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No other amplifier can make this statement: 

- Superb Quality - 
7 a - Self-contained desk-top package - 
- Maximum legal power, continuous and conservative, all modes - 

Uniquely quiet & smooth operation with choice of two superior cooling systems. . . 
a The whisper-quiet, ductedair PA7O-A with thermostat control, rear intake and exhaust - $1595. 
And the ultimate in high-powered silence, the PA70-V with exclusive recycle vapor cooling - $1775. 

See the ALPHA SEVENTY at. . Amateur Electronic Supply, Milwaukee & Cleveland. . .Amrad Supply, Oakland 
Douglas Electronics, Corpus Christ;. . .Electronic Distributors, Muskegon. . .Harrison Radio, New York 

Tech-West (K6SVT), San Diego. . .Disneyland Convention Sept. 4-6. 

€1~  EHRHORN TECHNOLOGICAL OPERATIONS, INC. a Brooksville, Florida 33512 (904) 796-8400 



IF YOU'VE 
EVER 

REPEATER, 

If y o u  haven't 

already received 

a copy o f  our  NEW 

1971 Catalog o f  Precision 

Quartz Crystals & Electronics 

f o r  the  Communications Industry, 

SEND FOR YOUR COPY TODAY! 

Somewhere along the  line, i n  vir- 
tua l ly  every ham repeater i n  the 
world, you ' l l  f i n d  acouple o f  Sentry  
crystals. 

Repeater owners and FM "old- 
timers" don't  take chances w i t h  
frequency-they can't a f fo rd  to. A 
lo t  of repeater users depend o n  a 
receiver t o  be o n  frequency, rock 
stable ... i n  the dead of winter  o r  the 
middle o f  July. The repeater c rowd 
took  a t i p  f r o m  the commercial 
"pros" a long t ime  ago-and wen t  
the Sentry Route. 

That's one o f  the reasons y o u  can 
depend o n  your  local repeater t o  be 
there (precisely there) when you're 
ready t o  use it. FM'ers use the 
repeater o u t p u t  as a frequency stan- 
dard. A n d  for accuracy, crystals b y  
Sentry are T H E  standard. 

IF  YOU WANT THE BEST, 
SPECIFY SENTRY CRYSTALS. 

YOU'VE USED A 
1 'ENTRY CRYSTAL 

SENTRY MANUFACTURING COMPANY S Crystal Park,  Chickasha, Oklahoma 73018 
7-r - PHONE: (405) 224-  6780 

TWX-910-830-6425 

More Details? CHECK-OFF Page 94 august 1971 1 



HR-"Mini" Antenna Package I Tristao MM-35 "Mini-Mast"' 
tubular tower - crank-up 

CDR AR-22R Rotator*' 

Hy-Gain TH2MK3 . . $260.00 
. . . . . .  

. . . . . . . .  
Hy-Gain TH3JR $260.00 
Hy-Gain Hy-Quad $290.00 

: Hy-Gain 203BA . ,5295.00 
Hy.Gain TH3MK3 . . .  $300.00 

Free standing base, add 

R o t a t o r  a n d  cable,  add  

HR-"Standard" Antenna Package 
T r i s t a o  C Z - 4 5 4  c r a n k - u p  tower 
w/rnastn 
CDR TR-44 rotatorq* f imum performance 100 ft. RG-58A/U Coax 
100 ft. Control cable . . f aSf service C~mple tc  W I ! ~  one ot the following 
antrnnas: 
Hy-Gain DB10-15A $585.00 
Hy-Gain Hy-Quad . . . . . . . .  $600.00 

. . . . .  aran teed savings Hy-Gain 20484 $620.00 
Hy-Gain TH3MK3 . .  $615.00 
Hy-Gain TH6DXX . . . . . . .  $645.00 

For four years Henry Radio has been *Free.standing base, add $10.00 
providing a beam antenna-tower " Ham-M rotator, RG-8/U Coax, 
program for amateurs who wanted add $50.00 

an efficient, but economical package. HR-"Magna" Antenna Package 

A package pre-engineered, pre- MA-490 "Magna-~as t "  

matched and pre-packaged to his re- MARB-40 Rotor base 
CDR Ham-M Rotator 

quirements and pocketbook. Thou- 100 ft. RG-8/U Coax 
sands have benefited from this offer 100 ft. Control cable 
in the past. ~~d now ~ ~ d i ~  has C-mnplvt(~ w ~ t h  on(% o i  the fnllowlng 

researched the field and up-dated ~-~a'..'T~3MK3 . . $745.00 
the program.. . including the unique ~ y - ~ a i n  204A . . . . . .  $750.00 
new tubular design Mini Mast for less Hy-Gain TH6DXX $775.00 
expensive installations and the great The Magna Mast is ideal for stacked 

arrays. Write for a quotation on the 
new Magna Mast for the more deluxe antenna of your choice, 

Now you can get the Freight prepaid to your door in the 
mPOnenfS at the Same great Contincmtal U.S.A. \vest of the Rockie~. 

For shipment cast of the Rockies add 
510.00. Substitutions may be made.. . 

~~g~~ Mart t l l ~ l s r r r t d  \\,rite for prices. 

EASY FINANCING 10% DOWN OR TRADE-IN DOWN NO FINANCE CHARGE IF PAID I N  90 
DAYS GOOD RECONDITIONED EQUIPMENT . Nearly all makes and models. Our reconditioned 
equipment carries a 15 day trial, 9 0  day warranty and may be traded back within 9 0  days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 
TED HENRY (W6UOU) BOB HENRY (WOARA) WALT HENRY (W6ZN) 

Henry Rado 11240 W. Olympic Blvd., Los Angeles, Calif. 90064 2131477-6701 
931 N. Euclid. Anaheim, Calif. 92801 7141772-9200 
Butler, Missouri 64730 8161679-3121 

" Worlri's 1~1rgr.st  I)l.vtrrhutor of  Arnatrur Hadio Equipment" 

2 rn augus t  1971 More Deta~ls? CHECK-OFF Page 94 
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8 a second 

The latest application for radio is a new 
system developed by Sangamo Electric 
for automatically reading electric, gas and 
water meters from a cruising utility truck. 
The new system combines the functions 
of meter reading, communicating the 
data, and preprocessing the information 
on magnetic tape. The tape is used to pre- 
pare monthly bills. 

The utility meters used in the auto- 
matic system are conventional watthour, 
gas and water meters which are equipped 
with an spdt switch on the numerical reg- 
isters; such meters are commercially avail- 
able today. The electrical pulse from the 
switch is  accumulated in a digital counter; 
the output from the counter is fed into a 
transponder mounted on the side of the 
building. 

The transponder is  the heart of the 
system. I t  i s  a completely passive unit 
that radiates no rf energy except when 
interrogated once a month by a cruising 
utility truck. The transponder is  activated 
by a 915-MHz signal from the truck. As 
long as the received signal i s  above a pre- 
set threshold, i t  re-radiates the second 
harmonic back to the truck's highly-di- 
rective receiving antenna. 

Data transponder consists of harmonic 
generator and two Vagi antennas. 

look ., Ilm 
fisk 

The 1830-MHz signal from the trans- 
ponder is  keyed on and off by the 4-kHz 
pulse train from the data accumulator. A 
complete message from up to 12 utility 
meters can be received within less than 30 
feet when the truck is  traveling at 20 
mph. 

The transponder consists of two Yagi 
antennas on a single boom as shown in 
the photograph. The 4-element 915-MHz 
antenna i s  mounted below the 6-element 
1830-MHz unit. The radiators of the two 
antennas are connected through a har- 
monic generator; this is the small unit in 
the photograph located between the sec- 
cond elements of each antenna. 

Pilot tests being conducted in Spring- 
field, Illinois with a prototype system in- 
dicate that, on a one-shift basis, a cruising 
utility truck can automatically record 
data from 100,000 meters per month. 
This represents approximately one-tenth 
the cost of present meter-reading meth- 
ods. 

sweepstakes 
The prize drawings for the ham radio 

sweepstakes are taking place as this is 
being written. The grand prizes, a Signall 
One transceiver and Delta Seventy lin- 
ear amplifier, were won by W2ANB in 
Slingerlands, New York. WZCNB, W4YPC 
and WB8DUO are the proud new owners 
of Varitronics IC-2F fm transceivers. Fif- 
ty other winners will receive the famous 
RSGB "Radio Communications Hand- 
book." We will have complete details in 
the September issue. 

Jim Fisk, WIDTY 
editor 
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160 - 10 METERS 

FACTORY ASSEMBLED/COMPLETE READY TO OPERATE 
ONLY $229 

D E S C R I P T I O N  : 
Top Band Systems introtluces the TRS-2000, 
a completely new concept linear amplifier 
with I,t~ilt-in transformerless 220VAC power 
sl~pply. Top Rand Systems' exclt~sive trans- 
formerless, grot~ntled-grid, zero-l)i:tsecl tle- 
sign makes for a highly efficient, light- 
weight linear amplifier. Weighing Iwt ten 
p t~n t l s ,  the TRS-2000 is an itleal com- 
panion for any transmitter or tr;~nsceiver on 
six I~antls - 160 through 10 meters, inclr~tl- 
ing hlARS. The TRS-2000 can he operated 
off a 110-125VAC source I,v simply plug- 
ging-in the accessory TRS-I10 solid-state 
motlule. The TBS-2000 can also Ile operated 
molIile with the addition of the TBS-12 
plt~g-in inverter. One knob, 1)roatl band 
tt~ning allows yo11 to "set and forget" while 
operating across the band. 

U'orlcl's Smallest and Lightest 

Self-contained Kilowatt! 

It's Trrrly the State-of-the-Art in Design. 

S P E C I F I C A T I O N S :  
RAND COVERA(:E: 160, 80, 40, 20, 15, and 

10 meters 
INPUT POWER: 1600 PEP on SSB, 1000 

watts on C\V 
DRIVING POWER: 80-150 watts 
OUTPUT I~IPEI)ASCE: SO ohtns nominally 
TunE COXIPL~:XIENT: six RCA 31LQG 
PLATE CUHREXT METER: 0-2 amperes, 5% 

move. 
RELATIVE OUTPUT ISDICATOR: 

indicator light 
RELAY: Ilr~ilt-in antenna change over relay 
POWER SVPPLY RECULATIOY: :3X key-up to 

key down 
POWER SUPPLY FILTER CAPACITY: total of 

550 mfcl 
INPUT VOLTACE: 220-240VAC, 50/60 HZ 

standartl 110-12S\'AC inpt~t with acces- 
sory ?'US-110 moclrlle - 11-14VDC in- 
put with accessory TBS-12 inverter 

PO~VER CORD: a generous ten foot power 
cord is provided 

POLARITY: cord may be plugged into wall 
withotrt regard to polarity 

COLOR: light gray cabinet with dark gray 
panel insert 

DIXIENSIOSS: cabinet is 11.25" wide, 5.75" 
high, 8.75'' deep 

WEIGHT: net 10 lbs (4.6Kg); shipping 
weight 1.3 Ills ( 6  Kg) 

PRICE: TRS-2000 $229.00, TBS-I 10 $39.00; 
TBS-12 Price - To lw announced. 

TOP BAND SYSTEMS, Dept. 3,5349 Abbeyfield St., Long Beach, CA 90815 

More D ~ t a ~ l s ?  CHECK-OFF Page 94 august 1971 5 



frequency multipliers 

A complete discussion 

of frequency multiplier 

circuits, 

including vacuum tubes, 

bipolar transistors, 

field-effect transistors, 

diodes and 

integrated circuits 

Radio amateurs have used frequency 
multipliers in receivers and transmitters 
for many years. The octave relationship 
of the originally designated amateur 
high-frequency and vhf bands (1 -75, 3.5, 
7.0, 14.0, 28.0, 56.0, 112.0, and 224 
MHz) made doublers very popular in the 
era before World War II. Also, since the 
time when crystal control was first intro- 
duced frequency multipliers have been 
needed because of the maximum fre- 
quency limit of piezoelectric crystals at 
any given state of the art. In the 1930s 
crystals were limited to fundamental- 
mode types; crystals above 15 MHz were 
generally not available to radio amateurs. 
Therefore, amateurs who wanted to use 
crystal control on 28 MHz used a doublet 
from 14 MHz or two doublers from 7 
MHz. 

he+ 

fig. 1. Vacuum-tube Push-pull triple curcuit. 
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table 1. Vacuum-tube conduction angle for 
different frequency multiplication ratios. 

harmonic conduction 
number angle 

Today, 7th- or 9th-order overtone 
crystals are available for frequencies up to 
about 200 MHz. This makes frequency 
multiplication less imperative. However, 
variable crystal oscillators (vxo) work 
best with fundamental mode AT-cut 
crystals (generally available only up to 
about 22 MHz) so we will still find 
frequency multipliers in use. Also, multi- 
plying up from a frequency standard, 
generally in the 1 to 5 MHz region, is 
often required to make calibrations at 
higher frequencies. 

Until 20 years ago vacuum tubes and 
point-contact diodes were the only de- 
vices available as frequency-multipliers. 
For this application the vacuum tube was 
usually operated in class C with the 
cutoff bias set so the conduction angle 
was considerably less than 180'. This 
type of frequency multiplier is covered in 
detail by Terman.' The higher the multi- 
plication factor, the narrower the con- 
duction angle must be for best multiplica- 
tion efficiency; this is shown in table 1. 

Two variations of the vacuum-tube 
multiplier are available to improve per- 
formance; both use balanced tubes. The 
push-pull multiplier, fig. 1, cancels out 
even harmonics so is useful as a 3-, 5- or 

7-times multiplier. This circuit looks just 
like a push-pull class-C amplifier except 
that the cross-neutralization capacitors 
are removed since the output is on a 
different frequency than the input. The 
push-push multiplier, fig. 2, cancels the 
fundamental and odd harmonics so is 
useful as a doubler, quadrupler, 6-times 
multiplier, etc. Anyone who worked the 
vhf bands in the 1950s will remember the 
multi-stage push-push and push-pull 6J6 
multipliers. 

Fig. 2. Vacuum-tube push-push doubler circuit. 

transistor multipliers 
With the development of the bipolar 

transistor a new type of multiplier be- 
came available - perhaps two new types. 
The most obvious way to use a transistor 
as a multiplier is to rely on the nonlinear 
characteristic of the base-emitter diode. 
The transistor doubler circuit in fig. 3 has 
pi-networks on both input and o u t p ~ t . ~  

fig. 3. Bipolar-transistor 21- to 42-MHz doubler. L1 is 3 turns no. 516 Air Dux;  L 2  i s  4 turns no. 416 

Air Dux;  L3 is 7 turns no. 416 Air Dux. 

august 1971 7 



SPACE WILS RR CWPUNO 
a X m C l E N T  WELL BELOW 
CRlTlClL 

INPUT 

fig. 4. Frequency doubler 
circuit using a bandpass 
output circuit. 

Since the circuit is a frequency doubler 
and a pi network is a lowpass network, i t  
is necessary to add a fundamental trap 
consisting of L3, Cq and C5. ( I f  it were a 
tripler circuit i t  would be necessary to 
have both fundamental and second- 
harmonic traps.) I f  you use a bandpass 

b+12" 

fig. 5. Frequency doubler circuit using a 
single parallel-tuned output circuit. 

coupling network such as a double-tuned 
circuit these traps may be eliminated. 
Such a circuit is shown in fig. 4. In fact, i f  
you are not too fussy about the rejection 
of fundamental and unwanted adjacent 
harmonics the circuit of fig. 5 can 
be used. However, fig. 5 is best suited 
for doubling because frequency doubling 
gives the greatest spacing (percentage) of 
unwanted frequencies. 

Since the transistor does not conduct 
current until the base-emitter junction is 
forward biased it is necessary to have at 
least a few tenths of a volt across this 
junction for appreciable multiplier action. 
For this reason, if the drive level is low, it 
is advisable to use a little dc forward bias 
to cause the transistor to conduct. How- 
ever, forward bias and low drive voltage 
minimize the nonlinearity of the base- 

L1 10 turns no. 18. l/z" ID. 5/8" long L3 5 turns no. 18, 9/4" ID, l/a" long. tap at  1 %  
turn from ground 

L2 3 turns no. 18, 112" ID,  ~Iz" long 
L4 %" wide copper trap, 2" long. spaced 112" 

from chassis, tapped llz" f rom ground 

fig. 6. Three frequency doublers which use forward bias of the base-emitter junction because of 
low-level drive. 
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fig. 8. Push-pull tripler circuit is shown in (A). Circuit in (B) is a push-push doubler. 

emitter junction and decrease the tran- 
sistor's effectiveness as a multiplier. A 
transistorized crystal oscillator and multi- 
plier chain using forward-biased fre- 
quency couplers i s  shown in fig. 6; it was 
originally designed as a local-oscillator 
source for a 432-MHz ~onver ter .~  Of 
course, the base-emitter voltage required 
to forward-bias germanium transistors (as 
in fig. 3 through 6) is lower than that 
required for silicon transistors. 

In a recent article on transistor multi- 
pliers W6AJF suggested a number of 
practical circuit innovations that make 
frequency multipliers more e f f i ~ i e n t . ~  
One point is to reduce the affect of 
base-to-collector capacitance. He suggests 
a couple of ways of doing this: adding a 
series trap from the base to ground tuned 
to the output frequency, or using a 
capacitive divider in the input tuned 
circuit, making sure that C2 is  no larger 
than -j10 ohms at the output frequency 
(see fig. 7B). W6AJF also suggests the use 

of a "grid-leak" arrangement to reduce 
danger of transistor breakdown where the 

Q 
fig. 7. Improving multiplier efficiency: 
Input of circuit (A)  uses a series trap 
tuned to tne output frequency; circuit in 
( 6 )  uses a large value at C2. 

* D D M P U M E N T ~  TRLWSQTDRS " ~ W M E N T ~  TRANS IS^^ 

0 Q 
fig. 9. Complimentary transistor frequency rnultiplierr Push-pull tripler circuit in (A);  push-push 
doubler circuit in (B). 
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drive voltage exceeds the maximum base- for the complimentary push-pull and 
emitter reverse breakdown rating. push-push multipliers are shown in fig. 

As with tubes, it is possible to use 10. It should also be mentioned that 
push-pull transistor multipliers for odd- transistor matching is desirable in both 
harmonic generation and the push-push push-pull and push-push circuits. Anti- 

h 
*. (Y IWLIkENTARY TRANSISTORS 

Q 
fig. 10. Complimentary common-base multiplier circuits. (A 

transistor multipliers for even-harmonic 
generation (circuits are shown in fig. 8). 
Unlike tubes, however, we can build 
complimentary circuits with transistors. 
Since both npn and pnp transistors are 
available it is possible to build both 
complimentary push-pull and compli- 
mentary push-push multipliers (typical 
circuits are shown in fig. 9). 

Of course, you don't have to use the 
common emitter-configuration in tran- 
sistor multipliers; common-base circuits 

RFC 

RFC 

0 
,) is push-pull tripler; (B) is push-push doubler. 

matching (finding pnp and npn transistors 
that have equal but opposite polarity 
characteristics) is desirable for the com- 
plimentary push-pull and push-push cir- 
cuits. Dual npn and pnp silicon transistors 
are quite commonly available; also, many 
companies offer separate npn and pnp 
transistors which are intended for compli- 
mentary use (such as the Motorola 
2N3903 and 2N3905). In the case of 
matched npn transistors i t  is often less 
expensive to buy an IC array, such as the 

INPUT 
(10 d D m )  

fig. 11. Broadband push-push frequency 
doubler circuit uses two transistors of a fig. 12. Broadband push-pull complimentary 
CA3018 IC; numbers indicate IC pin numbers. tripler circuit. Primary of T I  i s  28 bifilar 
T1 is a North Hills 50:400-ohm balanced turns no. 30 on Indiana General CF103-Ql 
transformer. Ground pin 10 of the CA3018. core; secondary i s  2 turns no. 24. 
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RCA CA3018, than to buy a commercial multiplier for tripling from 333 to 999 
matched pair; the CA3018 contains 4 MHz is shown in fig. 13. 
matched npn transistors (see fig. 11).* A 
broadband complimentary bipolar tripler fet multipliers 

is shown in fig. 12. The field-effect transistor is a more 

WTPUT C4VlTV , . . . . . - - - . - - - - . - - 

~1 2 turns no. 18. 114" diameter L3 2 turns no. 18. 3/8" diameter 

L2 1/16-inch wide copper strap. 4" long L4 1 turn no. 18, 1/4" diameter 

fig. 13. Uhf transistor parametric multiplier. R F C 2  is 0.33-ohm wirewound resistor. 

parametric multiplication 
A second mechanism that may be used 

for frequency multiplication with tran- 
sistors uses the base-collector depletion 
capacitan~e.~, This is called parametric 

multiplication. As with parametric diode 
multipliers you must design carefully to 
obtain anything like optimum efficiency. 
The parametric effect is a high-level one 
and only becomes important when the rf 
voltage is swinging a significant per- 
centage of the collector-to-base voltage. 
To make the most of the parametric 
effect the collector circuit must have a 
number of idler circuits which increase 
efficiency by reflecting undesired har- 
monics back to the collector-base capaci- 
tance. A typical parametric transistor 

"The broadband transformer used i n  fig. 11, as 
well as the one used i n  fig. 18, is available for 
$5.50 postpaid f rom Hank Olson, Post Off ice 
Box 339, Menlo Parl, California 94025. 

recent addition to the amateur's bag of 
semiconductor tricks. Fets have dropped 
in price with the availability of plastic 
packaging and modern production 
methods, and a number of respectable 
devices are available for a dollar or less. 
Fets can be grouped into two general 
types: Junction and insulated-gate. Both 
n- and p-channel fets are available in 
junction and insulated-gate versions. 

The fet frequency multiplier can be 
treated in much the same way as the 

fig. 14. Simple fet frequency miltiplier. 
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vacuum-tube multiplier, with cutoff bias 
applied to the gate and rf drive voltage to 
set the conduction angle indicated in 
table 1. Two such circuits are shown in 
fig. 14. Both of the fets in fig. 14 are 
n-channel devices since most fets for rf 
are n-channel types, whether junction or 
insulated-gate types. 

Since both n- and p-channel fets are 
available i t  is possible to build the compli- 
mentary push-pull and push-push multi- 
pliers in much the same way as with 
bipolar transistors. Circuits are shown in 
fig. 15. Conventional push-pull and push- 
push multipliers are feasible too; ex- 
amples are shown in fig. 16. Matched fet 
pairs are commonly available, and push- 
pull and push-push circuits will work best 
with them. A complete 14-MHz crystal 
oscillator and fet push-push doubler with 
28 MHz output is shown in fig. 17. The 
28-MHz output is remarkably free of 14 
MHz energy due in part to circuit 
balance, and in part to the resonant 
circuit, T2. Another fet push-push 
doubler, one that will work over the 
entire high-frequency spectrum, is shown 
in fig. 18. A broad-band complimentary 
fet doubler is in fig. 19. 

IC multipliers 

Two similar devices that have recently 
been introduced to  the IC market are the 
multiplier and the balanced modulator; 
either can serve as a frequency doubler. 
The Motorola MC1595 and MC1596, or 
their Fairchild equivalents, pA795 and 
pA796, can be used as doublers by 
introducing rf drive into both inputs. 
Since the MC1595 and pA795 are true 
multipliers the input signal is multiplied 
times itself, producing a sin26 waveform. 
The sin26 waveform looks very much like 
a full-wave rectified sine wave and con- 
tains only the second harmonic plus a dc 
component. * 

The MC1596 and pA796 balanced 
modulators operate in much the same 

*If  you are accustomed to trigonometric iden- 
tities, the following equation provides an ex- 
planation for multiplier operation: 

RFC 

RFC - BIAS 

-BIAS 

o~~~~~~~~~~ d +,,As Q 

fig. 15. Complimentary fet multiplier 
circuits. (A)  i s  doubler; ( 6 )  is tripler. 
Fets are matched complimentary pairs. 

MATD(ED FET'S 

-BIAS 0 '"rn 

fig. 16. Push-~ush fet doubler (A), and 
push-pull fet tripler (6). 
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fig. 17. Fet 14-MHz crystal oscillator and push-push doubler. Primary of T1 i s  20 turns no. 26 on 
Amidon T44-6 toroid core; secondary is 4 turns no. 22. center-tapped. Primary of T2 is 13 turns no. 
20. on Amidon T44-6 core; secondary is 2 turns no. 20 Fets 9 2  and Q3 are selected for 
approximately equal 

way as the IC multipliers although they 
are not true multipliers. Frequency-multi- 
plier circuits for the MC1595 and 
MC1596 are shown in fig. 20. Note that 
the circuit of fig. 20A does not depend 
on tuned circuits to suppress undesired 
harmonics but does so by circuit balance 
alone. 

diode multipliers 

The point-contact diode has been used 
as a frequency multiplier since the first 
1N34s became available, and possibly 
earlier than that.' These diodes were 

t l 5 V O  - 

I / 2  UZS7 

3 -3OMHz 
6- 60 

.01 MHz 

W E  

emr 
.Of AWUST 

I R  U257 

fig. 18. Broadband fet push-push 
doubler. T1 i s  broadband North Hills 
50:400-ohm balanced transformer. U257 
is dual matched Siliconix fet. 

r l2V 

INPUT 

fig. 19. Complimentary BALANCE 

fet broadband push-push ADJUST 

doubler. Primary of T1 is 
28 turns no. 30 bifilar FP4339' 
w o u n d  on Indiana 
General CF103-Ql core; " ~ R I W E N ~ A ~  MIP 

secondary is 2 turns no. BY SILICONIX 

24. 
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usually used to enhance the harmonics of built; a broadband doubler is shown in 
100-kHz crystal calibrators, so they fig. 21. This circuit is very useful as a 
cannot be considered to be multipliers of signal generator accessory. 
any significant efficiency. Modern ver- In fact, broadband doublers are sold 

Q Q 
fig. 2 0  Broadband integrated-circuit frequency doubler is shown in  (A). 200-MHz frequency doubler 
using the Motorola MC1596G in (6) .  Fairchild uA795/uA796 or Signetics 55995/55596 may be 
used in  these circuitr 

sions of such a calibrator would probably 
still use a IN100 or 1N270 germanium 
point-contact diode since these are 
superior even to good silicon computer 
diodes. 

The hot-carrier or Schottky-barrier 
diode, such as the Hewlett-Packard HP 
5082-2800, is better than either the 
point-contact germanium or the silicon 
junction diode. If you use two matched 
hot-carrier diodes, arranged as a full-wave 
rectifier, a fairly efficient doubler can be 

by Hewlett-Packard and other test equip- 
ment manufacturers for doubling the 
high-frequency output range of their 
signal generators. The diode doublers put 
out 12 to 16 dB less second harmonic 
than input. 

Another diode frequency multiplier is 
the parametric diode multiplier. Many 
circuits have been published. Like the 
parametric transistor multiplier, which 
they pre-date, operation of the para- 
metric diode multiplier relies on the 

fig. 21. 100-kHz crystal calibrator using germanium pointcontact diodes to enhance harmonics. L 1  
is tuned to the amateur band of interest. 
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variable capacitance of a reverse-biased 
junction. Idler circuits are required, and 
the design and tuneup procedures are 
extremely tedious. A typical 150 MHz to 

L1 6'12 turns no. 16, 5/16" diameter, 9/16" 
long 

L 2  2 turns no. 12, 'la" diameter, 5/16" long 

L 3  114-inch wide copper strap, 1" long. 
spaced 9/16" f rom chassis 

fig. 22.Medium-power 150- t o  450-MHz tripler. 

450 MHz diode parametric multiplier is 
shown in fig. 22. This single-ended design 
is the form most used in amateur equip- 
ment. 

I t  is also possible to build a push-pull 
parametric multiplier which will have the 
same even-harmonic cancelling properties 
of the push-pull multipliers I've discussed 
previously (fig. 23). It follows, then, that 
a push-push parametric multiplier which 
cancels fundamental and odd harmonics 
could also be built. Such a circuit is 
shown in fig. 24. 

A later developmenk in the way of 
multiplier diodes is the step-recovery 
diode. Unlike the parametric diode or 
varactor, the step-recovery diode does not 
depend principally on the nonlinearity of 
its depletion capacitance for harmonic 
generation. Instead, i t  depends on the 
fact that when it is forward biased a 
charge is stored; when the diode is sub- 
sequently reverse biased the charge is 
dumped. In  a properly designed circuit 
the step-recovery diode will be driven 
into forward conduction by positive ex- 
cursions of the fundamental drive voltage; 
the stored charge will dump into a tuned 
circuit at the desired output frequency. 

In a step-recovery frequency multiplier 
the harmonic power is proportional to 
l l n ;  where n is the harmonic number. 
This is much better than the power falloff 
of a varactor multiplier where harmonic 
power is proportional to l /n2. In a 144 
MHz to 432 MHz tripler, for example, 
harmonic power would be 3 times greater 
with a step-recovery multiplier circuit. 
Fig. 25 shows efficiency vs harmonic 
number n for a typical step-recovery 
diode multiplier. Note that large values of 
n are quite fea~ib le .~ 

There's another advantage, too: Only 
the desired output frequency is tuned in a 
step-recovery diode multiplier - no 
elaborate idler system is required. 

Until recently step-recovery diodes 

/j, 
fig. 23. Balanced parametric diode 50- t o  
150-MHz tr ipler features conversion efficiency 

of 70%. L1 is 0.18 p H  choke. L 2  is 7 turns no. 
18. 5/16" diameter. 3/4" long. center-tapped. 
L3 is 8 turns no. 20  closewound on  I/>-inch 
form. 

112 5 MHt 
INPUT 9-81 7 4 

fig. 24. 112.5- t o  225-MHz balanced parametric 

diode doubler. Primary of T I  is 2 turns no. 16, 
3/8" diameter. 1-1/2" long, center-tapped; 

secondary is 2112 turns no. 16 o n  each side of 
p r i m a r y .  Conversion efficiency is 75% 
Varactors are TRW types. 
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have been very high-priced and available Note the similarity between step- 
only to industry. However, one low-cost recovery diode multipliers and parametric 
step-recovery diode is available for diode multipliers. The circuits are quite 
amateur experiments. The Siliconix similar, so i t  is also possible to build 

-TAW-) 
INPUT FRE- 

LOP ERA*l  WLTAOE 
mu7 

If) 
WASE TRACKINO mTAQE Cay- fa l l  - 

DETECTOR 
- 

N L  TER ( B C I L U I I R  4 
( L O W - P A S )  (VCOI T 

fig. 27. Basic elements of a phase-locked loop frequency multiplier. 

SV110 is available in a standard axial-lead balanced step-recovery diode multipliers 
diode package for $5.50.* which cancel either odd or even har- 

Fig. 26 shows the general circuit ar- monics. However, the advantages of bal- 
anced step-recovery diode multipliers is 
decreased because no idler circuits are 

100 eliminated. 

phase-locked multipliers 

In recent years another, a more com- 
plex method of frequency multiplication - has been used for special purposes; this is 

8 - the phase-locked loop frequency multi- 

4 plier. Frequency synthesizers often make 
Lu u use of this technique because of its :: 
lu 

inherent signal cleanliness. The system 
effectively multiplies, but circuit opera- 
tion is actually accomplished by fre- 
quency division. The general nature of 

o 2 4 6 B K) 12 14 16 18 w the system is shown in fig. 27. To use this 
HARMONIC NUMBER f n )  system YOU build the oscillator to the 

fig. 25. Typical output efficiency of a same frequency as the desired output, 
step-recovery diode multiplier as a func- 
tion of the harmonic number, n. then phase lock it to a subharmonic. I f  

rangement for a step-recovery diode fre- k- W W T  CAVITY 4 
quency multiplier. With the Siliconix LM L 

SV 1 10 step-recovery diode conversion 
efficiency falls off as up to 3000 I 

MHz so you can expect maximum effici- I 

ency of about 22% in a 144 MHz to 1296 
MHz times-9 multiplier. To realize any- 
where near this theoretical efficiency, 
however, circuit losses must be low. 1 

I 

'$5.50 from Siliconix Incorporated. 1140 West fig. 26. Generalized circuit of a step 
Evelyn Avenue, Sunnyvale, California 94086. recovery diode frequency multiplier. 
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fig. 28. Phase-locked loop multiplier for output frequencies up to 500 kHz uses Signetics NES65. 

-. 

the oscillator is voltage-controlled the 
only input to i t  is  the dcerror voltage, so 
the output can be made nearly perfectly 
clean (since no rf is fed into the vco). 

Since the phase-locked loop technique 
is rather complex it has been used only in 
expensive electronic systems. However, 
now the phase-locked loop has been 
tucked into an IC (or two). Because of 
the advance of IC technology it is a fairly 
simple matter to build a phase-locked 
loop frequency multiplier. Fig. 28 shows 

fig. 29. Signetics NE562 allows frequency 
multiplier operation up to 60 MHZ (output). 
Capacitor C1 is a low-pass filter capacitor; Co 
sets frequency of operation. 

.:RI 

.aUpF 

a Signetics NE565 phase-locked loop with 

- 
7 - 0 

RESET STROsE 

S51h 

a divide-by-n counter; in this case a 

4 1 

8- 

4 -  

- 

T ~ C Z  

f n f l  

2N4123 

NE565  

8 

9 1 

four-stage binary counter, the Signetics 
N8281. It is not necessary to use this 
particular counter as nearly any TTL 

- 

N82BI 

- 

counter or combination of flip-flops will 
do. Since flip-flops may be connected in a 
variety of ways to divide by nearly any 

: 

- 5v  
m m 0 

number almost any harmonic can be 
multiplied by this system. The Signetics 
NE565 has an upper frequency limit of 
500 kHz, but the Signetics NE562 may be 
used to 60 MHz as shown in fig. 29. 
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rf clipper 
for the 

Collins S-line 

This rf 

speec h-processing 

circuit offers 

increased talk power 

without distortion 

or splatter - 

circuit can be adapted 

to other transmitters 

R f  speech clipping is the most effective 
technique for increasing the average to 
peak power output of a ssb transmitter 
without increasing the transmitted band- 
width or in-band distortion products. The 
high effectiveness of rf clipping was 
dramatically illustrated by W6JES.l This 
article describes a highly effective rf 
speech clipper that is installed in a Collins 
32S1 transmitter; the same circuit may 
also be used in the 3253. The Collins 
S-line transmitter is one of the best rigs 
for added rf clipping circuitry because of 

fier stage for reduction of inter- 
modulation products. 

3. A stable, effective balanced modu- 
lator capable of providing carrier sup- 
pression in excess of 50 dB for long 
periods of time. 

Because of the highly effective alc 
loop very little additional performance 
improvement is gained through the use of 
audio processing techniques such as com- 
pressors and audio clipperlf ilters. The 
apparent improvement noticed with these 
devices usually comes with a sacrifice in 
overall intelligibility because the noise 
power of the processor-generated distor- 
tion products increases nearly as much as 
the voice power. The net result is a 
sloppy signal of poor overall intelligi- 
bility - exactly the thing we are trying to 
improve by using a signal processing 
device. 

Quantitatively, an overall improve- 
ment of about I-dB is all you can expect 
from an audio processor without adding 
appreciable distortion. Any S-meter 
reports to the contrary are due to noise 
and distortion components of the pro- 
cessor that hang the slow decay agc of the 
receiver and cause a higher average meter 
reading. 

rf clipping 

The answer to the signal processor 
question, at least for the Collins S-line* is 
rf speech clipping. With rf speech clipping 
all processing takes place at the 455-kHz 
i-f. All harmonic distortion components 
are multiplied in frequency and are no 

1. A beefy power supply, capable of 5 longer close to their audio fundamentals; 

supplying a high average current level. therefore, they can be removed easily by 
; a bandpass filter. Intermodulation dis- 
6 

2. The use of 6146 transmitting-type k tortion products are still present, but 
final-amplifier tubes coupled with an they don't become objectionable at clip- 
effective rf compression loop (alc) and $ ping levels up to 20 dB with the S-line 

2 negative feedback to the final ampli- transmitter. 
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clipper circuit the clipper to be taken in and out of 
The rf-clipper circuit shown in fig. 1 is operation by merely turning the gain 

currently installed in my 32S1 trans- control. The clipping diodes are con- 
mitter. The circuit consists of an fet nected across the collector circuit of this 
source follower, a variable gain IC ampli- amplifier. 

rO Y S l  C 
63V  FIL4MENT 

RFC I 

I 
r*m 

T 

4 7b 
WDES 

(SEE EXTI ID GROW V3 

r)7 4 71 101 I51 

CLIP GAIN ADJUST 

C 1  p F  (Arco  403)  R F C l  7 turns no. 2 8  enameled o n  0.060" 
diameter 

C R l  6.2-volt, '12-watt Zener d iode 
RFC2 Ferroxcube 3 K 2 A  ferr i te core 

CR2,CR3 Hot-carrier diodes. HP2800 (see text )  
RFC3 5 m H  (J. W. Mil ler 6304  o r  70F-  

C R 4  silicon rectifier 473A1) 

U 1 Plessey Microelectronics SL612C 

fig. 1. Schematic f o r  an r f  signal cl ipper designed fo r  the Coll ins S-line. Circuit  can be adapted t o  
other f i l ter - type ssb transmitters wh ich  have sufficient power-supply resene. 

fier, a transistor driver and diode clipper. 
The 2N5248 input stage matches the high 
output impedance of the 455-kHz 
mechanical filter to the IC amplifier. The 
variable-gain IC amplifier is based on the 
Plessey SL612C.* (A Motorola MC1590 
IC should also work well in this circuit 
but one was not available when I built the 
clipper.) 

The single transistor power-amplifier 
stage following the IC amplifier is neces- 
sary for maximum clipping level while 
providing enough surplus gain to allow 

'The SL612C integrated c i rcu i t  is $5.65 f r o m  
Plessey Electronics Corporation, 170 F i n n  
Court, Farmingdale, Long  Island, New Y o r k  
11 735. 

Several types of diodes were tried in 
this circuit including IN914 silicon, 
IN277 germanium and HP2800 hot- 
carrier diodes. As was expected at this 
frequency all types worked well. How- 
ever, silicon devices have a higher con- 
duction threshold in the forward direc- 
tion, so require more clipper gain for a 
particular clipping level. The leakage of 
germanium diodes increases markedly 
with temperature, causing a noticeably 
lower level of clipping with a softness or 
rounding of the clipped peaks. 

This leaves the hot-carrier diode as the 
best overall choice. The price of hot- 
carrier diodes is now less than $1 .OO from 
your local Hewlett-Packard regional of- 
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fice or from Hal Devices." Matched pairs 
and quads are also available from both 
sources. However at 455 kHz, the charac- 
teristics of individual devices are close 
enough for very symmetrical clipping of 
the ssb envelope. A resistive attenuator 
across the output of the clipper reduces 
the output level to a suitable value for the 
6DC6 i-f amplifier stage. The adjustable 
attenuator compensates for gain varia- 
tions in the devices. 

The alternative approach is to use the 
original filter in the sideband filter loca- 
tion, and use the second filter for crud 
rejection. The second filter may have 
considerably wider bandwidth than the 
sideband filter without causing any 
serious increase in distortion  product^.^ 

construction 

My rf clipper is built on a 2x3-inch 
piece of copper-clad perforated Vector 

installation 
Fig. 2 shows the placement of the rf 

clipper circuit in the 32S1 transmitter. 
This arrangement was arrived at after 
much experimentation. It results in a 
stable unit with a minimum of wiring 
modifications to the 32S1 circuitry and 
no holes. Two mechanical filters are used. 
The first filter suppresses the unwanted 
side-band. The second filter blocks the 
unwanted harmonic distortion and out- 
of-band intermodulation-distortion 
products that are generated by the 
clipper. 

I found it easiest to leave the original 
455-kHz filter between the 6DC6 i-f 
amplifier (V3) and the 12AT7 first mixer 
(V5). This filter now serves as the crud 
rejection filter. I obtained a second 
2.1-kHz filter for use as the sideband- 
suppression filter; I used a Collins 
F455FA21. The carrier crystal require- 
ments were very close to those of the 
original ssb filter. This may be difficult to 
achieve if you buy a filter from a dif- 
ferent manufacturer. 

*HAL Devices, Box 365H, Urbana, Illinois 
61 801. 

4 
ID W 

FIRST 

board. A Vector pad-cutting tool was 
used to insulate the holes needed for 
component mounting. Vector T-28 pins 
were used for component anchors and for 
circuit terminations to the power supply, 
input/output and gain-control pot. 

The board is installed underneath the 
32S1 chassis next to the existing mechan- 
ical filter. The wires for the remote gain 
control are routed through the PTO 
power cable hole to the pot which is 
mounted on an L-bracket at the rear of 
the PTO; the bracket is mounted with 
one of the PTO cover screws. The board 
is mounted with heavy no. 14 ground 
leads soldered to the copper-clad board; 
these leads are attached to solder lugs 
installed under existing screws in the 
immediate underchassis area. 

M I r n  

0 0 
m m  CLIPPER 

GAIN 

fig. 2. Rf  clipper placement in the S-line transmitter. Circuit requires additional 455-kHz mechanical 
filter. 

U S I ~  
CLIPPER AEf2&Wrt.L 

FILTER 

adjustment 

E:: 

Adjustment of the rf clipper is simple 
if you have a monitorscope. I f  a monitor- 
scope isn't available, beg, borrow or steal 
one, at least for the initial setup. Using a 
single tone (32S1 in tune, then lock-key) 
tune and load the transmitter in the 
normal manner. Change the mode switch 

455.H~ 
HECHANCAL 

FILTER 
- 
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to either sideband and adjust the mic 
audio gain to the normal level. This 
should be between 8:30 and 10 o'clock, 
depending on the type of michrophone 
you're using. 

Change the meter switch to alc and 
check alc action. With the rf clipper 
turned off peaks should be between 4 and 
8 dB. If required, adjust the output 
attenuator pot for this amount of average 
alc action. Now, advance the clipper gain 

fig. 3. Typical rf envelope patterns. (A)  shows 
unprocessed ssb speech; ( 6 )  shows processed 
speech envelope with about 15-dB clipping. 

control while talking; the slope of the 
scope pattern should change markedly, 
flattening out as shown in fig. 3. The 
average wattmeter reading will also in- 
crease. No flat-topping of the ssb speech 
envelope should be detected. Nor should 
the vertical scope deflection increase 
beyond the value first noted under 
single-tone conditions when tuning up 
with the function switch in lock-key. The 
alc level now should increase to 10 to 12 
dB on peaks; if it goes above this level 
reduce audio gain or increase the value of 
the output attenuator until the correct 
alc levels are obtained. 

performance 

Performance of the rf clipper unit has 
been up to expectations. The results agree 
closely with those predicted in the QST 
article;' that is, an improvement of 8 to 9 
dB in signal intelligibility along with a 10- 
to I l-dB gain in average-to-PEP output- 
power ratio. 

When using rf clipping, several pre- 

cautions must be observed, especially 
with regard to the additional strain placed 
on final amplifier and driver due to the 
large increase in average input power. The 
resultant higher temperatures can have a 
detrimental effect on tube and com- 
ponent life, particularly in the area of the 
final amplifier compartment. 

I eliminated part of the problem by 
substituting 721216146W tubes in the 
final. I also added a Rotron Whisperfan 
on top of the transmitter cabinet that 
blows cooling air downward through the 
box; the fan is simply mounted on rubber 
grommets and sits on the cabinet top. 
Power for the fan is obtained from the 
516F2 power supply by tapping into the 
switched ac line. A small 2-pin Jones plug 
connects the fan power cord to a short 
2-inch line coming out of the 516F2 
power supply. 

Y o u  may consider install ing 
6146Bl8298A tubes in the final ampli- 
fier. However, the modification necessary 
to increase the screen voltage is not 
recommended with the clipper as the 
power supply and tube dissipation ratings 
will be grossly exceeded. 

I feel that rf clipping is a must for 
optimum ssb talk power in any trans- 
mitter with sufficient reserve power 
supply capability. For example, this cir- 
cuit can be adapted easily for use in 
transmitters using crystal filters such as 
the Heath SB400; only minor changes in 
the crystal filter impedance-matching cir- 
cuits should be required. Use of the unit 
for about six months has resulted in a 
marked reduction of TClP - "time call- 
ing in pileups." 
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high performance 

power amplifier 

This efficient 

easy-to-tune 

grounded-grid 

8877 amplifier 

can be run 

at 2000 watts 

PEP ssb 

or 1000 watts cw 

The new Eimac 8877 is a ceramic/metal 
high-mu triode rated for use up to 250 
MHz. Operation of this tube at 50 MHz 
proved to be so satisfactory' that other 
8877 amplifiers have been designed and 
built for frequencies up to 350 MHz. Two 
of these amplifiers are of interest to the 
serious vhf operator. One amplifier is 
designed for the amateur 2-meter band 
and is described here. The other amplifier 
covers the range from 150 to 230 MHz, 
and is well suited for use on the amateur 
220-MHz band; it will be described later. 

The 8877 triode has good division 
between plate and grid current and low 
intermodulation distortion. It has a plate 
dissipation rating of 1500 watts and mu 
of approximately 200. The cathode is 
indirectly heated; filament requirements 
are 5.0 volts at 10 amperes. The tube base 
mates with a standard septar socket. 

This 144-MHz 8877 linear amplifier is 
designed for the serious DXer who de 
mands reliable service combined with 

22 august 1971 



good linearity and efficiency. The corn- reserve. For operation at 2000 watts PEP 
pact grounded-grid design presented here the plate voltage should be between 2500 
uses a half-wave plate line2 and a lumped and 3000 volts; under these conditions 
T-network input circuit. The amplifier the amplifier will deliver 1240 watts 

C 1 1000  PF (Centralab 8585-1000) L 1 5 t u rns  no.  14, 314" long o n  112" 

diameter f o r m  w i t h  wh i t e  t un ing  slug 
C2 25 P F  variable (Hammar lund  HFA- (CTC 1538-4-3) 

258) 

~2 4 turns  no. 14, air wound ,  314" long 
C3,C4 each consists o f  t w o  paral lel-con- 

nected 100-PF, 5000-V capacitors L3.L4 10 tu rns  no. 12 enameled, b i f i la r  
(Centralab 8505-100) wound .  5/8" d ~ a m e t e r  

C5 p la te- tun ing capacitor (see fig. 3) L5.L6 plate resonators (see fig. 4) 

C 6 Output  load ing capacitor (see f ~ g .  2) L7 7 tu rns  no. 1 4  wire. 518" d~amete r ,  

1-3/8" long 
C 7 1000 pF. 4 kV feedthrough (Er ie  

2498) 

fig. 1. Schematic f o r  t he  grounded-gr id two -me te r  t r i ode  ampl i f ier.  Operat ing bias f o r  t he  8877 is 

suppl ied by a 12-vo l t  Zener d i ode  i n  t h e  cathode lead. 

requires no neutralization, is completely output. With the higher plate-voltage sup- 
stable and free of parasitics, and is  very ply, up to 13.8-dB gain can be obtained 
easy to operate. with an amplifier efficiency of 62%. 

This amplifier is designed for contin- 
uous duty operation at the 1000-watt dc the circuit 
input level, and can develop 2000 watts In the amplifier circuit in fig. 1 the 
PEP input for ssb operation with ample 8877 grid i s  operated at dc ground. The 

august 7977 23 



grid ring at the base of the tube provides ly burn open. 
a low-inductance path between the grid 
element and the chassis. Plate and grid input circuit 
currents are measured in the cathode- The cathode input matching circuit is 
return lead; a 12-volt, 50-watt zener a T-network which matches a 50 ohm 
diode in series with the negative return termination to the input impedance of 

fig. 2. Structural details of the amplifier show the relative size and position of the various 
components. Assembly is made of aluminum panels. 

sets the desired value of idling current. 
Two additional diodes are shunted across 
the meter circuit to protect the instru- 
ments. 

Standby plate current of the 8877 is 
reduced to a very low value by the 
10,000-ohm cathode resistor; this resistor 
is shorted out when the vox circuit is 
energized, permitting the tube to operate 
in normal fashion. 

A 200-ohm safety resistor insures that 
the negative power circuit of the ampli- 
fier does not rise above ground potential 
if the positive side of the plate-voltage 
supply is accidentally grounded. A second 
safety resistor across the 1N33.11 zener 
diode prevents the cathode potential 
from rising if the zener should accidental- 

the tube (about 54 ohms in parallel with 
26 pF). The network consists of two 
series-connected inductors and a shunt 
capacitor. One inductor and the capacitor 
are variable so the network is able to 
cover a wide range of impedance trans- 
formations. 

The variable inductor (L1) is mounted 
on the rear wall of the chassis and may be 
adjusted from the rear of the amplifier. 
The input tuning capacitor (C2) is adjust- 
able from the front panel. When the 
network has been properly tuned no 
adjustment is required over the 4-MHz 
range of the 2-meter band. 

Underchassis layout of components is 
shown in the photograph. The cathode 
input circuit is in center compartment. 
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The slug-tuned coil in the input matching mechanism are placed in the area between 
circuit is mounted on the rear wall. inclosure and panel. 
Air-wound filament chokes are placed in 
front of the socket. The cathode-heater rf plate circuit 
choke is near the top edge of the enclo- The plate circuit of the amplifier is a 

sure. AII of the cathode leads of the transmission-line type resonator. The line 

Top view of amplifier showing plate compartment. 8877 tube Is at center with Plate lines on each side. 

socket, plus one heater pin (pin 5) are 
connected in parallel and driven by the 
input matching network. 

The ceramic socket for the 8877 is 
mounted one-half inch below chassis level 
by spacers. Four pieces of brass shim 
stock (or beryllium copper) are formed 
into grounding clips to make contact to 
the control grid ring. The clips are mount- 
ed between the spacers and the chassis. 
The aluminum clamps holding ends of 
plate lines are visible in the side compart- 
ments. The filament transformer and dial 

(L5 plus L6) is one half-wavelength long 
with the tube placed at  the center (fig. 2). 
This type of tuned circuit has several 
advantages. A quarter-wave circuit would 
normally be preferred because of its 
greater bandwith, but I wanted to use 
easily obtainable standard copper water 
pipe as the center conductor of the 
transmissionline tank circuit. The result- 
ing high-impedance transmission line 
would make a quarter-wave plate tank 
circuit physically short and difficult to 
handle. 
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In  addition, the heavy r f  current that this type of cavity is complex and diffi- 
flows on the tube seals and control grid cult to build. 
would, in the process of charging up the A practical compromise is to use two 
output capacitance to the plate voltage quarter-wave lines connecting to opposite 

1/16 ' BRASS SHEET (SILVER P U T E )  
4' WIDE. 2 -W.  n n n  

BERYLLIUM COPRR OR LW~OSS snlw ~ C K  
0.010' THU(. 2.WIDE. 5.W' Wm 

112' UNEN U E L I T E  KO. I WHi 

IM' ma SHEET 
2' WIDE. I-I&" HGH 

fig. 3. Variable plate portion of plate-tuning capacitor C3. This arrangement permits the capacitor to 
be adjusted under full power without "jumpy" tuning as there are no moving or sliding contacts 
which carry heavy rf current. 

swing, tend to concentrate on one side of sides of the tube. It is interesting to  note 
the tube if a single-ended quarter-wave that each of the two quarter-wave lines is 
circuit were used. This current concentra- physically longer than if only one quar- 

UB' SILVER-RATED BRASS 
ILS O L6 N FG 2 )  

(C3 a C4, FG 21 

$ - 2 0  X 2-54?. L O W  B R A S  W L T S  

fig. 4. Details of plate lines L5 and L6. Copper tubes are standard copper water pipe. 

tion would cause localized heating of the ter-wave line were used. This i s  because 
tube. The best tuned circuit configuration only one-half of the tube output capaci- 
to  minimize this effect i s  a symmetrical tance loads each of the two lines. 
cylindrical coaxial cavity. Unfortunately, Resonance is established by a moving 
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plate capacitor (C5); antenna loading is 
accomplished b y  a second capacitor (C6) 
placed a t  the anode o f  the 8877. Outpu t  
power is coupled f r o m  the plate circuit  
through the series capacitor i n to  a 
50-ohm output.  I n  the top-view pho to  
tun ing capacitor C g  is a t  the f ron t  o f  the 
compartment; variable loading capacitor 
C 6  is a t  the rear. The plate choke is 
visible i n  the f ron t  corner. 

construction 
The two-meter ampli f ier is bu i l t  i n  an 

e n c l o s u r e  measuring 10% x 12 x 6% 
inches. The  8877 socket is centered o n  a 
6 x 6 subchassis plate. A centrifugal 
blower forces cool ing air i n t o  the under- 
chassis area; the air escapes through the 
2-518-inch diameter socket hole. 

The plate tun ing mechanism is shown 
i n  fig. 3. This simple apparatus w i l l  
operate w i t h  any variable plate capacitor, 

inductance beryll ium-copper o r  brass 
shim stock which provides spring tension 
fo r  the drive mechanism. 

The variable ou tpu t  coupling capacitor 

fig. 5. Anode clamp assembly for the 
two-meter linear amplifier. 

providing a back and fo r th  movement of 
is located a t  the side o f  the 8877 anode. 

about one inch. It is driven b y  a counter 
The type-N coaxial f i t t i ng  is connected t o  
the moveable plate o f  the coupling capa- 
citor. The f i t t i ng  is centered i n  a special 

Rear of amplifier showing blower and tubular assembly which allows the whole 
coaxial output connector. Amplifier is connector t o  slide i n  and o u t  o f  the 
upside down in this photograph. chassis, al lowing the variable plate o f  the 

coupling capacitor t o  move w i t h  respect 
t o  the f ixed plate mounted o n  the tube 
anode clamp. When the final loading 
adjustment has been set the sliding f i t t ing 
is clamped b y  an arrangement similar t o  
the slider o n  a variable wire-wound resis- 
tor. 

The length o f  the plate-line inductors 
( L 5  and L 6 )  is adjusted b y  means o f  dural 
blocks placed at the shorted end of the 
line (fig. 4). The posit ion o f  the blocks is 
determined b y  setting capacitor C5  at i ts 
lowest value and adjusting line lengths so 
lhat  that plate circuit  resonates at  148 
VlHz w i t h  the 8877 i n  the socket. 

The  plate r f  choke is mounted be- 
, tween the junct ion o f  one plate strap and 

a pair o f  the dual blocking capacitors; the 
high-voltage feed-through capacitor is 
mounted t o  the f ron t  wal l  o f  the plate 

dial  and provides a quick inexpensive and compartment. The blocking capacitors 
easy means o f  dr iv ing a vhf capacitor. The are rated fo r  r f  service, and inexpensive 
ground return path f o r  the grounded tv-type capacitors are n o t  recommended 
capacitor plate is through a wide low- f o r  this amplifier. A short chimney t o  
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direct cooling air from the socket through amplifier. Connect a swr indicator at the 
the anode of the 8877 is made from output and apply a small amount of rf 
Teflon and clamped between the chassis drive. Quickly tune the plate circuit to 
deck and the anode strap." resonance. The cathode circuit should 

now be resonated. The swr between the 
operation exciter and the amplifier will not neces- 

Amplifier operation is completely 
stable with no ~arasitics. The unit tunes 
up exactly as if it were on the "dc 
bands." As with all grounded-grid ampli- 
fiers excitation should never be applied 
when plate voltage is removed from the 
amplif ier. 

The first step is to griddip the input 
and output circuits to near-resonance 
with the 8877 in the socket. A swr meter 
should be placed in series with the input 
line so the input network may be adjust- 
ed for lowest swr. 

Tuning and loading follows the same 
sequence as any standard grounded-grid 

table 1. Performance data for  the 144-MHz 
power amplifier under the conditions most 
suitable fo r  amateur ssb (2000 watts PEP) and 
cw (1000 watts). 

Plate voltage 3000 V 2500 V 2500 V 
Plate current (single tone) 667 rnA BOO rnA 400 rnl 
Plate current (idling) 54 rnA 44 rnA 44 rnl 
Grid voltage -12 V -12 V -12 V 
Grid current (single tone) 46 rnA 50 MA 28 rnr 
Power input 2000W 2000 W l o o o w  
Power output 1240 W 1230 W 680 W 
Efficiency (apparent) 6 2 %  6 2 %  6 8 %  
Drive power 47W 6 7 W  1 9 W  
Power gain 13.8 dB 12.6 dB 15.5 dB 

sarily be optimum. Final adjustment of 
the cathode circuit for minimum swr 
should be done at full power because the 
input impedance of a cathode-driven 
amplifier is a function of the plate cur- 
rent of the tube. 

Increase the r f  drive in small incre- 
+ ments along with output coupling until 

I 1 - --.- I .  - i 
Underchassis view of the two-meter 
amplifier. The cathode Input circuit is in  
the center compartment. Plate lines are 
visible in  the sMe compartments. 

the desired power level is reached. By 
adjusting the drive and loading together it 
will be possible to attain the operating 
conditions given in the performance chart 
in table 1. Always tune for maximum 
plate efficiency: maximum output power 
for minimum input power. It is quite easy 
to load heavily and underdrive to get the 
desired power input but power output 
will be down if this is done. 

I would like to thank KGDC for his 
help in adjusting and determining the 
operating conditions for this two-meter 
amplif ier. 

references 
'Detailed drawings of the anode clamp, plate 1. R. Sutherland, WGUOV, "Two Kilowatt 
resonator and blocking capacitor assembly, and Linear Amplifier for Six Meters." ham radio, 

variable plate tuning capacitor (C5) are avail- February, 1971, page 

able from R. sutherland, EIMAC ~ i ~ i ~ i ~ ~  of 2. R. Barber. R. Rinaudo. W. Orr. R. Suther- 

Varian, 301 industrial way, sari carlos, califor- land. "Modern Circuit Design for VHF Trans- 

nia 94070. ~~k for drawing numbers 168658, mitters." CQ, November, December. 1965. 

168648and 168647. ham radio 
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vhf fm 

channel 
scanner 

With this low-cost 

solid-state 

f m  channel scanner 

you can monitor 

up to four 

vhf f m  channels 

at one time 

Fixed-frequency amateur operation has 
become very popular during the last few 
years. One reason is the availability of 
commercial fm gear which can be con- 
verted easily to the vhf amateur bands. 
When using this equipment it's customary 
to pick a popular channel and monitor it 
for activity. This has the advantage that 
a t  any one time there will usually be a 
large number of local hams listening to 
the channel; to establish contact it is only 
necessary to give a short call. 

While this type of fm operation may 
seem ideal it presents some problems. For 
example, a channel that is popular in one 
area may not be popular in another area. 
A mobile operator who is active on one 
channel has little chance of making con- 
tacts in another area where another 
channel is normally used. Furthermore, a, 
channel which is popular one month may 
not be in vogue next month. Also, in a 
particular area you may find fm activity 
on a number of different channels. With- 
out a large number of receivers, or a 
channel scanner, it's practically impos- 
sible to keep track of all the activity. 

The four channel scanner described 
here can be used to monitor up to four 
channels in sequence. The scanner looks 
at each channel individually for 100 
milliseconds. I f  there is  no activity the 
scanner goes on to the next channel. This 
process continues until activity is en- 
countered, at  which time the scanner 
locks onto the active channel. It remains 
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table 1. Parts list f o r  CS-4 channel scanner. 

qtV i t e m  price source 

1 printed-circuit  board $3.50 (undri l led) A l t o n  Industries, 7471  Thunderb l rd Rd., 
4.50 (drilled) Liverpool, N e w  Y o r k  13088 

Gateway Electronics. 6150  Delmar 
Blvd., St. Louis. Mo. 63112 

1 SN7400 1C .50 same as SN7473 

1 uni junct ion transistor .30 Radio Shack, 4 fo r  $1.19 

1 0  npn  small-signal 2.38 
silicon transistors 

Poly Paks, P. 0. Box  942, South Lynnf ie ld  
Mass. 01940, 2 fo r  $1.00 

Radio Shack, 15 for  $1.19 

4 2N3641  1.19 Radio Shack. 4 fo r  $1.19 

5 small-signal silicon .02 
diodes 

Poly Paks, 40 for  $1.00 

24 resistors 2.40 Radio Shack, etc. 

1 2-PF capacitor .40 Radio Shack, etc. 

1 150-pF capacitor .60 Radio Shack, etc. - 
$12.79 

locked on the active channel until manu- printed-circuit board, are purchased new. 
ally released, or activity stops. The unit can be completely assembled in 

When designing the scanner I wanted 3 or 4 hours. In addition, the channel 
to develop a reliable unit which could be scanner, which I call the CS-4, can be 
built easily at low cost. These goals have connected to many of the fm transceivers 
been met; the scanner can be built for less on the market without making major 
than $13 if all parts, including the modifications. 

fig. 1. (Lef t )  V h f  f m  channel scanner. Lamps 
are 6. 12  o r  24-volt. 2 0 0  m A  maximum; voltage 
V L  is proper voltage fo r  selected indicator 
lamps. 

Q2,Q4.Q5,Q7, npn  small-signal transistor 
Q8,QlO,Q11, (Radio Shack 2766590)  
Q13,Q14,Q16 

uni junct ion transistor (Radio 
Shack 2768111)  

optional 2-meg resistor (see 
text )  

U1,U2 part o f  Texas Instruments 
SN7473 dual J-K f l ip-f lop 

U 3 Texas Instruments SN7400 
quad dual- input gate fig. 2. Typica l  waveforms of the channel scanner. 
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The CS-4 is built around two inexpen- the scanning rate is about 100 ms per 
sive integrated circuits: the Texas Instru- channel. This rate seems adequate. How- 
ments SN7473 dual JK flip-flop and ever, i f  you want a different scanning rate 
SN7400 quad dual-input AND gate. The the 2 pF capacitor may be changed; 
dual JK flip-flop counts to four using two lowering the value will increase the scan- 

.,NON.SCINNW 

MANUAL CHANNEL 
C M W  

r l 5 V  TRWSMlT 
v~ Knlw LINE 

m p r r  MINE 

fig. 3. Channel scanner installation at W2FPPVs station. 

binary bits for the count. The quad 
dual-input gate separates the counts of 
the two binary bits into four separate 
outputs. The four separate outputs drive 
discrete transistors which in turn drive 
the lamps and the diode or transistor 
switches for each channel. Lamp drivers 
and diode or oscillator drivers must be 
used since the SN7400 will not handle 
the required voltage or current. Although 
an additional IC could have been used, 
one designed for output driving, discrete 
components were chosen to  keep cost to 
a minimum. 

Since the scanner is built around a 
counting circuit it's necessary to provide 
a source of pulses to be counted. A 
variety of circuits were tried, and most of 
them worked well; the unijunction circuit 
as shown in fig. 1 proved to be the least 
expensive. With the components specified 

ning rate. I f  the scanning rate is too fast, 
however, the scanner will not lock since 
signal detection in the receiver may not 
occur rapidly enough. 

The output of the unijunction clock 
circuit is fed into an npn transistor 
operating in the saturated mode. This 
transistor produces a large-amplitude 
negative-going pulse. The large negative- 
going pulse drives the flip-flops. 

The channel-locking circuit was the 
result of considerable experimentation. 
Several problems were encountered: first 
was the problem of stopping the oscillator 
quickly; the second was how to get the 
receiver to stop it. One of the first 
approaches used an npn transistor with 
the emitter grounded and the collector 
connected directly to the emitter of the 
unijunction. A positive voltage caused the 
transistor to conduct, shorting the 
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emitter of the unijunction to ground, 
stopping the oscillator. However, this 
circuit had too much lag. 

With scanning rates less than one 
channel per second the lock circuit did 

It, I 
fig. 4. I n  a typical tubetype squelch circuit the 
channel scanner is connected at point X. 

not react fast enough, so the scanner 
never locked. Although one channel per 
second may sound like a reasonable rate, 
it resulted in parts of a transmission being 
missed before lock occurred. This 
problem was corrected by using a small 
silicon diode, CR1, to isolate the emitter 
of the unijunction from 02. This tran- 
sistor switches the unijunction emitter 
from ground to +15 volts. 

Solving the problem of locking the 
receiver turned out to be fairly simple. It 
was only necessary to find a point in the 
receiver that had a marked voltage change 
between signal and no-signal. Two points 
used successfully were the grid of the first 
limiter and the derived squelch-voltage 
output. It is preferable to use the 
squelch-voltage output since it is immune 
to noise. The first limiter voltage fluctu- 
ates with noise and will cause the scanner 
to lock in the presence of noise; this can 
be quite annoying. 

Although the input locking circuit in 
fig. 1 is designed to operate with a 
tube-type receiver that has a squelch 
voltage that ranges from slightly positive 
to several volts negative (with signal) the 
scanner can also be used with transis- 

'Printed-ctrcuit boards are available from Alton 
Industries, 7471 Thunderbird Road, Liverpool, 
New York 13088. Drilled boards are $4.50; 
undrilled boards, $3.50. Completely wired and 
tested channel scanners are $33.50. 

torized rigs that have positive squelch 
voltage or current. 

construction 
Construction of the scanner is simpli- 

fied if you use the commercially-available 
printed-circuit board.* I f  you use the 
components shown in the table the scan- 
ner can be built for less than $13. The 
npn transistors are not critical and virtu- 
ally any small signal silicon types in your 
junk box will work. The integrated cir- 
cuits are not critical either. The only 
criteria is that they be of the TTL variety, 
designed for a 5-volt power supply. If 
other ICs are used it will probably not be 

fig. 5. Channel scanner modification for use in 
solid-state frn receiver where signal voltage goes 
positive with signal. Q l .  the 2N3819 fet input 
stage, is omitted. F o r  value of isolation resistor 
R 1 see text. 

possible to use the commercial printed- 
circuit board since the pin connections 
will probably be different. 

I recommend that you build one stage 
at a time and check it out before going 
further. With this step-by-step construc- 
tion procedure it is easy to uncover 
possible problems. The unijunction oscil- 
lator stage should be built first. This 
circuit can be checked with an oscillo- 
scope. The waveforms in fig. 2 will help if 
you run into problems. If you don't have 
these waveforms check to see that all 
parts are wired correctly; then try parts 
substitution. 

After the oscillator is working proper- 
ly build the locking stages, Q1 and Q2. 
When a negative voltage of several volts is 
applied to the input of Q1 the oscillator 
should stop. Since the gate of Q1 will 
hold a charge for some time it may be 

august 1971 33 



necessary to wire an external 2.2 meg 
resistor from the squelch input to  ground 
when testing the unit on the bench. After 
the locking stages are working the remain- 
ing portions of the scanner can be built. 
The waveforms in fig. 2 should help in 
diagnosing any problems. 

installation 
The scanner installation at my station 

is shown in fig. 3. This circuit permits 
either manual or automatic operation by 
merely throwing a switch. 

The squelch input to the scanner can 
be obtained from a typical tube-type 
transceiver as shown in fig. 4. I f  this is 
not possible the scanner squelch input 
should be connected to the grid of the 
first limiter stage. The 2-megohm resistor 
from the gate of Q1 is needed only if the 
scanner lock signal is taken from the first 
limiter. 

I f  the fm receiver is a transistorized 
unit that does not have a voltage that 
goes from zero to at least 2 volts negative, 
the scanner must be modified slightly. 
Using a vtvm, find a spot in the receiver 
squelch circuit which shows a marked 
voltage change with the presence of a 
signal. I f  the voltage goes from zero to 
positive from no signal to signal, apply 
this voltage directly to the base of 0 2  
through an isolation resistor (fig. 5 ) .  

I f  the voltage goes from positive to 
zero from no signal to signal, then the 
input to the scanner should be modified 
as shown in fig. 6. In this case, 0 1  is 

A7 

fig. 6. Channel scanner modification for use 
with solid-state f m  receiver where signal voltage 
goes from positive to zero with signal. The fet 
input stage is replaced with an npn small-signal 
transistor. For  value of isolation resistor R 1  see 
text. 

replaced by a junkbox npn silicon bi- 
polar. The isolation resistor R 1  is deter- 
mined experimentally by selecting a value 
which will lock the scanner, but not 
affect receiver operation. 

CRYSTAL 

' C R I S T A L I  

UNMODIFIED OSCILLATOR 

MODIFIED OSCILiAlVR 

SCANNER 
INPUT 

TRANSISTOR QSCILLATOR VACUUM -TUBE 
SWITCH OSCILLATOR SWITCH 

Q Q 
fig. 7. Methods of connecting the channel 
scanner to the receiver local oscillator stages. 
Typical modified and unmodified oscillator 
stages are shown in (A)  and (6). Circuit for 
switching transistor oscillators is shown in (C); 
(D) is circuit for switching cathodes of 
vacuum-tube oscillator stages. Diodes in (6) are 
small-signal silicon. 

To connect the scanner to the oscil- 
lator stages in the fm receiver the circuits 
must be modified slightly. One of the 
oscillator circuit modifications in fig. 7 
should work with your receiver. 

Two supply voltages are required for 
the scanner, +5 volts and +15 volts 
(nominal). The +5-volt supply is critical 
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and should be obtained from a regulated 
source. The nominal +I5 volts may be 
anywhere from 12 to 18 volts. 

using the scanner 

To start scanning, all channel switches 
should be on, the scan-auto switch should 
be to scan and the delay switch to o u t .  
The channel scanner should begin scan- 
ning immediately. As soon as a signal 
appears on one of the four channels the 
scanner will lock. With the delay switch 
out, the scanner will start scanning again 
as soon as the signal on the channel 
disappears. In this mode you can keep 
track of activity on other channels during 
transmission breaks. 

If you want to monitor both sides of a 
QSO turn the delay switch on. In this 
mode the scanner will remain on a given 
channel for several seconds after the 
activity ceases. This prevents switching 
and locking on another active channel 
during transmission breaks. 

With the delay switch out the scanner 
will resume scanning for one scan if the 
release button is pressed when the scan- 
ner is locked to a channel. To transmit 
the scanner lock switch must be turned 
on. This locks the scanner on the active 
channel and the push-to-talk line is con- 
nected to the mike. You can get the same 
results by switching to manual. The 
manual position is used so that more than 
four channels may be used. At my station 
the transmit and receive oscillators for a 
given channel are tied to a single control 
line. When the scanner locks I am ready 
to transmit after setting the lock switch. 
By running the push-to-talk line through 
this switch the transmitter cannot be 
activated while scanning. I f  you operate 
the scanner while transmitting you'll get 
100-ms pulsed signals on four channels. 

summary 

The CS-4 channel scanner was de- 
signed to provide a simple, lowcost fm 
scanner that could be installed with little 
difficulty. Many of these units are now in 
operation in central New York State with 
excellent results. 

ham radio 

STUD- 
TOP-HAT EPOXY EPOXY MOUNT 

PIV 1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 -58 
800 .20 .40 .65 
1000 .24 .48 .75 

6. Foot Gray Llne Cord. UL Approved. Very 
nice. 40d ea. ppd 

CDE TYPE WMF MYLAR CAPACITORS 
ALL 100 VOLTS 

.033 Mfd @ 100 V 86 e l  or 14 for $1.00 
.22 Mfd @ 100 V 106 ea or 12 for 1.00 
1.0 Mfd @ 100 V 25g ea or 5 for $1.00 

NEW 
Disc Ceramic Capacitors. Very Small - About 
I/zn Diameter. All Full Leads. 

.O1 MFD 4 500 Volts 

.015 MFD @ 500 Volts 
Your Choice! 20 for 51.00 D D ~ .  . . 

TI IN914 Silicon Diodes. 16 for $1.00 ppd. 

IN4004 Silicon Diodes 18& each 

100 MFD @ 25 Volt P.C. Board Type 
Capac~tors. 5 for $1.00 ppd. 

-JAN IN270 Germanium Diodes 
5 for $1.00 ppd. 

n NEW 

.15 MFD @ 100 Volts 

.22 MFD @ 100 Volts 
Your Cho~ce! 16 for S1.OO D D ~ .  

Back In Stock! 
.1 MFD @ 50 Volt Dipped 
Mylars. 20 for $1.00 ppd. 

Dipped Capicitors. All 200 Volts. 
Your Choice 20 for $1.00 
.033 MFD @ 200 Volts 
.02 MFD @ 200 Volts 
.22 MFD @ 200 Volts 

2N3055 Transistor $1.50 each or 3 for $4.00 

Unmarked Germanium Diodes, similar to 1N34. 
25 for $1.00; 100 for $3.00 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6% State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ - - - -  - 
BOX 353 . IRWIN, Pa. 15642 

august 1971 35 



vhf 

coaxial filter 

i= 
32-dB attenuation 

Q, 
m .- 

at the design 
1C, - 

center frequency 8 
v; 
n - - 

and more than 8 
C 

; 25-dB attenuation 
m .- .- 
L 

for a 1% S 
v- 
0 
s 

frequency change .q .- 
5 .- 
n 

More often than not, a good vhf receiving 
system is determined not by what it 
receives, but by what it rejects. The 
congestion of radar, radio positioning, 
and mobile services near amateur vhf 
bands often leads to distressing image 
problems. Many low-noise, transistorized 
receiving systems can be rendered near- 
useless because of a strong image signal 
from a station far removed from the 
amateur band. 

On the other hand, spurious signals 
from improperly adjusted or poorly de- 
signed amateur transmitters can, and do, 
cause interference to other vhf services. 
Unwanted signals are everybody's 
problem. Such signals in the coaxial 
transmission line can be attenuated more 
than 30 dB by using dual stubs, one for 
unwanted signal rejection and the other 
to correct line impedance. These stubs are 
well worth trying, as they are inexpensive 
and they work! When interference is  
confined to a discrete range of frequen- 
cies, this high-Q coaxial filter will do an 
outstanding job of interference rejection. 

the dual coaxial filter 
The dual coaxial filter is shown in fig. 

1. I t  works well between 20 - 250 MHz 
and has often been used in commercial 
mobile and point-to-point equipments. ' 1 2  

Two stubs are used. One, 1 1 ,  is for signal 
rejection at the unwanted frequency; and 
another, 12, is for impedance correction 
at the operating frequency. 

The stubs are made from lengths of 
coaxial line. For low power (under 100 
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wat ts)  and for receiving systems, 
RG-58A/U may be used. Transmitting 
systems should use the heavier RG-8A/U 
line. These two lengths of coaxial line, 11 
and 12, properly adjusted, provide good 
filtering as shown by the unwanted-signal 
rejection plot of fig. 2. For a frequency 
change from the design frequency of one 
percent (1.4 MHz at 144 MHz), the dual 
filter offers better than 25-dB rejection to 
the unwanted signal. Tuned "on the 
nose," filter rejection is somewhat better 
than 32 dB. 

operation 

The rejection stub, 11, is an electrical 
half wavelength at the rejection fre- 
quency. The impedance-correction-stub 
length, 12, may vary from near-zero to an 
approximate electrical half wavelength at 
the operating frequency, as discussed 
later. Both stubs are placed in parallel 
across the coaxial transmission line at one 
point (preferably near the equipment) 
and are shorted at the far ends. 

Since the rejection stub is one-half 
wavelength at the rejection frequency, its 
impedance across the coaxial line at this 
frequency is close to zero, effectively 

TRANSMISSION LINE 

fig. 1. Dual coaxial stub filter made of 
shorted segments of transmission line 
shunted across regular transmission line. 
Presence of rejection stub is neutralized by 
impedance-correction stub. 

PERCENT CHANGE FROM 
REJECTION FREGUENCY 

fig. 2. Attenuation characteristic of the dual 
coaxial stub filter. A single unwanted frequency 
may be attenuated as much as 33 dB by this 
simple filter, which offers over 25 dB attenua- 
tion at a frequency one percent removed from 
center frequency. 

bypassing this frequency to ground. How- 
ever, at the operating frequency, the 
rejection stub is not a shorted half-wave- 
length section and therefore presents 
either capacitive or inductive reactance to 
the transmission line. The unwanted reac- 
tance is compensated by adding the im- 
pedance-correction stub, which presents 
an equal and opposite reactance at the 
operating frequency. 

The length of both stubs depends 
upon the operating frequency and the 
relationship between this frequency and 
the rejection frequency, as illustrated in 
fig. 3. For example, assume the operating 
frequency, fo, is 146 MHz and the rejec- 
tion frequency, fr, is 118 MHz, a not 
uncommon relationship. The ratio 
1181146 is 0.81J: This falls on the x-axis 
of the lower chart between 0.75f and 11: 
The curve shows that, in this example, 
the reactance presented by the rejection 
stub to the line is inductive; and the 
upper curve shows that the impedance- 
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correction stub should present a capaci- lengths for the stubs, as computed for 
tive reactance at the operating frequency, solid dielectric cable having a velocity 
thus balancing the effect of the rejection factor of 0.66. For the example, the 
stub at the operating frequency. rejection stub, 1 1 ,  i s  an electrical half 

wavelength at the rejection frequency of 
adjustment 118 MHz, or a little less than 40 inches 

Shown in fig. 4 are approximate long. A length of line a few inches longer 

I W 
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I? so 
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fig. 4.Correction and rejection stub lengths. Left-hand scale is used with fig. 3 to approximate the 
length of correction stub, since the stub is longer or shorter than a quarter wavelength at some 
frequencies. Right-hand scale is used for  rejection-stub length. 

I 

I 

'6 RATIO - 0 811 (SEE FZXTJ 

I 

REJECnON FREWENCY AS L FUNCTION 
OF OPERATING FREQUENCY 1f1 

fig. 3. Reactance of rejection and correction 
filters as the ratio of rejection-to-operation 
frequency is varied. Net  reactance of both 
filters at the operating frequency is zero. 
Sample filter for a rejection ratio of 0.81f is 
discussed in the text. 

than this should be connected across the 
transmission line as shown in fig. 7 .  The 
stub may be adjusted to the rejection 
frequency with a grid-dip oscillator by 
placing a small loop at the unshorted end 
and trimming the shorted end for 
resonance. 

Even easier, a signal at the unwanted 
frequency may be injected into the exist- 
ing transmission line. Using a needle, the 
inner conductor of the stub is shorted to 
the outer conductor at various points, 
starting from the end of the stub and 
working toward the transmission line. 
The short is advanced about one-half inch 
at a time until the position of greatest 
attenuation of the unwanted signal is 
found. The line is permanently shorted at 
this point. This is best done by removing 
a short slug of the inner insulation and 
collapsing the outer shield around the 
center conductor and soldering it all 
around. 

The impedance-correction stub, 12, is 
now added. For various ratios of rejec- 
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tion-to-operating frequency, the length of 
this stub may vary from near-zero to 
about one-half wavelength. For an oper- 
ating frequency of 146 MHz, a quarter 
wavelength in the coaxial stub is about 17 
inches or less. I f  this stub were this 
length, i t  would present a very high 

fig. 5. Typical assembly of vhf coaxial filter. 
Ends of coaxial lines are tinned and passed into 
brass box through UG-lO6/U hoods. Cable 
braid is soldered through holes in hood. The 
ends of the braid are jurnpered together in the 
box with thin copper shim stock. 

impedance to the desired signal. However, 
according to fig. 3, the correction stub 
should present a capacitive reactance and 
must therefore be longer than one-quarter 
wavelength. As a starter, the stub is cut to 
one-half wavelength and progressively 
shorted with a needle as outlined for the 
rejection stub. In this case, however, 
tuning is  done to produce the least 
attenuation of the desired signal; or in the 
case of the transmitting stub, the least 
value of w r  on the transmission line. 

filter limitations 
If the rejection frequency happens to 

be 112, 114, or 118 the operating fre- 
quency, the dual-stub filter cannot be 
used, as the rejection stub will be a full 
wave-length (or multiple thereof) at the 
operating frequency and will, therefore, 

present a near-short to the operating 
frequency as well as to the rejection 
frequency. On the other hand, if the 
undesired frequency happens to be twice 
or 314 the operating frequency, a correc- 
tion stub will not be necessary since the 
rejection stub will be a quarter wave- 
length (or three-quarter wavelengths) at 
the operating frequency and will present 
a high impedance at this point. 

construction 
As any wise vhf enthusiast knows, rf 

has a disconcerting habit of running wild 
and free in the vhf spectrum. Unless 
properly contained, the unwanted signals 
can pass freely around the dual coaxial 
filter, rendering i t  useless. This means 
that no antenna currents should flow on 
the outer surface of the shield of the 
coaxial line and the shield should not be 
broken at the junction of the filters and 
line. The best way of attaching the two 
coaxial stubs to the transmission line, 
therefore, is to make up a small box of 
brass stock and mount a coaxial hood on 
the box for each cable, as shown in fig. 5. 
This makes an rf tight enclosure and helps 
keep the rf where it belongs. 

references 
1. Ramo and Whinnery, "Fields and Waves in 
Modern Radio," Section 10.1 1, Wiley & Sons, 
Inc., New York. 
2. Craig, "A Coaxial Stub Filter," Electronics, 
June, 1951. 
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easy-to-build 
integrated-circuit 

function 

This easy-to-build 

function generator 

uses one IC 

to provide both 

square and 

triangular waveforms 

up to 1 MHz 

A funct ion generator is a specialized 
signal generator normally used fo r  testing 
complex electronic equipment; ou tpu t  
signals include sine, cosine, square and 
triangular waveforms. As  y o u  might  im-  
agine, the electronic components neces- 
sary t o  generate this array o f  waveforms 
is rather complex. However, there is n o w  
an integrated circuit  available that gener- 
ates b o t h  square and triangular waves. 

The new Signetics NE566 IC  is a 
voltage-controlled oscillator that pro- 
duces a highly accurate square wave and a 
very linear triangular wave u p  t o  1 MHz. 
It can be used i n  tone generators, fre- 

generator 

quency-shift keyers, f m  modulators, 
clock generators and signal generators. 
The ou tpu t  frequency is extremely stable. 

frequency 

The oscil lation frequency is determin- 
ed b y  the bias voltage o n  the control  
terminal (p in  5 )  and t w o  external compo- 
nents, R 1 and C1 (see fig. 1 ). The voltage 
at p in  5 ,  as referenced t o  the positive 

The Signetics NE566 function-generator IC 
contains 21 transistors. 10 diodes and 16 
resistors. 
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SIGNETICS 
NE566T  zyGFg 0 3 4  0 1  ? P  5 

BOTTOU VIEW 

C l  (uF)  f requency range (Hz)  

fig. 1. Basic f u n c t i o n  generator using t he  
Signet ics NE566T. Frequency is determined b y  
R1. C1,  and the  bias vol tage o n  p i n  5. 

voltage supply at pin 8, must be greater 
than 0.75 volt, but less than the positive 
supply (24 volts maximum). In fig. 1 the 
control voltage is set by the voltage-divid- 
er resistors, R 2  and R3. 

Output frequency vs control voltage is 
plotted in fig. 2. Normalized frequency is 
used on the vertical scale to provide 

CONTROL WL TAG€ (VOLTS) 

fig. 2. Normal ized f requency o u t p u t  as a 
f u n c t i o n  of con t ro l  voltage ( con t ro l  
voltage is measured between p i n  5 and 

p i n  8). 

maximum usefulness. This means simply, 
that, if the oscillator frequency is 1000 
Hz (with 1.5 volts bias), with 3 volts bias 
the output frequency will be approxi- 
mately 1800 Hz. As you can see from this 
graph the integrated circuit can be rnodu- 
lated by the control voltage over a wide 
range with excellent linearity. A rnodu- 

NORMALIZED FREQUENCY FREOUENCY 

fig. 3. Normal ized f requency o u t p u t  as a fig. 4. Frequency as a f u n c t i o n  o f  capacitor 
f u n c t i o n  o f  resistor R 1  ( w i t h  c o n t r o l  vo l t -  C1 ( w i t h  R 1  = lOk,  con t ro l  voltage = 2 

age = 2 volts). volts). 
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lating signal can be ac coupled to the quency scale you find the required resist- 
device through capacitor C2 in fig. 1. ance value to set the output frequency at 

Resistor R1 and capacitor C1 also 3000 Hz; approximately 8000 ohms. 
determine output frequency. By proper 
selection of these two components the 
frequency may be set at any point up to 
1 MHz. Once set, frequency drift is 
negligible at room temperature. Resistor 
R1 should be in the range between 2000 
and 20k ohms. Its affect on output 
frequency is plotted in fig. 3. Note that 
normalized frequency is again used in this 
graph, with a normalized value of 1.0 
when R 1  = lOk. The value of C1 vs 
frequency is shown in fig. 4; this graph is 
based on 10k resistance at R 1. 

To show the use of figs. 3 and 4 let's 
choose values for R1 and C1 that will 
provide an output of 3000 Hz. First go to 
fig. 4 - 3000 Hz coincides with about 
0.007 pF capacitance, a rather unordi- 
nary value. Choose the closest standard 
value, 0.01 pF. This moves the frequen- 
cy down to about 2200 Hz. 

I f  you read the fine print in the 
caption of fig. 4 you'll see that this 
capacitor is based on a 10k resistance at 
R 1. To bring the frequency up to 3000 

fig. 6. Plus and minus supply voltages put the 
square wave output at the proper dc level for 
driving logic circuitry. R T L  logic may be driven 
directly; D T L  and T T L  logic require 5000-ohm 
resistor connected to the negative supply. 

Hz use a slightly lower resistance as 
shown in fig. 3. To find the necessary 
multiplication factor, divide 2200 into 
3000; this gives a factor of 1.35. Entering 
fig. 3 at 1.35 on the normalized fre- 

practical circuits 

I f  the output frequency is off slightly 
when you build the circuit, you can add 
parallel trimming resistors to set the 

SlGNETlCS i I' 

f ig. 5. Variable-frequency function 
generator covers the frequency range up 
to 1 MHz. 

output frequency exactly. Or, if you want 
a variable frequency output, you can re- 
place R1 with a potentiometer. A typical 
circuit is shown in Fig. 5. In this circuit 
capacitor C 1 is selected by switch S1. 
Five capacitors will provide nearly com- 
plete coverage form about 20 Hz to 1 
MHz. 

When building this unit be sure to 
include the 0.001 capacitor between pins 
5 and 6 of the integrated circuit (with 
short leads). This provents oscillation of 
the internal IC circuits. 

The NE566T is a natural choice for 
driving standard IC logic circuitry. I f  you 
use the dual 55-volt power supply as in 
fig. 6 the square-wave output will have 
the proper dc level for driving directly 
RTL logic. For DTL or TTL logic con- 
nect a 5000-ohm resistor between pin 3 
and the negative supply voltage. 

ham radio 
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I BONUS 

TOWER CORP. 

ALL NEW, engineered for 
optimum performaye with 
TR I-EX'S Certified Antenna 
Towers & HY-GAIN'S TOP 
Performance Antennas. The 
utmost in craftsmanship and 
construction for your 
satisfaction. . . . 

Local Bank Financin - 1590 
Down or Trade-in 8own - 
Good Reconditioned Equip- 
ment. Nearly ail makes and 
models. Our reconditioned 
equipment carries a 30 day 
warrantv and mav be traded 

)I LQ back wiihin 90 davs for full 
credit toward t h e  purchase 
of N E W  equipment. In- 
quiries invited. 

ert i f ied Welders & 
pproved by  L .A.  C i ty  

W 5 1  S H O W N  

LAE MW35 "STANDARD" Package 
(Free Standing Crank-Up Tower 
9.5 Sq. Ft. - 50 MPH) 
CDR AR-22R Rotator* 
100 ft. RG-58AlU Coax 
100 ft. 4 Cond. rotor cable 
Complete with one of the following 
an tennas: 
HY-GAIN TH2MK3 $259 
HY-GAIN TH3JR $259 
HY-GAIN DB10-15A $265 
HY-GAIN HY QUAD $280 
HY-GAIN TH3MK3 $290 
'TR-44 rotor wlcable add: $ 30 
HAM-M rotor wlcable add: $ 60 

LAE W51 "DELUXE" Antenna Package 
(Free Standing, 9 Sq. Ft. - 50 MPH) 
CDR TR-44 rotor* 
100 ft. RG58AlU coax cable 
100 ft. control cable 
Complete with one of the following 
antennas: 
HY-GAIN DB10-15A $575 
HY-GAIN HY QUAD $590 
HY-GAIN 204BA $610 
HY-GAIN TH3MK3 $610 
HY-GAIN THGDXX S635 
Free stdg. base incld. NOICHARGE 
"HAM-M rotor wlRG81U add: $ 40 
LAE LM354 "SUPER" Antenna Package 
(16 Sq. Ft. - 60 MPH) 
CDR HAM-M Rotor 
100 ft. RG8lU coax cable 
100 ft. control cable 
Complete with one of the following 
antennas: 
HY-GAIN TH3MK3 $735 
HY-GAIN 204BA $740 
HY-GAIN TH6DXX $765 
Freight PREPAID to your door in the 
Continental USA west of the Rockies. 
For shipment east of the Rockies, add 
$10.00. Substitutions may be made .... 
write for prices. 

"WEST COAST'S FASTEST GROWING AMATEUR RADIO DISTRIBUTOR" 
"WE SELL ONLY THE BEST" 

E l e c t r o n i x  S a l e s  
23044 S. CRENSHAW BLVD., TORRANCE, CALIF. 90505 

Phone: (213) 534-4456 or (213) 534-4402 
HOMEof LA AMATEUR RADIO SALES 
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low-cost 
instant 

printed-circuit boards 

Here's a 
iu 
Q) 

simple technique .S 
c 
b 

for building 
U 

printed-circuit boards ,$ 
0 
c 

for all your ; 
c- w 

experimental projects 

The construction o f  electronic gear on  a 
printed-circuit board presents a problem 
i f  a printed-circuit layout is not  available. 
Breadboard assemblies for test prior to  
printed-circuit production, or one-time 
projects are examples o f  construction 
where it's hard to  justify building a single 
printed circuit. 

Instant tie points can solve most o f  
these problems. By cutting a small ring 
through the copper surface of the cop- 
per-clad circuit board a small disc o f  
copper remains which is f irmly attached 
t o  the board but  is electrically insulated 
from the rest o f  the sheet. These in- 
sulated discs make excellent t ie points for 
connecting two  or  more component leads 
together. The tie points are very strong 
and, therefore, well suited for mounting 
components that can be supported wi th 
their own leads. Transistors, resistors, 
fixed or variable capacitors, inductors, 
crystal sockets, wire leads t o  external 

V) 
components and many other items can be 
soldered t o  these insulated discs. For 

7 
example, three insulated discs, grouped 

$ close together. provide an excellent 
mounting base for a transistor and re- 
sistor, capacitor or other component. 

g- Terminals or pigtails that connect to  .- 
3 ground are soldered t o  the copper surface 
V) 

of  the circuit board without cutting a 
circular groove. 
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cutting tool 
The best part of this construction 

technique is that the saw that cuts the 
ring in the copper surface can easily be 
made at home. Several different sizes, for 
producing large or small insulated discs, 
are handy. However, a description of the 
saw I use most often will serve as a guide 
for making other sizes. 

A 2- or 3-inch length of mild steel rod, 
114-inch in diameter, is the only material 
required. If necessary, true up one end of 
the rod by turning it in a lathe. I f  a lathe 
is not available, careful work with a hand 
file is an acceptable substitute. Bore a 
shallow hole in the end of the rod using 
a number 3 drill. This forms a cup 
in the end of the rod with a narrow 
rim. Now make two hacksaw cuts across 
the face of the cup, 90 degrees apart. File 
away the metal between adjacent saw 
cuts on a slant to form saw teeth; be sure 
the slant is in the direction that results in 
the cutting edge of each tooth being 
headed in the right direction when the 
tool is rotated in a drill press. 

To use the cutting tool, chuck it in a 
drill press. Center the saw over the spot 
on the circuit board where the tie point is 
required. Cut through the copper surface 
and slightly into the insulating material of 
the board. Practice using the tool on 
scrap material to get the feel of it before 
attacking a project. I f  your saw is not too 

sharp it may leave a small burr on the 
copper surface. This may be smoothed 
out by rubbing the side of a round glass 
jar over the surface of the disc. 

This tie-point technique is very flexi- 
ble. Where practical it pays to plan the 
layout of all components on the circuit 
board in advance of construction. The 
required tie points can then be located 
and cut before parts are mounted, thus 
speeding the assembly job. However, if a 
tie point is forgotten, or if you need more 
of them, insulated discs can be added at 
any stage of construction without dis- 
turbing already installed parts. 

. . 

Larger pads are useful for b ~ g  corn- 
ponentr This printed-circuit board is the 
same size as the transistor amplifier. 

Furthermore, the tie point technique 
has an unexpected advantage. Since the 

Insulated printed-circuit pads are cut with Small 
saws made from mild steel rod. 

tie points can be located any place on the 
-. - --.7-- - circuit board it is practical to mount 

components salvaged from surplus 
circuit boards. Such salvaged 

components usually have pigtails too 
short for reuse by other mounting 
methods. 

One other circuit board hint: After the 
circuit board is cut to size and its copper 
surface is cleaned and polished with steel 
wool or household cleanser, spray the 
surface with a thin coat of Krylon. The 
copper surface will stay bright for life and 
solder will still wet the board as if the 
Krylon were not there. 

ham radio 

august 1971 45 



ac power-line 

monitor 

Simple 

high performance circuit 

provides highly accurate 

line-voltage monitor 

that requires 

no calibration 

During the hot weather that persisted 
from last summer through early fall, the 
locality where I live experienced several 
power brownouts. Not  blackouts, but  a 
lowering of the nominal 117 volts ac in  
order t o  supply badly needed kilowatts t o  
the adjoining metropolitan area. The 
measured line voltage dipped f rom its 
usual value of 120 volts t o  the vicinity of 
110 t o  112 volts. A i r  conditioners ran at 
reduced efficiency, lights dimmed some- 
what and the automatic pinspotter at the 
local bowling alley refused t o  function. 
Although some electrical appliances may 
not  suffer f rom this sort o f  undervoltage 
it is a good idea t o  be able t o  read the line 
voltage wi th a higher level of accuracy 

than is possible wi th the average mult i-  
meter, which may be of f  as much as 6 
volts (at 120 volts) and still be within 
tolerance. 

There are several commercial ac volt- 
meters available for  this purpose; most 
common is the iron-vane type. The better 
instruments are generally accurate t o  2% 
of fu l l  scale. On a meter that reads 150 
volts fu l l  scale this implies an inaccuracy 
o f  3 volts at a line voltage o f  120 volts ac. 
Since most of these instruments are not  
easy t o  read at a glance some commercial 
users and laboratories have changed over 
t o  the expanded-scale voltmeter. Simpson 
makes a fine segmental voltmeter wi th a 
mid-scale accuracy o f  1/2%, but  the high 
cost puts it beyond the reach of most 
amateurs and experimenters. 

There are several electronic voltmeter 
circuits where the indicating meter reads 
all over-voltage above a certain standard. 
This standard or comparison voltage is a 
voltage-reference tube or zener diode. 
When properly calibrated the accuracy of 
such devices is in the neighborhood of 
3%. There are two  drawbacks, however: 
most voltage-reference sources are tem- 
perature dependent, and for reasonable 
accuracy the instrument should be cali- 
brated wi th a laboratory standard. 

The ac line monitor shown in fig. 1 
neatly skirts these obstacles. It is simple 
and requires no calibration. I n  addition, 
the cost is lower than you might pay for 
an equivalent meter. 

Basic t o  this ac voltmeter is the use of 
a segmental scale voltmeter that reads 
f rom 18 t o  3 6  volts dc. My  meter, a 
Marion Electric type HS2 was purchased 
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new at a surplus store for slightly under 
$4.00." An ordinary silicon rectifier 
diode is used to furnish approximately 54 
volts ac from the 120 volt line. Since the 
hermetically sealed Marion meter does 
not lend itself to easy modification I 
chose to use the 30-volt reading on the 
scale to correspond to 120 volts ac line 
voltage. The current drain at the 30-volt 
mark is 833 PA. (The 30-volt mark is 516 
of full scale or 83.3%; since the meter has 
a l -mA meter (the usual type) current 
flow at 516 full scale is 833 PA. 

The value of multiplier resistor is 
determined with Ohm's law. Dropping 54 
volts dc (from the rectifier) to 30 volts 
requires 28.8 kilohms for a current of 

fig. 1. Circuit of the high accuracy ac line 
monitor. 

833 PA. I used two parallel-connected 1% 
56k resistors in series with an ordinaty 
1000-ohm resistor. The total resistance is 
very close to the desired value of 28.8k. 

accuracy 
Before talking about the performance 

of this simple instrument I'd like to 
explain some of the techniques used to 
insure that it will provide 1% accuracy 
without comparison to a lab standard. 

First the dc meter was connected in 
series with four other 1,000-ohms-per- 
volt dc meters. One of these was a Weston 
741 mirror-scale meter, rated at 1% ac- 

"The Marion Electric HS2, 2-112-inch round, 
1 8  to 36-volt dc meter i s  available for $3.95 
from Fair Radio Sales, Post Office Box 1105, 
Lima, Ohio 45802. A similar 18 to 36-volt 
Roller-Smith meter is available for $4 from 
Jeff-Tronics. 4252 Pearl Road, Cleveland. Ohio 
44109. 

curacy. Readings were taken at 3-volt 
intervals; then an identical run was made 
backward from full scale deflection of 36 
volts to 18 volts. Averages of the four 
other meters were tabulated; the readings 
of k e  expanded-scale Marion meter com- 
pared closely to the other instruments. 
The maximum error was 1.25% of full 
scale and the average error was less than 
1%. After the instrument was completed 
ac accuracy was checked. A mirror-scale 
Simpson 261 vom was checked at 6.7 
volts against a meter of known accuracy, 
a precision mirror-scale laboratory type 
ac voltmeter (Weston 433). Since the two 
readings were in agreement the Simpson 
261 readings on the 0 to 10-volt ac scale 
were trustworthy. When switching to the 
250-volt ac range additional precision 
multipliers are used; however, the basic ac 
circuitry and accuracy remain essentially 
the same. When my meter was compared 
to the Simpson 261, it read 119 volts as 
opposed to the Simpson's 119.5 volts. 

You may wonder how such high ac- 
curacy may be obtained from such a 
simple circuit. Through segmentation, it 
is possible to increase the absolute ac- 
curacy of the original movement.' Proper 
selection of the multiplier resistors will 
contribute to the retention of this en- 
hanced accuracy. As with any homemade 
device care and forethought are important 
ingredients that will pay off in increased 
accuracy and dependability. 

The Marion meter movement is not 
highly damped. This allows a very slight 
flickering of the pointer but it is hardly 
noticeable. However, it has one definite 
advantage: Rapid excursions of the ac 
line voltage, not fully discernible with 
ordinary voltmeters, can be easily fol- 
lowed. I first noticed this effect when I 
hooked the ac line monitor to the wall 
socket where a small air conditioner was 
plugged in. When the compressor first 
started up, the ac line dipped -for an 
instant - to below 100 volts ac! 

reference 
1. C. E. Miller, WIISI, "Blow Up That Meter," 
73, October, 1964, page 56. 
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AT LAST 
THE DYCOMM 10-10 Vo 

LAND MOBILE 
An American made FM Transceiver 

For the amateur who needs quality communications 
But at a price below the imports 

10 independent Receive-Transmit Channels 
.34, .82, .88, .94 Transmit - .76, .82, .88, .94 Receive supplied 

Full 20-30 watt output 

Frequency stability .001% -20. to  +6O9C 

.3pV sensitivity for 20 db quieting 

All solid state 
Control Head 2" x 5" x 6" - Main Unit 2" x 10" x 11'' 
Cabling supplied for trunk or other location mount 

FCC type accepted Receiver-Transmitter design 

DYCOMM MINI FM BOOSTERS 
JUST INSERT BETWEEN YOUR ANTENNA AND TRANSCEIVER, 

ADD 12-14 VOLTS AND QSO 

ALL WITH AUTOMATIC RF SWITCHING 

101-500C "FM BOOSTER" 101-500E "BRICK BOOSTER" 

4-12W input for 1-3.5W input for 
12-30W Max output. - 10-30W Max output. 

Size: 3" x 4" x 4" Price $59.95 Typically 20W out 
for 2W In. 

101-500D "BLOCK BOOSTER" q Low introductory price only $69.95 

8-15W input for 10-0 100 WATT FINAL 
20-55\11 Max output. -- , .  

8-10W input for 
Size: 3" x 4" x 6" ........... Only $89.95 lOOW output. 

Just $185.00 

WRITE TODAY FOR PRICE AND FULL DETAILS ON 

THESE DYCOMM PRODUCTS! 
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C,. DYCOMM 

. . .  N E V E R  B E F O R E .  . .  
a repeater designed specifically for amateur use. 

This compact little package contains a complete 2 meter 
FM solid-state repeater, including a receiver with useable 
sensitivity better than .2 microvolts and a transmitter 
with a guaranteed output of 12 watts (15 watts typical). 
We think this package is going to revolutionize amateur 
repeater installations. Look over the spec's and we are 
certain that you'll agree. 

Solid state - no relays 

Withstands most severe environment, fully weatherproof 

Multiple frequency operation - remote selection capability 

Protected against antenna short or open circuit or mismatch 

Deviation 5 kHz adjustable to 10 kHz 

Desensitization less than .25 microvolt at 200 kHz separation - negligible at 300 kHz 

Power 12-15 volt operation - 40 ma receive - 1.5A transmit 

Terminals provided for all necessary controls and monitoring 

Call or write today for information 
on these exciting New Dycomm Products 

JIM W4MRI 

DYNAMIC COMMUNICATIONS, INC. 
P. 0. BOX 10116 RlVlERA BEACH, FLORIDA 33404 

305-844-1323 
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tion may not disappear from the scene tech i u es with the advent of integrated circuits. 
The balance complexities of the phasing 
system are reduced by the unusual uni- e l  noll, WIFOJ formity that can be obtained in inte- 
grated-circuit construction. As shown in 

integrated circuits fig. 3, a combination of CA3018 and 

Integrated circuits hold great promise for 
modulation and demodulation applica- 
tions. The modern transmission modes of 
single sideband, double sideband, sup- 
pressed carrier and frequency modula- 
tion, plus phaselock receiving systems, 
depend a great deal on balanced circuits. 
This is the forte of integrated circuits 
with their arrays of identical diodes and 
identical transistors. 

modulators 

The diode balanced modulator is 
widely used in transmitters. IC diode- 
arrays provide the experimenter with 
small, well balanced diode assemblies. 
One example is the RCA CA3019, fig. 1. 
The CA3019 consists of four bridge- 
connected diodes plus two additional 
diodes, a l l  in a miniature 10-pin TO-5 
case. Conventional balanced modulator 
and ring modulator circuits are shown in 
fig. 2. In fig. 28 the diode between points 
X and Y consists of CA3019 diodes D l  
and D2 in parallel; pin 5 is connected to 
Y ,  pins 6 and 2 are connected to X. 
Similarly, the diode between points X 

CA3050 integrated circuits provide a 
packaged p hase-shift single-sideband 
modulator. 

The RCA CA3018 is a four-transistor 
IC that can be connected as two Darling- 
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fig. 1. The RCA CA3019 diode array. 

ton pairs. The audio phase-shift network 
is connected externally, supplying 9O0-re- 
lated components to the separate inputs 
of the Darlington pairs; two low-impe- 
dance 90"-related outputs are made avail- 
able. The Barker & Williamson 2Q4 is a 
good choice for the audio phase shift 
network. 

The RCA CA3050 consists of two 
fig. 2. Balanced modulator (A) and ring 
demodulator (6)  using the RCA CA3019. 

fig. 3. Phasing-type ssb generator based on  the RCA CA3018 and CA3050 integrated circuits. 

CARRIER 
0 
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independent differential amplifier arrays. ssb i-f strip. Simple external connections 
Each array is made up of two Darlington can switch the IC from one mode to 
pairs connected as differential amplifiers. another. Bandpass shaping may be accom- 
Audio signals from the phase-shift IC are plished externally over a frequency range 

- 
I 
I 

I 
I N QUlWAN!?E/ 

SSB UFO l N W l  

fig. 4. Block diagram of the National Semiconductor LM373 integrated-circuit a-m/fm/ssb i-f strip. 

applied to their bases. A switch permits 
the selection of upper or lower sideband. 

Additional transistors provide carrier 
input so the 9O0-related carrier com- 
ponents can be applied to the emitter 
circuits of the independent dual differ- 
ential amplifiers. The appropriate 90' 
phase shift networks are connected across 
the inputs of these transistors. One input 
consists of series resistor and shunt 
capacitor; the other, a series capacitor 
and shunt resistor. I f  each network pro- 
vides 45O phase shift, the total phase shift 
of the two carrier components is 90'. The 
single-sideband signal is developed across 
the tuned output transformer. 

demodulators 
Some of the most intriguing ICs are 

those that contain an i-f amplifier plus 
capability for various demodulation 
modes. They lend themselves to the 
construction of small and versatile re- 
ceiving systems.' With such IC versatility 
I wonder if a compact all-band (1.8 MHz 
to 144 MHz) all-mode, cw, a-m, fm and 
ssb receiver is a real possibility? 

One particularly interesting IC is the 
National Semiconductor LM373 a-m/fm/ 

from audio to 15 MHz. Agc is also 
included. 

A functional block diagram of the 
LM373 is shown in fig. 4. The row of 
stages at the top include an amplifier1 
limiter, agc and second gain circuit. The 
signal to be demodulated is applied to pin 
2. Output is taken at pin 9, and in most 
applications, re-introduced at pin 4, 
passing through an external filter circuit 
on the way. More gain stages are followed 
by a balanced mixer and peak detector. 
With proper external circuitry the latter 
two circuits can be switched for a-m, fm 
or ssb. Output voltage ranges from 50 and 
120 millivolts rms depending upon mode. 

Test circuit connections for a-m, fm 
and ssb are given in fig. 5. An a-m i-f 
signal is applied to pin 2, removed at pin 
9 and re-introduced at pin 4. Demodu- 
lated output is taken from the peak 
detector at pin 8. 

The fm detector uses a quadrature 
demodulator. The fm i-f signal is applied 
to pin 2, picked up at pin 9, and through 
transformer T1 is re-applied at pin 4. The 
quadrature LC circuit is connected at pin 
6; demodulated audio is removed at the 
output of the balanced mixer at pin 7. 
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For ssb and cw operation the signal is adapt these unusual devices for amateur 
sent through the amplifiertagc system, applications and experimentation to 
pin 2 to pin 9, and is re-inserted at pin 4. make the ideas work. G3VJN points out 
The balanced mixer is now used as a in Technical Topics2 that an amateur can 

fig. 5. Circuits for using 
the LM373 integrated cir- 
cuit for demodulating 

a-m, fm and ssb/cw. 

product detector with carrier applied to 
pin 6. Ssb output is again taken at pin 7. 
An appropriate switch permits selection 
of agc action for single sideband or 
manual gain control for CW. 

rf amplifier 
Integrated circuits are not the rnon- 

sters that you may have been led to 
believe. That they destroy ingenuity and 
the yen for experimentation is more 
evasion than fact. Ingenuity is required to 

often adapt some of these newer devices 
for applications very different from the 
manufacturer's intended use. To prove 
the point he built an rf linear amplifier 
for 80 meters using the popular RCA 
CA3020 audio power amplifier (fig. 6). A 
close check of CA3030A specs indicates 
operation to 8 MHz. 

A diagram of the CA3020, fig. 7, 
shows the isolating input stage (01). 
differential amplifier (Q2 and Q3), driver 
(04 and 05) and power output stage (Q6 

august 1971 53 



fig. 6. lntegratedsircuit 80-meter 
linear amplifier designed by G3VJN. 

and Q7). The IC also includes a built-in 
voltage regulator. 

We can now look at G3VJN1s circuit in 
fig. 6 and understand its operation. First 
of all, input transistor Q1 is not used; 
signal is applied to pin 3 which is the 
input to the differential amplifier. Supply 
voltage is applied to this stage through 

Breadboard layout of the R C A  
CA3020 linear amplifier. 

resistors R 1 and R 2  to terminal 1 1. 
Push-pull output is taken from the 

final amplifier at terminals 4 and 7 which 
connect directly to the collectors of the 
output transistors. Supply voltage is 
applied through the coil center tap. The 
circuit is simple and easily under- 
standable. 

I N R I 7  U ~ R E N I U L  DRIVER - 
fig. 7. Block diagram and internal 4MFi.IFIER 94 -05  W T W T  

01 02 - OJ 06 -07 
circuit of the RCA CA3020. 
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fig. 8. Seiler vfo and 
output amplifier using 
the RCA CA3020. 

vfo 
With the CA3020 you also have the 

makings of an integrated-circuit vfo, using 
the input transistor in a Seiler-type vfo. 
The circuit shown in fig. 8 performs well 
on 160, 80 and 40 meters. Since linear - 

operation is not required for vfo opera- 
tion G3VJNns basic circuit can be modi- 
fied somewhat to obtain slightly more 
output. 

The oscillator is built around pins 1 
and 10 which connect to the base and 
emitter of the input transistor (fig. 7). 
The emitter output of the Seiler oscil- 
lator, pin 1, is connected to the input of 
the differential amplifier, pin 3, through 
capacitor C5. Some adjustment of C5 
may be needed to obtain optimum out- 
put and minimum turn-on drift. Pins 4 
and 7 connect to the push-pull rf output 
transformer. This is a center-tapped 
primary winding with secondary wwnd 
between the two halves of the primary. 

A breadboard test unit of this circuit is 
shown in the photo. To facilitate circuit 
changes I used a Vector 570-F IC test 
socket. With this test socket the IC pins 
are brought out to 12 pressure spring 
terminals, a real blessing for experimental 
work. 

The RCA CA3020 can also be used as 
an oscillator and frequency doubler to 
provide even greater isolation between 
the output and the oscillator. The circuit 
of fig. 8 frequency doubles by tuning the 
output circuit to twice the oscillator 
frequency. 

Greater output can be obtained from 
the circuit of fig. 9. In this circuit the 

output transistors are connected in a 
push-push frequency doubler circuit. The 
bases are connected internally in a push- 
pull circuit that cannot be altered. The 

fig. 9. Modifying the output circuit of 
fig. 8 for frequency doubling. 

push-push doubler circuit requires that 
the collectors of the output transistors be 
connected in parallel as in fig. 9. A 
single-ended output circuit is used with 

CA3020 

fig. 10. Modifications to the output circuit of 
fig. 9 for balanced voltage drive to succeeding 
high-impedance stages. 
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the collectors connected t o  the pr imary 
tap. Several hundred mil l iwatts r f  ou tpu t  
is possible. 

The CA3020 circuit  arrangement i n  
fig. 10 is ideal f o r  dr iv ing a succeeding 
high-impedance amplif ier such as the 
push-pull input  t o  a vacuum tube o r  fet. 
The primary objective o f  this circuit  is t o  
provide good voltage drive t o  the next  
stage. 

triangle antennas 
The full-wave triangle antenna seems 

l ike the best "hunk-of-wire" antenna 
ever; performance-per-penny-spent is ex- 
ceptional. Only  a single mast o r  other 
high support p o i n t  is needed. Since it is 
fed a t  the bo t tom the triangle can be 
t r immed t o  resonance w i t h  ease. 

The basic triangle is a closed full-wave- 
length antenna, fig. 11, w i th  three equal- 
length sides. However, w i th in  reason, 
good performance is maintained i f  the 

fig. 11. Basic triangle antenna layout for 40. 80 
and 160 meters. Total length of wire is l-wave- 
length on the band of interest. 

base is longer than the t w o  sides. Con- 
versely, the sides can be longer than the 
base, w i th in  limits, as long as the overall 
length is one wavelength. The relative 
length o f  sides and base influence radia- 
t i on  resistance, therefore simpl i fy ing 
impedance-matching problems. 

On 40, 8 0  and 160  meters you  can use 
coaxial feedline w i thou t  any supplemen- 

tal matching system. Simply make certain 
that  the base of the triangle is 8 t o  12  
feet above ground; a t  this level the 
antenna is easy t o  t r i m  fo r  proper reson- 

fig. 12. Triangle antenna for 10, 15 or 20 
meters is mounted above ground on a 
single supporting mast. 

ance and matching t o  a given transmission 
line. 

construction 
The mounting arrangement consists o f  

a single support mast and a pair o f  ground 
stakes. The antenna wire is fed through 
an insulator a t  each end o f  the base and is 
supported b y  an insulator at the t o p  o f  
the mast. I use insulated wire such as 
plastic-covered no. 12, no. 14  o r  no. 16. 
The insulation is removed only  where the 
antenna is connected t o  the  transmission 
line at  the center o f  the base. Ny lon  rope 
o r  plastic clothesline (non-metallic core) 
is attached t o  each o f  the base insulators; 
the triangle is pulled open and held i n  
position b y  the t w o  ground stakes. 

On the higher bands, 10, 15, 20 
meters, a single triangle antenna element 
can be supported i n  about the same 
manner, fig. 12. O n  these bands use 
coaxial l ine o r  open-wire transmission line 
and an antenna tuning unit .  This provides 
good performance over the entire band 
fo r  which the triangle is designed. 

T o  bu i ld  the high-band triangle 
measure o f f  three equal sides. At tach the 
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two base insulators so they cannot slide 
along the antenna wire. Locate the exact 
position of the feed point. This can be 
done with the simple equation in fig. 13. 

fig. 13. Formula for locating the 
base feedpoint on the support- 
ing mast (see text). 

H.08665  
~ I ~ ~ F T I  

For example, a full wavelength at 20 
meters is: 

- 984 984 - 69 feet A = - - - -  fo 14.2 

Each side, S,  will be one-third this value 
or 23 feet. 

To set up an equilateral triangle, the 
separation between the apex and the 
center feedpoint of the base must be: 

h = 0.8668 = 0.866 x 23 = 19.8 feet 

A twenty foot separation between apex 
and feedpoint is fine. 

In erecting the antenna the apex and 
center feedpoint are attached to the mast. 
Then the mast is raised. Finally, the ropes 
attached to the base insulators are used to 
pull the wire into a triangle. 

The triangle antenna has a bi-direc- 
tional pattern and provides good perform- 
ance a t  reasonably low mounting heights. 
Cost is low; what do you pay for a 
69-foot piece of wire and four insulators? 
On the lower bands the triangle antenna 
has favorable low-angle directivity. It also 
operates well with parasitic reflectors and 
directors and can be used as elements of 
a phased antenna system. 

open triangle 
The closed triangle, like the closed 

quad or delta loop, is a single-band 
antenna. Operation on other bands is 
possible using concentric mountings as 
for three-band cubical quads. The open 
triangle antenna, when cut for 20 meters 
provides good bi-directional performance 
on 10, 15 and 20 meters (see fig. 14). 
Note that the insulator at the apex of the 
triangle divides the antenna into two 
half-wave 2O.meter sections. The feed- 
point impedance is high and requires an 
antenna tuning unit with both series and 
parallel tuning. 

The open triangle also loads well and 
gives reasonable performance on 40 
meters. On this band each segment, at 
34.5 feet, is a bit longer than a quarter 
wavelecgth. Although there is a lot of 
experimentation to be done with the 
triangle, it is a good base for high- 
performance, low-budget antennas. 

fig. 14. Open triangle antenna cut for 20 meters 
operates successfully on 10. 15 and 40 meters. 
The antenna wire is broken at the apex of the 
triangle. 
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mini-mobile 
When my wife f i r s t  suggested buying a 

0 . Volkswagen for our first car I was some- - 
what stunned - knowing it would never 
materialize into the mobile station I 

w 

If is possible always dreamed of. Going against the 
w odds of placing al l  by mobile gear in the 
c small ~ e i t l e  I-began to change the VW to 'perate into a rolling radio station. I hope this - 
0 article will provide incentive to all hams I from a small - who own small cars to try mobile opera- 

tion. 

foreign car - 4- 
c 

The dc power supply is  in- 
* 
L stalled up front in the V W  this VW mobile g ,,,,, 

is a good example 

V) -- 
m 

m 
c 
0 
n 
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In my mobile radio station a Heath ssb 
transceiver is mounted under the dash on 
the passenger's side. It requires some 
ingenuity in fabricating mounting hard- 
ware; however, no special tools are neces- 
sary. A standard magnetic mobile micro- 
phone holder is mounted on the glove 
compartment to allow easy access to the 
microphone with minimum distraction 
from driving chores. The mobile speaker 
is mounted next to the microphone. I f  
you wish, the car broadcast radio speaker 
may be used by placing a toggle switch 
under the dash that switches the speaker 
from the car radio to the mobile radio. 
This i s  an added advantage in the VW 
since the speaker is directly in front of 
the driver. 

The dc power supply was mounted in 
the trunk by cutting an access hole in the 
trunk liner and fabricating mounting 
hardware to compensate for the contours 
of the trunk base. You may question the 
mounting position of the power supply; 
however, no problems have been en- 
countered with overheating; even on hot 
summer days. 

A 35-amp alternator takes the 
load off the V W  electrical system. 

The heart of the VW mobile, and the 
key to its success, is its 12-volt power 
plant. A separate 35-amp alternator 
system was installed to eliminate the 
possibility of overtaxing the VW electrical 
system." The regulator was installed in 
the upper left corner of the engine 
compartment. A separate battery was 

Heavy-duty battery under the rear seat is 
used exclusively for the radio gear (can 
also be used for starting the car on cold 
winter mornings). 

installed under the rear seat with battery 
cables running to the power supply in the 
trunk. 

M e n  I work fellow VW owners on the 
air they invariably ask me how it was 
done. It is hoped the ideas presented here 
will make it possible for other VW owners 
to have a mobile radio station. For those 
of you who are wondering about the 
added drag of the alternator, I found that 
approximately 3 to 5 mph was knocked 
off the top speed; however, there was no 
noticeable decrease in gas mileage. 

'Alternator, part number R M  1 2 V  PAK, avail- 
able from 767 Minot Avenue, Auburn, Maine 
04210. 

ham radio 
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tebook 

motorola fm 
receiver mods 

During the past year I have retuned 
several 43G and 43GGV Motorola Sensi- 
con transceivers for amateur use on two 
meters. In some of the units I discovered 
that the squelch control had to be ad- 
vanced almost fully clockwise to quiet 
the channel. After checking tubes, com- 
ponents and voltages and a careful align- 
ment I still could not find the problem. 

Checking through a number of manu- 
als, I found some resistor changes in the 
schematic for a late T-Power receiver 
strip. When these resistor values were 
incorporated in an otherwise identical 
older version of the receiver the result 
was vastly improved squelchcontrol 
action. The new resistor values are shown 
in table 1. 

To provide a measure of protection to 
the 6AQ5 audio output stage I installed a 
120-ohm, I -watt resistor between the 
cathode (pin 2) and ground, bypassed 
with a 50-pF, 25-V capacitor. Gain of the 
stage is not greatly affected, and the tube 
will be protected by self-bias. 

table 1. New resistor values for the Motorola 
Sensicon G f m receivers. 

old new value 
resistor value wide band narrow band 

R139 - 56k 180k 
R140 - 56k l8Ok 
R145 150k 330k 330k 
R146 - 680 220 
R152 560k 820k 1.5M 

table 2. Squelch and audio-voltage readings 
are helpful in troubleshooting Motorola 
Sensicon G f m  receivers. (Vrms readings are 
noise voltage measurements made with ac 
vtvm.) 

test point unsquelched 

V112, Din 1 3 V rms 
V112, pin 2 7 Vdc 
V112, pin 5 50 V rms 

190 Vdc 
V112, pin 6 100 Vdc 
V113, Din 6 12 Vrms 
V114, pin 1 45 Vdc 
V114, Dln 2 -8 Vdc 
V114, pin 3 3 Vdc 
V114. pin 6 180 Vdc 
V114, Din 8 50 Vdc 

squelched 

3 V rms 
2 vuc 

50 V rms 
100 vuc 
60 Vdc 
12 Vrms 
25  VdC 

2 Vdc 
3 vuc 

190 Vdc 
50 Vdc 

Table 2 lists a number of dc voltage 
readings at various points in the squelch 
and audio stages. These should be helpful 
in tracking down circuit ailments. 

Murray Ronald, VE4RE 

multiple tubes in 
parallel grounded grid 

The use of four parallel tubes in 
grounded-grid dates back many years. I f  
the tubes are honest-to-goodness triodes 
like the 811A they work pretty well. 
However, if you use tv-type horizontal- 
amplifier tetrodes or pentodes, tie all of 
the grids together and ground them, the 
picture is  a little different. When you get 
that much grounded hardware in close 
proximity to the plate of the tubes the 
p l a te-to-ground capacitance becomes 
formidable, particularly when you have 
four tubes in parallel. 
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fig. 1. High capacitance of parallel-connected tv sweep tubes limits upper frequency capability of the 
amplifier circuit in (A). Series capacitor C1 in (B) improver L/C ratio of the circuit and provides 
increased high-frequency efficiency. 

Several years ago I built such an 
amplifier using four 6KG6 Amperex 
tubes. These tubes are somewhat huskier 
than the 6LQ6 and harder to come by, 
but they will take a lot of abuse. I have 
run the four of them to a full 1000 watts 
dc. One tube finally blew so power was 
dropped to a conservative 500 watts dc 
(1000 watts PEP). 

A t  the lower frequencies the standard 
grounded-grid circuit shown in fig. 1A 
worked fine. However, at the higher 
frequencies the plate-to-ground capaci- 
tance is  on the same order of the tuning 
capacitor and in parallel with it. Result: 
poor efficiency on 15 meters and im- 
practical on 10 meters. 

Recently I decided that I wanted to 
use this amplifier on 10 and 15 meters, 
but first I had to solve the high-C 
dilemna. The solution is shown in fig. 1B. 
In  1B the input pi-network capacitor C1 
is placed in series with the plate-to- 
ground capacitance. With this arrange- 
ment capacitor C1 becomes the series 
corn b ination of the plate-to-ground 
capacitance of the four tubes and the 
variable tuning capacitor. You have to 
insulate both sides of the tuning capacitor 

from ground now but this is no big 
problem. 

With circuit 1A on 15 meters the tank 
coil consisted of two very hot turns; with 
fig. 1B the tank circuit has 6 turns and 
everything runs cool, as i t  should. I drive 
the amplifier with an SB-34 transceiver. 

One other major improvement was 
incorporated into the rebuilt amplifier. 
The original circuit used a 100-ohm 
cathode-bias resistor (fig. I A ) .  This is a 
poor way to bias a variable-plate-current 
power amplifier. The bias circuit in fig. 
1B uses fifteen series-connected silicon 
rectifiers to obtain a 10-volt drop which 
is constant and limits the resting current 
to about 60 mA. The cost of this arrange- 
ment was kept down by using surplus 100 
PIV 1500 mA silicon diodes that are 
available from Poly-Paks for less than a 
dime apiece. A more expensive approach 
to the bias problem is a 10-volt, 20-watt 
zener diode. 

The rebuilt linear delivers a very clean 
signal. Although I used 6KG6 tubes the 
same technique may be used to solve the 
high plate-to-ground capacitance of any 
parallel-connected tv sweep tubes. 

Bob Baird, W7CSD 
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ments 
phone and tell them I'm using a home- 
brew rig. Most of the guys are never 
aware that I'm using double sideband 
unless I tell them, so I may never get 
around to putting in the crystal filter as 

solid-state ssb exciter 
Dear HR: 

I just wanted to let you know that 
some of us actually build equipment 
described in ham radio. I'm enclosing a 
photo of a ssb exciter I came up with 
after reading WKlT's article in the De- 
cember issue. The basic 9-MHz section is 
basically the same as that described in the 
article, although I haven't put the crystal 
filter in yet. 

In correspondence with the author I 
got the dope on his entire ssb exciter, and 
followed his heterodyning scheme pretty 
much, although I used transistors and he 
used vacuum tubes. The double-balanced 
mixers work out nicely; although this is 
my first experience with them I remem- 
ber an article you ran on these gadgets 
some time ago. 

It sure is a kick to work somebody on 

I'm primarily interested in cw anyway! 
This little rig drives my 6146 final to 
about 60 watts PEP input which seems to 
be plenty to make contacts on 40-meter 
ssb. 

Cal Sondgeroth, W9ZTK 
Mendota, l llinois 

fire protection 
Dear HR: 

In the article "Fire Protection in the 
Ham Shack" in the January 1971 issue, 
Freon is listed as being a good fire 
extinguisher. Possibly it would be good 
for putting out the fire, but might 
hospitalize the fireman. When subjected 
to temperatures corresponding to that of 
red-hot metal, Freon breaks down, form- 
ing Phosgene gas, which my dictionary 
describes as a colorless, highly toxic gas; 
one use of which is chemical warfare. As 
personal experience followed by research 
has taught me, phosgene is a lung irritant, 
also an eye irritant and very good for 
rusting tools. The authors are not to be 
blamed too harshly. Freon is non-toxic, 
stable and non-inflammable - but only a t  
ordinary temperatures. 

Frank Knottingham, K7QCM 
Gold Beach, Oregon 

A set of  schematin for WSZTK's solid-state ssb 
exciter for 80, 4 0  and 2 0  meters is available for 
2% from ham radio. The circuit includes a 
%MHz sideband generator, speech amplifier, 
vfo, double-balanced mixers for 80, 4 0  and 20 
meters plus an fet output amplifier. editor 
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10 years ago the 
mobile antenna 
concept shook the ham fraternity 
with '?xed station reports 
from the mobile" 
-it has since been the moit 
imitated but never equalled! 

Hustler and only Hustler gives you 10 years of proven performance, mechani- 
cally and electrically superior to all others. You get exceptional reports on 
every band, lowest SWR and broadest bandwidth. Matching devices are not 
required. Use any convenient length of 52 OHM feed line. Choose from 
either standard or super resonators and buy the mast and resonators for the 
bands you operate. 

Convenience of fold-over mast for rapid band change or easy garaging, 
optimized performance on each band and a time proven concept in mobile 
communications, a concept verified by the overwhelming majority of ama- 
teurs, are yours only with Hustler! 

Model MO-1-54" Mast for Deck or fender mount-Folds at 15" above base 

Model MO-2-54" Mast for Bumper mount - Folds at 27" above base. . . .  

Price: $ 11.95 

Price: $12.25 

I . . . . . . . . . .  , . . . . . . .  
STANDARD HUSTLER RESONATORS-400 Watts Power-Normal SSB Duty Cycle 
Model RM-10 . I0 meter resonator $ 7.95 
Model RM-15 . . . . . . . . . .  .15 meter resonator . . . . . . . .  8.95 

. . . . . . . . . .  . . .  1 Model RM-20 20 meter resonator 9.95 

. . . . . . . . . .  . . . . . . . .  

; I d  Model RM-40 
. . . . . . . . . .  

.40 meter resonator 
. . . . . . . .  

11.95 
Model RM-75 -75 meter resonator 13.95 
Model RM-80 . . . . . . . . . .  .80 meter resonator . . . . . . . .  13.95 

'I . . . . . . . . .  . . . . . . . .  

SUPER HUSTLER RESONATORS-Legal Power Lirnit-Normal SSB Duty Cycle 
Model RM-10s .10 meter resonator $11.50 
Model RM-15s . . . . . . . . .  .I5 meter resonator . . . . . . . .  13.50 
Model RM-20s . . . . . . . . .  .20 meter resonator . . . . . . . .  15.50 

,i, Model RM-40s . . . . . . . . .  .40 meter resonator . . . . . . . .  19.50 
Model RM-75s . . . . . . . .  . 75  meter resonator . . . . . . . .  24.50 

del RM-80s . . . . . . .  .80 meter resonator . . . . . . . .  24.50 

The original 
hinge and 

sleeve clutch 
mechanism. 

Rotates 360' in 
horizontal plane 

-a 

\ Availabb from all distributors 
a, 

'% 

I--- - 

15800 GCJMMtHCE PARK DRIVE NE W-TRONICS COP BROOK PARK, OHIO 44 

Export Dew Robum Agenc W. 14th St., I.Y. 10014, Cable Address: Roburnage- H 

4 -. 

..... 
New York, N New yoqC 
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frequency standard 

A zero adjustment allows the fre- 
quency to be set precisely to WWV or 
other frequency standard. The accuracy 
holds for all outputs of the frequency 
standard. Applications include calibration 
of receivers, signal generators, vfos, oscil- 
loscopes and general use in the lab or ham 
shack. The unit is priced at $32.50 
postpaid from Palomar Engineers, Box 
455, Escondido, California 92025. For 
more information use check-off on page 
94. 

The new Palomar Engineers frequency 
standard contains a crystalcontrolled os- 
cillator that is based on a precision 
100-kHz crystal. A front-panel switch 
controls the operation of three frequency 
dividers driven by the 100-kHz oscillator. 
They provide outputs at 100, 50, 25, 10 
and 5 kHz, depending on the switch 
setting. The output is a square wave with 
rich harmonic content; thus the signal can 
be heard at every 100 kHz (or every 50 
kHz, or every 25 kHz, etc.) throughout 
the shortwave bands to 50 MHz and 
above. 

afsk generator 
The new J&J solid-state afsk generator 

provides short-term stability of f 1 Hz. 
The basic oscillator uses a unijunction 
transistor in an RC circuit with precision 
resistors. The internal 5-pole butterworth 
filter with cutoff above 3000 Hz removes 
harmonics and assures sinusoidal output. 

The J&J afsk generator features high 
output with more than ample transmitter 
drive. The high level line output may be 
used to test TUs or other RTTY equip- 
ment. The generator may be triggered by 
any positive voltage greater than 2 volts. 
A keyboard can be connected to the 
input of the generator with a power 
supply up to 20 volts to cause the unit to 
conduct on space. The afsk generator can 
also be operated directly from any of the 
TTIL or equivalent keying circuits which 
supply a positive voltage on space. 

The J&J afsk generator is furnished 
with standard tones 2 125,2295 and 2975 
Hz unless otherwise specified. Price, in 
modern desk-top cabinet, is $90.00; 
$99.00 for rack-mounted model (3 112" 
panel). Also available with low tones of 
1275, 1445 and 2125 Hz at $99.00. 
Order from J&J Electronics, Windham 
Road, Canterbury, Connecticut 06331. 
For more information use check-off on 
page 94. 
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broad band 
rf amplifiers 

The new broadband r f  amplifiers intro- 
duced by Radiation Devices Company 
span the region f rom 10 t o  500 MHz for 
state-of-the-art performance for  labora- 
tory o r  field use. Gain is 30-dB minimum 
from 1 0  t o  150 MHz; gain f rom 3 t o  500 
MHz is 10  dB for  the model BBA-1 and 
15 dB for the BBA-1P. Noise figure, from 
10 t o  500 MHz, is 6 dB maximum for  the 
BBA-1, and 3 dB maximum for the 
BBA-1P. The broadband amplifiers re- 
quire a supply voltage o f  12 volts, 21 
volt. Input and output connectors are 
type BNC (other connectors available). 
The BBA-1 is priced at $30; the BBA-1P 
is priced at $45. For more information, 
use check-off on  page 94, or write to  
Radiation Devices Company, Post Office 
Box 8450, Baltimore, Maryland 21234. 

high-voltage 
silicon rectifiers 

Semtech has announced the develop- 
ment of a unique high-voltage silicon 
rectifier device, called the KV-PAC, wi th 
peak inverse voltages up t o  15 kV. The 
KV-PAC offers a rugged functional pack- 

CRYSTAL FILTERS 
AND DISCRIMINATORS 
by KVG of West Germany 

t9 
9.0 MHz FILTERS 

XF 9A 
2.4 kHz 

@ 
2.5 kHz $21.95 

XF 9 8  $ 30.25 
XF 9C 3.75 kHz $32.45 
XF 9D 5.0 kHz $ 32.45 
XF 9E 12.0 kHz $32.45 
XF 9M 0.5 kHz $23.00 
XLlOM 0.5 kHz $ 59.95 

10.7 MHz FILTERS 
XF 107A 14 kHz $30.25 
XF 1078 16 kHz $30.25 
XF 107C 32 kHz $ 30.25 
XF 107D 38 kHz $30.25 

9.0 MHz DISCRIMINATORS 
XD9-01 f 1.5 kHz $16.95 
XD9-02 +- 3.0 kHz $ 16.95 
XD9-03 +- 8.0 kHz $16.95 

10.7 MHz DISCRIMINATORS 
XD107-01 + 10 kHz $14.95 
XD107-02 + 20 kHz $14.95 

HC6/U CRYSTALS 
XF 900 9000.0 kHz $2.75 
XF 901 8998.5 kHz $2.75 
XF 902 9001.5 kHz $2.75 
XF 903 8999.0 kHz $2.75 

ALSO: 

DUAL GATE MOSFET CONVERTER 
FOR TWO METERS 

Noise f~gure:  2 .  Excellent cross niodulation and 
image rejection (116 M H z  xtal oscillator.) IF  
28.30 MHz. All inductors shielded. 

Model DGTC 22. .. ................... . ........ .......... ..... $35.00 

SPECTRUM 
INTERNATIONAL 

BOX 87 TOPSFIELD 
MASSACHUSETTS 01983 
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New 
3 Digit Counter 

&I-'- - 
"., , .. z ,". 

7 6  

3 . The model fm-36 3.digit frequency 
meter has the same features that has made 
the 2 digit model so popular with Hams - low price, small size (smaller than a 
QSL card). 35 Mhz top frequency, simple 
connection to your transmitter, +O .-0.1 
Khz readout - PLUS the added convenience 
of a third digit to provide a 6 digit capa. 
bility. Kit or  Assembled. 
Example: 28.649.800 Hz reads 28.6 MHz 
or 49.8 Khz. (Add the 10 Hz module to 
read 9.80.) . A divide-by-ten prescaler is also avail. 
able that operates up to  170 Mhz. Extend 
the range of any frequency counter - or 
use with the fm-36 for 6 meter or 2 meter 
use. 

FM-36 KIT f 134.50 
FM-36 ASSEMBLED f 164.50 

Micro-Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

AT &AS%'ET-@ 
)4 SPifCH COM PRE~+IORMT 

REALLY WORKS ! 

RPC.3M MODULE . 
(ONLY $22.50) 

I.OW I>ISTORTION 
C'IKC'UI1' RPC.3C CABINET MODEL 
FUL1.Y WIRED & ( $34  95) 
TEST El) NO1 A K I T  
WORKS WITH 
l'ltONl! I'ATCH 

INTERNAL UNITS 
X. MOI)Ul.l:S WORK 
MOH1I.E < 
FUI.1. WARRANTY e 
-ONE YEAR 

1NTKOI)UC'TORY 
[.OW I'R I C r S  RPC-3.3U INTERNAL UNIT 
( Illinolr resl<lcnts add ($24.95) 
S r i  Sales 'lax) 

Write for specificafions 
and informofion sheets 

(free) 
$ Electronics 

Demonstration Tape (cos- 
BOX 1201H 

sette) svailahle ( 5 2 . 0 0  de- CHAMPAIGN, ILL. 
posit) 61820 

age that is corona free. Mounting slots are 
designed for easy installation. Universal 
3-watt electrical terminals accommodate 
fastdisconnect fittings, wire wrap or 
solder connections. The devices are rated 
at 5 to 15 kV PIV per leg. Average 
rectified current is 0.4 amp; onecycle 
surge current is 50 amps. Reverse current 
at the rated PIV is 10 PA. For more 
information, use check-off on page 94, or 
write to Semtech Corporation, Newbury 
Park, California 91320. 

stud-nut 

The Stud-Nut is a new unitized fasten- 
er which eliminates five separate pieces of 
hardware now required to mount stud- 
type solid-state devices. It replaces an 
insulating bushing, mica washer, metal 
washer, solder lug and hex nut; it pro- 
vides rapid, secure mounting of SCRs, 
power transistors, rectifiers and zener 
diodes with 10-32 threaded studs. It can 
be used with 00-4, TO-36, TO-59, TO-60 
and TO-64 case types. 

The threaded metal insert is molded 
into an insulated hex base and contains 
through holes to provide solder connec- 
tions for external leads. Due to the 
unique design of the Stud-Nut the con- 
tact resistance between the stud-mounted 
device and external lead is extremely low. 
Continuous current rating is 30 amperes. 
For more information, use check-off on 
page 94. A package of four Stud-Nuts is 
available for $1.00 postpaid from the 
SCF Corporation, Post Office Box 999, 
Hightstown, New Jersey 08520. 
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digital 
frequency meter/ 
signal generator 

The recently announced type  107A 
digital frequency meterfsignal generator1 
synthesizer f r o m  Lampkin Laboratories is 
an extremely versatile instrument that  is 
aimed primari ly a t  the  mobile-radio main- 
tenance field. The instrument has many 
applications i n  educational, aerospace and 
industrial laboratories; i n  manufacturing, 
research, and product ion operations; i n  
a-m, fm,  and tv broadcast engineering and 
receiver servicing; i n  commercial fre- 
quency-measurement services and i n  
many other applications. It is completely 
solid-state, operates f r o m  either 12  Vdc 
o r  11 5 Vac and weighs 22 pounds. 

As  a heterodyne frequency meter, the 
107A w i l l  measure carrier frequencies o f  
nearby transmitters o r  signals picked u p  
o n  a receiver. Coverage o n  FCC-assigned 
frequencies is cont inuous f r o m  1 0  kHz  t o  
above 500  MHz. Guaranteed accuracy i n  
the field, independent o f  W V ,  is con- 
siderably better than 0.0001% ( 1  par t  per 
mill ion). 

As a synthesizer any frequency f r o m  
below 1,000 Hz t o  9,999.9 Hz, can be 
generated, in steps of 100  Hz, phase- 
locked t o  the internal crystal standard. 
Voltage ou tpu t  level is 1.0-volt rms d o w n  
to 0.0005-volt, continuous and cali- 
,rated, in to  50-ohm load o r  greater. A s  a 
;ignal generator the 107A provides cw, 
~ m p l i t u d e  o r  frequency-modulated signals 
)n fundamental frequencies u p  t o  1 0  
JIHz; f r o m  1 0  MHz t o  above 500 MHz 
~armonics are employed, b u t  n o  arith- 
netic is needed - the dials are direct 
eading in MHz and kHz. A n  external 
ariable attenuator (supplied) w i l l  br ing 
he signal below the noise level o f  re- 
eivers. 

BRISTOL 
R A D I O  

NOW 
24 YEARS NEW 

This well experienced firm in 
the commercial two-way and ma- 
rine Radio Field has now formed 

I a new partnership which will bring 
, this high quality sales and senice 

organization to the ham. 
I 

W h o  is the new half of this 
I partnership? il'o othcr than Glen 
I Fadden, \1'2CSX, who manrl of 

rlori trill rrtn~mhcr from his earlier 
I - 

days rcith .vcoeral Ice11 knotcn ama- 
I t r ~ r  di.vtributors. 
I Drop us a line, give us a call, 
I or bring your service prohlcms and 
I get acquainted with New Eng- 

land's nc\vest 23 year old amatcur 
1 distributor - the people who are 
I easy to do husiness with. 

I Their cttrrcnt lines inclrtrlc I'ari- 
tronics, ~7nin~ctr ics .  ]ohnson. Corn- 

I 
co, Jlotoroln, Crtshcraff, R .  Id. 

1 Drakc nnrl Slrnkr..vpcarc pltta rrtnn!l , morc tl~at arc hcing arltlctl ear11 
tccck. 

I 

BRISTOL RADIO 
I & ELECTRIC CO. 
I 320 IIOPI: STIiI:ET 

RRISTOL. I< .  I .  02S09 
I 401 -25.7-7 105 
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ALL SOLID-STATE 
SSB TRANSCEIVER - 

. Complete s~ngle-band SSB transceiver 4 to 5 
watts PEP output 15, 20. 40, or 75 mtrs. . VXO tuning up to 100 KHz or 2 fixed freq. . Suitable for dry battery operation. . Light weight. small size makes excellent 
portable - boat, aircraft, field or mobile. . Contains 15 transistors, 1 MOSFET, 2 darllng. 
ton amps.. 1 I.C. and 17 diodes. Four-pole 
filter. . Some options availabla to customer require- 
ments. 
Furnished with spare switching and final amp. 
transistors, dummy load and extra plug. 

JUSTIN, INC. 
2663 NORTH LEE AVENUE 

SOUTH EL MONTE, CALIF. 91733 

Only 
$77.50 

PPD 
USA 

Self c o m p l e t ~ r ~ g  dots and dashes. 

D o t  memory fo r  easy keying. 

Precision feather-touch key bui l t- in. 
Sidetone oscillator and speaker bui l t- in. 

Relay ou tpu t  keys 300-V @ 100-ma. 
Keyed t ime base. Instant start. 

* 5-50 wpm. Perfect dot-dash ratio. 

Send QSL or  postcard fo r  free brochure. 

Price of the Lampkin 107A is 
$2150.00. For further information, write 
Lampkin Laboratories, Inc., Dept. 243, 
8400 Ninth Avenue N. W., Bradenton, 
Florida 33505. 

vhf marine radio 

Every marina or yacht club, or any 
marine service company, can now afford 
its own VHF Limited Coast Station with 
the Ensign II produced by RF Communi- 
cations. Ideal for marine sales and service 
dealers to have as a unit to show, demon- 
strate and use, al l  at the same time, the 
Ensign II provides full 25-watt output. 
Transceiver weight is under 7 pounds, and 
the unit includes crystals aligned for 
channel 16 and a working channel ready 
for use. Capable of being mounted in any 
position, the Ensign II is housed in a vinyl 
painted cabinet with drip-proof and dust- 
tight construction. List price is $578. 

A complete line of antennas and ac- 
cessories is also available. For literature 
with full specifications and further in- 
formation use check-off on page 94, or 
contact National Sales, RF Communica- 
tions, Inc., a subsidiary of Harris-lnter- 
type Corp., 1680 University Avenue, 
Rochester, New York 14610. 

wwv changes 
When you tune in WWV (or WWVH) 

for time signals or propagation informa- 
tion after 0000 hours gmt, 1 July 1971, 
you will hear a different format than 
you've been accustomed to over the last 
few years. The Morse code transmissions 
will be gone and the announcements of 
time and other information will be made 
in voice. The time will be announced 
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every minu@ instead of every five 
minutes; a male voice will be used by 
W V  and a female voice by WWVH to 
distinguish between them. The carrier 
frequencies will remain the same: 2.5, 
5.0, 10.0, 15.0, 20.0 and 25.0 MHz. The 
frequency accuracy of the two stations is 
controlled by the NBS Atomic Frequency 
Standard at Boulder, Colorado. 

The format of the broadcasts from the 
two stations will be similar, but to avoid 
confusion they will use alternate time 
slots for the transmission of tones, an- 
nouncements, etc. The standard time tick 
each second will remain. 

Each hour will be divided into 
1-minute slots. Each minute (except the 
first) will begin with an 0.8-second 
1000-Hz tone on W V  (1200 Hz at 
WVH) .  The first minute of each hour 
will begin with a 1500-Hz tone at both 
stations. The one minute slots will be 
divided into a 45second segment and two 
7.5-second segments. On alternate 
minutes the 45second segment will con- 
tain either a standard tone or an an- 
nouncement. The first 7.5-second sep 
ment following the 45-second segment 
will be used by WWVH to announce time 
while W V  will be silent. The second 
7.5-second segment will be used by WWV 
to announce time, W V H  being silent. 

Each station will omit for 5 minute of 
each hour all tones and announcements 
during the 45 second segments. This 
period will begin for W V  at 45 minutes 
past the hour and for WWVH at 15 
minutes past the hour. A special 440-Hz 
tone will be broadcast by W V  for 45 
seconds beginning one minute past the 
hour and by W V H  two minutes past the 
hour. This tone can be used to mark the 

Electronix Sales 
HAY STEREO C B 

Only 
$32.50 
(less batteries) 
POSTPAID USA 

Precision crystal 

Fully guaranteed 

hours on stri~chart recorders or other Markers at 100. 50, 25, 10 or 5 kHz se- 

instruments.  he tone will be omitted lected by front panel switch. 
Zero adjust sels to WWV. Exclusive circuit 

during the zero hour (gmt) of each day. SUDDreSSeS unwanted markers. . . 
It is interesting to note that announce- * Compact rugged design. Attractive, com- 

ment slots will be available to Govern- pletely self contained. 
Send for free brochure. 

ment agencies to use for their own 
The slots not used will be filled 

by a standard tone, probably 500 Hz. To 
prevent interference between the two 
stations one station's announcements will 
coincide with the other's tone. 
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S A R O C  
LAS VEGAS, NEVADA 

JANUARY 6-9, 1972 

HOSTED BY 

SOUTHERN NEVADA AMATEUR RADIO CLUB, INC. 

P.O. BOX 73, BOULDER CITY, NEVADA 89005 
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THE NCX-1000 IooowATr - 

TRANSCEIVER 

NCX-1000 $899.00 

5 BANDS 

4 MODES 

.'f ;. - - .,ma. , 
SOLID STATE DESIGN 

HRO-600/601 $3380.00 - - . a .  
. 'ZZ -. . . 

':.* '... 
,.$ 

89 WASHINGTON STREETYMELROSE, MASSACHUSETTS 021 76 

TEL: 617-662-7700 $ TWX: 617-6655032 
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Complete packaged Multi-Band Antenna Systems 
employing the famous Bassett Sealed Resonators 
and a special Balun. Air has been evacuated from 
both and replaced with pure helium at one 
atmosphere. 

Highly efficient system packages including all 
hardware, insulation, coax cable, and coppenveld 
elements assembled at the factory. Complete 
installation instructions included. 

Multi-frequency models available for all amateur 
bands and for commercial use, point to point, 
ground to air, military and government. 

,, , . O . , , ' .  ..,,... . $ * C , . < .  

MODEL DGA-4075 MODEL DGA-204075 

A complete system package for primary 
use in the 40 and 75 meter bands at 
power levels up to 4KW-PEP with 
secondary operation in other bands 
at reduced power levels. 

A complete system package for primary 
use in the 20,40, and 75 meter bands 
at power levels up to 4KW-PEP with 
secondary operation in other bands 
at reduced power levels. 

1 MODEL DGA-4075 - $59.50 MODEL DGA-204075 - $79.50 

1 CONTACT YOUR DISTRIBUTOR OR WRITE FOR DATA 

Savoy Electronics,lnc. 
P.O. Box 7127- Fort Leuderdale, Florida -33304 

Tel: 306-666-8416 306-847-1101 



INTERNATIONAL EX CRYSTAL & EX KITS 
OSCILLATOR RF MIXER RF AMPLIFIER POWER AMPLIFIER 

for the 

INTERNATIONAL 
PRECISION RADIO CRYSTALS 

International Crystals are avatlable from 70 KHz 
to 160 MHz in a wlde variety of holders. 
Crystals for use In mllltary equtpment can be 
supplled to meet speclftcations MIL-C-3098E. 

(GP) for "General Purpose" applications 
CRYSTAL (CS) for "ommercial Standard" 

TYPES: (HA) for Hiqh Accuracy" close temperature 

I tolerance requirements. I 

1. MXX-1 TRANSISTOR RF MIXER 
A single tuned circuit intended for signal 
conversion in the 3 to 170 MHz range. 
Harmonics of the OX oscillator are used for 
injection in the 60 to 170 MHz range. 
Lo Kit 3 to 20 MHz. Hi Kit 20 to 170 MHz 
(Specify when ordering) ....................... $350 

2. SAX-1 TRANSISTOR RF AMP 
A small signal amplifier to drive MXX-1 
mixer. Single tuned input and link output. 
Lo Kit 3 to 20 MHz. Hi Kit 20 to 170 MHz 
(Specify when ordering) ........................ $3.50 

3. PAX-1 TRANSISTOR RF 
POWER AMP 
A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 
200 mw, depending on the frequency and 
voltage. Amplifier can be amplitude 
modulated. Frequency 3.000 

........................................... to 30.000 KHz $3.75 

4. BAX-1 BROADBAND AMP 
General purpose unit which may be used 
as a tuned or untuned amplifier in RF and 
audio applications 20 Hz to 150 MHz. 
Provides 6 to 30 db gain. Ideal for SWL. 
Experimenter or Amateur ....................... $3.75 

5. OX OSCILLATOR 
Crystal controlled transistor type. Lo Kit 
3.000 to 19.999 KHz. Hi Kit 20.000 to 60.000 
KHz. (Specify when ordering) ................ $2.95 

6. TYPE EX CRYSTAL 
Available from 3.000 to 60.000 KHz. 
S~DDlied onlv in HC 6/U holder. Calibration 
is &' .02% when operated in International 
OX circuit or its equivalent. 
(Specify frequency) ................................ $3.95 

WRITE FOR CATALOG. 

HFh 
INTERNAT1 ONAL - 
CRYSTAL MFG. CO, INC. 
10 NO LEI . O K ~ A  < i r r  o r u  13102 
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Year after year, Collins S/Line consistently holds the top spot in ham radio. 

The reason: performance. Collins S/Line still is unsurpassed 
in important areas such as high stability and sensitivity 

accurate tuning with readable dials and smooth controls 
clean, strong signals system engineering low life-cycle 

cost proven reliability handsome styling. 

If you're particular about having the finest amateur equipment, 
look over the S/Line at your Collins distributor. 
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VHF - UHF MANUAL G. R. Jessop, G6JP 

NEW! 
1971 EDITION 

I f  you have any interest in the frequencies above 30 MHz then 
you need this book. It is probably the most comprehensive 
work of its kind ever produced. Included is simple material for 
the beginner in VHF and advanced material to satisfy the most 
experienced and critical reader. A wide range of information is 
included covering such topics as propagation, tuned circuits, 
mobile equipment, single sideband and antennas. There are 
65 pages devoted exclusively to receivers and 80 pages to 
transmitters, more information than ever before. 

Previous editions of this book have set a high standard in this 
field for a long time and this latest edition is sure to be no 
exception. 

Regularly $5.95 

Special Introductory Price $4.95 
(Through September 15 only) 

B O O K S  
BOX 592 AMHERST. NEW HAMPSHIRE 03031 
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Portable, mobile, or fixed 
0 

Six channel capacity, transistorized 
0 

Antenna: built-in/external connector 
6 1 2 meter I Works barefoot or with amplifier 

- - _-___ --- - - 

h Y. all this performance for only 

FM 
Transceiver 

n5 !:ateur 
Z L U O I S :  Dvnarnic Micmohone. 

6 
External 12 VDC or internal ni-cads 

Q c 3 9  

$149.95 for Amplifier, Model AA-22 = $349.90 for superior power, flexibility and 

I sensitivity 

R. L. DRAKE COMPANY 

&&.&-- I See your Dealer ryaa ---.:..-.a 

1 540 RICHARD ST., MIAMISBURG, OHIO 45342 
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semiconductor Sbpermart 
a HEP FAIRCHILO RCA MOTOROLA NATIONAL 

MOTOROLA H E P  POPULAR IC's TTL BARGAINS 
I SEMICONDUCTORS 

NEW F U N C T I O N A L  1Cs 

C6004 1-W Audio Power Amp $2.60 
C6010 W'band Amp-RF-IF-Audio 

$1.59 
C6001 FM IF Dlff. Amp. $2.09 

J U N C T I O N  FETS 

,HEP-802 N-channel RF 11.59 
HEP-801 N-channel Audio $1.59 

DUAL-GATE FRS 

F2004 VHF RF Amp-Mixer $2.50 
F2007 VHF RF Amp-Mixer; 

Diode Protected LOW- 
NOISE 2.6 dB at 200 MHz $1.65 

HEK-2 FET EXPERlMENTERS KIT 
) Contains HEP-801, HEP-802, HEP- 

HEP-51 and Instructions for 
9 Projects $3.95 

MC1550G $1.80 
CA3028A $1 77 
CA3020 $3.07 
CA3020A $3.92 
MCl306P 1 4  W hi-gain audio power 
Ampllfler $1 10 
MC135OP IF amp, hl-gain 50 dB 

power galn at 60 MHz more at  
lower freq. $1 15 

MC1351P FM IF amp quadrature de- 
tector $1.70 

j1A703 RF amp $2.00 
pA723 Voltage regulator $2.50 
MC1496 Doubly balanced mod/demod 

$3.25 

TRANSISTORS 

MPFlO2 $ .60 
MPF105/2N5459 $ .96 
MPF107/2N5486 $1.26 
M P F l 2 l  $ .85 
3N140 $1.95 
3N141 $1.86 
MFE 3007 (replaces most dual gate 
FETs $1.98 

FACTORY FRESH - 
B R A N D  N E W  

7400P Quad 7 input qa te  1 .45 
7441AP 8CD to Dec. decoder driver 

s7 7 5  
7490P Decade Counter G.96 
7475P Quad Latch $1.50 

ZENER D I O D E  B U Y  
1N757A 9-volt 5% Zener 1 .50 
1N759A 12-volt 5% zener 5 .50 

OPERATIONAL AMPLIF IER 
i 0 9  Op amp 5 .95 

All the abwe devices are brand new 
factory tested devices . . . no rejects, 
fallouts or such. All are guaranteed 
new. 

P lease  i n c l u d e  356 f o r  s h i p  
pin A l l  o r d e r s  s h i p p e d  Air 
~ a k  

CIRCUIT 
SPECIALISTS CO. 
B o x  3047, Scot tsdale.  A Z  85257 

MOST MOTOROLA, RCA, & FAIR- MOST ?N, MPS AND OTHER MOTOR- FACTORY AUTHORIZED 
CHILD LINEAR IC's AVAILASLE OLA AND FAIRCHILD TRANSISTORS HEP-CIRCUIT-STIK 

TO TROUBLESHOOT FAST & EASY 

INTRODUCTORY 

PRICE J U S T  

POSTPAID 

FREE 1NFORMATlON 

F u n c t i o n s  
Fea tu res  
S i z e  
W e i g h t  
Cos t  

USE: A precision engineered, professional qual- 
tty electronic test Instrument Ideally SERVISET 1 =u~ted to field or bench servicing of: 
Radio, Television, Audio, Appliance, and 

Model E-C Allied Equipment. 

PATENTED COMES COMPLETE 
* Sewisel Model E-C 
* Special ALNICO phone 
* Phom Extension 
* KLlPZON Adapter 

Hi-Voltage Adapter 
) * Long KlNKLESS Test Lead 

* Short "mini" T a t  Lead 
* 30  Page instruction Manual 
* Special HI-Quality carrying pouch 
* Battery (1.5 volt) 

SPECIFICATIONS: 
RF & AF Signal Tracer RF & AF Signal Injector 
DC Polarity lndicator 60/550/20 000 volts 
AC & DC Voltage lndicator 0/60/<50/20,000 
Lo ohms 0-5 Hi  ohms 0-SOOk.20 megohms 
Tests ~onden;ers .00025 - 12mfd. 
Teqts Resistors 2 ohms - 20 megohms 
2 Capacitance Sub ranges .0 l - . l  & 4-40 mfd. 
3 Resistance Sub ranges 50-500 ohms,5k.25k, l ook -1  mg. 

perform any tester of it's size 
wight, & price ANYTIME-AN$ 

IDEAL for: Professionals, Amateur Repair men, Ham Radio Operators, STUDENTS, appliance repairmen, etc. 

W i l l  c o m p l e m e n t  y o u r  e x i s t i n g  equipment and w i l l  o u t p e r f o r m  o t h e r  tes te rs  c o s t i n g  m a n y  t i m e s  more .  

30-DAY UNCONDlTlONAL MONEY BACK GUARANTEE, 90 DAY PARTS WARRANTY 

- 0 R D E R  T O D A Y  - 
Manufactured by 

LEE ELECTRONIC LABS, 88 Evans Street, Watertown, Mass. 02172 
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KENWCDD R-599 SOLID STATE RECEIVER AND T-599 HYBRID 
TRANSMITTER OFFERS UNIQUE FEATURES, SUPERB 
PERFORMANCE. HIGH STYLE ... THE ULTIMATE IN VALUE 
THE R-599 RECEIVER: 1.8 to THE T-599 TRANSMITTER: 
29.7 MHz (amateur bands) .5 Clear. stable. selectable side- ... microvolt sensitivity nominal band, AM and CW 4-way VFO 

line of the Dial readout to '/2 kilocycle Flexibility plus Receiver Incre- 
Special detectors for SSB, AM, mental Tuning (RIT) when used 

70j  and FM Transceive operation with the R-599 Amplified ALC 
with T-599 Built-in 100 kc and Built-in VOX Full metering, 
25 kc crystalcalibrator Built-in including cathode current, plate 
500 cycle CW filter Provi- voltage,ALC and relative Power 
sion for 2 and 6 meter coverage Output Built-in CW Sidetone 
with optional accessory self- monitor and semi-automatic 
contained converters Ad- break-in CW Built-In power 
justable threshold squelch supply Maximum TVI protec- 
The price. . . only $298.00 tion Employs only 3 vacuum 
S-599 speaker $14.50 . CC-29 t u  bes The  p r i c e  . . $345.00 
2 meter converter $29.50 CC-69 6 meter converter $29.50. 

KENWOOD IS AVAlLABLE 
FROM ONE OF THE 108 E. INDUSTRIAL DISTRIBUTORS 1209 

FOLLOWlNG SELECT El Paso. Broken Arrow. Okla. 74012 ~ S ~ ~ ~ ~ ~ ~ ~ ~ ~ o ' o '  Texas 
251.9923 

DEALERS: DOUGLAS ELECTRONICS 1 118 S. ~~sY",I,"kTkT"p~",",T~7~04"8"~:872"4ket 
Staples. Corpus Christi. Texas 

HENRY RADIO 11240 W. Olympic 78404 883-5103 KASS ELECTRONICS 2502 
BIV~. .  Los Angeles Ca. 90064 ELECTRONIC CENTER 107 3rd Township Line Rd.. Orexel Hill. 
477.6701 931 N. ~ u c l i d  Ave.. N.. Minneapolis. Minn. 55401 Penn. 19026 449.2300 
Anaheim. Ca. 92801 772-9200 
Butler, Mo. 64730 679-3127 338-8461 MADISON ELECTRONICS 1508 
ADIRONOACK RADIO SUPPLY ELECTRONIC DlSTRlBUTORS 1960 McK~nney Ave. Houston, Texas 
185 W. Maln St.. Amsterdam. Peck St.. Muskegan, Mich. 49441 77002 224-2666 
New York 12010 842-8350 

726-3196 
PORTLAND RADlO SUPPLY 1234 

AMATEUR ELECTRONIC SUPPLY ERICKSON CDMMUN~CAT~DNS S.W. Stark St., Portland. Or. 97205 
4828 W. Fond d u  Lac. Milwaukee. ~ ~ ~ ~ O N  j ~ ~ ~ ~ ~ ~ O O d d  Chicago. 'I1. 228.8647 
Wbs. 53216 442.4200 

FRECK RADIO 6. SUPPLY 38 RADIO DISTRIBUTING CO.. INC. 
AMATEUR RADlO CENTER 
2805 N,E, 2nd St., M,ami, Florida ;;lqt~I;;; Ave., Asheville, N.C. 28801 1212 High St. Bend, Indiana 

46624 288-4666 
33137 374-4101 

RADlO SUPPLY & ENGINEERING 
AMATEUR SUPPLY 6213 ~ , " h ~ k " , ? ! l ~ t ~ ! $ 0 ~ ~ ~ ~ ! ~ - 7 9 9 0  CO. 85 Selden Ave., Detroit. 
13th "' Seattle' Wash 98108 8 Barclay st.: N.Y. City 227-7922 M~ch igan 48201 831.3175 767-3222 
STAN BURGHARDT 315 10th HAM RADIO CENTER 8342 Olive WESTERN RADlO 1415 India St.. 
N.W.. Watertown. S.D. 57201 Blvd., St. Louis. Mo. 63132 San D~ego, Ca l~ f .  92101 239-0361 

886-3767 993-6060 

COMMUNICATIONS WORLD 4788 HAM OUTLET 999 Howard ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ , " I , " f 4 ~ ~ ~ ~ a  
State Road. Cleveland. Ohio 44109 $ ~ q ~ 2 e : ~ ~ ~ ~ l ~ ~ g ~ ~ ~ ,  Ca. 94010 51501 328-1851 
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Q5H mkl l  7 
. . . for the ULTIMATE in CW OPERATION 

The QSK Mk II i s  a station control system that will permit you 
to hear other stations between your transmitted dots and 
dashes at  speeds up to 60 wpm . . . full break-in cw! 

*provides high speed antenna switching. 
exciter keying and receiver isolation RF OlJT 

*A l l  band operation-no adjustments. sim- I QSK 
ple installation, fully assrmhlrd 

*will not cause TV I ,  cross modulation or 
M K I I  r$47 

LrJ 
receiver desensiti7ation I 

*Use with virtually any exciter/PA and IRANSCI IVI R 
receiver combination OR 

*Proven in traffic, contest and DX work. 
KEYtK TRANSMITTER 

Changes ordinary QSO's into a mode that 
BUG I 

i s  as effective as a telephone conversation! 
etc. 

x klY II.Al> 
8 transistor 9 diode printed timing and sequencing circuit assures cold switching 
of vacuum relay. 5 k w  rating. Negligible losses. 1 lOvac internal power supply. 4 
x 5 x 6 inch metal enclosure. UHF and phono connectors. See your dealer or 
factory direct. Allow two weeks for shipping. N.J. residents add 5% tax. 

$1Ig95 Post Paid U.S.A. 

DYNAMIC TECHNOLOGY INTERNATIONAL, INC. 
8 FELLOWSHIP ROAD, CHERRY HILL, N.J. 08034 

Light, permanently beautiful ALUMINUM towers 
THE MOST IMPORTANT FEATURE OF YOUR ANTENNA IS PUlTlNG 

IT UP WHERE IT CAN DO WHAT YOU EXPECT. 
RELIABLE DX - SIGNALS EARLIEST IN  AND LAST OUT. 

assembled on the ground - 
with nothing more than a 
wrench and a spade. No NOW I n  New Larger Facilities 
guys, no climbing neces- to  expedite your orders. 
sary. Strong and beautiful. 

See your local distributor, or write for 12- HEIGHTS MFG. COMPANY 
page brochure giving dozens of cornbina- Almont Heights Industrial Park 
tions of height. weight and wind load. 4516 North Van Dyke, Almont. Michigan 48003 
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SCR-274-W, ARC-5 COMMAND SEl HQ! 
,.I"* U."D 
N C r  N f W  

TO-34A COM KWER. wlfsont.~ind, outamtic, 

BC-1206-C RECEIVER Aircmft k c o n  Rs- 
ceiver 200 to 400 Kc. Opmtes from 24V DC 1.5A. 
Continuovr tuning, vol conhol, on-off switch and 
phone jock. Very wnritive. Compact. 
Complete with tubas, NEW ............. $12.50 

BC-604 FM TRANSMITTER M to 27.9 MC. 

Output approx 30 worn. 10 cryrb l  controlled 

included. Complete. ..................... BRAND NEW $27.50 

DUAL AMPLIFIER hm two input clrculh eoch 

R a t d  01 ?O Amp.-Mum. W e l  20-2. Rschap.abl.. 
Cwnp~ct -ill conhuction. Lighhrmight polpty- 
r m  conloim, L415 I/?". Uippd dry, - stoldad 
.I~holyta. Alpping Weight 3 I h .  NEW, eoch ............. S2.79 
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HAL 31 1BC 
1 ELECTRONIC 

KEYER 
$53.00 

THE most versatile keyer available. 
' Send for ful l  details on the HAL  311BCand the 

complete line of HAL electronic keyers. There 
is a model t o  f i t  your requirement and budget 

' 
from $16.50 to  $53.00. Shipping extra. 
Available in k i t  form for even greater value. 

HAL 
TOUCHCODER ll 

KIT 
c 

$55.00 

HAL MAINLINE ST-6 RTTY TU 
Complete parts k i t  for the W6FFC S T 4  now 
includes all parts except cabinet. Only 7 HAL  
circuit boards (drilled G I 0  glass) for all fea- 
tures. Plug-in IC sockets. Custom transformer 
by Thordarson for both supplies, 115/230V, 
50-60Hz. $135.00 kit. Wired units available. 

Shipping extra. Write for ful l  details. 

HAL RT-1 
TUIAFSK 

.,. .- KIT .... $51.50 

I All T U  and AFSK aenerator circuitrv. including 

able. New keyboard under developement. I HAL MAINLINE ST-5 ~ T T Y  TU 

H A L  TOUCHCODER II KIT $5500 
Complete parts kit, excluding keyboard, for the 
W4UX CW code typer. All circuitry On One 

6'' glass PC board. Plug-in IC sockets. 
Optional contest ID  and RTTY features avail- 

HAL DIP BREADBOARD CARD ( ST-5 k i t  now includes drilled G10 glass boards, 

PS, on 3x6" G I 0  FC board. 850,170; and CWID 
shifts. Zenar protected transistor loop switch. 
,+igh and low impedance audio output. prim 
$45.00. Shipping extra. Write for full details. 
HAL Designer Cabinet for the above $6.50. 
3 pole Butterworth filter drilled PC board $3.03. 

. .  - 
DOUBLE BALANCED MODULATOR KIT / HAL MAINLINE AK-1 AFSK osc 

Drilled ~ 1 0  glas PC board accepn 6 16 pin 
DIP IC's in plug-in sockets. Each IC pin fanned 
gut to  two pads. Plugs into standard 22 Pin 
edge connector (.156" finger spacing). $5.50 

For the DBM in  March 1970 Ham Redio 
718 x 2" drilled G I0  glass PC board 
4 HP-2800 hot carrier diodes matched by HAL. 
2 Indiana General CF102-01. toroids. 
Wire and instructions included. $6.50 

custom Thordarson transformer, meter and 
,tering components. aoards accept both 
round and DIP 709 $50.00. Lass boards, 

meter components $37.50. Boards 
onlv $6.00. Shi~oina extra. 

HAL %KHz MARKER GENERATOR 

HAL now offers a parts k i t  for the AK-1 AFSK 
osc. Drilled G I 0  glass PC board plugs into 12 
pin edge connector for compatibility with the 
HAL ST*, or for ease of use alone. Requires 
12vdc. $27.50. Board only $4.00. Shipping 
extra. 

H A L  ID-1 REPEATER IDENTIFIER 
TTI logic. Power line frequency counter for 3 

82 august  1 9 7 1  

50 KHz or 25KHz markers from 100 
KHz oscillator (not supplied) 
Drilled 1 x 2" G I 0  glass PC board 

markers to 14' MHz' Divides any signal 
up to  2MHz by 2 or 4. $4.25 k ~ t  form. 

M D I . l r O n . . .  *.- 80( 111s10m *.=-a ov MLL 4 N  24 
Lo-, C. ~ ~ 1 2 7 ~  5 1  m W717OPL 1 1  14 

SN???ID( $1 15 UCI4Rc. 11 15 
UC14WG 5315 "I- 

I)IL 911 
~ c m *  $3- 

UC72.P U C 7 W  YCIW Y C R W  1 1  05 -- 15.5 YCTW 5 1  76 WOW 
n r  r a m  ?.ow ,row 7 . w  7.m 7 . a  6% ,I(Y. I- 7 . ~  7Y ~ U - W  -90 

?..?P , 4 9 5 ~  ~m 7 . 7 ~  11 a . 1 1  40 
,a,y n ,I 7.- s r v l  mr 1 

nn 4 n ~ 3 u a s r r r  11 so upr -o l~r r r  w YN38*9J fE l  su 
mRIOOl Id.n.~.r*.d CF10?(16 C F I O l O l  C F I O I  01 w 

C T 1 0 1 0 3  1 1  25 s t  eROlCUBI  FERRITE BE1DS 10111 25 
c a m  rurocrrr ~ , a  ~ C D ~ P  M. t e . ~ j ~  

More Details? CHECK-OFF Page 94 

minute or less timing and control. Eas~ly repro- 
qammable diode ROM uses only 27 d~odes (de- 
pending on call) to  send OE "any call". Low 
Impedance aud~o w ~ t h  volume and tone control. 
All clrcultry pS on small G l?  PC 
board. Write for ful l  details ......... $75.00 Wlred. 

ORDERING INFORMATION 
Postage IS not included ~n the prices of HAL  
products. Please add 754 on small parts orders, 
and $2.00 on larger ktts. Shipping is via UPS 
when possible, and v ~ a  insured parcel post 
otherwise. Please glve a street address. Catalog 
of all items 244 postage. 

HAL  DEVICES, Box 365H Urbana, 11 61801 



flea market 
I RATES Commercial Ads 25g per 
word; non-commercial ads log per word 
payable In advance. No cash discounts 
or agency commiss~ons allowed. 

I COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the r ~ g h t  to  reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
cla~rns made. Liability for correctness of 
rnater~al limited to  corrected ad in next 
ava~lable issue. Deadline is 15th of 
second preceding month. 

I SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 

CINCY STAG HAMFEST: The 34th Annual STAG 
Hamfest wi l l  be held on September 26, 1971 at 
Stricker's Grove, Compton Road. Mt. Healthy, 
Cincinnati, Ohio. Door prizes each hour, raffle, lots 
of food, flea market, model aircraft  flying, and 
contests. Identify Mr. Hamfest and win prize. 
$5.00 cost covers everything. For further details. 
contact. John Brunlng . WBDSR, 6307 Fairhurst 
Avenue. Cincinnati. Ohio 45213. - 
WANTED - OLD BOOK, "The Ocean Wireless 
Boys on the Ajax". Ted Woolner. WAIABP, 30 
Cedar Road. Shrewsbury. Mass. 01545. 

SURPLUS MILITARY RADIOS, Electronics, Radar 
Parts, tons of mater ial  fo r  the ham, free catalogue 
available. Sabre Industries, 1370 Sargent Ave.. 
Winnipeg 21. Manitoba, Canada. 

TELETYPE #28 LRXB4 reperforator-transmitter "as 
is" $100; checked ou t  $175. Includes two 3-speed 
gearshifts. Alltronics-Howard Co.. Box 19. Boston, 
Mass. 02101. 617-742-0048. - 
ACTION TRADER: The Action Trader can sell your 
Ham. CB. HI.FI & Misc. Electronic gear without 
emptying your wallet. Write for free issue or  send 
$2.00 f o r  Eight issues. Action Trader. P. 0. Box 
27315. Columbus, Ohio 43227. 

JAMAICA (615) Reciprocal l icensing authorizations 
are now available t o  W/K amateurs. Write Ham 
Radio Magazine for  application. - 
TRI-STATE PICNIC, Pulaski Park, West Gloucester. 
RI (off Rt. 44). 9:30 a.m. t o  sunset. September 19. 
Trunk sales. Br ing your own picnic. Talk i n  
K lZKR on  50.36. RI Swamp Yankee Amateur 
Radio Club & Eastern Conn. Amateur Radio Club. - 
AU.DlO FILTERS: Knock down that  background 
nolse. KOJO SSB. AM, and CW filters do  the job. 
Write for  f ree brochure and see how serious DX 
boys hear them. KOJO, Box 7774, 741 E. High. 
land Ave.. Phoenix. Arizona 85011. 

THE ANNUAL IOWA 75 meter hone net picnic 
wi l l  be held on Sunday, August f 5 ,  1971 at River- 
view Park i n  Marshalltown, Iowa. All amateurs, of 
course, are cordially invited. There wi l l  be a swap 
table and nice prizes to be iven away. The 
festivities wi l l  start, with a pot  fuck, dinner at 12 
noon with the rematnder o f  the festlvltles occurr ing - 
Sunday afternoon. - 
FOR SALE: Marker Luxury 2.meter FM transceiver 
$100 under Drake price. Accessories. Crystals 
for 34/94. Will ship express or  bus COD. $230. 
No trades. D. B. Olson, Box 86. Von Ormy, Texas 
78073. - 
12th NEW JERSEY QSO PARTY. The Englewood 
Amateur Radlo Assoclat~on. Inc., invites al l  ama. 
teurs t o  take part. From 1900 GMT Saturday. 
August 21 t o  0600 GMT Sunday, August 22 and 
f rom 1200 GMT to 2300 GMT on Sunday. August 
22. Phone and CW are same contest. A station 
may be contacted once on each band - phone 
and CW are considered seoarate bands. New 
Jersev statlons mav work other New Jersev sta. 

or country). N.J. Stations wi l l  send county for 
their  TH. Certif icates wi l l  be awarded to  the 
first Jace station in each N.J. county, ARRL 
section, and country. In addition, a second place 
certif icate wtll be awarded when four or more logs 
are received. Novice and technician certif icates 
wi l l  also be awarded. Logs and comments should 
be sent t o  Englewood Amateur Radio Association, 
Inc., 303 Tenafly Road, Englewood, New Jersey 
07631. A size #10 SASE should be included for  
results. - 
TRADE: GT550 with AC supply, vox, and calibrator 
al l  In perfect condition. Interested i n  T4XB or  
SB220 or  best cash offer. J i m  Fleming. 7528 
Brynmawr, Chicago 60631. 775-8179. 

- 
FOR SALE: HOMEBREW 50w. CW XMTR 80-10 
mtrs  w/Heath VFO, RC bridge and lots o f  good 
junk. $100. F. Redburn. 505 Kenniston Dr., #101, 
Austin. Texas 78752. 

THE NORTH TEXAS REPEATER ASSOCIATION is 
host ing the summer meeting of the Texas VHF-FM 
Society on Saturday and Sunday. 14 and 15 
August. 1971. The meeting wi l l  be held at the 
Cibola Inn US H i  hway 80, Arlington. Texas 76010. 
Prizes, ~ i i p l a y s ,  Technical Sessions, XYL program. 
No registration fee. Just pay your own lodging. 
meals and entertainment. 

- - 

TOROIDS 44 and 88 mhy. Unpotted, 5 for $1.50 
ppd. W. Weinschenker. Box 353. Irwin. Pa. 15642. - 
QSL'S - BROWNIE W3CJl - 3111B Lehigh. Allen. 
town. Pa. 18103. Samples l o? .  Cut catalogue 256. 

- 
THE ANNUAL SIERRA HAMFEST wi l l  be held on 
August 14, 1971 at the California Bui lding in 
ldlewild Park. Reno. Nevada. For information 
contact George Lyle, K7ZAU. 1047 Mark Way. 
Carson City, Nevada 89701. 

MOTOROLA 80D - 12v, crystalled up  and opera- 
t i ng  146.94-146.94. 2-freq. xmit, accessories. Geor e 
Evans. K2SLI. 17 George. Freehold, NJ. 201-431-06f9 

THE AMATEUR RADIO ,CLUBS of  New Mexico wi l l  
sponsor the New Mexlco HAMVENTION 1971 on 
September 17, 18 and 19. 1971. Convention head- 
quarters wi l l  be the Sheraton Motor Hotel on East 
Highway 66, Albuquerque, New Mexico. The 
Program: Antenna Session. SSB. LASER Commu- 
nications, DX. QCWA, Traffic, VHF/FM, Ladies 
Luncheon & Fashlon Show, AREC/RACES, MARS 
Manufacturers Displays. Banquet wlth top speak: 
ers, Many prizes: Flea Market/Swapfest al l  day 
Sunday. Talk4n Frequencies - 3940 - 7255 - 
146.34/146.94. Pre-reeistration - SR 50 / inrlr#dnc 
banquet meal) 
HAMVENTION, 
87111. 

--.--, 
at  dzor $12.00. Contact:' 
Box 14381. Albuquerque, 

- 
MECHANICAL FILTERS: 455 Khz. 2.1 Khz $18.95. 
300 Hz $22.95. J. A. Fredricks. 314 South 13th 
Ave., Yakima, Washington 98902. 

WORLD QSL BUREAU - see ad page 91. TELL YOUR FRIENDS about H a m  Radio Magazine. 
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Standard's SR-C826M Transceiver 
12 C h a n n e l s  14 s u p p l i e d l  
10 wa t t  power o u t p u t  
Hot MOSFET r e c e i v e r  front end 
Low d r a i n - a l l  si l icon s e m i c o n d u c t o r s  
Full 6 m o n t h  w a r r a n t y  

Complete, ready-to-go! Connect power and 
antenna and you're on the air! Only 5339.95 

NEW! 25W. 851SH . . . .only $449.95 
3W./6 channel 811SH 199.95 

Send OSL or  circle number tor  detailed brochure 

ERICKSON 
COMMUNICATIONS 
4657 N o r t h  Ravenswood Avenue 
Chicago, 111. 60640 (312) 334-3200 
s div is ion of Carl E. Er ickson Co  

4 

Many thousands of you have be- 
come very familiar with the vari- 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com- 
munication. 

It includes numerous technical 
and construction articles in addi- 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 
We can now offer this fine maga- 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out- 
going QSL Bureau) for $9.60 a 
year. 

Box 592 * Amherst, New Hmmpshlra 03031 

AMERICAN CRYSTAL CO. 
1623 Central Ave., Kansas City KS 66102, 913-342-5493 

Mfg. Crystals for m e t  communication Equip. 

For use in: Crystal prices @ .002% 
TWO WAY AR 20 FUNDAMENTALS 
SCANNERS 2 to 14.9Mhz $5.25 
MONITORS UIEUIU 15 to 19.9Mhz 6.10 
TRANSMITTERS " c ".* El THIRD MODE 
C.B. SYNTHESIZERS 10 to 44.9Mhz 5.35 
REPEATERS 45 to 55.9Mhz 6.10 

ELEMENT CRYSTALS .005% 
(channel freq. changed in  customer's element) . 15.00 

C.B. (Class D Slngle channl) . . . . . . . . . . . . . 2.75 
AMATEUR NOVICE, HC6/U . . . . . . . . . . . . . . 3.00 
Exrtas: Oven use $1.50, Subminiature 256, .093 pins 106 

Postage l/a crystals 2 ozs. each additional 1/3 crystals 1 oz. 
Write for quantity discount 

WE PAY CASH 
FOR TUBES 

Lewispaul Electronics, Inc. 
303 West Crescent Avenue 

Allandale, New Jersey 07401 

I 
I R a d ~ o  A m a t e u r  

E m b l e m s  e n g r a v e d  [ j G o l d  

0 R h o d i u m  

call letters 

$6.00 Ea. 

I 

Gold 

fJ Rhodium 1 
I 

call letters I 
1 $6.00 Ea. 1 
I 

Rhodium I 
I 
I call letters I 

$6.00 Ea. I 
I 

; Two or more /emblems a t  the same t ime $5.133 each. ' 
I 

I Rush Order To: RADIO AMATEUR CALLBOOK, 1ne.l ' Dept. E. 925 Shenvood Drive, Lake Bluff, 111. 60044 L - - - - - - - - - - , - - - - , - - - - - - -1 
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THE LINCOLN, NEBRASKA Amateur Radio Club 
will operate a special prefix amateur radio station 
using the call KQONEB. Operations will commence 
at 2100 GMT September 1. 1971 and will be con. 
tinuous 24 hours a day through 0500 GMT Se 
tember 9. 1971. Transmitters will be on 10. 1g: 
20. 40 and 80 meters. both CW and SSB. DX 
contacts will be SLed via Bureaus. Stateside 
contacts must sen2 cards with SASE to  WOYOY. 
Box 5006. Lincoln, Nebraska 68505. As with past 
operations of the Club. a special QSL card will 
be used. - 
TOROIDS! LOWEST PRICE ANYWHERE. 40/$10.00 
POSTPAID (5/$2.00). Center tapped. 44 or 88mhy. 
32KSR rinter. reconditioned. perfect $225. 
MITE ~ l E f f ? K g R  page printer, reconditioned, $250. 
Model 28 sprocket to friction kit. $25. Model 
15KSR. $65. Matching RA87 P.S. unused. $5. Sync 
motors. $7. 14TD 60 speed. $25. 14DPE tape punch. 
$15. HP 200CD audio oscillator. $75. 11/16" 
reperferator tape, 40/$10.00. Model 33ASR com- 
~ l e t e .  ,$650: Stamp for list~ng. Van WZDLT. 302H 

assalc. St~rl ing. N. J. 07980. 

MANUALS - $6.50 EACH: R-390/URR. SP-600JX. 
CV-591A/URR. URM.25D. BC-639A. BC.7796. BC- 
348JNQ. R-274/FRR. LM-21. FR-5/U. FR.38/U. 
0s-8C/U 0s-8E/U. ARR-7. Hundreds more. S. 
consalvo'. 4905 Roanne Dr.. Washington. DC 20021. - 
THE NORTH ALABAMA HAMFEST will be held on 
15 August i n  the cafeteria of John C. Calhoun 
Technical and Junior College located north of 
Decatur. Alabama on U.S. Highway 31. 

WANT: CENTRAL ELECTRONICS 10A or 108 
Exc~ters. Ken Cornell, W21MB. P. 0. Box 721. 
Westfield, N. J. 07091. - 
VHF NOISE BLANKER - See Westcom ad in  Nov.. 
Dec. '70 and Mar. '71 Ham Radlo. 

OLD TIME RADIO SHOWS. SASE. BOX 724. Red- 
mond. Washington 98052. - 
"DON AND BOB" NEW GUARANTEED GOODIES. 
Monarch KW SWR Relative Power Dualmeter 
Antenna Bridge 14.95 plus postage handling 1.50; 
Motorola HEP170 Epoxy Diode 2.5A/1000PIV 39c; 
Amphenol PL259 SO239 3.95/10; Ham-M Rotor 
99.00; TR44 59.95; Quote new discontinued tubes; 
Industrial surplus list; Quote Drake. Galax Hy. 
Gain. Mosley. Trl-Ex. 2 meter transceivers. fdmpo. 
Kenwood write specifications. Prices collect. Mas- 
tercharge. BankAmericard. Warranty guaranteed. 
Madison Electronics. 1508 McKinney, Houston. 
Texas 77002. - 
LOOKING FOR FULL-TIME EMPLOYMENT? I f  you're 
a self-starter able to  sell excellent Electronic 
Courses, there are jobs available throughout 
America and Canada. Write to Bill Welsh (W6DDB), 
234 S. Orchard. Burbank. CA 91506. 

WARREN ARA 14th HAMFEST - Stil l the friendliest. 
Sunday. August 22. new site: Yankee Lake. on 
Ohio Rt. 7, five miles north 1.80. Picnic, swimming. 
playground. Prizes, giant free flea market, displa s 
For details & map, send card: Hamfest. Box 889; 
Warren. Ohio 44480. - 
THE DES MOINES Radio Amateur Assn,. has 
attained a locat~on at  the Iowa State Falr and 
are attempting to get KlOlSF or  WIOISF. The 
station will be operating August 20.29. 

D O N 7  BUY QSL CARDS from anyone unti l  you 
see m y  free samples. Fast service. Economical 

rlces. Little Print Shop, Box 9848, Austin. Texas 
98757. - 
THE PUGET SOUND COUNCIL of  Amateur Radio 
Clubs will issue an operating achievement award 
s~gned by Governor Daniel J. Evans, for contacts 
made during Washington State Amateur Radio 
Week. September 4th to 12th. 1971. Out-of.state 
amateurs must work ten Washington stations, and 
in.state amateurs must work twenty other Wash. 
ington stations during this week. Send list of 
stations worked. their locations, dates of contacts, 
and your name, call, and address to: The Puget 
Sound Council of Amateur Radio Clubs, 12306 
80th Avenue East. Puyallup. Washington 98371. 
An SASE would be appreciated. 

NEW - for 2M FM 
Tone Burst Encoder for 
Reliable Repeater Access 

One, two or SIX f requency  m o d e l s  

Fully a u t o m a t i c  o p e r a t i o n  
Sc rewdr i ve r  ad jus tab le  from 1500- 
2600 Hz 
12 VDC powered - no batteries 
MIL Spec  design, construction and 
p e r f o r m a n c e  

Priced from $26.95 
send QSL for spec sheet 

NEW - for RTTY 
Phase Locked Loop 
Terminal Unit 

C o p ~ e s  shifts from 100 to 1000 Hz 
a u t o m a t i c a l l y  
Au to - t rack  for drifting signals 
Enters "mark-hold" when signal fades 
Input tone range switchable to operate 
with SSB t ransce ive r  audio 
A u t o s t a r t  and selective call ava i lab le  

Wr i te  today for de ta i l ed  specifications 

W C I  
PO Box 17, Schaumberg, 111. 60172 

. . . T H E  B E S T  

2 M E T E R  
O N V E R T E R  

Model 407 

$42.95 
Ppd. 

144-146 MHz In. 28-30 MHz out 
or  146148 MHz with a second crystal 

available for $5.95 each 
A ful l  description of this fnntn~tic converter would 
fill this pagr hut vou can t;tkr our word for i t  
(or  those o f  'thousands of satisfied r~sers) that it's 
the hest. The reason is s iml~ l r  - we use three 
RCA dual gate MOSFETs, one hipr~lar, and 3 
diodes in  thr best circuit ever. Still not con- 
vinced? Then send for our free catalog and pet 
the ful l  cle\cription, plus photos and even the 
~chematic. 
Can't wait? Then send u s  a postal money order 
fnr $43.95 and we'll n ~ s h  the 407, out to you. 
NOTE: The Model 407 is also ava~lnhle i n  any 
fre uency comhinntion up to 450 M l l z  (some at 
higter prices) as listed i n  our catalog. New York 
Citv and State residents add local sales tax. 

VANGUARD LABS 
Dept. R. 19623 Jamaica Ave.. Hollis. N.Y. 11423 
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RING0 
db GAIN 

WORLD'S BEST VHF 
FM ANTENNA, IN 
STOCK AT YOUR LOCAL 
DISTRIBUTOR. 

I KENWOOD 11 
"The Value Line" 

Communications World, Inc. is 
pleased to announce that it has 
been accepted by Henry Radio to 
sell and service this fine product. 
Before you buy your next piece of 
equipment check with us on this 
best of buys in amateur equip- 
ment. 

Communications World, Inc. 
4788 State Road 

I 
Cleveland. Ohio 44109 

216-398-6363 

R F TOROIDS 
PREWOUND RF & OSC SET FOR ARRL RCVR. 

............................................................ The Pair S3.00 PPD. 
............. Unwound Cores as above only. 50 08 PPD. 

TOROID ASSORTMENT FOR THE SERIOUS I BUILDER - 20 CORES - Onlv S3.50 PPD. 
I - - - -  COLOR CODE ---. 

1-c co re  ~OKHZ.-GHZ B I U ~  
5-E Core 5OOKHZ-3OMHZ Red 
1-TH Core 2MHZ-4OMHZ White 
2-Q1 Core 500KHZ-30MHZ Red & Blue 
1-42 Core 10MHZ-90MHZ Black 
9-SF Core 10MHZ-3OMHZ Yellow 

I k!iEu,"h"?Thousands t o  Br ing You Thls Buy! I 

I CIRCUIT BOARD ASSEMBLY I 

hinned and swinn out. Use 

Board # 1  - A, 
4 talums. & much more. 
s above .............. W.00 

Board #2  - As  above + 1 Clare Mercury wetted 
relay module. #HGSM1001 $5.50 
Board #3 - As above + 3 Clam Mercury wetted 
relay modules. #HGSM1001 .................................. $6.50 

SHIPPING WEIGHT 5 LBS. 

COPPER C U D  LAMlWATLS 
GI0  EPOXV C U S S  

1 0.. Copmr 1 Sod. 

I .  1/6b1 1/16" 3/12" 11." 

- - 

TELEGRAPHERS WANTED - For membership i n  
Morse Telegraph Club, Inc. 

Non-profit - H~storical - Fraternal 
Includes subscription to Dots & Dashes 

Dues $2 per annum 
Write: Wm. H. King. GS&T 

P. 0. Box 56 
Pms8dana. Ca 91102 

I I 

NEW SSB MINIATURE CRYSTAL FILTERS - MadeU.S.A. 
Wrlte us about your crystal filter needs , ..... 6 Model WF-4 Model WF-8 

No. Crystals 4 8 
Center Frq. 9.0 MHz 9.0 MHz 
Band Width at 6db 2.5 kHz 2.5 kHz 
60db/bdb Shape 2.0 (4516) 1.8 max 

WHEATUNDS Ult~rnate Rejection 45 db 100 db min. 
ELECTRONICS In/Out Termination 270 9 320 R 
P. 0. BOX 343 PRICE $18.95 $26.95 

ARKANSAS CITY Matching Crystals USE (8998.5 kHz) 
KANSAS 67005 or LSB (9001.5 kHz) $2.75 each 
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WANTED R390. R390A. R389. 51J4. 51S1. Racal. 
Nems. Clarke. Marconi receivers. SWRC, P. 0. Box 
10048. Kansas City, Missouri 64111. - 
QSLS. SECOND TO NONE. Same day service. 
Samples 2 5 ~ .  Ray, K7HLR, Box 331. Clearfield, 
Utah 84015. - 
ORIGINAL EZ-IN DOUBLE HOLDERS display 20 
cards In plastic. 3 for $1.00. 10 for $3.00 prepaid. 
Guaranteed. Patented. Free sample to dealers. 
Teoabco. John K4NMT. Box 198R. Gallatin. Tenn. 
37b66. ' - 
ASK FOR FREE LIST of used Ham gear or  for 
prompt persorial attention on any new gear. Mall 
your order dlrect to VanSickle Radio. W9KJF. 
Indlanaoolis. lndlalla 46205. 40 years experience. . . - 
GALAXY FM-210 transceiver, two AC.210 supplies. 
350.C MMB xtals 94 76 34 Simplex xmt 19 & 28. 
RCV j 3  & 88 al l  ~ e h t r y :  list over $400, price $175 
f lrm including shipping b8; T. Donohoe, WPNJS. 45 
Gramercy Park, NYC 10010. 212-673.3458. 

I 10 Peru St.. Plattsburg. N.Y. 12901 I 
HOOSIER ELECTRONICS. Your ham headquarters 
in the heart of the Midwest where only the finest 
amateur equipment is sold. Authorized dealers for 

QRIZONA SEMICONDUCTOR 
. OUALITY COMPONENTS. 

Drake Hy.Gain. Regency. Ten.Tec. Galaxy, and 7-SEGMENT INCANDESCENT 
~ h u r e :  All equipment new and fully guaranteed. SEMI - KITS : 
Write today for our low quote and try our per- 
sonal friendly Hoosier Service. Hoosier Electronics, 
Dept. G. R.R. 25. Box 403. Terre Haute. Indiana 
47802. - 
COLLINS 75A - Receivers Tuning Knob, 6 to  1 
ratlo, $8.00 Postpaid. W6YO. 1416 7th Avenue. 
Delano. California 93215. 131 SN74WN - DECIDIGIT -7: &L 7 MS845P IC S TOTAL ' 13s 
SEE-34, mobile mount, mike, vox, callb, SBI-LA. Counter Buildin 
mobile inverter, Cabling, ~ w . 1 7 ,  LM-13 freq meter only ~ N C ~ U D E S :  slO,s SN7447N moor* ORNER WB2MEX :"d,","%CY 
with AC supply. 7038 vldicons (new). misc. goodies. S N ~ P O N  DIC*DI COVNIER featured Aw. IPb? Q S T  

R. Wentworth, WA6DCW. 4042 Hamilton, San Diego HOO~UP I N S ~ ~ U C ~ I O N S  INCLUDSS 1141 SN7493N .,S26.% 
92104. - 

OUR FREE CATALOG HAS POSTAGE PA1 D 
NOVICE CRYSTALS: 40-15M $1.60:. 80M $2.10. CIRCUITS -NEW IDEAS TOO! 
Free flyer. Nat Stinnette Electron~cs, Urnatilla, SEND FOR TODAY S P K  SHEETS INCLUDED 
FL 32784. - 
2 FM I.C.E. XCVR COMPLETE, make offer or  trade. PO BOX 112, GOODYEAR, ARIZ. 85338 
WA5AAO. Darryl. Box 335. LaGrange. Texas 78945. - 
SAVE MONEY on parts and transmitting-receiving 
tubes. Foreign-Domestic. Send 25d for glant 
catalog. Refunded first order. United Radio 
Company, 56-HR Ferry Street. Newark. N.J. 07105. 

NEW SIGNAL-ONE, CX.7, unopened carton, war- 
ranty, latest model, sell/trade, want Collins. Drake. 
Don Payne, K41D. Box 525. Springfield. Tenn. 37172. 
Nites (615) 384-5643; days (615) 384-5573. 

TRADE EVEN have new boxed Drake R.4B re- 
ceivers with Aatching speaker. Want R-39OA/URR 
receivers in  good condition. Write or  phone 
813.722-1843. Slep Electronics Company, Highway 
301. Ellenton. Florida 33532. 

SELL: CENTRAL ELECTRONICS 200v $390 firm. 
National NC303 with calibrator $225. both mint. 
6 meter AM Johnson Messenger 303 $125 new. 
RME Preselector $20. All complete and with 
manuals. WONAU. 620 13th Ave.. S.E.. Waseca. 
. . . . . . . . . - - - . . . 
WANTED - BANDHOPPER V.F.0 b Lakeshore. 
Clean, good work~ng  condltlon. K~YXE. 503 Ever. 
green, Sherman. Texas. - 
TRANSISTORS, IC'S 111. DTL: SN7473N dual JK 
Flip Flop $2.95: MC 846P dual quad 2 input power 

ates $1.10; MC 844P dual 4 input power gate 
f1:10; MC 833 dual 4 input expander 55t;,2N3055 
sl l~cone 110 watt lOOv $1.10; 88 MHY torolds 5 5 ~ .  
G & J Electronics. P. 0. Box 1202. San Mateo. 
Calif. 94401. - 
THE 18th ANNUAL South Western Michigan VHF 
Picnic will be held at the Allegan County Park, 
August 1st. sponsored by the Van Buren County 
Amateur Radio Club. WBJUU, Bangor, Michigan. - 
YOUR AD b e l o n p  hare too. Commercial ads 2 5 t  
per word. Non-commercial ads 10C per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 

NEED CRYSTALS? 

supply c ystals 
Hz to 80 MHz in 

many types of holden. 
S P E C I A L S  

Calar N cwrUI (3579, 545KHrl w l n  leads $1.60 4 lor $5.00 
I00 KHz Irqurnty standard cfyst.1 (HC 13/Ul 4.50 
1000 KHz lrqurncy standard IHC6/Ul 
A v  CB crystal, trans. or rrc. 

(rtcep(synLhrs~zrr crystalsl 
Any amateur band cmtal in R.243 koldrn 1.M 4 lw $5.00 

(rxrept 80.160 meters1 
80 mrtrr crystals en Fl-243 holdm 

Wr km in stock anr SIX mlll lon cmuls *Ich 
~ncludr type CRIA/AR n243 F R 4 1  MC7 HCb/U 
HCI3/U, nC25/u, H$~ /u ,  itc. ~ r n 6  lor' lor ou; 
1971 catalop r l l h  mc,llator c~rculls, Instlq thousands 
of frrqurnt~es I" stxl for irnmrdtatr dcltnry (Add 
10r p r  cr f r la l  l o  a h  pricrr lor ~hlpmrnt 1st clalr 
mall. 15( each lor am mall.) 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
wlth check or money order 

2400H Crystal Drive 
Fort Myers, Florida 33901 
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GEM-QUAD FIBRE - GLASS 
ANTENNA FOR 10, 15. and 20 METERS. 

Two Elements $107.00 
Extra Elements $60.00 ea. 

Submit Payment with Order 
Shipped Freight collect. 

Price includes 
Canadian Federal Sales Tax 

or  U.S. Customs Duty. p KIT COMPLETE WITH 
SPIDER 

. ARMS 
i, WIRE 
', . BALUN KIT It BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN MAY ISSUE 

Buv two elements now - a third and fourth may 
be added later with little ef7ort. 

Enioy optimum forward gain on DX, with a 
maximum back to front ratio and excellent side 
discrimination. 

Gef a maximum ntructtrral xtrength with low 
weight, wing our "T~det ic"  a m .  

+% 
MANITOBA DESIGN INSTITUTE 

AWARD WINNER 

C.nad1.n Palmnt No. 794x6  
U.S. P*I.nl No. 3532315 

20 Burnett Avenue, \!.innrpeg 18, Manitoba, Canada 

Not really. New in the U.S.A. perhaps, 
but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu- 
sively construction material. Clearly writ- 
ten, concise articles give you full details 

Audio Construction Projects 

Receiver Construction Projects 

Transmitter Construction Projects 

Test Equipment Projects 

Radio Control Projects 
... and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION - $6.50 

RADIO CONSTRUCTOR 

Fluke Monotronics 207-1 Precision VLF Receiver- 
Comparitor transistorized .............................................. 640 
GR720A-Freq. Mtr. 10-300mHz .................................. 72 
GRB21A-Twin-T Imp. Bridge ......................................... 235 

............................................................ GR1603A-Z.Y bridge 176 
EGRG-Milllmike 707-Lab scope to lOOOmHz 525 
HP120AR-200kHz scope .................................................. 135 
HP175A-50mHz scope-main frame only ............ 450 
HP524B.lOmHz freq counter ....................................... 325 
HP524B.W/plug-in to lOOmHz ................................. 385 

............. HP525A-10-100mMz plug-in for above 115 
.......... HP525E3.100-220mMz p lug in  for above 135 

......... HP525C-100-500mMz plug-in for above 225 
HP526B-Time ~ n t e ~ a l  plug-in for above ......... 65 

NE Eng 14-20C.10 

GET YOUR NEW 
ISSUES NOW! 

Over 285,000 QTHs in  . the U.S. edit ion $8.95 
Over 165,000 QTHs in  

the DX edit ion $6.95 

NEW EDITION EVERY: 
MARCH 1 - SEPT. 1 

JUNE 1 - DEC. 1 

These valuable EXTRA features Included in both editions! 
PSL Managers Around the P~ERxEs by CO~ntrirS! 

International Postal 
International Radio Information! 
Amateur Prefites Plus much more! 
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...................... B A R R Y ...................... . . : 6.3 VAC Q 2A fil. xfmr. (115 VAC) $1.95 RCA 1000.000 kHz CRYSTAL Only $3.50 . 833/833A tube socket. Johnson #212 $12.95 JOHNSON VIKING RANGER - 10 throu h 160 . 
DYCOMM "Block Booster" FM (2 mtr) ampllfler, meters (also 11 meters) Xlnt/lab ok I? 9125.00 : 
50 watt output. 12 volt DC $89.95 LAFAYETTE HA-350 recetver. 10 thru 80 & WWV 
DYCOMM "Brtck Booster" 2 meter FM amplgf~er SS'3 (with mech 'llter)/AM/CW @ $95.00 • : 12 watt output. 1.3 watts Input. 12 VDC. $69.95 LAFAYElTE 6 meter HA-460 Transceiver. 115 : . VAC or 12 VDC. M~n t .  Complete @ $95.00 

• 3O AMP filament ck:.y6 HAMMARLUND HQ-110 - Ham band receiver. : • 6 thru 160. w/clock Good/lab ok @ $95.00 , 

TWO METER FM HQ 
prompt delivery on the 

NEW DRAKE P-METER XCVRS 

SILICON BRIDGE RECTIFIER. Tested a t  6000 
volts and 1 Amp (4 separate r e c t ~ f ~ e r s  mounted 
on Nylon card ) 2 oz. Sale $5.95 
DRAKE ML-2F FM MOBILE/BASE $329.95 
DRAKE TR-22 FM PORTABLE/BASE $199.95 
4"  sq. PM Speaker. 4!!. 2 watts. new 6 0 c  
1 Amp SILICON DIODES: 400 PIV fa 124. 600 
PIV @ 1 5 ~ ;  800 PIV o 2 0 ~ ;  1000 PIV 0 25: - -- - -- 

MLI2F 

12  channels 
over 1 0  watts 

$329.95 
HOME or MOBILE 
117v AC or 12v DC 

AUTOXMFR: 115 t o  230 VAC in ut: 
output: 350 VAC and 7 volts AC . s f 5 0  

TR-22 

6 channels 
over 1 watt 

$199.95 
PORTABLE or MOBILE 
BATTERY or 12v DC 

Deluxe TRANSCO SP4T COAXIAL 
SWITCH carrles 2KW PEP O 
30MHz. Good to  3000 MHz New. 
Sealed $17.50 

ALSO COMPLETE LINES HAM SUPPLIES - ALL BRANDS - NEW - USED 
TRADES - TERMS. Xcvrs, Rcvrs, Xmtrs, Linears, Towers, Beams, Antennas, 

Accessories, Microphones, Police/Fire Monitors, Tubes, etc., etc. 
HAM - CB - MARINE - TWO-WAY - METAL-LOCATORS 

SSB - CW - AM - FM - RTTY - SSTV - CCTV - MATV 

FOR FREE CATALOGS. WHOLESALE PRICES and USED GEAR LIST 
WRITE Chuck, W8UCG 

ELECTRONIC DISTRIBUTORS, INC. 
MIDWEST HAM HEADQUARTERS FOR OVER 32 YEARS! 

1960 PECK ST., Tel. (616) 726-3196, MUSKEGON, MICH. 49441 
J 

VS-2 V A C U U M  R E L A Y  b y  
Eirnac/Bendix. Easily switches 
2KW up  to 15kV. Coil: 24 VDC. 

$9.95 

YAESU-FLDX400 Transmitter. NEW ..... C $295.00 

-- -- -. 

We wil l  demonstrate Alpha Seventy Linear . . . 
We are factory export distributor for E.T.O./ 
Alpha. 

New Items arrive daily. Check with us o r  come 
in for a pleasant visit. Large stocks of famous 
brand new and lab-checked trade-ins. 
- - - - - -. - - 

NEW! Pearce-Simpson's GLADDING 25 - Six 
channel two meter FM transceiver. Full 25 watts 
output (1 watt on Lo). Write or phone. 

. -- -- - . -- -p 
CASH PAID . . . FAST! For your unused TUBES. 
Sem~conductors. RECEIVERS. VAC. VARIABLES. 
Test Equipment. ETC. Write o r  call Now! Barry. 
WPLNI. We Buy! 
r: Send 35C for 104 page catalog #20. 
- -- - - - - -. - - - 

BARRY ELECTRONICS CORP. - 
WATERS MODEL 346 Nuverter. 2 & 6 M VHF H.8 - PHONE A/C 212-925-7000 . 
converter. New. Orig. $175.00 net. Sale $80.00 512 BROADWAY, NEW YORK. N. Y. 10012 

. . 
~ o o ~ ~ ~ ~ o o ~ ~ e o o ~ ~ ~ ~ ~ ~ ~ o o o ~ ~ o ~ ~ ~ e e ~ o o o o e o o o o o o e o e o e o o o o ~ ~ ~ o o o o o ~  

More  Details? CHECK-OFF Page 94 august 1971 rn 89 



2 METER FM TRANSMITTER KIT 
5 Watts - 4 Freq. 

FEATURING: Step-by-step instructions . Glass 

epoxy P.C. board . 16 Transistors - 9 Diodes . Plug-in crystals Separate oscillator for each 

frequency . only 1 amp. Q 13.6V for 5 watts 

(typical) output f 10 KHz Dm. 

PRICE - $59.95 
(less xtals & accessories) 

Price is F.O.B. Wood Dale, Ill. 
Ill. Residents add 5% Sales Tax 

- 
RMV ELECTRONICS 

BOX 283. WOOD DALE, ILL. 60191 
- 

I ROTARY QSL FILE MODEL CB-8-H I 
Displays and protects QSL's 
in clear plastic pockets (3% 
x 5%) included for 160 
cards, holdc up to 500 cards. ' Refills available. Rotates on 
base and a turn of knob 
brings new cards into view. 
Cards held securely wlthout 
glue or mounting. I 
PRICE: 19.00 ppd. U.S.A. 
Illinois residents add 5% 

Sales Tax 

M-B PRODUCTS & SALES 
1917 N. Lowell Ave., Chicago, 111. 60639 

CONNECTICUT HAMS 
Visit Roger Miner's Surplus Electronics 246 
Naugatuck Ave.. Milford, Conn. Ph. 8778555. 
Nights 7 p m  to 10 p m  and al l  day Saturday. 
For Sale: Johnson invader 2000 - $500.00. 
Heath SB.200 - $165. NCX-3 - $175 w/ps, DX- 
20 - $20.00, Super.Pro - $100.00, Swan 250c 
w/ps - $385.00 Collins 75S1 w/nbr - $300.00 
HEWLETT.PAC~ARD 202c audto osc. - $30.00: 
205ah audio osc. - $40.00, 450a wide band 
amp. - $20.00. 460b wb amp. $25.00. 521 
freq. counter - $150.00, 522b counter. $180.. 
415b swr meter - $40. Thousands of parts. 
High power amp. parts, power supplies. etc.. 
come see us. 

P/z'E c4L9c7 A. 6 7 l h ~ ~  
SURPLUS I*:LI.:<TI'RONICS COMI'ANY 

DO YOU NEED CASH ? ?  THEN WRITE ME 
GIVING LIST OF GOOD AMATEUR GEAR 
YOU WANT TO SELL: WE NEED GOOD 
NOVICE XMTRS., RECVERS., OR WHAT 
HAVE YOU: WANTED COLLINS EQUIP. 
KWM-2, "S LINE" LINEARS. ETC. 

FOR SALE OR TRADE 
COLLINS: 

........................ 75A2 - VRY GUD COND. $199.00 

....................... 75A4 - VRY GUD COND. $345.00 
............ 75A4 - (New PTO) EX. COND. $425.00 

JOHNSON: 
INVADER 200. Mint. ................... .. ......... $225.00 

SWAN: 
........... 240 L TCU. Mint. ...................... .. $325.00 

HICKOK: 
Model 505A Scope. Exc. ............................. $ 95.00 

We have more gear than we can l is t  here. 
wri te for  up-todate l ist  and prices. New 
equip.: Galaxy. Swan, Drake, Regency. HR-2, 
Mosley. Hy-Gain. New-Tronics. Cush-Craft. 
We are also dist. for CB radios, new and 
used. Let us know your needs in  amateur 
and CB equipment. 

BOB'S DISCOUNT ELECTRONICS 
720  N Hudson. Oklahoma City. Okla. 73102  I 
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Ti+ ANTENNA 
MATCHING 

s TRANSFORMERS 
' %  . 50 ohm co-ax to  50 o h m  

i balanced load (for doublets 
& inverted vee's) $14.95 . 50 o h m  co-ax t o  75 ohm balanced load (for 

doublets and quads) $14.95 . 50 ohm co-ax t o  75, 120, and 140 ohm load 
(for s~ng le  feed three band quad) $18.95 . Other Impedance ratios ava~lable on request 

Ail units are rated a t  fu l l  legal power and 
sh~pped post pa~d .  Calif. restdents add 5 %  
sales tax. 

H & H ENGINEERING 
P. 0. Box 68. La M~rada. Calif. 90638 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH, NEW JERSEY 07206 

(201) 3514200 



WANTED! DRAKE R-4A 
REWARD: $295.00* 

R-dB Receiver 

TYMETEA 
r-. I r  4 G k .  

10-MINUTE STATION 
CALL REMINDER - 

call letters. Walnut or ebony plastic case. 4"H. 7 3 ~ . ' ' ~ ,  
4"D. 110V. 6 0  cy. One Year Guarantee. Mode in U.S.A. 

A9 Your Deoler. or DIRECT FROM 

More  Details? CHECK-OFF Page 94 august 1971 91 



,& t m I C  THE PROFESSIONAL K E Y E R  

'p Check the h m w s  . 
OST. March 1971 9 POP ELECT. h l y  1970 

9 CO. January 1971 73. Anwry 1971 
Ham Radm. August 1970. Dsembw 1970. March 1971 
IC  MEMORY FOR EK-39M now only 539 951 

a m  From your ham d u l r  or dwat 
mvlmf Box WOO. h n -  VI, C.I~OI~U - w 

A NEW TRANSMATCH - MODEL U T - I  

A N n  Universal Transmatch Imm Ihc ANTEC COMPANY 

IY) lhrv 10, ~ncludln a l l  WAF5 use wilh a l l  anlenna-feedlene 
freqs. above 3.5 Mtz. canb~nat~ms. 

Zkw. PEP. SWR 1.1. anv ffmuencv w ~ l l  match d~wles, awds, beams 
Pmv~des 3370 OHM reslsttve lead zcppr. ramlrm wires. wr11ols.e 

lully ~uaranteed, made ~n U.S.A. 

h l t c  lor h I I s  to: $94.95 Wd. cmIlrrnlal U.S.A.) 
ANTEC COMPANY 
67 BtiarcliHe Road, Buffalo, N n   yo^ 14225 rel:(nc) 837-7- 
-- 
Tubes new surplus 50C ea. IP39 IT4 2C52 5Y3 6Hb 
6J5 6J6, bK7, bAK5, 6AP5, b g ~ 7 ,  b ~ ~ 7 ,  d ~ K 7 , ' 6 ~ ~ 7 :  
~ s Q ? ,  6V6, 12A6, 5670. 
Squlrrel Cage Blower new 115 VAC, 60  CPS, 20  CFM, 
2400 RPM. Special $4.95. 

Free Potting Compound K I t  wlth each order. 
CATALOGUE 106  

BOB-FRANK ELECTRONICS 
407 R i t t e r  Rd. . Har r i sbu rg ,  Pa. 17109 

CLOSEOUT! OVERHAULED 6 CERTIFIED COUNTERS 
Solld-State 220 mHz: CMC 737CU, 7 nixies, plus 525A 
& B. Light & compact. 575.0C 
510 mHz: Substitute 525C ' f w 5 2 5 B  'add 150.00 
1 0  Hz-15 gHz: Read freq. on 7 DCU'; no algebra! Beckman 
7370/7580 combo. . . . 750.00 
1 MHz Universal 6 DCU'S' 'Bed;.or H.P . .  . . . . . . 149.50 
1 MHz ~niversal, 6 ~ i x i i s ,  Hewl-Pack. . .  . . .  195.00 
2 MHz Universal, 6 DCU's, Beckman . . 195.00 
Solid-state 5 Nixie .3 MHz, H.P. 5 2 2 3 ~ :  : : ' : . . 275.00 
Solid-state 6 Nixie 2 MHz, H.P. 5233L. . . 395.00 
Solid-State Preset & Freq H.P. 5214L . . . 275.00 
B Ib 20 MHz sol ld~r tate, "~ lm~son #2?25. . . . 250.00 
#2590A Hewl-Pack 15 GHz Transfer Osc. - - - - 420.00 

BRAND-NEW SOLID-STATE SCOPE BARGAINS: 
We are now the Distributor for Leader Instr. Corp. 
QUALITY-CONTROLLED imports. Warranty is 2 years on 
parts, 6 mos. on labor. We ~ pay the shipping to  your door. 

20-LB NAVY PORTABLE 4 MHz SCOPE 
AN/USM-32: 10  Hz to  4 MHz f 2 db. Line 118v 50-400 
Hz. 3WP1 CR tube with rectangular mask & ;raticule. 
Senslt. 40 mv rms/cm & up, annd includes calibrator. 350 
nsec video delay line. Input 1 meg, 28 pf. Sweep triggered 
by signal, 314 usec/cm & up. 5 choices Z-axis Markers for 
exact calib. W/schem. dwg. & op. instruct. Gd used. 129.50 

(OHC at cost I f  desired, grtd not over $50.) 
TEKT. & HEWLETT-PACKARO SCOPE BARGAINS: 

See our June ad for listing. ADD: Tekt. 515A a t  $395 
and 5438 a t  $595 both exc. cond: and 661 with 451  and 
5T3 already overha'uled & calib. a< only $1090 

REDUCED SUMMER RADIO-RECEIVER PRICES! 
Take advantage of the usual summer sales slump and some 
real good buys we made. Start a Christmas Lay-Away 
purchase i f  you wish . . . we wi l l  hold them a t  no charge 
for holding. Every receiver put through a VERY competent 
shop aligned grtd 199% perfect, and clean. SP-600-JX 
doudle-converhon 540 KHz continuous to  54 MHz, 
crystal control, i f  you wish, for your 6 most.favorite 
stations. I n  cabinet $299.50. Less cabinet but with top 
& bottom covers 8275.00. R390/URR, triple-conversion 
500 KHz to  32 MHZ with precision digital tuning & crystai 
zero-beat and corrector each 100 KHz . . . only $595.00. 
R390A/URR adds the sharper CW selectlvlty of mechanical 
fllters, only $795.00. Dual-Diversity TTY converter AN/ 
URA.8 in  very exc. cond. grtd 100% OK only $TI520 
I f  you don't see i t  here ask for it! 
Or ask for the KIND bf material you want. But don't ask 
for a general catalog . . . we believe that Is nonsense in  
surplus . . . we get new things i n  almost every day! WE 
ALSO BUY! So tel l  us what you have, condition, and your 
askina oriec. 

STUD NUT - THENEW 
u n i t i z e d  f a s t e n e r  f o r  r a p i d  a n d  convenient 
m o u n t i n g  o f  threaded-stud,  so l i d -s ta te  devices.  

. . 

0 

%! - 
SF' 

.J 

s 

-,.- . & 
3 <' 

Replaces 5 separate items of hardware now required for 
mounting SCR's, Zeners, Diodes and Power Transistors. 

PROVIDES - Exact stud centering for maximum voltage 
insulation - Stud isolation from mounting surface - Locking action - Electrical connectlon to device stud 

Rated to 3 0  Amperes, continuous. Mounted with std. 
7/16'' hex-nut driver. 
Supplied with Mica washer for COMPLETE mounting k i t  
for # l o - 3 2  threaded stud devices. 

Package of 4 STUD-NUTS & WASHERS - $1.00 
Package of 24  STUD-NUTS & WASHERS - $5.00 

SCF Corp. P. O. BOX 999, Hlghtstown, N. J. 08520 

. . . . . . . . . . . . . . . . . . 
RADIO AMATEURS MAP OF NORTH AMERICA! Fu l l  
color. 30"  x 25" - i n c l u d e s  Cen t ra l  A m e r ~ c a  a n d  t h e  
Caribbean t o  t h e  equator ,  show lng  c a l l  areas, zone 
boundaries. pref ixes a n d  t i m e  zones. FCC f requency 
cha r t ,  p l u s  i n fo rma t i ve  l n fo rma t lon  o n  e a c h  o f  t h e  5 0  
U n ~ t e d  States a n d  o the r  Coun t r i es .  . . pos tpa id  $1.25 
WORLD ATUS - O n l y  a t l a s  c o m p i l e d  fo r  rad io  ama. 
teurs. Packed w i t h  wor ld-wide i n fo rma t ion  - inc ludes  
11 maps.  I n  4 co lo rs  w i t h  zone  boundar ies  a n d  coun-  
try pref ixes o n  each  map.  A l so  i nc ludes  a po la r  pro-  
ject ion m a p  o f  t h e  wor ld  p l u s  a m a p  of t h e  Antarct ica 
- a  c o m p l e t e  se t  o f  m a p s  o f  t h e  world. 20  pages. 
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11 I1 F.M. MOTOROLA GOVERNMENT 

A HANDSOME PAIR 
MATCHING 

BOUND VOLUMES and BINDERS 
Binders $3.95 
1969 & 1970 

Bound Volumes each $14.95 1 HAM RADIO MAGAZINE 
B R E E N V I L L E ,  N. H. 0 3 0 4 8  

MORE RANGE . . . I with NO NOISE 

Also - P o m r  Suppllrs 
Amplifiers 
Modules, i t c .  
Wrltc - Dent. HR 

SURPLU 
Used 

R -394  R E C E I V E R  
152.172 MC $14.95 

1 - 2 7 8  T R A N S M l l T E R  
152-172 MC .... 18.95 

R-257  R E C E I V E R  
2 5 - 5 0  MC 19.95 

1 - 2 0 8  TRANSMI~~%R 
2 5 - 5 0  M C  29.95 

C Y - 9 3 8  C A B I N E T  7.95 
C -847  C O N T R O L  BOX 

8.95 

send For Our BIG CATALOG No. 71 

1 543A W. 184th St., Gardena, Calif. 90248 ( 

- FIRE & BURGLAR ALARMS 
1 9 7 1  H a n d b o o k  L C a t a l o g  

I ' r ~ t l ~ . \ \ i n n n l  q i t i p m e n t  f r ~ u l !  f amous  m a n u -  
f nc t t l r r r r .  IC;tsy s tep by step i l l ~ l r t r n t r d  ins tn tc t inns.  
n o  . ; p r v ~ : ~ l  tor>lq r t . q i i i r d .  Savc. I I ~  t n  75%. Thin 
hnnd l>~~c , k  ir it l n l t r t  f o r  eve ry  homt.ou.ner a n d  b t t r i -  
nrssm;in. J ~ t s t  $ 1  rash. check 1,r h1.O. 

\V r i t e  \\'I JFT 

ALARM COMPONENT DISTRIBUTORS 
33 N E W  H A V E N  AVE.. DEPT .  H R  

M I L F O R D ,  C O N N .  0 6 4 6 0  
~ -. -. - - - - - - 

KOJO AUDIO FILTERS FOR SSB AND CW 
The KOJO aud~o f i l lers can greatly llnprove reception 

on a l l  recelvcrr, wen the most rophirticated receivers. 
Large amounts of h~gh-frequency h~ss, background noise 
and sideband buckshot can be removed. 

The SSB fi l ter is of a low pass configuration, deslgned 
wi th  a sharp cutoff t o  prov~de a rejection of better than 
30 decibels at a l l  ham band frequencies above approxi- 
mately 3500 Hz. The f i l te r  is spec i f~c~al ly  designed to be 
placed i n  a low.impedance line for earphones or spraker. 

The CW f i l te r  has a 
spot frequency of 780 Hz 
and a passband of 1100 
Hz w i t h  a re ference 
level 40 decibels below . v the 'signal level a t  the 

DELUXE des ign frequency. The 
peak of the parsband IS 
100 Hz wide at the -3 
decibel reference points. - Thr CW f l l te r  is specifl- 
cally des~gned for low. 

impedance input and high-impedance output. High-imped- 
ance crystal earphones are recommended. However w ~ t h  
low impedance earphones a small auxlilary ampliher or 
impedance matching transformer may be used. 

KOJO filters ar r  made up of top grade coils and com- 
ponents and are available in easy t o  assemble k i t  form 
wi th  simpltfied instruct~ons, or In  a deluxe model. The 
deluxe model ur Completely bui l t  up and ready for use and 
IS enclosed i n  a Gray cabinet" w i lh  convenient IN-OUT 
:witch. 

Try a KOJO and s n  what you can hcar now and could 
not clearly hcar before. 
*Slight cabinet layout changes subject t o  take place 
without notice. 

C W  F i l t e r  K i t  $ 7.95 D e l u x e  C W  F i l t e r  
S S B  F i l t e r  K i t  111.95 D e l u x e  S S B  F i l t e r  f::::; 
Al l  filters shtppd postpaid. Arizona residents add 
sales tax. 

THE J. LYNCH CO. 
P. 0. B o x  7774,  Phoen i x ,  A r i z o n a  8 5 0 1 1  
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check-off 
. . .  for literature, in a hurry - 

we'll rush your name to the companies 
whose names you "check-off" 

INDEX 
-Alarm -K W 
-American Crystal -L A 

-Antec -Lampkin 
-Arizona -Lee 

-Baker & Winnay -Lewispaul 
-Barry -Lynch 

--Bob-Frank -M B 
-Bob's -Micro.Z 

-Bristol -Morse 
-Circuit Specialists -National Radio 

-Collins -National Sales 
-Comdel -Newtronics 

-Communications World -Palomar 
-Comtec -Pennwood 

-Curtis -Pickering 
-Cushcraft -RMV 

--Digi-Key -RP 
-Drake -Radiation 

--DyComm -Callbook 
-Dynamic Technology -Radio Constructor 

-Ehrhorn -SCF 
-Eimac -Saroc 

-ElectronicDistributors -Savoy 
-Erikson -Semtech 

-Estes -Sentry 
-Fair -Spectronics 

-Goodheart -Spectrum 
-Gray -Structural Glass 

-H & H -Surplus 
-H & L -Swan 

-HAL -Top.Band Systems 
-Heights -Tri.Rio 

-Henry -Vanguard 
-International Crystal -WCI 

-Weinschenke~ 
-Wheatlands 
-World QSL 

August 1971 
Please use before September 30, 1971 

Tear off  and mai l  t o  
HAM RADIO MAGAZINE - "check-off" 
Greenville, N. H. 03048 

..................................................................................................... NAME 

CALL  ................................ ... .................. 

STREET 

................................................................................................ CITY 

.................................................................... STATE ZIP ......... 

Alarm Component Distributors ................................ 
American Crystal Co. ..................................................... 

Bob-Frank Electronics ................................................... 
Bob's Discount Electronics ................................ 
Bristol Radio & Electric Co. ........................................ 
Circui t  Specialists Co. ................................................ 
Collins Radio Co. ........................................................... 

Erikson Communications ......................................... 
Estes Engineering Co. ............................................. 
Fair Radio Sales ....................... ... ..................... 
G & G Radio El 
Goodheart Co., 
Gray Electronic 

H & H Enginee 
H & L Associat 

............................ 

LA Electronix Sales ............................... 43, 69, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lee Electronic Labs. Co. 

Lewispaul Elec 
Lynch Co.. J. 
MB Products 
Micro-Z Co. ........................................................... 
Morse Telegraphers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Na t~ona l  Radio Co.. Inc. 72 
Newtronlcs Corp. 63 
Palomar Engineers 68, 69 
Pennwood Numechr 91 
Plckerlng Radlo Co., Inc. 91 
RMV Electronics 90 
RP Electron~cs 66 
Radlo Amateur Callbook, Inc 84, 88, 92 
Radlo Constructor 

SCF Corporation 

Structural Glass 
Surplus Electron1 
Swan Electron~cs 

Top-Band System 
Trl.Rlo Electron~cs 
Vanguard Labs 85 
WCI 85 
We~nschenker. M 35 
Wheatlands 86 
World QSL B 9 1 
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Now you don't have to pay 
twice the price 

to get twice the rig. 

Picture this pair in OI 
your shack. The Yaesu C) - 
FLdx 400 transmitter . - 
and the FRdx 400 4 -o-.o- 
receiver. Loaded w ~ t h  - -- -- - 

0- 
power. Loaded with w 
sens~tivity. Loaded with features. Loaded 
with value. Read on, and d~scover how you 
can have the most up-to-date receiver- 
transmitter rig in the world.. . and at an 
unbelievably low price. 

The FRdx 400 Receiver 
Get a big ear on the world with complete 

amateur band coverage from 160 meters 
through 2 meters, including WWV and CB 
reception. Four mechanical filters do it - 
they provide CW, SSB, AM and FM selec- 
tivity. Separate AM-SSB-FM detectors are 
included, along with squelch and transmit 
monitor controls. Plus a noise limiter and 
a variable delay AGC. And a built-in notch 
filter with front panel adjust for notch depth. 

The FRdx includes calibration markers at 
100 KHz and 25 KHz, with accurate cali- 
brator checks verified by WWV. A solid- 
state FET VFO for unshakable stability. And 
a direct-reading 1 KHz dial affords fre- 
quency read-out to less than 200 Hertz. 

The FRdx 400 sells for $359.95. 

The FLdx 400 Transmitter 
Here's how to set yourself up with dual 

receive, transceive or split VFO operation. 
The FLdx 400 with its companion receiver 
brings you the ultimate in operational flex- 
ibility. Flexibility like frequency spotting, 
VOX, break-in CW, SSB, AM and even an 
optional FSK circuit. 

The completely self-contained FLdx 400 
features a built-in power supply, fully adjust- 
able VOX, a mechanical SSB filter, metered 
ALC, IC and PO. A completely solid-state 
FET VFO provides rock-solid frequency 
stability. 

We rate the FLdx 400 very conservatively. 
That rating guarantees you 240 W PEP input 
SSB, 120 W CW and 75 W AM. The FSK 
option will go all day at a continuous 75 W. 
And you get full frequency coverage on all 
amateur bands - 80 meters through 10 

- - .I -------- 2 

w 11 11 
meters - with an optional provision for 
certain other bands that you can person- 
ally specify. For all that, you pay just 
$299.95. 

.Iy 
I i l :  F L B C I I I C I R  

FL2000 B Linear Amplifier. 
Ideal companion to the Series 400, this 

hand-crafted linear is another example of 
Yaesu's unbeatable combination of high 
quality and low cost. Designed to operate 
at 1500 watts PEP SSB and 1000 watts CW, 
this unit provides superb regulation- 
achieved by a filter system with 28 UF effec- 
tive capacity. 

Other features include dual cooling fans 
(one for each tube), individual tuned input 
coils on each band for maximum efficiency 
and low distortion, and a final amplifier of 
the grounded grid type using two rugged 
carbon-plate 572 B tubes. Ready to operate 
at only $299.95. 

SPECTRONlCS WEST 

SPECTRONlCS EAST 
l),,l,l I 1  I{", 1 4 ,  ,., #,, OI,l<, !112 !  (216 ' I : {  1.10 I-------------------- 

Please send new color catalog of a l l  Yaesu I 
I products I 

I 1 Enclosed find S - -- - i 
I Please send model(s) - -- - . - I 
I I I Name - -- I 
I Address - - - - . - - -. I 
I I City - . . State - - Zip- 

I 
A l l  prices F.O.B. Signal Hill. Ca. 

I 
I----,----,,,,,--,,,, I 
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Repair by mail. 

Except for driver and finals, the Yaesu FT-101 is 
all solid state. Ten FET's, 3 IC's, 31 silicon tran- 
sistors and 38 silicon diodes do the job- 
solidly. Most of these components are found on 
computer-type plug-in modules. Should one of 
them ever give you trouble, just send us the 
module. We'll send you a factory-new replace- 
ment by return mail. 

But with the FT-101, you can expect every- 
thing but trouble. Like a built-in VOX, 25 KHz 
and 100 KHz calibrators, the WWV 10 MHz band, 

a high Q permeability tuned RF stage and a 5 
KHz clarifier. All of that in a portable rig that 
sounds like it was home base. 

The FT-101 is thirty pounds of power. You can 
work the world on 260 W PEP, 180 W CW or 80 
W AM maximum input power. The world between 
80 meters and 10 meters. And you'll hear it back 
with 0.3 microvolts sensitivity -and a 10 db 
signal-to-noise ratio. 

This rig even includes 12 VDC and 117 VAC 

built-in power supplies right in the package. You 
supply the 12 or 117 volts plus an antenna and 
you're air-ready. 

For in-motion operation, a noise blanker is 
essential. We didn't forget to include it in the 
FT-101. It picks out noise spikes and leaves you 
with nothing but clean, crisp signal copy. 

Though plug-in modules mean quick, conveni- 
ent repair, we don't really expect to hear from 
FT-101 owners. Unless it's on the air. Maybe 
that's why we unconditionally guarantee it for 
a year. The FT-101 -only $499.95. 

SPECTRONICS WEST 

SPECTRONlCS EAST 
Ilrpl 1-1 lBox 14;- \ICIW 0 h 1 i 1  JJ??I / (21h1 721 3567 .................... 

I Please send new color catalog of all Yaesu I 
I products. 
I 

I 
I Enclosed find S 1 

I Please send model(s) 
I 

I 
I 

I Name 
I 
I 

I Address 
I 

I 
I C"Y State- ZIP 

I 
All prlces F 0 B Signal Hill. Ca I 

I--------------------l 
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For $450, 
you just can't beat 
the Yaesu FTdx 560. 

You can't even beat it 
for $800. 

How come the Yaesu is such a good 
deal? 

F i r s t  o f  a l l ,  i t ' s  made i n  Japan,  
where people do painstaking electronic 
assembly work for a lot less money than 
they do in the U.S. Secondly, it's prob- 
ably the highest qual i ty transceiver 
made anywhere in the world, regardless 
of cost. 

Also we import the Yaesu and sell 
it direct to you, eliminating the usual 
dealer profit. 

The Yaesu FTdx 560 is a fully assem- 
bled, fully guaranteed transceiver with 
560 watts PEP of SSB power, 500 CW. 
Included in the selling price are many 
of the things you usually have to pay 
extra for. Like power supply, WWV, cali- 
brators, VOX and the one-year warranty. 
And a lot more. 

SPECTRONlCS WEST 
I)r,l>l t i ,  IJ'II E. 2RlIl. \~sn.ll I I I I I ,  ( ' 1  'IliilO(,i 12131 4Lh-.!Wl 

SPECTRONlCS EAST 

To see how much more you get with 
Yaesu, send for our new information 
packet. It includes things like a chart 
and photos that compare Yaesu and 
Yaesu workmanship with other trans- 
ceivers, plus a complete schematic. 
Study this packet and you'll see right 
away how much more value there is in 
a Yaesu. 

.................... 
I Please send new color catalog of all Yaesu I 
I products. 1 

I Enclosed And l I 
I 

I Please send model(s) I 
Name 

I 
I 

1 Address I 
City S t a t e Z i p  I 

I All prices F.O.B. Signal Hill. Ca. I 
I 



NEW! Improved 
rugged 8X22W9s, 

8A2 !.W7s, 8072 W's, and 8828 W's, 
from a - EIMAC 

EIMAC's new 8122W family of premium, have experienced problems under 
second generation tubes are directly environmental or electrical stress. 
interchangeable with earlier equivalents 

EIMAC's unique 8122W electron-gun 
in most FM, linear or modulated 

structure is available in four anode 
equipments. 

configurations: Axial air flow cooling 
These rugged, long life power tetrodes 
combine high screen dissipation and 
excellent thermal stability in a heavy 
duty structure which gives you improved 
performance in demanding communi- 
cation circuits. 

EIMAC's new design features rigid 
precision-wound gold plated molybde- 
num wire grids. The result is a direct- 
replacement tube with higher screen 
overload capability and greater resist- 
ance to shock and vibration. The 
ElMAC 8122W family is ideal for 

(8122W), Transverse air flow cooling 
(8121 W), coolerless (8072W) and 

conduction cooled (8828W). Special 
heat sink coolers are also available 

upon request. 

EIMAC's Application Engineering 
Section stands ready to assist you in 

designing these exceptional tubes 
in new equipments. Contact EIMAC 

Division of Varian, 301 Industrial Way, 
San Carlos, California 94070, or your 

nearest Varian/EIMAC Electron 
Tube and Device Group Sales 

applications where you Office. 

rj n 
varian 
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