ly t rue. While it funct ions perfectly in the
VOX action, t he integ ra ting character istic of
the circuit makes t he application of the Anti­
VOX signal a difficult task. This emitter­
coupled circuit is of inter est in such applica­
tions and its performance is r emarkable. If
the Anti-VOX fe at ure is not r equired, this cir­
cuit is a good, clean solution to the problem.
Switch ing is obt a ined with an input signa l of
about 10 mill ivolts from a 10 ohm source and
the circu it switches back when the signa l drops
slightly below this level. One addit ional advan­
tage accrues in the use of multivibrators in

•
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INPUT

C ompact, t ransistorized multivi brator controlled
re lay assembly. The complete switching circuit
is shown here.

Having confirmed that use of the multivi­
brator in vacuum t ube VOX circuits offered
the appar ent advantages) attention was t urned
to the use of t ransistors in this application.
The writer desires to construct a f ully t r a n-

covery time is required, either the R or C
option of F ig. IB may be installed. Replace
Rl and R2 with a 10 megohm dual potentio­
meter or install the capacitor switching net­
work shown.

Fig. 3. Vox Anti.vox module of the C ollins Radio 786F·1 Sideband Gene rator. Thh
of the 31 0F·6E Exciter ill ustra tes a commercial ap plicat ion of t ransistor ized voice
switching circuit ry.
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NOTES

l. IF \/ARIA8LE C AOJVSTIo8LE DELAY IS DESIRED.
CHANGE CI AND C2 TO tll'lf AND AOO C3. ... e. 6 AND 1.

2 . IF VARIABLE R ADJUSTABLE DEL AY IS DESIRED.
CHANGE RI AND R2 TO 2Sl( POTENTIOMETER (DUAL).

3. FIXED VALUES SHOWN FOR CI. C2. RI. R2 PROVIDE
OPTIMUM RECOVERY DELAY. ( ALL C IN mIdi
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t r a nsistorized switch ing circuits. A transistor
is capable of swi t ch ing power f a r in excess of
it s Class A amplifier rating if the t r a nsition
time between cutoff and saturation is ver y
short. T her ef or e, any circuit that would permit
t he output stage current to dwell at some point
between cu toff and saturat ion would greatly
incr ea se the output stage powe r h andling re­
quirement. If the r elay r ecovery time is too
short, t he value of the capacitor shu nting the
relay may be increased in value up to severa l
hund red percent witho ut adverse effects.

Coll ins Radio in one of t heir " fi rsts" has
used transistorized switching ampli fiers in
their m ilitary/ commercial 310F -6E High Ere­
queney Com munications E xciter. The circuit,
courtesy of Collins Radio Company, is shown
in F ig. 3. Another fea ture contributing to t he
performance of his uni t is the use of a voltage
doubler config urat ion in the VOX and ANTI­
VO X r ectifier cir cu its . T his techn ique is par-

• 'N'l ]111l.2 K.,
2N229

3.3K ;'" eco.o, •,.

"i.rr '..':!{ ~ ce -
2N229

'"TElCT '" " 3 .3K

-
Fig. 4A. DC version of the tran sistorit:ed multi.
vibrator relay switching circuit.

ticularly valuable when using transi stors, since
the r equ ired voltage swing may be diffi cult to
obta in wi t hout using specia l transformers. In
any eve nt, this circu it is seeing increasing use
in receiver A GC a nd t r a nsmitter ALe appli­
cat ions.

The device shown in the photograph was con­
st r ucted to test the ideas gener ated by t his
approach . The circuit, shown in F ig. 4A, was
adapted f r om a circu it described in the Syl­
vania manual, " Performance Tested Transis­
to r Circu its". The potentiometer in the input
ci rcuit is a change f r om the or iginal bi as net­
work and permits setting the input st age bia s
f or best operat ion. No r ea l a t tempt was made
to m iniatur ize the cir cuit, since the r elay, the
on ly one immediately available, was the limit­
ing factor. Actually, t he circuit is very non­
cr itica l and a lmost a ny gener al pu rpose N P N
transistor may be used. If the battery a nd
diode polarities a r e rever sed, PNP transistors
will ser ve equa lly well.

Base bias of the input transistor is init ially
set slightly below the point where the relay
oper a tes. In this condit ion, Ql conduct s and
Q2 is cutoff. As the ba se bias of Ql is reduced
by the r ectified control signa l, t he collecto r

Fig. 48. Suggested input and detector circuit
for th e t ra nsistorized relay sho.... n in Fig. 4A.

cur rent is r educed and t he collector voltage
rises. T hi s r ise appears a t the base of Q2 and
when it r each es a cri tica l value, Q2 conducts,
switch ing the multivibra tor. Relay cur rent
under these conditions is either negligibly
sma ll or , for all practical purposes, infi nitely
large. Therefore, positive, f ast r elay action is
obtained with only a few millivolt s variation
in input signa l. Desir ed operating delays in
r elay a ction may be achieved by altering the
time const ant of the RC network in the VOX
and ANTI-VOX control signal rectifier cir­
cuits. Sta r ting point values for th is a pplica­
tion may be f ound in Fig . 3. Since the detector
circu its of Fig. 3 are designed for use with
PNP switch ing t r ansistors, t he VOX and
ANTI-VOX inputs of F ig. 3 must be reversed
to permi t use with the NPN switching circu it
of Fig . 4A.

The infor ma t ion presented herein wa s de­
veloped to meet the pr eviously described spe­
cific r equirements a nd it is believed that t he
object ives have been r ealized. T he r esul ts war­
rant more gener al applica tion of th is t ype con­
t rol cir cuitr y and, while certainly not in
finished const r uction project f orm, this data
should be of consider able value to anyone em­
barking on a simila r pr oj ect.

The same consider ations, with respect to re­
covery time delay, that were described with
reference to F ig. lA an d IB ap ply to the t r an­
sistor ized version. Fig. 4B shows suitable input
and det ect or circuits for use with the relay
unit shown in F ig . 4A. If the r ecovery time
delay of the circuit, using values specified, is
not acceptable, alter Rl and R2 en' Cl a nd C2
for t he desired time constant. If adjustable
r ecovery time is desired, r eplace Rl and R2
with a dual 25,000 ohm potentiometer or install
the capacitor switch ing network shown. 73
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The

Perfect StAff

Squelch
J:f' SPECIALLY in mobile or VHF oper at ion, the
U background noise emitted by a receiver
when no signal is coming in can become tiring
in a hurry. F ortuna tely, it's not difficult to
squelch out this noise with a muting circuit.

Such circuits are popular. This popularity is
attested to by the number of different articles
published on them in the last five years. The
only trouble is this: with so many different
cir cuits in print, how are you going to choose
the one which best suits your need s . . . the
perfect squelch ?

To help you make this decision, we've gath­
ered these circuits all in one place. Advantages
and di sadvantages of each are listed t o help
you choose which one will work best f or your
own installation.

Before going into details of the various
squelch circuits, let's take a look at the basic
purpose of such a system and the various ways
in which this purpose may be accomplished.

The pur pose is sirnple--to qui et audio out put
from a receiver when no signal is coming in.
The ways of doing this, however, are legion
... and each has its own set of pros and cons.

You can open the audio path with a car r -ie r­
controlled switch (the basic operat ion of most
squelch circuits ) or you can shor t-circuit this
same audio path with a similar switch acting
in reverse. You can use another carrier-op­
era ted switch to turn the whole receiver on or
off- but t his requires, in essence, t wo r eceivers,
and so is not very practical in use.

Another approach is to use part of the audio
signal itself to control a switching circuit.
Squelches based on this principle are usable
for sideband or CW as well as AM and FM.
Any muting device which depends on the car­
rier for operation won't work so well with car­
rierless sideband.

You can see that all these techniques require
some sort of switching circuit. However, this
switch may be either a relay, a biased diode,
a multi-grid vacuum tube, a combination of
triodes, a transistor, or any other electronic
device which allows one signal to control pas­
sage of another.

By the mathematical laws of permutation
and combination, and considering only the
items specifically listed above, this works out
to a total of 20 possible different circuits.
When you take into account differences in
equipment . the number of possible practical
circuits runs rapidly into the thousands.

We aren't going to talk about any thousand
circuits here. We aren't even going to talk
about 20 of them, since some of the possible
combinat ions don't work out in practice. We
are going t o talk about all the practical squelch
circuits which have appeared in the literature
since 1945.

These circuits fall into six broad categories.
The best-known of these is possibly the relay­
squelch circuit, made famous by the SCR-522
and since adapted to many other receivers.

Other categories include shunt-tube squelch,

R' ~----(--­
5MEG

Fig. I-Schematic Diag ram
of Relay-Squelch C ircuit.
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Fig. 2- Schematic Oiaqram
of Shunt-Tube Squelch.

bia sed-detector muting, balanced-modulator
quieting ( the best example of which is the
famed T N S ), noise - operated circuits, and
audio-cutoff (the basis of \Vestern Elect r ic's
family of CODANs) .

S ince the r elay-operated circu it is one of
the best known, let 's look a t it first ( F ig . I).
Component va lues shown on the schematic a r e
a ll non-critical; almost any combination of
junk-box parts should wor k well. T he only r e­
quirement is that the relay operate when AVC
voltage increa ses.

In oper ation , when no signal is tuned in the
AVC level is a t a minimum. The squelch t ube
(V I) draws plate cur rent, holding t he r elay
actuated. \Vith arrival of a signal, AVC vol­
tage r ises. This voltage cuts VI off, a llowing
the r ela y to drop out. The portion of AVe ap­
plied to the grid of VI is selected by RI. the
squelch-level cont r ol, allowing t he oper at or to
select the oper a t ing point of muting.

Contacts of t he squelch relay can be con­
nected to short an audio tube's grid to ground,
or to open t he speaker leads, a s desired. Short ­
ing the g rid to ground usually results in quiet­
er oper a tion , but care must be t aken t o be
sur e you don't remove the tube's pr otective
bias when you shor t it ou t.

Advantages of the relay squelch include ease
of construction, inexpensiveness (when you
have a well-stocked j unkbox ), a nd sur eness of
oper a tion .

Disadvantages include the mechanical "plop"
of the relay every time it operates, and the
loading of t he Ave line by Rl. RI will reduce
the AVC time constant enough to prevent use
of "hanging" AVe action on sideba nd sig nals.
In a ddition, if you must purchase the relay and

can't find a su itable sur plus unit , it will prob­
a bly cost close to $10 to build,

One of t he least -known squelch cir cuits is
the shunt -tube a rrangement shown in Fig. 2.
Like most other muting devices, it depends on
AVe voltage for control- but u nlike most
other ci rcuits, it r equires a lmost no alteration
of the r eceiver's existing circuit ry. T he on ly
change necessary is subst it ut ion of a 220K ohm
r esistor in t he fi r s t audio pla te circu itJ if t he
existing resistor ha s a lesser va lue.

In operation , the squelch tube draws plate
cur rent if AVe is not p resent. By proper
choice of t ube-a 6AK5 or 6AQ5 is ideal­
this drain may be made so heavy tha t voltage
at the first-audio-tube plate drops nearly to
zero. \Vith almost no plate voltage, gain of
the audio tube drops to nothing and t he r e­
ceiver is quiet.

When Ave arrives a t the grid of the con­
trol t ube, it s plate current is reduced and vel­
tage at the audio-tube plate r ises because of
less drop t hrough the 220K r esis tor. W hen
AVe is high enough-the amount of AVC nec­
essa r y is determined by the control-tube screen
voltag e, set by Ri-c-the contr ol tube is cut off
a nd the audio tube r eceives full plate voltage.
S igna ls then pass through the audio st age.

Advantages of this circuit include the limited
a mount of receiver rework necessary and the
low cost of parts.

Disadvantages include the necessi ty of pro­
vidi ng fi lament power for anot her tube, and
limited cont rol of t he squelching point (with a
sha r p-cutoff control tube, any AVC g rea ter
than about 5 volts will open the squelch r e­
gardless of control setting ) .

Biased-detector muting, one of the simpler

Fig. 3- Basic Blesed-Dle de
Muting C ircuit , Sche matic

Dia g ram.

I MEG
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squelch circuits, has probably been t he subject
of more articles than any other individual
circuit type. The basic circuit is shown in Fig.
3, and a more-sophisticated version which over­
comes the greatest disadvantage of the basic
circuit appears in Fig. 4.

The principle of operation of this circuit de­
pends on diode switching. Whenever the plate
of a diode is negative in respect to the cathode,
the diode can't conduct. On the other hand, if
the plate is positive the diode conducts and
looks like a short circuit so far as any other
applied signal is concerned.

By applying a positive voltage to the de­
tector plate, the det ect or is effectively shorted
and no audio (noise) can be fed to the receiver
output. An incoming signal will also be short­
ed, until its amplitude is great enough to over­
come the detector bias and drive the plate
negative on peaks.

At that point, normal detector action re­
sumes and the signal is heard. Adjustment of
this critical bias point is made simply by vary­
ing the voltage applied to the detector plat e
with Rl.

The basic cir cuit has only three added parts
and requires only two connections to the re­
ceiver (aside from a grounding point). Cost
is less than a dollar. Other advantages include
an automatic delayed-AVC result (since the
detector must overcome the squelch bias to
develop AVe as well as audio) and a total
lack of complicated adjustments.

However, the biased-d iode basic circuit has
a major disadvantage - distortion. Signals
which are extremely strong compared to the
noise will be relatively unaffected, but consider
the case of a signal barely above the noi se
threshold. Only the peaks of the signal will
open the squelch, and the resulting output sig­
nal will bear little resemblance to the original.
In fact, it will be unreadable.

To overcome this disadvantage, the more­
sophist icated biased-diode detector shown in
Figure 4 was developed. It is adapted from a
circuit descrihed in 1943 by K. R. SturIey.

In operation, wi th no input signal , tubes V2
and V4 are conducting. The cathodes of V3,

V4, and V5 are all positive, and since V2's
plate is positive and it is conducting, its cath­
ode will also be positive t o ground.

\Vith V2's cathode positive, the cathode of
Vi will be positive also, and the detector will
be unable to oper ate for exactly the same
reason as in the basic circuit. AVe voltage will
be zero, as will audio output.

when a signal comes in, it is coupled
through the capacitors to the plate of V3. V3,
acting as a shunt detector rather than the con­
ventional ser ies type, rectifies the signal to
produce a negative voltage at the top of the
25K load resistor. This voltage goes through
the 470K isolation res istor to the grid of V4,
increasing the tube's resistance and lowering
the positive voltage on the cathode bus.

At a level determined by the setting of level
control RI, the positive voltage on the cathode
bus is cancelled by the fixed negative bias vol­
tage. At any signal level greater than this,
the negative bias over r ides and changes the
polarity of the ca thode bus. At this time, V5
conducts and allows AVC voltage to pass. At
the same time, V2 is cut off. \Vith V2 cut off,
the positive voltage is removed from the cath­
ode of VI and the detector resumes normal
operation.

The distortion inherent in the basic circuit
is overcome in this circuit by proper choice of
RC time constants. Before all switching ele­
ments operate and allow the signal to pass,
the signal must be far enough above the
squelch level to be out of t he distortion zone.

The r elat ive freedom from distortion is the
only advantage the circuit of F ig. 4 has over
other squelches . Obvious disadvantages are the
circuit complexity and the necessity for com­
plete rebuilding of the audio detector-AVe por­
tion of the r eceiver.

The balanced-modulator squelch used in the
TNS circuit is shown in Fig. 5 in simplified
f orm. F or a detailed construction-type sche­
matic of the TNS, see the references.

In operation, with no incoming signal,
neither VI nor V2 has any grid bias. Cathode
bias provided by identical resistors keeps plate
cur rent within saf e limits. Squelch control RI

Fig. 4-Advanced Biesed-Dlcde Muting C ircuit , Schematic Diagram.
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uses this type of squelch.
The distinguishing feature about the noise­

opera ted squelch is the or igin of its control sig­
nal. \Vhile other muting circuits depend pri­
marily on AVC developed by an incoming car­
rier, the noise-oper ated version picks up AF
noise from the detector, amplifies it, rectifies
it .and uses the resulting DC as a control sig­
nal.

This works because most receivers exhibit
a degree of "quieting" of background hi ss with
an incoming signal. With some high-quality
VHF receivers, incoming signals produce an
increase in background noise-and with these
sets, a noise-operated squelch won't work.

Workings of the noise-operated muting cir­
cuits are explained in block-diagram form in
Figure 6. A practical schemat ic, derived from
the RCA Ca r fo ne series of commercial two­
way sets, is shown in Fig. 7.

Looking at the two illustrations together,
CI and the Ifl-mh rf choke together comprise
a lO-kc resonant circuit. This resonant circuit
is the "high-pass filter" of the block diagram,
picking off noise components of the detector
output and f eeding them to the triode sect ion

o
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Fig.5-Balanced.Modulator
(TNS) Squelch, Slmpllfled

Schematic Diagram.

is set so that the voltage at the plate of V2
is slightly more than t he voltage at the plate
of VI.

Since the plates of both Vi and V2 are
direct-coupled to diodes V3 and V4, this setting
of the squelch control makes the cathodes of
both diodes positive with respect to their
plates. With the diodes not in conduction, no
audio signal passes t hrough.

With a signa l coming in, the picture
changes. The input voltage divider (which r e­
places the normal detector load resistor) is
designed so that Vi r eceives half the AVe
voltage a s grid bias, while V2 gets only one­
tenth.

This drives the plate of VI positive as com­
pared to the plate of V2, and biases V3 and V4
into conduction. Audio goes through.

Capacitor C, in conjunction with R2, per­
form the noise clipping. See Bill Orr's "Mobile
Handbook" for a complete explanat ion of the
TNS circuit-we're only concerned with its
squelching action here.

Least-publicized of all squelch circuits, in
ham liter atur e at least, are those operated by
noise. .Most commercial two-way mobile gear

fig. 6 - Nclse . Operated
Squelch, Block Diagram .

DETEC TOR AUDIO AMP

,
NOISEHI - PASS NOISE .wPFILTER ~cnF1Er.;



~_TO hl
AUDIO PLATE

+.. 6 AN8

Fig. 7-N 0 i s e-O per ate d
Squelch, Sche matic

Dia gra m.

R5
12K

R4

---1-_-, R6
' OK

C3 IN34

Rl
1000

R2
lOOK

] ::
""
"C~I~" ..

AUDIO
-

of t he 6AN8.
The noise is amplified in this stage, which

includes bypass (C2) and coupling (C3) ca­
pacitors t a ilor ed to pass only high-frequency
signa ls and to block voice-frequency output.
T he IN34 r ectifies this amplified noise voltage
to produce a positive voltage a t the top of R 3,
which is cou pled directly to the GAN8 pentode
cont rol grid.

This positive voltage on the grid doesn't
hurt the tube, since a simila r positive voltage
is also a pplied to the ca thode through R4. the
squelch cont r ol (which may be remotely mount­
ed since it carries only de), and the voltage
div ider, R5 and R6.

The pentode half of the 6AN8 is the audio­
control tube, operating in the same f ashion as
the shunt-tube squelch di scussed earlier in this
article.

In the absence of sig na l, noise is picked off
and amplified. I t reaches the grid of the 6AN8
pentode a s previously expla ined. Cathode vol­
tage on the 6ANS will have been adjusted, via
the control, to be alig 'htly less than that on
the g r id. As a result, t he tube conducts
heavily, dropping pla te voltage of the audio
tube to less than a volt and cutting off all
sound from the set .

When a signa l appears, the noise level di­
minishes. This causes the voltage a t the ou t ­

05

put of the noise rectifier to decrease, leaving
the 6ANS pentode's control grid less positive
than its ca thode. The tube is cut off, plate vol ­
tage to the audio stage rises to the design
value, and the set functions normally.

Advantages of this circuit which make it
particularly attractive to the commercial man­
ufacturers include its relative indifference to
incoming sig na l st rength. So long as the sig na l
is above the noise level, it will operate the
squelch-something not possible with any
AVC-operated squelch. It also r emoves the
squelch control from both high-voltage and
sig nal-ca r r ying circuits, allowing r emote place­
ment with no difficulty.

Disadvantages, naturally, include com­
plexity and expense. While the ent ir e circuit
can be put together on a Vector turret socket
and mounted in a sm all Minibox, it 's st ill one
of the most complicated of the six basic squelch
circuits. With so many parts, it's more liable
to failure due to the inherent perversity of in­
animate objects. And troubleshooting this
squelch circuit ca n drive the most patient tech­
nician mad, since any symptom can be caused
by any component.

This brings us, naturally, to the audio-cut­
off muting circuit. Developed for transoceanic
telephone circui ts by the western Electric
Company, it falls between the shunt -t ube cir-
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cuit a nd the noise-operated genre in com­
plexity. A diagram appears in Fig. 8.

T his circuit, like most others, is operated
by AVC voltage. However , unlike some others
it does not offer any load to the Ave bus.

In t he absence of A VC, the pentode section
of the 6AN8 conducts heavily. Just how
heavily is determined by the sett ing of squelch
control Rl , which adj usts screen voltage and
also determines the amount of negative voltage
required t o cut the tube off.

P la te current of the pentode section must
pass through R2, which is also in the grid­
cathode circuit of the triode section. The r e­
sult ing voltage drop across this resistor is
applied to the triode as negative grid bias,
cut ting the t ube off and killing audio output.

When Ave is applied to the pentode, it is
cut off and no plate current flows t hrough R2.
With no voltage drop, t he audio tube fun ct ions
normally.

Advantages of this circuit include a wider
r a nge of control in the squelching level (the
CODAN can be set to oper ate for 87 signa ls
but to reject those which are S6 or below) and
add itional audio gain, compared to other
squelch circuits.

•

Disadvantages are it s complexity as com­
pared to shunt-t ube, r elay, or biased-diode
muting circuits; the r ela t ively high voltage ap­
plied to the squelch control; and the sensit ivity
to hum directly due to added audio gain. AIl
parts of this circuit must be sh ielded, and es­
pecial care must be taken to keep the heater
leads away from the audio signal path.

That completes the six basic squelch circuits
- bu t t here's st ill one more t hing worth men­
tioning.

In all except the noise-operated cir cu it , the
AVC line furni shed the cont rol s ig nal which
t r iggered the squelch ing switch. This works
fine on AM or FM, but if your r eceiver is not
equ ipped to use Ave on CW and sideband you
won't be able to enjoy t he advantages of
squelch with these modes of communication.

A simple way to lick th is difficu lty is shown
in Fig. 9. By picking audio voltage off the
detector output at the top of the volume con­
t rol, r ectifying it in a voltage doubler, and
using the negative out put as control for the
squelch, dependence on the AVe line is elimi­
nated. Any audio developed at the detector
will actuate the squelch , allowing it t o be used
with all communication modes. llJ rn
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I N 1957 two radio amateurs, John Chambers
(W6NLZ) and Ralph Thomas (KH6UK).

astounded the scientific world by doing the im­
possible. They communicated with each other
over the 2500 mile path between Southern
California and Hawaii on 144 me, a line-of­
sight band! Only a short decade ago, radio
textbooks described this frequency as having
very limited r ange, and actually gave a for­
mula for comput ing distance. The answer was
usually 25 miles, or so !

You can be assured J ohn and Ralph did not
accomplish th is tremendous feat using super ­
regen r eceiver or even su pe r hets with a simple
6BQ7 cascade rf amplifier. The received sig­
nals were a small fraction of a millionth-volt
(microvolt) . At this level the rf amplifier
stage, the antenna, and even the cosmos, gang
up on the signal and try to push its head un­
der a sea of noise. This noise is the hiss you
hear on a television receiver between channels,
and is the mating call of elect rons in motion.

You can't do much about cosmic noise, or
the antenna for that matter, but you can con­
st r uct an rf amplifier which will contribute as
little noise t o the signa l as possible. This
converter incorporates such an rf amplifier.
Its impressive performance is indicated by the
signa ls received when it was tuned to the
sa tellite frequency of 108 me. Excellent 're­
cordings were made of the 10 mill iwatt "Van­
guard" transmissions when it was at the zenith
of its or bit , some 23,000 miles away! Although
no spectacular dx has been r eceived on two
meters, due to a poor location, the r eceiver
noise increases considerably when the 10 ele­
ment beam is turned toward the sunt- 2.

Theory of Operation

The purpose of this type of converter is to
translate signals from the transmitted fre­
quency down to a more convenient range. Most
amateurs possess a communications r eceiver
covering 1.5 to 30.0 me, but few have the time
or inclination to const r uct a receiver for 2
meters. By bu ild ing th is low-noise converter,
they can have a first class receiver with only
a few hours work.
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Fig. 1 is the schematic diagram of the low­
noise converter. The antenna, connected to J1,
is , coupled to the rf amplifier grid coil (Ll)
thr oug h a 7-45 mmfd trimmer. This capacitor
ar ings about an impedance match between the
cr ansm lssion line and tuned circuit a nd avoids
axperfment.ing' with var ious t ap points on Ll.

The rf amplifier circuit is an offshoot of
the common 6BQ7 cascode circuit found in
most television tuners. However, this circuit,
which was designed by W2AZL3, has many

in novations which combine to provide an ex­
tremely low noise fig ure (a fig ure of merit
which determines how weak a signal can be
detected). A 6BQ7 in a television tuner might
have a noise figure of 7 or 8 db, when set to
channel 13, since the response must be at least
G me wide . If t he same t ube and circu it was
peaked on a small portion of the 2 meter band,
the noise figure might drop to 5.5 db. Replac­
ing the 6BQ7 with a lower noise tube (such as
the 6AJ4 or 6AM4) would knock off another

Fig. I-Schematic diagram for th e low noise two-meter converte r.
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db. This circuit , incorporating a Western Elec­
tric 'VE417A, is ca pa ble of a noise figure
which is less than 3 db! The value of reduc­
ing the noise figure below this point (with
parametric amplifiers, masers, etc.) is subject
to considerable debate since cosmic noise usu­
a lly masks weak signals a nywa y.

The rf amplifier , VI, varies from t he usual
cascode configur ation in that the anode circuit
is resonated (L3) and capacitively coupled to
the 2nd rf amplifier. This also permits a lower
power supply voltage to be used. Ordinarily
this circuit would oscillate due to the grid­
plate capacity in Vi. However, the addition of
a neutralizing coil (L2) feeds back a small
amount of out -of -phase energy to cancel the
effects of tube capacity. Another "trick" which
really sou ps up the rf amplifier is in the
cathode circuit of VI, the u se of a resonating
capacitor (C4). Tilton has shown! that series
resonating the cathode inductance truly
"grounds" the cathode and minimizes if de­
generation. Resistor RI bi ases t he tube a nd
prevents excessive plate current.

A second rf amplifier, which completes the
cascode pair, is a 6AM4. Earlier it was point­
ed out that this tube is somewhat "noisier"

•

than the WE417A. However, this stage has
very little effect on the noise figure and there
is no advantage in using another WE417 for
V2. Self bias is provided by R2 and the plate is
resonant at 2 meters (L4 and C8).

The highly amplified signa l is coupled to the
mixer (V3a , a 6BQ7) where it combines with
the oscilla tor energy that is link coupled to
L6. A beat difference between the sig na ls (the
intermediate frequency) appears across R2
and is coupled to the cathode follower V3b.
This s tage has no amplification but simply pro­
vides an impedance match between the if coil
(L7) and the r eceiver.

The Oscillator

The oscillator is a modified Butler circuit
with feedback between the two low impedance
cathodes. The crystal is a third overtone type
and oscillates at 45.666 me. Coil L9 is also
r esonant at this frequency and the energy is
coupled to V4a, which triples to 137 me. A
small amount of 45 mc energy appears at the
ca thode of V4a (pin 8 ) and this rf is coupled
back to the oscillator through the crystal to
sustain oscillations. The local oscillator signal

Underside view of the converter showing the location of the compartments and shields. The
layout in the rf amplifier section should be followed closely.
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Fig. 2-CrystaJ and intermediate frequency
chart. Note t ha t the local osc illator injection
freque ncy is always three times t he crystal fre ­
quency and is below the signal frequ ency by
the if.

C RYSTAL
FREQUEN C Y

45.667 me
43.333 me
39.333 me
39.000 me
38.833 me

Xl
137.0 me
130.0 me
118.0 me
117.0 me
113.5 me

PLUS IF ~

144. 148 me

7- 11 me
14-1 8 me
26·30 me
27-3 1 me

30.5-34.5 me

(137 mc) is coupled to the mixer from L8 to
L6 through a short length of twisted hookup
wire. The oscillator circuit is characterized by
ext remely sta ble operation. It either oscillates
or it doesn't ! There are no "half-way" oscilla­
tions where the crystal jumps frequency or pops
from one mode to another. The frequency drift
is also truly remarkable for such high fre­
quency operation . T he drift from a "cold start"
is only a few hundred cycles. This is quite
important when sig na ls arrive intermittently
due to temperature inversions. It is nice to
know exactly where a sta t ion will appear when
the band opens up.

The power supply is the most conventiona l
part of the conver ter . It consi sts of a simple
half-wave r ectifier-fi lter syst em. An 80-40 mfd
electrolyt ic and 5 hy filter choke provide near
pure de to the plates. An rf filter is included
in the filament circuit of the WE417 to pre­
vent undesired r egeneration. A bifilar wound
choke is used in the filam ent circuit of V2
since its cathode is at rf potential. F eed­
through capacitors (lOOO mmfd) are used to
feed fi lament voltage and B + into the rf sec­
tion and oscilla tor compartment. This com­
plete shielding prevents r eception of any spuri­
ous signals such as might occur if the 45.666
mc energy leaked out of the oscillator com­
partment. No if sig nals ca n force their way
through the power supply e ither .

C hoosing an IF

The choice of an if is not a haphazard thing.
If the if is t oo low, images will become a prob­
lem. On the other hand, if it is too high, r e­
ceiver s tabilit y may be the problem. In general,
7 to 11 me, a nd 14 to 18 mc, are favored. The
14 to 18 mc range may be preferred for sim­
ply by in serting a "4" between the numbers,
you can read the signal frequen cy (144- 148
mc) directly from the r eceiver dial.

Fig. 2 shows some of the common if's and
how they are figured. Note tha t the local os­
cillator is always lower than the sig na l fre­
quency by the amount of the if a nd the crystal
is always one-th ir d of the oscilla tor output.
From this information you can easily deter­
mine a crystal frequency for any desired if.
The 26- 30 me range would be used by own­
ers of Coll ins r eceivers which cover one and
two mc bands. The 27- 31 and 30.5 - 34.5 range
is useful for communications receivers which
have a special calibrated scale for the two

meter band.
If t he 14- 18 mc range is selected, r ather

than 7- 11 mc, capacitor C15 should be re­
moved. If any of the other ranges are used,
de lete C15 and use only 20 t urns on coil L7.
The only other coils affected, in the oscillator
compa rt ment , will cover the full range and
need not be modified.

Shielding

One of the success secr ets of this converter
is the careful use of shielding. When t he cir­
cuits are isolated from each other by shields,
each stage ca n have more gain without exces­
sive regeneration.

A long shield bracket runs the length of the
chass is to prevent st r ay sig na ls in the power
su pply from coupling ove r t o the rf circuits.
Another sh ie ld is placed between VI and V2.
This shield also prevents coil L3 from " seeing"
the input coil Ll. The hot lea d of L3 and the
wire from C5 and R2 passes through holes in
the shield. At the opposite end, the filament
wire passes through a grommet in the shield.
No f eedthrough capacitor is required since this
wire, and the B+ lead, is "stone cold" .

Another shield passes through the center of
t he 6AM4 socket . The center post of this
socket , along with pins 1, 3, 4, 6, and 9 are
bent over and solder ed to the shie ld. The re­
mainder of the signa l ci rcuits are relatively
uncr it ica l and no sh ields are required. Note
tha t all tubes are shielded except V4.

By way of contrast, the oscillator is really
"buttoned up" . Originally the oscillator was
mounted on the chassis and capacitively
coupled to the mixer. When the conve r ter was
tested, a 60 cycle buzz was heard nea r each
end of the range (7- 11 mc). After many la te
hours watching the "modulated milk bottle",
it was determined that these spur ious sig na ls
were the picture carriers of channel 2 and 5.
A little ex plor a tion with a high frequency re­
ceiver showed that the ext remely st rong tele­
vi si on sig na ls were bullying their way through
the tuned circuits. In the mixer, the spu r ious
sig nals were able to combine with a small
amount of 45 mc (and 90 mc second harmonic)
ener g y to produce a beat in t he if range. Re­
wiring the oscillator and bottling it up in a
box turned the trick. Even though the televi­
sion sig na l may still force its way to the mixer,
all it runs into is 137 me, Thus any beats ere­
ated are well outside the if.
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The cceverter power supply is built into the chassis base.

Layout

Other than the details just given, there are
no particular precautions regarding layout.
You may want to incor por ate some ideas of
your own and therefore no detailed layout
drawing is included. However, a few basic
facts are in order.

The converter is built on a 7" X 11" plate
which is mounted on the 7" X 11" X 2" alumi­
num chassis. The chassis serves to enclose the
rf circuits in addition to providing a founda­
tion for the power supply. Although it may
be "guilding the lil y", t he chassis and aU
shield plates were silver plated.

Some constructors may wish to include the
power supply on the plate rather than the
chassis. This would make the construction
somewhat easier and should not create any
particular problems other than layout of com­
ponents.

In the 1st rf compartment (VI) you will
find C1, C2, C3, C4, C27, and C28, coils L1,
L2, and RFC 4, along with resistor Rl. In be­
tween shield plates t he f ollowing components
a re located: L3, RFC 1, C5, C6, C7, and Rl.
Note that C6, C9, and C27 are button stand­
off ca pacitors and serve as tie points for the
associated components. Coil L4 is supported by
its leads between C8 and C9. One end of L6
is soldered to the chassis and the other end is
supported by the terminal on CIL The test
point jack serves as a tie point for R3 and R4.
Resistors R6, R7, and capacitor CI 7 are located
between the tube socket and the adjacent
terminal st r ip.

The oscillator circuitry is contained in a
2 %, " X 2*" X 4" chassis box and includes the

following components; C22, C23, C24, LS, L9,
R9, RIO, RH, R12, crystal xi and socket, and
the tube. No terminal strips are required.

When wiring the converter be sure to keep
the leads as shor t as possible, particularly
around the rf amplifier. The same is true for
the coils. Other than the slug-adjusted coils,
they should be self-suppor t ing with short leads.
Two lug terminal st r ips are used in the rf
compartments, and a five lug st r ip between
the 2nd rf and mixer stages provides a tie
point for the filament and B+ circuits in that
area.

Alignment

If you do a good job of wiring the con­
verter, and are lucky with the set t ing of the
local oscillator coils, the converter will prob­
ably work without any tuning whatsoever.
However, don't expect to obtain a noise figure
less than 3 db without a certain amount of
"fiddling". You should be able to obtain a
noise figure around 5 db with an "ear align.
ment". To tune the converter for minimum
noise you will need a noise generator to adjust
the rf amplifier".

Start the alignment by setting the oscillator
coils to approximately 45 me (L9) and 137 me
(L8). Have all circuits energized to load the
power supply. The oscillator compartment
should hang by its leads and be grounded to
the chassis with a shor t wire. With a grid dip
meter, preset the coils to their correct resonant
frequency. Then turn the dip meter plate
switch off (making an absorption wavemeter
out of it) and adjust L9 for an indication of
rf. Turn the power supply on and off a few



Fig. 3-Schematic diagram for a simple noise
generato r, useful in adjusting the low nolse -ccn­
verter, The potentiometer is set so th e noise
approximately doubles when th e switch is turned
on. Then simply turn the generator on and off
and ad just th e converter turned circuits for the
greatest increase in noise when th e generator is
switched on.
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times to make sure the oscill a to r starts easily.
Next move the dipper to the link (external to
the box) and adj ust both coils (L8 and L9)
for maximum rf consis tent with stable opera­
tion.

Now, install the oscillator box on the chassis
plate and tightly couple the link to L6. If you
like, you ca n again set the oscillator coils by
adjust ing them for maximum voltage a t the
test point jack. It is likely that enclosing the
coils (by cover ing the box) may detune them
slightly. Connect the converter to a r eceiver
and 2 meter antenna. Peak coil L7 for maxi­
mum "hiss" a t the center of the band. Then
adjust C8 for maximu m at the low end a nd
the same for ell at the high end.

The setting of Cf , C4, and the inductance
of LI, L2, and L3 will affect the noi se figure
and are given in the order of importance. Tune
in a very weak unmodulated signal and adjust
the above five components for the best signal,
consistent with minimum noise. It should be
st ressed that the point of maximum signal
st rength wi ll not be the proper setting for the
best signal-to-noise ratio, or produce the low­
est noise figure. By using a "tuning wand"
(brass core at one end, powdered iron at the
other) check the inductance of each coil. If the

brass core improves the noise figure, spread
the turns. If the iron core brings about an im­
provement , compress the turns. The tap point
on LI probably will not require adjustment.
However, if the noise figure seems to be best
with maximum CI capacity, move the tap one­
half turn toward the "hot" end. Of course the
oppos ite is true for minimum capacity.

To obta in a noise fi gure which is less than
3 db, you will r equire a noise gene rator such
as the one shown in Fig. 3. Although this de­
vice cannot measure the noi se figure, it wiU
tell you when you have arrived at minimum.
Its operation is just as simple a s the circuit.
Connect a de voltmeter across the diode load in
the receiver. Then adjust the noise figure
determining components in the rf amplifier
for a maximum increase in noise each time
the generator is switched on. You will find
that each adjustment goes through a minimum
and this, of course, is the correct set ting.

Obtaining the WE417A

The rf amplifier tube, a WE417A, is made
by Western Electric and is not available
through regular distribution channels. If you
know someone who works at a television sta-

l ocat ion of th e compo­
nents inside the oscillator

compartment.
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t ion, they are used in the studio-transmitter
microwave links. As a precaution they are
usually retired after a. certain number of hours
of service, but are in excellent condition. The
same is true for the telephone company. Their
microwave equipment uses hundreds of these
tubes and they are often "pulled" if the equip­
ment is taken out of service for short periods.
Wholesale tube suppliers, such as Bar r y, T AB,
and JSH Sales, have the WE417A at very
reasonable prices. If you prefer to purchase
one directly from Western Electric they are
available at Graybar Distributors (listed in
the phone book) for approximately $15.00.
Don't shudder, fellows, this j ug makes the dif­
ference between the men converters and the
boy converters, so to speak.

Using t he Converter

For best perfor mance the converter should
be used in conjunction with a very stable re­
ceiver. The sensitivity is not particularly im­
portant for the converter has a considerable
amount of gain even without an if amplifier.
On voice, a bandwidth of 2.5 kilocycles i s
optimum, while something less than 500 cycles
is prefer r ed on CWo An additional considera­
tion is the tuning ratio. A station 3.5 ke wide
does not take much room on a dial which covers
10 or more megacycles.

The WE417 is allergic to strong rf fields.
The rf energy which leaks through an open
antenna relay could wipe out t he deli ca te grid
in the twinkling of an eye, if the transmitter
power is high enough. Some form of protection
must be included in the converter connections.
The most satisfactory system is to incorporate
a second antenna relay in series with the con­
verter input. When the main relay switches the
antenna from the converter to the transmitter,

a second relay disconnects the converter input
from t he antenna relay a nd grounds it.

Earlier it was stated the converter was used
on the 108 me satellite frequency. An extra
set of coils were wound up which can be inter­
changed with the two meter coils in about 5
minutes. Although bandchange sw itches are
impractical at t his frequency the conversion
from one band to the other is qui te simple.
Builders who would like to use the converter
on 108 me, in addition to two meters, should
make the following changes:

LI-4 turns, #16, %" diameter, center­
t apped

L2-20 turns, #24 enam. closewound,
1,4" diameter

L3-6 turns, #16, %" diameter
L4-same as L3, but 5 turns
L5-same as for 144 me
L6---same as L3, but 4 turns
L7- same as f or 144 me, but remove C15
L8, L9-same as for 144 me
Xl-45.667 me, if 29.0 me

For simplicity, and ease of changing from
144 to 108 me, the same 45.667 me crystal is
used on both bands. On two meters the local
oscillator is 7 me below t he low end of the
band. When the 108 me coils are substituted,
the oscillator is then 29 me above the satellite
frequency.

References
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Reference 3 lists additional reading for those
interest ed in no ise with respect to high fre­
quencyequipment.

PARTS LIST

CI, C4- 7- 45 mmfd. rotory Irimmer (Cent ra la b type 822/
C2, C5, C12, C14. 500 mmfd tubular ceromic (Centra ob

06-501 )
C3, C15 . 56 mmfd tubular ce ramic (Ce ntro la b 06-560)
C6, C9, C27. 500 mmfd button slo nd off (Cenl ra 1a b tY!le ZA)
C7 C13 , C16, CI7, C18, 03, C26, C28· .00 1 mfd d isc

ceramic
C8, Cll. 1- 7 mmfd p iston tr imme r (Ce ntra lab 829-7)
C10- 3.3 mmfd d iS( ceramic
C19 , C21 , C22 , 05- ,001 mfd feedthrough cop ocitor (Cen·

Irolob type FT)
C20- 81).. 40 mfd, 150 volt electrolytic (Sp ra gue TVA 3455)
C24- 20 mmfd di sc cerom ic
fl . 3 ampere fuse (li tt lefuse 3AG)
JI , J2. UHf style ontenna conne ctor (a mphenol 50-239)
11- 5 turns, # 16, 1/4" d iameter, sp a ced two-t imes w ire size,

centertapped.
L2- 15 turns, #24 e na m., '/4" diometer, dosewound
l3- 3'h turns, # 16 e nom., %" diameter, spoced two-times

w ire size
l4- 4 turns # 18, 'h " diameter, sp oced two-times wire s ize
l5- 1 lurn hookup w ire line, at cold e nd of l6 (see photo)
L6· 21h turns, # 18, 'h " d iameter, spoced Iwo times wire

s ize
L7- 35 turns, # 38 ena m., scra mble w ound o n 'A" d iame ter

slug tuned form (see te xl)
LB. 4 turns, # 28 e no m., s:"oced two-time s wire s ize on 1/4"

slug tuned form , One turn link of # 28 w ire
L9. 7 turns, # 28 e no m., dosewound on 1/4" d iometer s lug

tuned form

'0 • ." lo.J Ar-: A"7ILI~

l10- Choke, 5 hy., 50 mo (Sta ncor C1325)
LA1- # 47 pilot lamp ond holder
Rl- 75 ohms, 5%
R2- 82 ohm s, 5 '0/0
R3, Rll- 39K
R4. 270K
R5· L5K
R6. 10K

All resistors 'h wott, unle ss noled
otherwise

R7· lK
R8· 22 ohm s, 2 w alts
R9- 470 ohm s
RIO, R12- 150 ohm s
RfCl , 2- 30 turns, # 30 e no m. d osew ound on 1 me g ., 'h

w a tt re sistor
RfC3- 15 b ifilar turns w ound on two 1 me g ., 1h w olf

resistors
RFC4- 7 turns, # 16 wound o n 1 me g ., 1J2 watt resis tor,

spoced diameter of wire
Sl- SPST toggle sw itch
SRI- 50 rna. selenium rectifie r
n- pow er tronsformer, 125 volts, 50 mo ., and 6.3 volts a t

2 omperes (Sto ncor PA8421)
v t , WE41 7 (West.rn Electric)
V2- 6AM4 (Generol Electric)
V3- 6807
V4. 12AT7
Xl- Third overton. crysto l (International FA_5, see text)
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Surplus Frequency Standard
Roy E. Pefenbe rq
P.O. Box 844
Fort C loyton, Cenel Zone

AN APPEALING little item of surplus, still ir
fair ly common supply, is the VO-4 Os.

cillator. The unit is a compact, battery op­
erated, dual frequency, crystal controlled alg­
nal generator. The original application of the
instrument was as a signa l sour ce for use in the
al ignment of the 2880 and 4300 kc if circuits
of the SCR-510 and SCR-610 series of field
radio sets.

While crystals for the above frequencies are
supplied, the circuit works nicely with crystals
from 1 to 12 mc. The simplicit y and utility of
the unit as a 1 me st andar d or as a band edge
marker, makes conversi on to ac worthwhile.

Fig. 1 shows the schema tic of the unit as
supplied, with the necessary changes and ac
power su pply. The slightly unorthodox wiring
of the power supply permits best utilization of
component terminals as t ie points. The other
changes li f t t he circuit from chassis ground
and series the filament sections of the 3D6/
1299 tube.

The photographs show the mechanical de­
tails of the conversi on. The crystals and the
silicon rectifier were r emoved for clarity in the
photograph. The battery cable is removed and
the ac cor d secur ed with a Heyco st r a in rel ief
bushing. The bracket for the crystal r etaining
spring is drilled to mount the Sarkes-Tarzian
M-500 or M-150 silicon rectifie r. The required
fi lament dropping resi stor, in the authors ver­
sion , consi sted of a 1000 ohm, 10 watt adjust­
able resistor, mounted in an exist ing hole, in
ser ies with a 750 ohm, 10 watt, fixed r esi stor.
Any combination that r esults in approximately
1100 ohms a t between 15 and 20 watts will be
sa t isfactor y.

All in all, the compact construction and ver­
sa t ili t y of this crystal controlled signa l sour ce
make it a desirable project for any ham shack .

73

X2- 2.SB m e. Crystal
AFe-1.2 MH
VT-1 85- 3R6/1 299

NEW PARTS
e'-.ol mfd. Mica
e 6-20 mfd. 150V
eR t -c-Sarkea-Turalan M 4150

Silicon Rectifier
R4-10 n % Watt
R5-1100 n 20 Watt.

See text.
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EXIST ING PARTS
Rt-ISO n Variable

Reaietor
R2-1000 n Jh Watt
R 3-5000 n ¥..! Watt
CI-.002S mid. Mica
C2- .001 mfd. Mica
C3-.0 0 1 mfd. M ica
SI-D.r.D.T. Slide Switch
52-S.P.S.T. Switch,

ganged to HI
XI-4.3 me. Crystal
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He rbert S. Brier , W9EGQ
385 J ohnson Street
G ory 3. lndie ne

A

Simple

And

Efficient

Phone

Patch

------,.-..., ,
•

While I take a dim view of the practice of
running phone patches just to be running
phone patches, this patch has been used to
keep a regular phone-patch schedule with Ant­
arctica on sideband for a year. Also, it has
been used to run phone patches with many of
the other foreign countries with which such
traffic is permissible both on AM and SB. It
works as well as any other patch I have heard
or used and better than many of them.

Although it does not permit "voice break­
in" on sideband, this is usually an advantage,
because it prevents both parties from talking
at the same time, as often happens when in­
exper ienced people are patched into each other
via hybrid patches. III Il1

receiver. when S,\Vl is in the "Transmit" po­
sition, the signal from the telephone line is
fed into the microphone input jack of the
transmitter. Its level is controlled with R 2.

The patch is built in a 4" X 4" X 2" metal box
(Bud CU - 883). Parts arrangement is not
critical. My microphone is the type with a
connector right on it; therefore, to use the
patch, I unscrew the transmitter microphone
input cable from the microphone and screw
it on PLI. U se shielded microphone cable be­
tween the patch and the r eceiver and the
transmitter.

As there are miles of unshielded telephone
line connected to the patch when it is in op­
er a tion , it is not necessary to use shielded wire
between it and the telephone line.

Results

LjI-t' -lh

SI:\IPLICITY, economy and efficiency are the
features of the phone patch described here.

TI, a single plate to push pull grid audio
transformer with a 1:2 turns ratio (Stencor
A-520) is used as a 1:1 coupling transformer
between the telephone line and the receiver
and transmitter by using only half of its sec­
ondary winding. Capacitors Cl and C2 isolate
the de in t he telephone line from Tl. Capaci­
tor s C3 and C4 and r esi stors Rt and R2 act
as a filter to keep the hum and other low fre­
quency noises frequently heard on phone
patches from modulating your transmitter.

When SWl, a dpdt neutral-center (switch­
craft 30374) lever switch, is in the center
position, the patch is completely di sabled.
When it is in the "Receive" position, the sig­
nal from the receiver is piped into the tele­
phone line via PLl, which is plugged into the
receiver phone jack. Alternatively, it may be
connected to the 500-ohm output terminals of
the r eceiver. Signal level is controlled by the
radio r eceiver volume control and should be no
louder than your own voice in the telephone

.. ., • .,., L~"'~"'"7" .'"



(••• de W2 NSD cont inued from page 7)
nonth period so we could find out specs and
.rices without ha ving to send for that
"further infor ma t ion " which takes from da ys
o weeks to arrive? Even a brief lis ting would
,e hel pfu l.

This could get to be pretty prohibitive if it
veren't for the low advertising rates of 73. A
jua rter page ad is s till only $40.

Audio Booster Note

Jim Kyle points out that the value of R1 3
n the circuit may have to be changed to
ialance t h ings if yo ur r ig h a s a n input im­
iedanca which is different t han his. If you've
lad any trouble in getting a balance t his
rhou ld help. F or instance with a 1 megohm
nike and a 1 megohm input R13 would have
,0 be 2.2 megohms.

Chortle

Propagation forecasting, like weather fore­
-asting, is d ivided in to several schools of
.hought .

In comparing the Propagation Charts in the
November 73 with those in other ham maga­
sines I was sur pr ised t o notice that Dave
Brown had forecast the period of November
l2-15 a s one of very bad conditions, while the
ither forecaster had promised that these dates
could produce the best conditions of the month .

While visiting t he Voice of America studios
on November 16th to record a program for
.he VOA H a m show, B ill Leon a r d W 2SK E
and Gene Kern \ V2B A K discussed at length
.he worst radio blackout in recent years which
str uck from November 12-15.

Congr a t u la t ions K2IGY and keep up the
rood work. I'll bet you were really worried
when t he National Bureau of Standards issued
.heir November 9th advanced forecast for
November lO- 16th and pr edict ed nor mal con­
Httons.

News Clippings

Marvin Lipton VE3DQX, in addition to
send ing' out a monthly bulletin to all ed itor s
)f club bulletins to help them get news for
:heir publications, will be exer pt ing news items
which have m a de the newspapers for u s to
print in 73. Plea se scan yo ur local paper care­
fully and send Marvin anything ha mmy that
creeps in. Or send it to 73 and we'll forward
it up to Marvin for condensing. Send it in,
good or bad, t o Marvin Lipton VE3DQX, 311
Rosemary Road, Toronto 10, Ontario, Canada.

Shorts

I hate to embroil you in editorial problems,
somewha t. Bl untly put : we need more shor t
it ems, s t uff that obviously doesn't require fu ll

(Contin ued on pa ge 57)

"its here"
CLIMASTER

MERCURY
CLIMASTER

ZEUS
T hree vee rs of developme nt a nd field test ing
were req uired to produce these wo rthy successo rs
to the Clim ester 62T1 0.
Note some of t he adventeqes you get with these
new units:
• Dua l Band C overage ... 6 and 2 meters
• Self Contoined STABLE VFO
• C o mpact, Modular Construction
• Automatic Mod ulat ion Control
• H ig h Level Mod ulatio n
• Hig h Efficie ncy Tank Circuits
• Ease and Convenience of Operatio n
C liMASTE R MERC URY . 200 Wo tts AM Corrier Output
CliMASTER ZEUS . . . 90 Woth AM Ca rr ie r Output

Cle" D'~~~~~~~G~.E,:C.
Rt. 53. Mt. Tabor. New Jersey. OAkwood 7-6800

CHECK* THESE ITEMS
Crystal s, type CR27U, 28.5556 me (in 10M phone

band). Can be used with J ohnson or Heo thkit rigs.
$1.95

Time Delay Relay, 110va c motor or,erated type, odj.
2 sec -50 min . Size 5V2x5V2x,5 V2. Westinghouse.
So ld fo r $90 ur cost. $6.50

Meier 0 -500 p.a, 2112" ro und typ e $2 .65
Sigm~ Rela y type 4·F 8000 ohms, pu lls in at I mo .

5 p rong can . . • . . . . . . . . .. . . . . . . . . . . . . . . $4.75
Thordorson Pla te Transformer, 220v p ri, 3000 vet

@ 300 ma sec. Shipping weight 69 Ibs. . . .. $17.95
O pen f ra me Choke, 2 Hv, 0 .650 am:'s, 15.8 o hms d c,

.4 Ibs. . . . . . . . . . • . . . . . . . . . . . . . . _ $3.25
Par Metal Rela y Rock type 2,520, 24" x 21 " x 12 " ,

18 Ibs.•. . . .•. .. . . . .. .. _. . . . . . . . . . . . . . . .. $5 .25
Astron Copacitor type MET-1.53M, 3 mfd 150v metal·

ized pa per type , non-polar ized meta l can . Orig.
cost a bout $5 ur cost $0.99

Capa citor, .4 mfd 10,OOOv Westinghouse Ine rtee n ... .
$65.00

WE STOCK : Gon se t, So la r, Notionol , Infernatio nol
Crystol, Johnso n, UTC, Westinghouse, Cushcraft,
B & W Coils, Dow.Key Relays, Mosley Antennas,
Eiee , and mony others.-Write for our bcuga in list. If you' re in the neigh .
borhood stop in and soy hello to Russ Spero, W2URU
*from your check b ook, what el se?

Spera Electronic Supply
37.10 Brd St., Long Island City I, N. Y.
STillwell b-2199 STillwell b-2190
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