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EVER WONDER 
IF YOU'RE WANDERING ? 
With a Collins 32s-3 Transmitter, you'll know 
you're locked on frequency. That's because 
the 328-3 has Collins' stable PTO, plus crystal- 
controlled beat frequency and HF conversion 

~ ; o l , l , l  *\S 

oscillators. 
Don't be a drifter. See your Collins distributor. 
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Great Things are 
Happening with 

E Verticals at 4n =!S/ey kc 
.All New 3 and 5 Band Operation 

Improved 4-Band Performance 
New Simplified Ground Mount 

.Versatile Cround or Roof-Top Installation 
Mosley's World-Renowned TRAP-MASTER traps offer a new 

dimension in Vert ical Performance . . . plus easy, low 
cost installation. Three New RV-Series Vert icals w i th  the 

Versat i l i ty  of Six! New design - from the Simplified 
Ground Mount ( no longer i s  a concrete footing necessary) 

to the addit ion of a 'Top Hat' where i t  counts most for 
a low. low angle of roof-top radiation. 

Trap-Master Vert icals w i l l  take you places . . . Outstanding 
Omni-Directional Radiation - Top DX-Ability. Whatever 
your needs, Mosley has a New RV-Vertical designed and 

engineered to  give you a real 5-9 signal. 

.Model RV-3C for 10, 15. and 20 Meter Bands 
.Model RV-4C for 10, 15, 20, and 40 Meter Bands 

.Model RV-5C for 10. 15, 20. 40, and 75/80 Meter Bands 

For detailed Brochure on Specifications and Performance 
Data. see your nearest authorized Mosley dealer, or write 

factory direct: Dept. 170 

461 0 N. Lindbergh Blvd., 
~ ~ S / O Y  &&&&A Bridgeton, Mo. 63042 
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.well it will take someone 
with manufacturing 
"know how" to do it 

But of more importance the crystal must be manufactured 
to  Strict Specifications, have good activity and operate 
"on frequency" in the circuit for which it was ordered. 

SENTRY can manufacture crystals for all two-way radio 
equipment: Commercial, Amateur, Airc~aft, Militar and 
Citizen Band. You need only to spec~fy the moJe~ of 
set and channel frequency. 
You don't believe it, when we say - ''Buy the Best'? 

You are satisfied with high prices? 

You are satisfied with your present supplier? 

You are satisfied with ''second best"? ( QUARTZ CRYSTALS AND ELECTRONICS ' 
I FOR THE COMMUNICATIONS INDUSTRY. / 

Until you try SENTRY you will never know! I IT WILL COST YOU NOTHING! I 

Try Us! Make Us Prove I t l  "Buy the Best" b ,,,---,,,,,-,-,,------------- -- ---- -1 

SENTRY MANUFACTURING COMPANY 
1634 linwood Boulevard- Oklahoma City, Oklahoma 73106 r ' r  PHONE: 405-232-1431 
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S .Y jim 
O ond IOO k fisk 

In case you don't know it, the frequency 
spectrum above 30 MHz i s  in serious trouble. 
Communications technology has outstripped 
our methods for controlling it and many har- 
ried users are clamoring for more space. The 
FCC has traditionally allocated blocks of fre- 
quencies to various users-in the vhf and 
uhf range they have taken advantage of line- 
of-sight propagation to allocate the same fre- 
quencies to various sections of the country. 
However, with satellite communications, a 
new problem arises: since a single satellite 
signal blankets a large region, the same fre- 
quency can't be allocated in other areas. 

In the past, when a particular band of fre- 
quencies became too crowded, we simply 
improved our technology and moved higher 
in the spectrum. However, now the only 
higher bands lie in the region above 10,000 
MHz. These frequencies are not too attrac- 
tive, even if we develop equipment to use 
them, because of high atmospheric attenua- 
tion. 

A four-year study sponsored by the IEEE 
and the EIA has recommended the allocation 
of space on the basis of need rather than the 
existing "block" approach. This is where the 
amateur frequencies are liable to be looked 
at very closely. Although our bands represent 
a small portion of the total spectrum between 
30 and 960 MHz (about Solo) ,  a complete 
overhaul may reduce this-particularly if the 
overhaul is based on use and need! 

Some of the other recommendations pro- 
posed for putting more transmitters into the 
same amount of space include: more "split- 
ting" to reduce the originally-assigned band- 
width to make room for other users, narrow- 
ing the 6-MHz now allowed for TV stations 
so that adjacent and in-between frequencies 
can be used for other purposes, and tighten- 
ing of standards for both receivers and trans- 

mitters to conserve bandwidth. This last pro- 
posal could have some interesting effects on 
amateur operation-for one thing, improved 
standards governing receiver susceptibility 
could reduce TVI problems. O n  the other 
hand, improved standards might carry a 
"type-acceptance" clause that could elimi- 
nate our traditional privilege of building our 
own equipment. 

In addition to the four-year study spon- 
sored by the IEEE and the EIA, the President's 
Task Force on Communications Policy is 
working on the problem. Although their re- 
port was originally due in the summer, it's 
not expected to be released until this month. 
Among other things, it's expected that they 
will recommend a new Department of Tele- 
communications with a Cabinet-level admin- 
istrator or the creation of a telecommunica- 
tions agency along the lines of NASA or the 
FAA. 

Although no action is expected this year, 
things are apt to happen when the new 
President takes office. However, before the 
government makes any drastic changes, 
they'll probably set up a pilot project in a 
representative region to test the recommend- 
ed frequency allocation concepts. Now i s  the 
time to think about vhf-not after the seri- 
ous action starts. Conduct your close-in com- 
munications and rag chews on the bands 
above 100 MHz, resolve to get on 220 and 
432, and if you're already on 432, consider 
going to 1296 or 2304 MHz. If you're a mem- 
ber of a local traffic net, consider moving 
from 75 meters to vhf-you'll get the same 
coverage with less QRM. We may not be 
able to save everything from other frequency- 
hungry services, but we should give it a jolly 
good try. 

Jim Fisk, WlDTY 
Editor 
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THE NEW SWAN TV-2 TRANSVERTER 

2 METER SINGLE SIDEBAND 
144-148 MC 240 WATTS P.E.P. INPUT. THE TV-2 IS A TOP 
QUALITY RECEIVING AND TRANSMtTTlNG CONVERTER FOR 
THE 2 METER BAND. . . . DESIGNED TO OPERATE WITH 
SWAN TRANSCEIVERS, MODELS 250,350,350-C, 400,500 AND 
500-C. 14 MC INTERMEDIATE FREQUENCY IS STANDARD, 
HOWEVER ADDITIONAL CRYSTALS MAY BE ADDED AND 
SWITCHED I N  FOR OTHER PORTIONS OF THE 2 METER BAND. 
THE TV-2 MAY, OF COURSE, BE ADAPTED TO OTHER 
TRANSCEIVERS ALSO. PRICE: $295.00 

I - i v n r ~ ,  It'c~rfio h c ~ s  a grocrt crr~trr~r~rr pnr./:cl#c- progtclnl . . . ht f i  srrr.ings. M'ritr lor li!rraturr. 

EASY FINANCING 10% DOWN OR TRADE-IN DOWN N O  FINANCE CHARGE IF 

PAID IN  90 DAYS GOOD RECONDITIONED APPARATUS Nearly all makes & models. 
Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back 
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin. 

CALL DIRECT USE AREA CODE 

Butler, M~ssour~ 64730 816 679 3127 
11240 W Olyrnp~c. Los Angeles, Cal~f . 90064 213 477 6701 
93 1 N Eucltd. Anahelm. Cal~f  , 92801 714 772 9200 

'*World'< L,lrgest Distributor of Amateur Radio Equiprnc?r~t" 
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The design of a high-power linear amplifier 
for 432 MHz poses some interesting prob- 
lems. Most important is choosing the tube 
to be used. Most medium-cost transmitting 
tubes tend to "run out of gas" in this portion 
of the radio frequency spectrum while others 
require extensive and expensive cavity en- 
closures to make them play. The vhf en- 
thusiast, then, is severely limited in his 
approach to high power on 432 MHz, and 
the goal of a so-called "two-kilowatt PEP" 
amplifier has been outside practical radio 
amateur capabilities until now. 

The new Eimac 3CX1000A7 ceramic zero- 
bias triode shows promise of superior per- 
formance in the vhf region. This interesting 
"bottle" resembles the well-known 4CX1000A 
in general shape and outward appearance, 
although electrically it i s  a cousin to the 3- 
10002. Although the 3CX1000A7 is rated for 
operation to 220 MHz, it has been run on an 
experimental basis at higher frequencies. 

Suggested maximum peak-power input in 
the high-frequency region i s  2000 watts (2500 
volts at 800 mA) with maximum peak power 
output of 1200 watts. Peak drive power, ac- 
cording to the data sheet, is 67 watts. The 
all-important question, of course, is, "How 
closely can these low-frequency operating 
conditions be duplicated at 432 MHz where 
circuit losses are higher, tube efficiency low- 
er and driving power dearer?" 

Since no operational data for the 3CX- 
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1000A7 was available for 432 MHz, the only 
answer was to build an amplifier, try the 
tube at this frequency and obtain the results 
on a first-hand basis. A grounded-grid 
cathode-driven configuration was chosen, as 
shown in fig. 1. 

strip-line plate circuit 
In the interest of simplicity, i t  was decided 

to try the simple strip-line plate tank circuit 
shown in fig. 2. Since the output capacitance 

seemingly large value would pose problems 
at 432 MHz. We hoped that excessive driving 
power wouldn't be expended in the charging 
currents flowing through the input capaci- 
tance and that the power gain of the stage 
wouldn't be excessively low. Both of these 
difficulties were overcome by properly de- 
signed tank circuits. 

The plate circuit strip line consists of a 'Is- 
inch-thick copper plate, rounded at one end 
and placed in an aluminum cavity box. The 

The half-wavelength strip line is supported at anode height by two ceramic insulators. Anode of 3CXlWOA7 is 
encircled by copper collar bolted to strip line; the inner circumference is lined with flexible finger stock. Plate 
rf choke is at right and antenna capacitor plate is mountad to coaxial plug. Edge of the plate-tuning capacitor 
is visible below end of strip line. 

of the 3CX1000A7 is only about 15 pF in the 
grounded-grid configuration, a half-wave- 
length plate line was chosen. Even so, a large 
portion of the line is swallowed up inside 
the tube because of its internal capacitance 
and rather large physical size. The half-wave- 
length line eased coupling problems and 
promised better operating efficiency than a 
shorter line. 

The input capacitance of the 3CX1000A7 
i s  approximately 30 pF. We thought this 

rounded end of the strip line encircles the 
anode of the 3CX1000A7 and i s  connected to 
i t  with a matching copper collar, fig. 3, with 
flexible finger stock soldered to its inner 
circumference. 

The collar is bolted to the strip line which, 
in turn, i s  supported at the center by a pair 
of 2-inch high ceramic insulators. The free 
end of the strip line is capacitance tuned by 
means of a copper flipper that i s  hinged to 
the chassis and moved to and fro by the arm 
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C1 Coupling capacitor. Copper tab 1" x %" 
spaced approximately 'A" from plate line. 
Tab is supported by copper rod 0.188" 
diameter, soldered to center pin of coaxial 
connector J2. Rod may be made from center 
conductor taken from RG-17/U coaxial cable 

C2 Tuning capacitor. Aluminum tab 1" x 4" 
spaced about ' /r" to Ih" from plate line. 
Tab is portion of longer strip bent in an 
inverted L with brass hinge at bottom. 
Hinge is jumpered with copper shim stock 
to provide low-impedance ground path. Tab 
is moved by an eccentric arm and 311" 
diameter taflon drive rod driven by worm 
gear 

C4 50 pF (Centralab 850s-502) 

C5, C6 200 pF, 30 A capacity (Erie 482-463-10) 

C7, C8 0.01 ,LF, 30 A capacity (Sprague 80-P3) 

C9 3 pF. Grounded to two through-bolts of the 
socket assembly. Connect bolts in parallel 
and to one side of capacitor (Centralab 
855-32) 

RFC 15 turns number 16, '1." diameter, 1-'la" long 

T I  5 V, 30 A filament transformer (Stencor P- 
6468) 

C3 220-pF dipped silver mica capacitors (4 Blower 80 cubic feet per minute (Dayton 1C-180) 
required) mounted from heater terminals to 
socket ring Socket Eimac SK-870 

fig. 1. Schematic diagram of the kilowatt amplifier for 432 MHz. 

and worm gear arrangement shown in the 
photo. The antenna circuit is capacitively 
coupled at this end of the line. 

grid circuit 
The grid of the 3C1000A7 i s  at nominal 

ground potential since the Eimac SK-870 air- 
system socket grounds the multiple grid 
terminals to the chassis. Even so, the grid 
structure within the tube is above ground at 
432 MHz by virtue of the small but discrete 

cumulative inductance of the socket, grid 
terminals and grid cone assembly within the 
tube. A portion of the driving voltage appears 
across this cumulative grid inductance, and 
makes the circuit degenerative and reduces 
the input-to-output isolat~on of the tube. 

Improved circuit stability and increased 
stage gain is achieved by adding a small 
capacitance between the input circuit and the 
grid circuit at the tube socket terminals. This 
partially compensates for the effects of the 
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inductance of the socket and internal grid 
structure of the tube. 

filament circuit 
The I~roadly resonant tuned filament circuit 

is composed of a segment of parallel trans- 
mission line run from the socket terminals 
to feedthrough capacitors mountcd on a 
nearby aluminum brackcl. From this point, 
shielded filament leads run to a second pair 
of fccd~hrougli capacitors mounted on the 
chassis deck. The filament transformer is 
mounted above the cleck in a corner of the 
main chassis out of the field of the amplifier 
plate-tank assembly. 

amplifier construction 
Aml~l i f ier construction is relatively easy and 

simple. The complctc aswmbly is mounted 
on a 10 x 17 x 3-inch aluniinuni chassis, sup- 
ported behind a 13-inch relay-rack panel. A 
space is left between the chassis and panel 
to accommodate the gear mechanism of the 
plate-circuit counter clial. 

The plate-circuit a5sembly box is a standard 
aluminum enclosure measuring 6 x 4 x 10 

inches, with removable 6 x 10-inch sides. The 
box is firmly bolted to the chassis by the lips 
of one of the open siclcs and the other side 
serves as the top of the enclosure. 

In order to cool the 3CX1000A7 properly, 
a blower i s  used, and the under-chassis area 
is pressurizecl by a bottom plate. The air is 
fed through the tube socket, past the anode 
of the tube, and exhausted through the 
perforatccl top plate of the amplifier box. 

The half-wavelength anode strip line is 
shown in  fig. 2. A copper ring is cut on a 
lathe, and the anode finger stock* i s  soldered 
to the inner diameter of the ring. The ring 
is drillcd for sixteen 4-40 screws and firmly 
bolted to the strip line. The whole assembly 
is supported over the tuhe socket opening by 
two ccraniic insulators. The electrical center 
of the plate line is very nearly at the outer 
anode diamcler of the tubc, so the plate rf 
choke is attached at this point as shown in  
the photograph. 

Eimac CF-3Dn. Available from Allicd Radio Corpora- 
tion, 100 N. Wrrtcrn Avcnuc, Chicago, Ill~nois 
60680. Ordrr catalog number 47E2087. $5.80 plus 
postage; shipping weight 12 ounces. 

Underneath the amplifier. Socket and filament lines are at right; input connector is 
tapped on one line at approximately mid-point. The surplus gear drive and flexible 
couplers connect the plate-tuning capacitor to the counter dial on the front panel. 
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The complete anode assembly with the 
3CX1000A7 in  the socket resonates near the 
high end of the 432-MHz band. A small vari- 
able capacitance placed at the opposite end 
of the line from the tube permits circuit 
resonance across the complete amateur band. 

The plate-tuning capacitor is built from a 
brass hinge purchased at the local hardware 
store. The hinge is attached to the chassis 
and supports an inverted L-shaped aluminum 
plate, which swings in close proximity to the 
strip line. When the top portion of the plate 
is parallel to the plate line, i t  is about 3/s-inch 
away from the line. 

The moving part of the hinge is jumpered 
with a wide strap of flashing copper. The 
hinge provides mechanical stability-electri- 
cal conductivity through the hinge joint is 
~ r o v i d e d  by the flashing copper. The capaci- 
tor is varied by means of an eccentric arm 
driven by an under-chassis worm drive from 
the counter dial. A '14-inch diameter teflon 
rod insulates the drive system from the 
hinged capacitor plate. 

The filament line is made of two Cinch 
lengths of number-10 copper wire spaced V4- 

fig. 3. Anode ring 
for the strip-line 
amplifier. Make 
from %" copper. 

mu a TAP 

inch apart. They are bent back to reach the 
filament bypass capacitors mounted on an 
aluminum bracket in the corner of the chassis. 
The filament circuit tunes quite broadly and 
is relatively uncritical. 

The rf drive point is attached to one leg 
of the line, near the midpoint, and may be 
juggled a bi t  to establish the lowest drive 
level after the amplifier is in  operation. This 
is best accomplished with a directional watt- 
meter i n  the drive line. In  the interest of con- 

serving drive power, RG-225lU teflon coaxial 
cable is used to couple the driver to the 
amplifier. 

The Eimac SK-870 air socket and chimney 
ground the multiple grid terminals of the 
3CX1000A7. Four small mica capacitors are 
placed across the heater terminals of the 
socket to bypass the two sides of the heater. 
The 3-pF neutralizing capacitor is connected 
from one side of the heater to a short length 
of wire soldered to two adjacent bolts of 
the mounting socket. 

fig. 2. Construction of the plate line. 
Make from '1s'' copper sheet and silver 
plate. 

A small value of cathode bias-17 volts- 
is applied to the 3CX1000A7 to reduce the 
zero-signal plate current. In lieu of an ex- 
pensive zener diode, a homebrew version 
was made by placing 13 bargain-counter 3- 
ampere stud rectifiers in series and using 
their summed forward voltage drop as zener 
bias. The rectifiers are rated at 50 volts PIV 
and provide enormous carrying capacity at 
minimum price. The diodes were mounted 
on a '14-inch aluminum plate with mica in- 
sulating washers and placed i n  the power 
supply unit. Alternatively, two IN4561 50- 

watt zener diodes may be connected in  series 
to provide a bias of 11.2 volts at a sub- 
stantially higher cost. 

The output circuit is capacitively coupled 
to the plate line by means of a small, semi- 
variable capacitor made of a copper tab sup- 
ported by the center pin of the coaxial an- 
tenna connector. The output circuit of the 
amplifier i s  designed for heavy-duty RG-17/U 
coaxial line. The mounting holes of the co- 
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axial connector arc made oversize; antenna 
coupling may he adjusted by loosening the 
bolts Iioldlng the connector to the chassis 

and moving ~t about in the mount~ng hole. 

amplifier adjustment 
Thc f~lanient line ant1 plate line may be 

The plate-tuning capacitor is made from an 
L-shaped aluminum plate and bress hinge. 
The hinge is shorted with copper foil for 
good electrical conductivity: flipper is driven 
with length of tellon rod and offset cam. The 
teflon rod is drilled at end and copper wire 
is passed through the rod and soldered to 
the plate with aluminum solder. Brass may be 
used for plate if desired. 

g r ~ ( l - ( l ~ p p ( ~ l  to 4 !.! .\tH/ \ v~ th  thv :!CXlO~lOtl~ 
in  the socLct ancl no voltages applied. Altcrn- 
ativcly, Ihe plate circuit may be tested cold 
11). applying grid drive (no plate or filament 
voltage) and coupling a drode voltmeter to 
the antenna terminal. The resonancc point 

shoulcl he acliievcd in  the mid-range of the 
"flipprr" capacitor. For "Iiot" adjustment, a 
duniniy load ancl po\vcr output indicator arc! 
rerluircd since plalc-current dip i s  not a true 

indicator o i  pcrformancc. 
For initial acljustnient, recluced plate volt- 

age, 2000 volts or so, and reduced rf drive 
are applierl to thc amplifier. The plate circuit 
i s  resonated for maximum o u t p ~ ~ t ,  and thr 

antcnna coupling capacitor (C7) is adjusted 
for best power transfer. Coupling exists be- 
tween the input and output circuits, and 

while the amplifier remains stable, grid 

current varies abruptly with plate-circuit 
tuning and loading. Grid current should run 
about 40 percent of the loaded plate current 
at all times. 

It may be necessary to experiment with 

the value of the feedback capacitor (C9) to 
obtain the proper ratio of grid-to-plate cur- 

rent at the full input level. Either a 3-pF or a 
5-pF capacitor may be used. A variable 
capacitor i s  not recommended at this point 
bccause the internal inductance of such a 
unit is too high. 

Once you have established a feel for the 

tuning, the plate voltage and drive may be 

increased to the values shown in  the table. 
The filament voltage should be reduced to 
the minimum value that wil l provide full out- 
put-about 4.7 volts or so. This is because 
backheatins tends to raise cathode tempcra- 
ture above normal. Standby bias i s  incorpo- 
rated in the power supply and is  removed 
for proper operation by shorting out the 
VOX terminals. 

\4'hen antcnna coupling is too heavy, 
resonancc indication of the plate current 
will be very broad, and the output will be 
low. When coupling is too light, you'll find 
a sharp resonancc combined with rather 
scvcre fluctuations in  grid current as the plate 
circuit is tuned. IVIien properly loaded, 
maximum power output wi l l  be achieved 
with the plate circuit slightly detuned from 
the apparent point of resonance, as noted on 

the plate meter. 

operation 
At a platc potcntial of 3000 volts and with 

670 mA of plate current, power output into 

a clunimy loacl nras measured at better than 
050 watts. This i s  an over-all ampl~fier 

efficiency of 41 percent and inclucles losses 
in the measuring circuit. Operating efficiency 

was estimatecl to I,e nearer 45 percent, with 

an actual  late-circuit power output of about 
900 \\,atts or better. Driving power was 

measured at 170 watts including circuit 

losses. Raising the plate voltagc to 4000 volts 
permitted a plate current of 900 mA for an 

input of 3.6 kilowatts w ~ t h  a measured out- 

put of 1.75 kilo~vatt into the load and an 
over-all efficiency of about 48 percent. 

A word of caution: the 3CX1000A7 has not 
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been rated for operation at this frequency 
nor for plate potentials above 3.5 kV. Experi- 
mental operations of this magnitude at this 
frequency exceed the warranty of the tube. 
In addition, it should be noted that full grid 
drive should not be applied without the plate 

circuit loaded and high voltage applied under 

any circumstances-otherwise the grid struct- 

ure may be damaged. The data derived i s  
based on an experimental test, and the 
Application Engineering department of the 
Eimac Division of Varian should be consulted 

before using this information for final equip- 
ment design. 

While this amplifier i s  an experimental 
unit, it points the way toward future ampli- 

fier design in the upper portion of the vhf 

spectrum. This design could be scaled down 

in size and power for a single 4CX250B run- 

ning at the 500-watt level. Meanwhile, tests 

to determine the full capability of the 
3CXIOOOA7 tube in the vhf region continue. 

ham radio 

using an outboard receiver with a transceiver 

There are many times when it's helpful to board receiver may be switched onto the 

have an outboard receiver available for listen- antenna and speaker at the flick of a switch. 

ing on frequencies other than your transmit When the transceiver is switched to transmit, 

frequency. Remote VFO's accomplish this in the speaker and antenna are automatically 

most cases, but not always. A good example connected to the transceiver. Relay K1 i s  a 

fig. 1. Here is a way LIMAR ~ U ~ P L I F I E R  

to use an outboard re- 
ceiver with your trans- 
ceiver for split-frequen- 
cy operation. 

T R a m E M R  

I LO RECDVER UXlLlPRV 
! RECTIKR - 

AUXILIARY RECEIVER 

115 VAC 1-1 
TRClNSCElVER 

' TRANSCEIKR RELAY CONTACTS; 
M S E D  ON TRINSYIT 

occurs when working DX stations on 80 

meters. With your transceiver tuned to 3850 
kHz, the preselector isn't peaked up on the 
European section of the band even if you 

have a remote VFO. Also, with a separate 
receiver, you can monitor other bands for 
activity. This is particularly useful when 

you're waiting for ten or fifteen meters to 
open up in the morning. 

With the circuit shown in  fig. 1, an out- 

K I :  I ISVff i  JPDT RELAY 
K2: C O l X l U  RELAY W T H  O W 1  CONTACTS 

3PDT relay and K2 is a 115-Vac coaxial relay 

with auxiliary dpdt contacts. Before con- 
necting this circuit to your transceiver, check 
the ratings on the external contacts of the 
relay in the transceiver; some of them are 
not designed for 115 volts. If th~s IS the 
case, you'll have to go to a lower voltage 

4pdt relay at K1  and use the extra contact 

to control the coaxial relay. 
Jim Fisk, WlDTY 
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Super -Pro & Sons 

Ask a commercial radio operator-he The HQ-11OA and VHF models are the 
knows the Super-pro! Ask a military com- only receivers you can operate from 160 
municator-he knows the Super-pro! Ask through 2 meters with evervthinr! built in! . , . , 
a ham - he knows the Super-pro! Contin- ~ ~ ~ t ~ ~ ~ - f ~ l l ,  the improved HX-50A Trans- 
uo'Jsl~ updated, the Super-pro i s  still a mitter permits novice and extra class alike, 
standard for commercial communica- unmatched operating versatility! 
tions world wide! 

The HXL-ONE 2000 
I n  the best Super-pro tradition, all wa t t  PIP Linear 

Hammarlund receivers offer you the same Amp l i f i e r  is n o t  

high standards of performance and called "Big Mouth" 

quality! by its owners with- 
o u t  good reason! 

The all new solid state HQ-215 Receiver 
i s  setting records of performance un- Hammarlund equipment i s  built by the 
matched by radios costing many dollars people who man our military production 
more! The HQ-180A and HQ-145A Re- lines- with a heritage beginning in 1910. 
ceivers are tops in their price range and 
give you high sensitivity with your choice So if it carries the name of Hammarlund 
of selectivity-from 540 khz to 30 mhz. -it 's got to be jpd G R e  ( 

Send for full specifications-we'll happily tell vou how to "Ham" with Hammarlund! 

THEHRlllmRRLUND MANUFACTURING 
COMPANY, INCORPORATED 

A sob' /d /nry  of L l ec t ro~ l~c  Assi.st,~r~cc (;o/porntioti 
MARS HILL, NORTH CAROLINA 28754 
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digital 
wind direction 

indicator 
I If you know that the wind speed i s  on the 

,, increase, you can certainly lower your beam 
N 

before the storm hits, but to many hams, the If you like wind direction is  important. This is especially 
0 

true if you can't lower your beam below sur- 
to turn your beam rounding buildings and trees, and must rely - 

on "turning the elements into the wind" for 

info the wind protection. Here is a digital wind-direction 
I? 
a. 
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indicator of relatively unusual design using 
integrated circuits. 

The usual method of remotely indicating 
wind-direction is to use a pair of selsyns. This 
scheme requires five wires between the sel- 
syn mounted on the weather-head and the 
indicator in the shack. Selsyns, while normal- 
ly very expensive, are available inexpensively 
as military surplus and are readily adaptable 
to wind-direction-indicator service. The fact 
that many surplus selsyns are designed for 
400 or 800 Hz is not a deterrent to hams; they 
just use them on 60 Hz with lower voltages. 

I used digital encoding for this indicator 
because I wanted to explore some new tech- 
niques. If you build this unit, you'll not only 
end up with a durable wind-direction indi- 
cator, you may also get a foothold on the 
rapidly expanding field of digital control and 
integrated-circuit logic. 

digital shaft encoder 
The heart of the indicator i s  the digital 

shaft encoder illustrated in fig. 1. This en- 
coder is a very simple one that wil l indicate 
only sixteen discrete directions (points of the 
compass). This example is a binary-coded 
disc; note that there are four tracks on it. 
These four tracks cut the information-carrying 
region of any direction sector into four boxes. 
Since any box can be white or black, every 
direction sector has a different pattern of 
black and white boxes. If you doubt this, go 

fig. 1. Binary-coded direction wheel. 

N 

through tnem and check. These black and 
white patterns can easily be converted to 
voltages by lamps and cadmium sulphide 
(CdS) photocells and transmitted to a remote 
readout. The wires necessary would be six; 
one common, four for CdS cells, and one for 
the lamp-supply voltage. 

As an example, the system could be con- 
nected as shown in fig. 2, with a + 1.5-volt 
cell to determine the logic-level. Assume a 
CdS cell "dark resistance" of 2 megohms and 
an "illuminated resistance" of 200 ohms. The 
output wi l l  be +I V when a cell is covered 
by a black box and nearly zero when covered 
by a white (clear) box. This gives the series 
of outputs listed in table 1. You may recog- 
nize this series of numbers as the binary 
equivalent of our decimal numbers zero 
through 15, i f  the segments were numbered 
clockwise starting at N (north). 

However, for direction indication, the ordi- 
nary binary-coded disc has a major drawback 

fig. 2. Cadmium-sulfide cell circuit. 

-if there are CdS cell misalignments, errors 
as great as 180" can occur. For this reason, we 
wi l l  use the Gray-scale coded disc shown i n  
fig. 3. Notice that on this disc, misalignment 
of a CdS cell can't cause an error greater than 
one sector. The voltage outputs using this 
disc are listed in table 2. This electrical code 
will appear at the shack end of a multi-con- 
ductor cable and resistor-battery combina- 
tion. 

digital decoding 
The binary code is used to actuate sixteen 

lamps that are labeled with the sixteen points 

September 1968 15 



table 1. Output from a binary-coded disc. table 2. Output from a Gray-scale coded disc. 

Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Binary Output 
Voltages 

0000 
0001 
0010 
OOH 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

of the compass (N, NNE, NE, etc). The decod- 
ing will be done with integrated-circuit four- 
input gates. These particular gates belong to 
the DTL (diode-transistor logic) family, but 
any of the other logic families would be 
used in a similar way. The main reason i used 
DTL logic was because DTL units were avail- 
able at a very low price. 

The 930 series of DTL integrated circuits 
come as close to an industry standard as any 
digital IC made. This series is made by Fair- 
child, Motorola, Raytheon, Sylvania and 
Texas Instruments, as well as several others. 
With such industry-wide acceptance of the 
930 series, and with so many companies 

fig. 3. Gray-scale direction wheel. 

Gray-scale Output 
Direction Voltages 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
SW 

wsw 
W 

WNW 
NW 

NNW 

0000 
0001 
OOH 
0010 
0110 
0111 
01 01 
0100 
1100 
H 0 1  
1111 
1110 
1010 
1011 
1001 
1000 

grinding them out to mil specs, it i s  only 
natural that a large quantity of rejects are 
available through the surplus electronics em- 
poriums. Such i s  the case in the San Franc~sco 
Bay Area, where 930 DTL series units are pro- 
duced, and where one local surplus store 

fig. 4. A four-input DTL gate 
using one-half of a Fairchild 
,uL930. 

A FWR- INWT 0 .TL .  GATE (HALF A p L 9 3 0 )  
Ece .+SV 

b 
AUX 

6 
ON0 

IN 

offers them at ten for a dollar-mixed, un- 
marked, and of unknown worth. I built the 
wind-direction indicator shown in  the photos 
from 930's and 946's that were gleaned from 
$5.00 worth of such offerings. 

Several large mail-order companies who 
specialize in surplus semiconductors have 
930 DTL series IC's for sale at 50c to $1.50 
each, depending on whether they are tested 
or not. While it's true that these are IC's 
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from a production line turning out units 
which sell for $10 and up, they may or may 
not be bargains. The reason for this is the 
Motorola MC830P DTL line, in the plastic 
dual-inline package. 

The MCR30P line is electrically identical to 
the 930 series but it is not in  a ceramic pack- 
age nor is i t  tested to military specifications. 
The MC830P and MC846P are $1.55 and $1.65 
respectively. This pricing makes the surplus 
mail-order units much less attractive because 
the MC830P series has defined specifications. 

The way these DTL gates are used is the 
crux of this system. To understand it we must 
take a look at the basic DTL gate. The circuit 
of a 930 four-input gate is shown in  fig. 4. 
With all four inputs open-circuited, or con- 
nected to +1.5 volts, the output level wil l be 
nearly zero since both transistors are con- 
ducting. If any one or more inputs are 

Gray-scale code wheel on the cadmium- 
sulfide cell mount. If you look closely, 
you can see three of the CdS cells. The 
tape side of the wheel is turned down so 

that it appears reversed from fig. 3. 

input number 2 is high and input number 3 
is high and input number 4 is high. This is 
called NAND logic (short for Negative AND) 
since the output has a logic state opposite 
from the inputs. Since the exclusive state wi l l  

fig. 5. Lamp-driver t s v  
circuit. I 

bud9 I V ,  SOmA 

be the one that lights the indicator, a "low" 
gate output is used for the turn-on signal. 
The circuit of fig. 5 will turn the lamp on 
when driven by a "low" gate output. 

The circuit of fig. 4 is generally abbreviated 
in  logic diagrams. A cornhination of fig. 4 and 
5 is drawn in fig. 6. I t  is the circuit of fig. 6 
which is duplicated sixteen times-once for 
each indicator lamp at each point of the 
compass. Each one of these circuits has the 
same function: when all four inputs are 
"high," the lamp lights. I f  the sixteen indi- 
cator circuits all work the same way, how is 
the lamp that corresponds to the digital code- 
wheel position lighted? Figs. 7 and 8 show 
the circuitry that does the job. 

fig. 6. Lamp-driver circuit 
and four-input gate. 

grounded, both transistors stop conducting, wx b m 
and the output level goes up to at least 3 
volts. We can sum this up by saying that the 
output is low when all the inputs are "high," 
and the output is "high" when any input is 
"low." 

The only exclusive state for the gate i s  Unlike the example of fig. 2, no 1.5-volt cell 
when all the inputs are high, the "and" con- is used to generate zero and 1-volt logic 
dition. That is, input number 1 is high and levels in  his system. I f  a dark square is des- 
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REWLATEO POWER SUPPLY FOR DlRECnON INOICATOR 

\ 

@ HEAT SINK YOUNTED T O  CHASSIS WITH 
INSULATINO MICA SPACER 

fig. 10. R e g u l a t e d  p o w e r  s u p p l y  f o r  the d i r e c t i o n  i n d i c a t o r .  

ignated as 1 and a white (clear) square as 
zero, the resistance of any of the four CdS 
cells is low for zero and high for 1. By con- 
necting each CdS cell from input to ground 
of a DTL inverter (a DTL gate with only one 
input used) we will get an output with the 
correct DTL logic levels, but inverted in sense. 
Another inverter is added to restore the sense 
of the input signal. 

If the CdS cells are designated as A, 6, C 
and D, the eight outputs wi l l  be A, A, 6, - - 
C, T, D, and D. A is the inverse of A, or as 
the logic designers say, "not A." So A will be - - 
1 when A is zero and zero when A is 1. 6, C 
and 5 are "not B," "not C" and "not D." By 
connecting A, A, B,%, C, z, D and D to the 
four-input gates as shown in fig. 8, the cor- 
rect gate (and only the correct gate) wi l l  al- 
ways end up with four l inputs when the wind 
vane points to the direction that corresponds 
to that gate. You can check this by methodi- 
cally going through and checking (by pencil- 
ing in  zero and 1) for each possible input 
condition (direction) and determining which 
gate has all its inputs at 1. 

construction 
The details of construction are shown in  

the photos. The indicator unit i s  built around 
a 3-112-inch rack panel with odd bits of 
scrap aluminum to form a box-type arrange- 
ment. The power supply is located in  the 
right-rear corner. The indicator circuits are 
built on  perforated Vector board (64AA18) 

i n  the front of the unit right next to the indi- 
cator lamps. The IC's are mounted on two 
six-section strips of etched-circuit board at 
the left center. The layout of these etched- 
circuit boards is  shown in fig. 9. Note that 
an rf-interference filter was put in  each of the 
four input signal lines to prevent false-trig- 
gering the DTL circuits with your transmitter. 
The particular filters I used are simple toroid- 
L, coaxial-C filters from the surplus store, but 
any good rf lowpass filter should do as well. 

The Gray-scale encoder wheel is cut from 
118-inch plexiglass, scribed, and the dark sec- 
tions pasted on with masking tape. The 
masking tape is then colored with a black 
felt marking pen. The Cd9 cell assembly is 
made from odd pieces of phenolic; the cells 
are held in  the holes with GE RTV Silastic 
which is widely available for caulking show- 
ers. 

Although this remote-wind direction indi- 
cator only indicates sixteen point of the 
compass, i t  eliminates most of the moving 
parts associated with remote indicators-in 
addition, you don't have to worry about a 
long multiconductor selsyn cable. The six- 
teen indicator points have another advantage 
-if you want to tie an antenna rotator to the 
wind-direction system, small deviations in  
wind direction won't activate the rotating 
system. If you want more than sixteen points 
of the compass, a more complex coded wheel 
wi l l  do the job. 

ham radio 
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calibrated 
signal source 

for 

432 and 1296 mhz 

A stable signal source for the uhf bands is 
a very useful item for all vhf and uhf experi- 
menters. The circuit shown here i s  simple, - 

VI 
has good stability and is very portable. I t  puts 

.=, out a strong signal on 432, and when it was 

$ carried three blocks from home a strong 

Find your way 3 2 signal was received. 
-? 5 The signal source i s  simply a 108-MHz 

2 crystal-controlled oscillator using a single 
on 1296 2 5 2,708 transistor with a IN916 diode con- 

e 
nected from the output tap on L1 to ground 

and 432 MHz for generating harmonics When the output 

. i s  displayed on a Hewett-Packard spectrum 
? 2 analyzer, the twentieth harmonic is still quite - " 5 large. The spectrum chart in fig. 2 shows the 
6 output before and after the diode was in- 
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fig. 1. The calibrated uhf 
signal source. L1 is 5 
turns number 20, space 
wound on 'I4" diameter: I 
tapped 1 turn end 2'12 turns 
from ground end. 

75 

stalled. The General Electric IN916 was 
recommended by K6UQH, and I find it does 
very nicely as a multiplier. You can also use 
this diode in local oscillator chains for 432- 
and 1296-MHz receiving converters; for 50 
cents, it's a very good varactor. 

The signal source can be built into most 
any type of package-l used a home-made 

Construction of the calibrated signal source. fig. 2. Spectrum output of the sig- 

II 
nal source as measured with a 
Hewlett-Packard 8551 analyzer. 
Heavy lines indicate spectrum with- 
out diode. 

sheet-brass box 2'12 x 5 x 1 inch. Make all 
the leads as short as possible. A 6-'14-inch 
antenna made from number-12 copper wire 
can be used for both bands. 

This is an excellent signal source for tun- 
ing antennas and adjusting receiver front 
ends. Stability is very good, and I use it on 
432 MHz for frequency calibration. The 

oscillator is checked periodically on a 
Hewlett-Packard frequency counter; usually 
it is within IkHz at 432 MHz. Drift is very 
slight-with a stable BFO, I can only detect 
approximately 200-Hz drift during a 10- to 
15-minute period. This is apparently due to 
slight voltage drops in the flashlight cells. 

ham radio 
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ssb transmitters 

After an ssb is generated, 

it has to be 

put on at least 

one of the amateur bands; 

here's how 
In it is done 2 

Single-sideband signals for ham communica- 
tions are almost never generated at the 
operating frequency of the ssb transmitter. 
For example, a transmitter output consisting 
of either the upper or lower sideband of 14.25 
MHz i s  not actually generated at that fre- 
quency. No matter what the output frequency 
of the transmitter, sidebands are developed 
in  the balanced modulator with a constant 
"carrier" frequency. 

The fixed-frequency sideband is changed 
to the several operating frequencies through 
what is basically a heterodyne process. The 
sideband i s  mixed with a pure rf signal; they 
beat together and form a new sideband signal 
near the desired frequency. The process has 
several names. The most common is fre- 
quency conversion. But, in transmitters, to 
distinguish from the similar process in re- 
ceivers, the term frequency translation is more 
accurate. 

the simplest system 
You can understand the basics of the pro- 

cess easily if you refer to fig. 1. The block 
diagram illustrates the simplest form of fre- 
quency translation. 

A crystal oscillator generates the carrier 
for modulation. Its signal is mixed with voice 
signals in the balanced modulator, producing 
a double-sideband signal with the carrier 
eliminated. A sideband filter, either mechan- 
ical or crystal-lattice, trims off the unneeded 
sideband. All that is left i s  the one sideband 
of the initial carrier frequency. 

To translate the desired sideband upward 
to an operating frequency, a heterodyne 
mixer is used. A variable-frequency oscillator 
(VFO) furnishes a signal that beats with the 
sideband from the filter and produces a 
sideband at the desired frequency. In  the 
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process, the simple mixer can't avoid also 
producing a carrier at the VFO frequency 
and an image sideband (as far from the VFO 
carrier as the desired sideband, but on the 
opposite side). 

Ordinary tank circuits, tuned to the de- 
sired sideband, eliminate the carrier and the 
unwanted sideband-neither of which is very 
close to the frequency of the wanted side- 
band. The sideband, which is now the side- 
band of the operating frequency, is fed to 
the linear power amplifier. 

The reasons for going through this pro- 
cess may not be obvious. First of all, the 
isolated sideband can't be raised in frequency 
by simple frequency multipliers, as in  non-ssb 
transmitters, because they would lose their 
identity completely. In the second place, a 

A typical double-heterodyne system is 
diagramed in fig. 2. The diagram includes 
more detail of an actual transmitter than did 
fig. 1, yet it is still simplified. Also included 
are frequencies as they occur in  one model 
of transmitter; they will help you under- 
stand exactly what's happening in a trans- 
mitter like this. 

The carrier oscillator in  this one is in the 
455-kHz range. (Others include 1.65 MHz, 
2.2 MHz, 3.3 MHz, 5.5 MHz, and 9 MHz.) To 
pick which sideband will be generated, the 
carrier frequency is shifted above and below 
the nominal 455 kHz; the two frequencies 
are listed on the diagram. I'll base my ex- 
planation of the system on generating a 
lower sideband (Isb) in  the transmitter out- 
put; the carrier oscillator runs at 453.65 kHz. 

fig. 1. Simplest 
H) W R I E R  

UOPER C-R AhW 
SIC45%M WO CARRIER l Y P U  SlDEBCND 

means of trans- 
lating a sideband 
from a carrier-aen- I - 
erated frequency to 

SIDEBUO 
an operating fre- OSCILLATOR FILTER URGUITS 

TUNED TO L I m  r* 

quency. - T t t 

constant carrier frequency in the balanced 
modulator means that the resulting sidebands 
can always be fed to the same filter. If there 
were a lot of different frequencies, a different 
filter would be needed for each one. It's much 
easier to heterodyne or translate the fixed 
frequency up to the various desired ones. 

double heterodyning 
Not many ham transmitters use the simplest 

single-translation version just described- 
only a couple of kit-type models, that I know 
of. Such systems are not very effective at 
producing high output frequencies. Therefore, 
in multiband ssb transmitters and in those 
for vhf use, something more elaborate is 
preferable. A double heterodyne arrangement 
can produce the higher output frequencies 
needed. It's the most popular frequency- 
translating system found in ham transmitters. 

Mixed in  the balanced modulator with the 
.I-3 kHz voice signals, the carrier produces a 
pair of sidebands. The lower sideband con- 
tains frequencies from 450.65 to 454.55 kHz 
(the differences between the Isb carrier fre- 
quency and the voice frequencies). The upper 
sideband contains frequencies from 453.75 
to 456.65 kHz (the sums). The mechanical 
filter sharply chops off the upper sideband, 
leaving only a single sideband encompassing 
450.65 to 453.55 kHz. For simplicity, this can 
be called the lower sideband of 455 kHz, even 
though there is some separation from that 
frequency. The carrier itself is eliminated in  
the balanced modulator. 

The first frequency translation takes place 
in the first mixer. The VFO is tunable from 2.5 
to 2.7 MHz; a frequency of 2.6 MHz (2600 
kHz) is chosen for the example. Again, be- 
cause of the heterodyne process, two side- 
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bands are produced, but they are far apart. 
The desired one encompasses the sideband 
frequencies from 3050.65 to 3053.55 kHz; the 
other is an "image," with frequencies from 
2146.45 to 2149.35 kHz. The desired sideband 
is still a lower sideband even though i t  has 
an "upper" position with respect to the 
image. The desired sideband is the lower 
sideband of 3055 kHz (2600 + 455 kHz). 

The tuned circuits that follow the first 
mixer get rid of the 2.1-MHz sideband, being 
tuned to the vicinity of 3 MHz. The VFO 
carrier doesn't appear in the output of this 
mixer, as i t  did in  fig. 1, because the mixer 
is a balanced mixer. It's a close relative of 
a balanced modulator and cancels whatever 
rf carrier is applied to it. Translation there- 
fore affects only the sideband that is applied 
to the balanced mixer. 

The 3055-kHz sideband must still be raised 
to the operating frequency. The second 
translation is  handled much like the first. A 
switchable crystal oscillator supplies an rf 

8.6775; but its oscillator is a doubler, so its 
operating frequency is 17.3550 MHz. The 
lower sideband of 14.25 MHz lies from 
14.2470 to 14.2499 MHz. The sideband signal 
fed to the second mixer must therefore be 
the difference between those frequencies and 
the hf crystal frequency; that sideband covers 
from 3.1051 to 3.1080 MHz. 

For the first mixer to produce that side- 
band for the second mixer, the VFO must be 
set at the difference between i t  and the input 
sideband from the filter. Calculating the 
differences, you can find that the VFO must 
produce an rf signal at 2654.45 kHz. (You can 
subtract 450.65 from 3105.1 kHz or you can 
subtract 453.55 from 3108.0 kHz; those are 
the limits of the lower sideband coming 
from the mechanical filter and the limits of 
the sidebands to be developed by the first 
mixer.) 

On  the front of the transmitter, the hf- 
crystal switch would point to the 14.2-MHz 
sector of the 20-meter band, and the VFO 

fig. 2. Double heterodyning gives the operator a wide choice of frequencies, grouped into the several bands. 

signal for the second balanced mixer. Beat- 
ing with the sideband signals that were pro- 
duced in  the first mixer, the rf signal develops 
a single-sideband signal in  one of the ham 
bands. The band depends on the crystal 
selected in  the hf oscillator, and the exact 
frequency depends on the setting of the 
VFO. An example wi l l  show you how this 
works. 

Suppose you want to produce the lower 
sideband of 14.25 MHz. You set the switch of 
the hf oscillator to the crystal that places the 
output frequency in  that vicinity. The crystal 
for this happens to have a frequency of 

E l  w TO 2.7 MHz 

dial would indicate 50 kHz. The combined 
readings would signify an operating fre- 
quency of 14.25 MHz. The transmitter output 
would be the lower sideband of that 
frequency. 

frequency synthesis 
Developing bands of frequencies by one 

translation and developing the frequencies 
within that band by another are excellent rea- 
sons for using double and triple heterodyne 
systems. Frequencies can be spread out wider 
than with any other system. Bands can even 
be sectored, and the VFO range used to cover 
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only a portion of each ham band-thus I f  the desired operating frequency is to be, 
spreading the frequencies even wider and say, 28.9 MHz, the synthesizer must supply 
making i t  that much easier to tune a par- 
ticular operating frequency. 

There's another way this can be done- 
by a method called frequency synthesis. The 
chief principle behind synthesis is illustrated 
in the transmitter diagramed in fig. 3. For 
simplicity, the frequencies are marked with- 
out reference to the sidebands; you know 
that what comes through the 9-MHz ampli- 

an rf signal at 37.9 MHz to beat with the 
9-MHz sideband signal coming from the 
filter and amplifier. 

How does the synthesizer create such a 
signal? It mixes the signal from the 43-MHz 
crystal with a signal from the VFO. To syn- 
thesize a 37.9-MHz signal, the VFO must be 
set to generate a 5.1-MHz signal. 

From the panel of the transmitter, with 

fig. 3. The basic 
setup for fraquen- C~STAL 9 MHz DllVER 

FILTm AAPUflER *K) 

cy synthesis. The m 

t t  
itself is hetero- I 
dyned up before it 
is mixed with the 

CHRlFlER 
sideband for the 
translation proc- 
OSS. 

fier is actually one sideband or the other of 
9 MHz. The same is true of the frequencies 
following the mixer. 

The switching from band to band, and the 
tuning within bands, is all accomplished be- 
fore the rf signal is mixed with the sideband 
signal. Developing all the various rf mixing 
signals artificially is where the term syn- 
thesis comes from. In commercial multi- 
frequency transmitters, it is done entirely 
with crystals; a few crystals can synthesize 
hundreds of individual frequencies by the 
heterodyne translation method. 

How the transmitter in  fig. 3 works is not 
hard to figure out. The 9-MHz carrier oscil- 
lator is common in  modern ham transmitters. 
After the balanced modulator, the sideband 
filter, and some amplification, the single 
sideband is applied to the mixer. There, the 
translation process is simple-just a single 
heterodyne. The synthesizer (sometimes 
called heterodyne mixer or premixer) must 
supply a signal that wi l l  heterodyne with the 
9-MHz sideband to form the sideband of the 
desired operating frequency. 

I I W .  I 5 ,MM 
5 m s s ~ u ~  

(DIRECT FOR (YIYI 

the viewpoint of the operator, it looks like 
this: the bandswitch knob is tuned to cover 
the segment of ham band from 28.5 to 29 
MHz; this selects the 43-MHz crystal. The 
VFO dial i s  twisted until it reads .9; this repre- 
sents 900 kHz (.9 MHz) on the dial and sets 
the VFO frequency at 5.1 MHz. The syn- 
thesizer mixes the 43-MHz and the 5.1 MHz 
signals. A tuned circuit that was selected by 
the bandswitch control picks off the differ- 
ence between the two, or 37.9 MHz, which 
is fed to the main mixer. There, the 37.9- 
MHz signal beats with a sideband of 9 MHz; 
another tuned circuit picks off the difference, 
which i s  the sideband of 28.9 MHz-the de- 
sired operating frequency. 

Other crystals and mixing schemes in  this 
transmitter produce the other frequencies in  
the ham bands that are used for ssb. In  some 
bands, the VFO is fed to the mixer directly 
to produce the desired operating-frequency 
translation. 

triple heterodyning 
From the words, you can figure out that 
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a transmitter with triple translation is one 
with three mixers. And, of course, i t  also 
needs three oscillators in  addition to the 
carrier generator. 

You can probably picture the arrangement 
in  your mind. After the balanced modulator 
and sideband filter, the sideband signal goes 
to a first mixer where a crystal-generated 
signal is beat against i t  to produce a sort of 
intermediate-frequency sideband signal. At 
the second mixer, a VFO puts in a signal to 
tune the sideband signal within each band. 
A third mixer, usually with crystal switching, 
translates the sideband signal to bands or 
segments of bands. In  other words, a triple- 
heterodyne system works like a double 
system with an extra stage of mixing in  front 
of it. 

An interesting example of triple translation 
in  a ham ssb transmitter is in  the Sideband 
Engineers SB-34 transceiver. Fig. 4 is a block 
diagram of it. An interesting thing about this 
one is the use of the carrier oscillator to also 
furnish the rf signal at the first mixer. By care- 
ful choice of the carrier frequency, the de- 
signer has also come up with a novel way 
to shift sidebands. 

band near 2281.9 kHz. If the stage is operating 
as a tripler, the signal going to the first mixer 
is 2738.2 kHz. That translates the 456.38-kHz 
sideband signal to a sideband near 2281.8 
kHz. 

The VFO generates a signal that is tunable 
from 5456 to 5706 kHz. This translates the 
sideband to some frequency between 3.174 
and 3.424 MHz-the exact frequency depend- 
ing on the dial setting of the VFO. Whatever 
the VFO setting, the sideband developed is 
on the upper or lower side of the new fre- 
que?cy, whichever is selected at the doubler1 
tripler stage. 

You've probably already figured out the 
third mixer, if you've been studying fig. 4. 
With the crystal selector set for the 7.2-MHz 
crystal, the range of difference frequencies 
tuned in the second mixer by the VFO is 
from 3.775 to 4.025 MHz. For the 10.475 
crystal, it is from 7.05 to 7.3 MHz; for the 
17.525 crystal, from 14.1 to 14.35 MHz; for 
the 24.625 crystal, from 21.0 to 21.45 MHz. 
Thus, the 80-, 40-, 20-, and 15-meter ham ssb 
bands are all covered. Naturally, the VFO dial 
is calibrated to show each of these band 
sectors. 

fig. 4. Special care of triple translation. The first mixer gets multiplied signal from the carrier oscillator. 

I U J Y O  LINEAR 
Y X E R  MIXER W L I F I E M  - 486.sUh 

T 
VWQ Q O W u R  YFO 

AMPLIFIER TRIPLER OSaLUlW 

The 456.38-kHz carrier is modulated as 
usual, amplified, and filtered to produce the 
sideband signal. A sample of the carrier i s  
also fed to a doubler to produce a 912.75- 
kHz signal. The stage following that is either 
a doubler or a tripler, depending on the set- 
ting of the sideband switch. With the signal 
frequency doubled, a signal at 1825.5 kHz is 
fed to the first mixer. There it beats with the 
sideband of 456.38 kHz, translating to a side- 

mixers that translate ssb 
In most single-sideband ham transmitters, 

the mixer circuits are ordinary tube or tran- 
sistor mixers. In  one transmitter I know of, 
a semiconductor diode mixer is used for 
translating the carrier frequency to an inter- 
mediate frequency. Typical tube and tran- 
sistor transmitter mixers are shown in  fig. 5. 

These are not the only configurations used. 
by any means, but they are typical. Tube 
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mixers are usually pentodes in  modern ssb 
transmitters; seldom do you find a triode used 
for this purpose. The two signals are merely 
coupled to the grid, mixed inside the tube, 
and fed along to the next stage. 

In transistor mixers, common practice is 
to couple one signal to the base and the 
other to the emitter. In the transistor stage 
shown, the sideband is fed to the base, and 
the VFO signal to the emitter. The output 
frequencies are developed in  the collector 
circuit. 

Simple frequency conversion like this i s  
okay for ssb transmitters, although it does 

fig. 5. Two versions of frequency 
mixers used in amateur ssb transmit- 
ters. 

YXER 

0 
create a problem. When two signals are beat 
together in a nonlinear mixer, the output 
consists of the two original frequencies, their 
sum, and their differences. As an example, 
suppose the VFO in the transmitter of fig. 4 
is set at 5500 kHz, and the lower sideband 
has been chosen. The frequencies applied to 
the mixer (the transistor in fig. 5 )  are 2281.9 
and 5500.0 kHz. The output consists of four 
frequencies: 5500.0 kHz, a sideband of 
2281.0 kHz, a sideband of 7781.9 kHz (sum), 

and a sideband of 3218.1 kHz (difference). 
Picking out the right one is the job of the 
tuned circuits following the mixer. In this 
example, a broadband tuned circuit centered 
around 3.3 MHz can do the job. Only the 
sideband of 3218.1 kHz gets through. The 
tuned circuit thus eliminates the new car- 
rier that was generated as part of the trans- 
lating process, as well as the original side- 
band and the new image sideband. 

In  first mixers, getting rid of the new 
carrier can be a problem because i t  is so 
near the sideband frequencies. It may even 
be troublesome to get rid of the image side- 
band unless the translation is a long step up- 
ward. Also, some of the original carrier may 
be lingering with the sideband, having slipped 
through the balanced modulator and the side- 
band filter. 

The solution to all these possibilities is a 
balanced mixer, which was already mentioned 
briefly. An example of a tube-type balanced 
mixer i s  shown in fig. 6. A balanced mixer 
looks and operates just like a balanced 
modulator; the difference is that two rf sig- 
nals are fed in rather than rf and af signals. 

As in the usual balanced modulator stage, 
the signal to be canceled out i s  fed into the 
stage in  parallel, and the output is taken in  
push-pull. Mixing is accomplished by feed- 
ing in the other signal-in this instance the 
sidebands-in the same mode as the signal 
i s  taken out of the stage. Thus, the VFO sig- 
nal i s  fed simultaneously to the grids of 
both tubes (in parallel), and the sidebands 
from the mechanical filter are fed to the 
mixer grids in push-pull. The two 220-pF 
capacitors couple the VFO signal equally to 
the grids. 

Balance is important in the two tubes, so 
a balancing-type cathode bias circuit i s  com- 
mon to both tubes. During alignment of a 
transmitter using this system of translation, 
the balancing potentiometer i s  adjusted for 
a null of VFO signal in the mixer output.* 

Bringing the sideband up to the operating 
frequency in a single-sideband transmitter 
i s  obviously not as simple as mere frequency 
multiplication. That approach would be irn- 

The subject of ssb transmitter alignment, includ- 
ing how to adjust balanced modulators, is covered by 
Larry Allen In r e p a r  bench on page 58 
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fig. 6. Balanced mixer used in some srb trensrnitters to eliminate the carrier that is generated by frequency 
translation. 

possible with sideband. An alternative, in  hf 
ssb transmitters, is phase-shift generation of 
the sideband signal; the sideband can be 
produced right at the operating frequency. 
This method was discussed in  the July issue 
of ham radio. Modern designs shy away from 
the phase-shift method because multiband 
characteristics are desirable i n  ham transmit- 
ters. Frequency translation seems to be the 
most practical way to raise the sideband 
frequency. 

Next month I'II delve into another little- 
understood facet of the modern ham ssb 
transmitter: voice-operated transmission, bet- 
ter known as VOX. I'II explain various 
methods of accomplishing this type of hands- 
off operation. Also, we'll take a quick look 
at MOX-the manual version, usually called 
PTT or push-to-talk. VOX and MOX go to- 
gether, in  a way, and the up-to-date ham 
should understand both. 

ham radio 

the i-f cathode jack 
Here is a very simple modification that 

wi l l  greatly increase the versatility of your 
communications receiver. Only one part is 
required: an ordinary closed-circuit phone 
jack. The diagram shows where the jack goes: 
in  the lead between the i-f stage cathode by- 
pass capacitor and ground. The jack may be 
mounted on the rear apron of the receiver 
chassis near the last i-f stage. 

As long as nothing is plugged into the jack, 
i t  is a short circuit and the receiver works 
exactly as before the modification. When a 
phone plug is inserted, the i-f stage becomes 
a cathode follower, and provides a low- 
impedance i-f output for driving a Q-5'er, 
fm adapter, monitor scope, etc. An ac vtvm 
can be plugged into the jack for precise indi- 
cation of signal level. With a vtvm plugged 
in, it is possible to make comparisons of an- 
tenna gain, measurement of front-to-back 
ratio, transmission line attenuation, preamp 

gain, TR switch loss, image rejection, signal 
fading, skirt steepness ratio-practically any 
measurement requiring dB comparisons or rf 
signal levels. Be sure to turn the agc off. 

LAST tF STAGE 4 dOI)K*FTHQE 

Sometimes a cathode follower becomes re- 
generative i f  terminated in  a capacitive re- 
actance. If there is any sign of instability, the 
phone plug should be shunted with a suitable 
loading resistor. 

Fred Brown, W6HPH 
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There must be some very good rea- ~ n t l y  applying these 
sons why Swan has become the lead- intensive search for 
ing manufacturer of transceivers for improvements in  our products.  he 
the amateur radio service.One of the 
most important reasons is our dedi- 
cation to  the principles of Value all the fearures you requlre In a com- 
Analysis. plete SSB -AM - CW transceiver with 

Value Analysis is the process of performance, quality, and reliability 
examining a product to  find ways of sub- 
improving its performance, reduc- :ear. 
ing costs, or whatever can be done I here's really no secret or 

to  make the product a better value 
to  the buyer. It is surprising how 
often this leads to  greater simplicity, gineered" transceiver on the marKer, 

improved reliability, and overall con- and this is why we are in the lead. 

sumer satisfaction. Visit your Swan dealer soon, and SPP 

At Swan our engineering depart- 
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what you should know 
about 

standard RG-type 

coax cable 

Most amateun who need standard coax cable 
will merely call out a catalog number, an 

W - RG designation and a length requirement- 
5 and patiently wait at the counter for the - 
o c merchandise. To other hams, particularly g 

those with vhf background, more thought is 
5 g given to selecting the line. Unfortunately, $ F 

o this consideration never gets much further - V 
than the length of feedline required vs 

5 E attenuation per foot. And even then they are 
3 d 
a- h 

likely to purchase inferior cabling. 
9 1 .- 

behind the problem 5 2 
v 2 To all too many, standard coaxial cable is 
" 0 a foolproof commodity which can normally 

-2 be bought "blind." Few realize that today a 
U n 

feedline made by one manufacturer can 
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exhibit completely different characteristics 
from that made by another-even though 
both cables carry the same RG designation. 

Moreover, too free usage of the term 
"RG cable" has led to considerable confusion. 
The term RG actually connotates cable meet- 
ing latest revision specs of MIL-C-17; older 
versions of JAN-spec and MIL-C-17 cable do 
not. Unless the manufacturer clearly states 
this, it cannot be assumed that the latest spec 
is being adhered to. 

Additionally, some manufacturers have 
blurred this distinction with meaningless 
terms such as "RG-type." It is essential that 
you be aware of these things-since your 
entire cabling system could fail as a direct 
result of buying the wrong coax for your 
individual application. Slow cable degrada- 
tion, prime cause of gradually-deterioration 
signals, is extremely hard to detect. 

In some instances, it might prove valuable 
to review military specifications. While many 
will be irrelevant, some reveal key parameters 
applicable to amateur needs. 

For example, consider percentage of braid 
coverage in a typical ssb transmission system. 
To prevent signal leakage that might inter- 
fere with other services such as television, 
the percentage of braid cover should be 
quite high-at least 90 percent of the di- 
electric must be completely shielded. Yet, 
many cables presently being used in this 
kind of rf work exhibit only 65 percent cover- 
age. Add to this other problems that fre- 

quently develop, and the over-all evaluation 
process can be more clearly appreciated. 

determine characteristics, spot 
problems 

Some amateurs are confused by the sig- 
nificance of the cable dielectric. Simply 
stated, the dielectric quality of any coaxial 
line determines both long- and short-term 
attenuation as well as over-all power-handling 
capabilities. 

How do you spot a poor dielectric? If a 
thick-wall coaxial line with silver-plated cop- 
per conductor has a dielectric that appears 
amber or gray when placed on a sheet of 
white paper, it is probably composed of in- 
ferior or scrap polyethylene. Inspect a sample 
of the cable you are replacing (or currently 
using). 

Demonstrating the color check can be 
extremely helpful. Bear in mind, however, 
that wall thickness-which varies from one 
impedance to another (between SO-, 75- and 
95-ohm types)-determines opacity; opacity, 
in turn, determines color hue. Also, con- 
ductor color can affect over-all hue. 

What about foam cables? Here, too, some 
evaluation can be accomplished visually. 
Bubbles should be of similar size and round 
in shape throughout. If a micrometer's handy, 
check the extrusion of the cable and check 
to see if the dielectric i s  tight on the con- 
ductor. 

If you ask yourself a few key questions, 
you can shed a lot of light on both the 
operational effciency of your system and the 
requirements that should be met with new 
cable. Does the line become brittle or fluid 
during periods of temperature extremes? Or, 
is it presently fluid or brittle? What about 
dimensional stability? Have gradual changes 
been noticed? 

watch for capacity 
Although few amateurs are aware of this 

characteristic, standard coax lines are actually 
extremely long capacitors-each exhibiting 
a pronounced effect on the tuned output 
circuit at each end (transmitter, antenna, 
etc.). 

To cope with this problem, coaxial cables 
are rated in terms of dielectric constants. As 
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the constant approaches 7.00, the more nearly 
the capacity (and subsequent attenuation) 
approaches the low figure of open-wire lines. 
Knowledge of this figure allows you to ana- 
lyze frequency-handling capabilities of the 
coax in question. 

For example, cellular polyethylene types 
(foam cable) are rated at a dielectric constant 
of 1.5, compared to 2.26 for conventional 
solid polyethylene. A look at solid dielectric 
RG-BIU cable in terms of capacity shows an 
actual capacity of 29.5 pF per foot. This com- 
pares with 24.5 pF for foam lines of equal 
size. 

seldom exceeds 8.02 per foot. 

rf power attenuation 
RG-8/U and RG-58/U cable should be 

examined at this point in terms of attenua- 
tion. Both solid-polyethylene and polyethy- 
lene-foam types are compared in table 1. The 
dB rating i s  per 100-foot length. These figures 
assume no cable degradation due to heat or 
general aging. 

Suppose you have a 144-MHz vhf system. 
Given such information, it can be seen that 
with RG-58/U, more than 5 dB of rf power 
output is lost at 144 MHz. With RG-81U 

table 1. AHenudlon and power ntlngs of popular RG/U coaxial cables. 

-0 dB per 100 f w t  
RG/U cable nominal attenuation 

power d i n g  
watts 

MHz MHz 

10 50 100 200 10 SO 100 200 

RGWU solid 0.55 1.33 2.00 3.50 3500 1500 975 685 
RG-8/U foam 0.32 0.77 1.18 2.07 3500 1500 975 685 
RG-58/U solid 1.25 3.13 4.16 6.90 1000 450 3W 200 

If you want to buy a 100-foot length, the foam, however, only 2.7 dB is sacrificed. 
difference between one dielectric and This means you would have to generate 
another can be 500 pF-enough to severely almost twice the power with RG-581U to 
degrade matching of the most well-designed achieve the same results as you would with 
220- or 432-MHz transmission system. foam-dielectric RG-8/U. 

solve migration problem now 
While nearly all standard coaxial cables In low- right foreground, cable conductors 

enter an extruder. The extruder puts an in- 
have black ~olyvin~l-choride jackets, there sulation of polyethylene on the conductor 
are actualy two sub-categories of jacket wire-then the cable travels through a cool- 

material that should be evaluated early in Ing bath. 

the game. If you don't consider this now, 
you may be plagued with high attenuation 
in a few months. 

The first kind, known as Type I, is found 
only in older versions of JAN and MIL cables 
and can prove troublesome in certain 
applications. Depending upon age and en- 
vironmental temperatures, it's possible for 
the polyvinyl chloride's "plasticizer" to 
migrate out of the jacket and into the cable. 

Result of wrong application choice? 
Electrical characteristics will be drastically 
changed, to say nothing of attenuation. In 
nearly all instances you should use Type Ila 
polyvinyl-chloride jacketing material. In- 
cidentally, the cost of this extra protection 
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table 2. Sampling of popular foamed polyethylene dielectric coaxial cables. 

RG/U Amphenol jacket jacket shield dielectric center VP 
number number OD type OD conductor O l ,  

8 621-111 .405 I C .285 7/19C 80 
11 821-100 .405 llla C .285 1 4 C  80 
59 type 621-715 .I95 llla C .I07 22 CW 80 
59 821-186 .242 P C .I48 20 CW 80 

C-copper, CW-coppetweld, P-polyethylene, VP-propagation velocity 

determine power requirement 
Note the maximum power ratings for 

standard communications cables listed in  
table 1. It is important to know both the 
power-handling capability of the cable i n  
question as well as the specific frequency 

fig. 1. Attenuation curves for 
three popular types of coaxial 
cable. 

FREQUENCY (MHz) 

intended for use. The ratings in  table 1 assume 
a perfect match between transmitter and 
line, and line and antenna. If vswr i s  high, 
power-handling capability diminishes and 
losses run high as dielectric heating occurs. 

maximum 
operating nominal 

capacitance volts impedance 
pF/ft rms in ohms 

check conductors 
I t  is important to realize that in  order to 

meet many of the standards and ratings dis- 
cussed so far, other elements of coax con- 
struction come into play. Many of these- 
while seemingly obscure-may account for 
difficulty you are experiencing now with a 
particular brand of cable. 

Again, if a sample can be obtained of 
existing in-use cable, much can be deter- 
mined. Visually, for example, check whether 
the conductor i s  off center in the dielectric. 
If there is  more than 10-percent error, serious 
problems can be expected. Are there as 
many strands in the center conductor as 
specified in the latest MIL-spec requirement? 
Though this might seem unimportant, i t  can 
be crucial in work above 10 meters. 

In most good-quality standard coax lines, 
braid should fit tightly. If i t  doesn't, this can 
indicate a strong possibility of a change in  
electrical characteristics. Braid tightness, 
however, can vary; RG-8A/U, for example, 
has an extremely loose braid. It's wise to 
check cable specifications. 

Be sure to inquire as to flexibility require- 
ments. Maximum flexibility is achieved with 
stranded center conductors, although attenu- 
ation losses can be cut appreciably with solid 
conductor carriers. The answer to this 
question involves considerations discussed 
earlier-including frequency of operation 
and transmitted power in watts. 

cable selection checklist 
In addition to the above, an amateur should 

consider the following checklist: 
1. Impedance: What is the actual impedance 

and percentage of spec variation? 

2. Frequency: Is there any attenuation period- 
icity (high points) along the intended 
frequency curve? 
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table 3. Coaxial cable joint jacket characteristics. 

MIL-C-17 jacket type temperature limits 
designation 

type I black polyvinyl -40° C to +80° C 
chloride 

type I la black polyvinyl under %", 
chloride, - 5 5 O  C to +8O0 C 
non-contaminating over ' l a " ,  -411° C 

to +80° C 

3. Power: What is theoretical corona voltage? 
Actual voltage? 

4. Jacket composition: Is i t  of non-contamin- 
ation material, according to MIL specifi- 
cations? What are the changes in attenu- 
ation at 432 and 1296 MHz after aging 
tests? 

5. Jacket tightness: Does it fit tight enough 
to show braid marks clearly, or is i t  loose, 
possibly indicating poor extrusion and 
instability? 

6. Connectors: Has the right coaxial con- 
nector been selected for use with the 
standard RG cable chosen? Is i t  designed 
specifically for this purpose, or does i t  
require an adapter? 

If you take these steps, and the cable 
you are using fills each requirement satis- 
factorily, you should have a minimum of 
trouble with your system. However, here are 
three more steps you can take to insure that 
you're getting the best cable available: 

7. Vendor: Have you seen the manufacturer's 
certification stating that the cable meets 
given RG specs? 

8. QPL: I s  the manufacturer on the federal 
Qualified Products List (QPL)? 

9. Vendor certification availability: Have you 
seen similar certification? When you 
bought cable from another supplier, was 
i t  merely a restatement of catalog specs? 

ham radio 

lightweight headphones 

Many DX'ers find that heavy headphones 
are too heavy on the head and ears for long 
periods. The solution to the problem is a bit 
complex and will be discussed here. 

EP2BQ uses the TELEX twinset which has 
a headband plus eartips. On  test, however, 
it was found that this type has a strong peak 
above 2kHz that causes problems with inter- 
ference and voice intelligibility. 

There i s  a group of TELEX secretarial-type 
under-the-chin units called Dynaset, Mono- 
set, and Tele-fi. Although not offered to the 
mass market, Allied and Newmark also carry 
a "new 799;" this appears to be a Monoset 
built for additional impedances. These de- 
vices all use the same transducer with a re- 
sponse of 50 to 500 Hz and are very light, 
weighing from one-half to 1.25 ounces. 

KH61J highly recommends the Dynaset 
HUP-01. This has the transducer in a phone 
plug, with plastic tubing leading up to a 
junction below the chin. This is available 
only in  15 ohms, however. It is frequently 
found in airliners. 

Don Miller, WgWNV, has been pictured 

wearing the Monoset unit, which has the 
transducer in the junction under the chin. 
Although these have been offered in 125 and 
2000 ohms, Newark now shows them as the 
"new 799" in  15, 500 and 1000 ohms too. 
For those of you with 500-ohm equipment 
such as Collins, this appears to be the best 
solution. 

The remaining design is the Tele-fi. This 
has the transducer in one earphone, with a 
tube leading to the other ear. This results in  
a half-ounce unit but puts a millisecond time 
delay in the line to the other ear. This 
promises good performance on music and 
voice, but we have no reports on the pos- 
sible effect of this small time delay on code 
reception. However, i t  is available in the full 
range of five impedances, is extremely light 
weight and passes under the chin. Further, 
i t  appears to have small earmuffs that fit into 
the outer ear rather than plastic tips to fit 

the entrance to the ear canal as found in the 
other units. 

ham radio 
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What's the BIG Idea? 
When it's tough to separate last year's 

science f ic t ion f rom today 's  state of the  
electronic art . . . when even the "new" transis- 
tor has been superseded in many cases by more 
versatile and efficient devices. . . and most of 
the electronics industry has been turned upside 
down . .  . WHY DOES AMATEUR RADIO STICK 
TO THE TECHNOLOGY OF THE FIFTIES? 

The manager of advanced development 
for a big communications company-an active 
ham since his early teens- asked the same 
question of another long-time enthusiast and 
nationally-known authority on solid state de- 
vices. They observed that effective application 
of the new technology - largely a product of 
the aerospace industry - demanded a high de- 
gree of engineering sophistication and a variety 
of technical capabilities not generally found 
outside of that industry . . . Their idea . . . why 
not organize a group of outstanding professional 
engineer/hams . . . to  do the job.. .and develop 
their own new generation of no-compromise, 
ham gear? 

The idea g r e w .  . . 
Word got around . . . and i t  became ob- 

vious from the interest i t  aroused that a lot of 
serious amateurs were eager for really modern 
equipment. . . 

. . . and grew . . . with the creation of 

perience . . . plus some seventy years' post-war 
hamming. . . DX, contests, VHF, RTTY . . . the 
whole spectrum of amateur radio. . . 

. . . and became real ly b ig  . . . when 
the backing of a major corporation turned i t  into 
an intensive, full-time professional operation. 

The "BIG IDEA" became SIGNAL/ONE. 
SIGNAL/ONE is a new criterion for 

judging amateur radio equipment. . . sophisti- 
cated engineering combined with classic ham 
ingenuity to offer you unprecedented perform- 
ance . . . and operating pleasure. Unique new 
m a r k e t i n g  and  war ran ty  p o l i c i e s  r e f l e c t  
SIGNALIONE's pride and confidence in  this 
superb new l ine. .  . and the determination to 
keep SIGNALIONE . . . NUMBERIONE . . . In 
investment value. 

WHAT'S THE BIG IDEA? 
It's all the performance . . . the versa- 

ti l i ty and convenience . . . the quality. . . that 
a few demanding engineers knew was possible 
. . .and wanted to put into their own ham 
gear . . . They did . . . and the result is . . . 
SIGNAL/ONE. 

The remarkable SIGNAL/ONE line wi l l  
soon be available for you to put through its 
paces . . . when you use i t  you'll agree. . . the 
idea was great. . . and the result well worth 
waiting f o r .  . . 

a unique engine&ring team . . . young and en- 
thusiastic. . . encompassing several advanced 
EE degrees . . . more than half-century of up-to- 
the-minute communications engineering ex- 

Indian Rocks Beach, Florida 
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experimental 

dummy loads 

+ 
How to design .g 

s 
0 

and build .g 
X - 
W 

dummy loads g 
c 
0 z that provide a 
C 
U 
c 

good performance G 
N 

well into 9 
@ 

the vhf region $ 

As so often happens to the inveterate home 
brewer, I needed a good dummy load which 
was usable well into the vhf region. Like 
many others, I had some misgivings about 
the accuracy of homebrew loads. The follow- 
ing information is presented as a guide to the 
design and construction of dummy loads, as 
well as a description of my load and its char- 
acteristics as measured on a laboratory-type 
rf impedance meter. 

The better commercial loads are built 
around deposited film or similar resistors 
where the film thickness is made small to 
minimize variations in bulk resistance due 
to skin effect. At low frequencies, rf currents 
penetrate more deeply into a conductor and 
as the frequency i s  increased, penetration 
becomes progressively less. Depending upon 
the type of resistor, other effects are also 
present. Since the average homebrewer can't 
afford an ideal resistor, we must do the best 
we can with ordinary carbon composition 
resistors. 

In addition, at vhf the reactive effects can 
become rather formidable. Commercial prac- 
tice i s  to construct the load shield in the 
form of tapered line sections to match the 
load impedance at all points as shown in 
fig. 1. Notice that the tubular resistor element 
is long compared to diameter. Also, the 
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resistor-to-connector lead is in  the form of a 
cone that tapers from the outside diameter 
of the resistor element to the diameter of the 
connector center conductor. 

The coaxial structure between point A and 
B is a tapered line section which i s  designed 
so that its characteristic impedance is the 
same as the impedance of the resistive ele- 
ment at all points. The resistive element 
starts at point B, and from that point to point 
C the impedance diminishes uniformly to 
zero. At point C the outer section of the 
coax structure is  fastened to the resistor to 
form the return leg back to the connector 
body. 

I designed i t  for an air dielectric-it wasn't 
intended to be used with an oi l  coolant. The 
dimensions and values were chosen for a 50- 
ohm load. 

The completed unit looked good enough 
to consider as a permanent load, so I mount- 
ed it in  a coffee can and added oi l  coolant. 
If you intend to use cooling oil, the shield 
diameters should be increased about 30% to 
allow for the different dielectric constant of 
oil. The performance curve shown in fig. 3 
from 4 to 50 MHz shows some deviation 
from the measured dc value of 52 ohms. 

The impedance meter indicated that the 
reactive effects through this range were small 

fig. 1. Gaomatry used in commercial loads to maintain the load imprdanca at a11 points. 

Any departure from the mathematically de- 
rived curve of the coaxial shield, or any de- 
parture in  the linearity of the deposited re- 
sistive film on the ceramic tube which makes 
up the resistor element, results in something 
other than a purely resistive load; this be- 
comes progressively worse as frequency is 
increased. 

Since I've worked with and rebuilt preci- 
sion dummy loads, I was dubious about the 
prospects of building anything useful with 
available components. However, since I had 
a large number of 390-ohm, 2-watt resistors 
with very short leads (I bought one of those 
''five for a buck" board deals) I built the 
dummy load shown in  fig. 2. 1 didn't know 
if the load would be worthwhile or not, so 

compared to the variations in resistance and 
were negligible below 30 MHz. At 50 MHz, 
resistance variations contributed approxi- 
mately 1% of the impedance variation. The 
load, then, i s  resistive for all practical pur- 
poses to 50 MHz. 

The changes in  resistive value are a built-in 
factor determined by the use of plain old 
carbon resistors. Above 50 MHz, the load 
impedance begins to do some pretty wild 
things. This is shown in curve A of fig. 4. 
Again, the wildest excursions were due to 
variations in the resistive value, while the re- 
active value remained surprisingly reason- 
able. It was apparent that the over-all geom- 
etry of the load wasn't too bad, and the limi- 
tation seemed to be the resistors themselves. 
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fig. 2. The air-cooled dummy load built by WBYFB. The performance of this load at various frequencies is  
plotted in fig. 3 and 4. 

the load leveler vhf transmitter into an SWR bridge, then out 

To improve the performance of the load, I to a long length of coax which '"Id be Open 

built a load leveler. This i s  nothing more than or short circuited at the far end. If the cable 
were long enough to represent a 10-dB loss 

a long length of coax-the longer the bet- 
and you fed 100 watts to the line, only 10 

ter. It's connected in series with the load. watts would actually arrive at the far knd. 
This piece of coax improves the load through The would be dissioated in line 
attenuation. loss. Since the 10-dB loss works both way, 

For example, suppose you were to feed a the line would appear beautifully matched, 
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because the reflected signal would be 1/100 
of the forward power indicated on the SWR 
bridge-and with an infinite mismatch at 
that! This, incidentally, is the reason why a 
vhf antenna should be measured at the an- 
tenna rather than the transmitter end of the 
line. 

I coiled 80 feet of RG-58A/U into another 
coffee can, fed the ends through rubber 
grommets in the lid, and put coaxial connec- 
tors on the ends. With the load leveler, a 
recheck on the impedance meter showed the 

fig. 3. Impedance of the dummy load from 5 to 60 
MHz. 

expected results-curve B in fig. 4. The im- 
provement is already felt near 50 MHz; above 
150 MHz the curve begins to flatten out. 
Since the impedance meter I used only goes 
to 250 MHz, this represents the end of the 
line for actual measurements. 

However, because of the characteristics of 
the load leveler, the undulations of the curve 
wi l l  become progressively smaller with in- 
creased frequency; the curve tends to center 
around the mean impedance of the coax used 
in the load leveler. I t  should be noted that 
an appreciable part of the total power may 
be dissipated in  the load leveler. At fre- 
quencies above 50 MHz, watch for hot spots 
in the load leveler cable. One way to do this 
is to use a length of coax from the transmit- 
ter to the load leveler-perhaps eight feet 
long. As you use this combination, run your 
hand along the 8-foot length of cable. Don't 
let it get very warm. 

Similar hot spots wi l l  occur at half-wave 
intervals all along the line coiled up in  the 

2 0  

10 

can, and inside the can, heat dissipation is 
impeded. It helps heat dissipation i f  the in- 
side layers of coiled coax go to the dummy 
load instead of the transmitter. This i s  par- 
ticularly true if the inside layers are coiled 
on a form. I used a I-112-inch wood dowel 
as a form. 

The combination dummy load and load 
leveler certainly isri't the sort of thing need- 
ed for lab-standard work, but i t  does repre- 
sent a fair resistive load for amateur practice. 
At worst, i t  exhibits an 9WR of about 1.25, 
and over much of the range it is considerably 
better. 

IMPEDWE CURVE OF D U W Y  L O N  ALONE 

choosing the resistors 

'25 5 10 15 20  25 X) 3U 40 45 5 0  58 0 0  

Since the impedance meter indicated that 
the maximum variations were a result of the 
resistive component, it appears that the basic 
geometry of the load allows considerable lati- 
tude in  resistor choice as long as the basic 
configuration is maintained. It's economically 
unsound to buy all new resistors to dupli- 
cate my load when a Heathkit Cantenna is 
available for the same money. However, i f  
you have a bunch of resistors stripped out of 
television sets and old equipment, it's worth- 
while to see if you have a usable group of 
values. One such group is illustrated in fig. 5. 
Maximum power capability is available when 
all resistors are the same value. When using 
dissimilar values, group values together which 
are closest in resistance. To find the total 
resistance value, proceed as follows: 

1. Find the equivalent resistance of each 
group of identical resistors; merely divide the 
value of one resistor by the number of re- 
sistors in the group. 

2. Find the resistance of each paralleled 
group: this can be done rapidly on a piece of 
cross-ruled paper as shown in  fig. 6 or cal- 
culated from R,,,, = (R, X R,)/(R, + R2) 

3. Add the values of each of the series 
banks to obtain the total for the load; this 
value should be between 50 and 53 ohms. 

The next problem is to determine the wattage 
capability of the load: 

4. First, determine the maximum voltage 
capability of the second highest group of 
three resistors-in fig. 5, this is group 5 :  
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E = d K  = d 6  X 40 = 15.4V through banks 3 and 4 and 5 and 6. If you 
raise the current through banks 1 and 2 to '. Determine the current through this the point where they are dissipating their 

bank from Ohm's law: maximum power, the same current exceeds 
I = E/R = 15.4140 = 0.385 A 

6. Since this same voltage will appear fig. 4. Impedance of the dummy load be- 
across resistor bank number 6, determine the tween 30 and 250 MHz. The effect of the load 

current through bank number 6: 
I = E/R = 15.4150 = 0.31 A 

7. Determine the maximum current 
through the dummy load by adding the cur- 
rents found in steps 2 and 3: 

0.385 f 0.31 = 0.695 A 

8. Determine total power capability for 
load: 

P = IZR = (.695)2 X 52.7 = 25.6 watts 

fig. 5. Method of setting up 
resistance values to obtain a 
satisfactory dummy load. 

leveler at the upper frequencies is quite 
evident. 

150 200 2 5 0  
(MHz1 

the ratings of the higher resistance banks. 
It is often helpful to determine the dissipa- 

3-1200 tion of each bank of resistors separately- 
. 4 0 n  

or at least each paralleled bank. For example, 
banks 1 and 2 have an equivalent resistance 
of 12.4 ohms; from step 8 the power dissi- 

3-1000 
3 3 . 3 0  pation is calculated at 6 watts. 

To measure the resistance of the load with 
a simple ohmmeter, it's best to buy one good 
resistor; preferably a 50-ohm 1% film resis- 

3 - e 2 n  
.27.30 tor but at least a 51-ohm 5'10 carbon com- 

position type. If you use resistors that may 

.,,,, be on hand for the load, you may find that 

although the finished load is calculated to be 
OROUP s a 6 . ~ 2 . 2 ~  
GROUP 3 a 4 . 18. I n 
F R O U P l  8 2 .  12.40 

TOTAL. s . 7 0  
ALL RESISTORS 2 1 .  CARUON COMPOSlTlON 

50 ohms, it wil l measure 55 to 60 ohms after 
assembly. You can measure the 50-ohm stan- 
dard resistor with your ohmmeter, adjust the 
meter so that it reads exactly 50 ohms and 

If you use an oil coolant, this number may connect the meter across the dummy load. 
be safely multiplied by four for short periods. Then connect resistors across the highest re- 
This load would then have a peak capability sistance bank in the load until you find a 
of about 100 watts. value that gives a reading of 50 ohms. 

Some of you may question the value I ob- Under no circumstances use wire-wound 

tained in step 5. Since we have eighteen resistors-even those that are claimed to be 

2-watt resistors, you may think that the load non-inductive. Be wary of resistors which 

should be capable of dissipating 36 watts. look like molded carbon types but have one 
However, remember that the current that color band much wider than the others. They 
flows through banks 1 and 2 also has to flow are wire wound. 
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construction 
Make four rings of thin brass shimstock, 

dairy tin (light gauge steel which is tinned 
on both sides) or light galvanized iron. See 
fig. 8 for details. Space the resistors around a 
circle so there is an 118-inch or more between 

fig. 6. Nomograph for determining the equivalent 
parallel resistance of two parallal resistors. Ex- 
ample: what is the equivalent resistance when a 20- 
end %-ohm resistor are connected in parallel? Plot 
a line from 6 on the right-hand scale to 30 on the 
left-hand scale and a line from A on the left to 
20 on the right. The cross-over point of these two 
lines gives tha equivalent resistance. This chart can 
easily be extended to higher valuas if desired since 
both scales am the same length. 

resistors to allow coolant circulation. If a 
resistor has to be added later to make the 
entire string look like 50 ohms, it can be 
mounted in the center of one bank. The 
center hole i n  the rings is necessary for free 
flow of coolant through the resistor assem- 
bly. 

If your resistor banks are made up of un- 
equal groups of resistance values, alternate 
the resistors around the circle. The conical 
group of wires connecting the ring nearest 
the connector are installed next. A dozen 
pieces of number 22 or 20 wire make an ade- 
quate cone. Get the apex of this cone of 
wires as close to the center line of the holes 
in  the resistor rings as possible. This wi l l  
help in assembly of the outer coaxial shield 
later. When you have completed the cone, 

you can get an accurate measurement of the 
distance from the connector body to the 
first resistor ring. 

the coaxial shield 
Next, determine the dimensions and lay- 

out of the conical pieces. These are made 
from copper window screen. Don't use alu- 
minum screen; it's difficult to make a solder 
joint. I f  any substitution is necessary, go to 
good clean galvanized screen. 

The screen can be cut by trial and error to 
form the desired sections, but it's easy to 
make an accurate cardboard template and 
use this to cut the screen sections to exact 
size and shape. Fig. 2 shows the overall as- 
sembly, but is drawn to illustrate the original 
load. We'll make one modification. The ratio 
of diameters shown for the screen diameter 
and resistor ring diameter were for air di- 
electric. In this design example, we'll make 
the ring diameter 1-114 inches to accomodate 
fewer resistors. Also, the ratio of this diam- 
eter to the screen diameter will be calculated 
for oil dielectric. 

fig. 7. Laying out the outer shield. 
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For oi l  dielectric, multiply the desired load 
impedance by VK where K is the dielectric 
constant of the oil, to obtain the proper ratio 
of diameters using the conventional coaxial- 
line impedance formula. The dielectric con- 
stant of transformer oil is about 2.2 and the 
square root of 2.2 i s  1.48. Multiply the de- 
sired 52.7-ohm load impedance by 1.48; 78 
ohms. From the coaxial-line impedance for- 
mula: 

138 Z, = log,, (DlID2) 

we find that the ratio of diameters for an air 
dielectric i s  2.38, while for transformer o i l  
the ratio of diameters is 3.67. 

Regardless of the diameter of the resistor 
banks, you only have to multiply the resistor- 
bank diameter by 3.67 to obtain the correct 
screen diameter for a 52.7-ohm impedance in  

fig. 8. Resistor mounting ring 
construction. 

oil coolant. In this case, screen diameter wi l l  
be about 4-518 inches. 

A method for making an accurate layout 
of these screen segments i s  shown in  fig. 7. 
First, draw an accurate side view of one half 
of the screen cone as shown in fig. 7A. Ex- 
tend the line representing the outside of the 
cone until it intersects the centerline at point 
P. This line provides the needed radii. Mea- 
sure the dashed segment with a scale; it is 
1-112 inches long-total length is 5-518 
inches. Now draw two concentric circles with 
these radii on a piece of cardboard as shown 
i n  fig. 78. To determine the angle of the cut- 
out portion: 

1. Find the circumference of the finished 
cone from circumference = r diameter = 
3.14 X 4-518 = 14-112 inches 

2. Determine the circumference of the 

outer circle you have drawn: 3.14 X 11-114 
= 35 inches 

3. From proportion, determine the num- 
ber of degrees of circle needed: 

Lay out this 150 degree segment on your 
cardboard template with a protractor; allow 
about 114 inch more for overlap. Cut the 
screen to match the template. Roll the screen 
up into a cone with the same amount of over- 
lap. The loose ends of screen wire can be 
used to hook the thing together until it i s  
soldered along the entire length of the 
screen. Be sure to solder it thoroughly be- 
cause it i s  the return lead and wi l l  be carry- 
ing fairly heavy rf currents. 

Make the top screen cone using the same 
method. Securely solder the inner conductor 
of the coax connector to the apex of the wire 
cone. Then solder the top cone to the body 
of the connector. Before soldering the lower 
cone in  place, cut a hole in i t  for the rectifier 
diode. Mount the diode on the resistor ring 
and slide the lower cone into ~osi t ion.  

Make a thorough solder connection all 
around the cone where it meets the lowest 
resistor ring. Then solder the junction of the 
two screen cones. The can l id can be made 
of galvanized iron or sheet brass. Be sure to 
include a vent that can be opened to release 
internal pressure when the load runs warm. 

calibration 
A word about the diode rectifier. It can be 

any germanium rectifier such as an 1N34A. 
Manv of these diodes are rated in the vicinity 
of 40 volts or so. To prevent breakdown, it's 
wise to connect them to the resistor ring 
closest to the ground end of the resistor 
banks. A vtvm or 20,000 ohmlvolt dc meter 
may be used to measure the relative output. 
Because of the nonlinear characteristic of the 
diode at low power levels, it's desirable to 
have a rough idea of power into the load. 
Otherwise, small power increases may look 
far better than they actually are. Any power 
calibration, of course, will be a rude approxi- 
mation unless you have some lab gear avail- 
able. 

Calibration can be done at 60 Hz by feed- 
ing the load with a variable transformer or a 
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group of series-connected filament trans- 
formers. First, calculate a number of calibra- 
tion points from P = EVR. With 12.6V ap- 
plied to a 50-ohm load, for example, there is 
3.2 watts into the load. After calculating a 
number of points, step through them with 
the variable transformer or other supply and 
record the meter readings. These points can 
be plotted on graph paper so the interme- 
diate points can be read. 

The finished load may be filled with min- 
eral oil from the drug store, or transformer 
oil if you know someone in the utility busi- 
ness. Be sure the top resistor bank i s  sub- 
merged an inch or so below the oil level but 
allow some air space for expansion. This load 
shouldn't be run at maximum rating (about 
four times rated resistor capability) for much 
over three minutes without allowing a ten- 
minute cooling period before reapplying 
power. I've run mine at this overload level 
repeatedly for 5-minute periods, but extend- 
ed abuse could result in long-term imped- 
ance variations that will eventually send the 
load to the scrap heap. 
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solid-state screen clamp 

Here's a 

solid-state version 

of the clamp tube 

that provides 

high performance with 

low-power dissipation 

and 

almost no heat 

The clamp tube has been a popular circuit 
in  amateur transmitters for a long time. Its 
primary purpose is to lower the screen volt- 
age of the final in the absence of excitation 
and prevent excessive current in  the final 
tubes. It has also been used as an a-m modu- 
lator. In this application i t  varies the final 
screen voltage-and thus the plate current 
-in response to an audio input. The third 
reason for using a screen clamp resulted in 
this article. 

My  transmitter uses fixed bias and grid- 
block keying. The final tubes are maintained 
at low plate current during key-up by this 
bias, but they're not completely cut off. As a 
result, when the transmitter is used with a 
T-R switch. current in the plate circuit 
causes objectionable noise in the receiver. 

I originally installed a 6AQ5 clamp tube to 
cut off the final amplifier tubes completely 
and eliminate the noise. Before long, the 
tube circuit was discarded in favor of a 
transistorized version. To see why, let's dis- 
cuss the principles of each concept. 

tube vs transistors 
As shown in fig. 1, the clamp tube may be 

represented by a switch and a resistor con- 
nected between the screen and ground. 
When the final tube i s  operating normally 
and excitation is present on the grid, excita- 
tion also puts bias on the clamp-tube grid. 
This bias is sufficient to cut off the clamp tube 
so that no plate current flows, and it looks 
like an open switch. 

Screen current flows normally through 
the screen-dropping resistor, and the final 
tube operates as if the clamp tube were not 
present. If excitation i s  lost, the bias on the 
clamp tube disappears, and i t  conducts heav- 

44 Q september 1968 



ily. The screen voltage i n  the final amplifier 
drops to a low voltage and prevents the 
amplifier from drawing too much plate 
current. The clamp tube plate voltage (and 
final tube screen voltage) depends upon the 
voltage divider formed by the screen drop- 
ping resistor Rs and the clamp tube's satura- 
tion plate resistance RPS. In  my transmitter, 
this voltage is about 15 volts. 

This clamp tube circuit has two serious 
disadvantages. First, since final amplifier 
screen voltage is not dropped to zero, some 
plate current may still flow. Secondly, a 
great deal of power is dissipated in  the clamp 
tube itself and in  the screen resistor, Rs, 
because of the high plate current through 
the clamp tube. This power is wasted and 
appears as unwanted heat inside the trans- 
mitter cabinet. 

fig. 1. Clamp-tube equivalent. 

These disadvantages may be overcome by 
devising a circuit which wi l l  work like fig. 2. 
Here a single-pole, double-throw switch 
alternately connects the screen to the supply 
and then to ground. When excitation is 
applied to the final, the switch connects the 
final amplifier screen to the screen supply. 
I f  excitation is removed, the switch moves 
to the opposite position, connects the screen 
to ground and prevents any final plate 
current. 

Note that in contrast to the circuit in fig. 
1, no supply current is drawn when the final 
screen is grounded. This can be accomplished 
quite simply by using inexpensive high- 
voltage silicon transistors in  the circuit 
shown in  fig. 3. 

transistor circuit operation 
The diagram of the solid-state screen 

clamp I use in  my transmitter is shown in 
fig. 3. The basic principles o f  operation are 
quite simple. If excitation is present on the 
final amplifier grid, rf is coupled through the 
470-pF capacitor to the IN60 diode. The 

capacitor is charged during the positive half 
cycle of the excitation signal and puts a 
negative voltage on the base of the 2N3440, 
cutting i t  off. The collector voltage rises to 
a value determined by the 91k and 220k volt- 
age divider. 

The other 2N3440 is connected as an 
emitter follower. Its emitter voltage is about 
0.6 volts less positive than the base. There- 
fore, the final amplifier is effectively con- 
nected to a source having the same output 
voltage as the junction of the 91 k and 220k 
voltage divider. Note the addition benefit of 
this circuit: final screen voltage is relatively 
independent of screen current. 

If excitation is lost, the negative voltage at 
the base of the first 2N3440 disappears. I t  is 
then biased into conduction by the current 
flowing through the 3.9M resistor to the 
screen supply. The transistor saturates and 
brings the base of the other 2N3440 down 
to a few tenths of a volt; the transistor cuts 
off and holds the screen at ground (I 
measured about a tenth of a volt on the 

fig. 2. Transistor clamp equivalent. 
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screen). Therefore, there is no final-amplifier 
plate current. 

design considerations 
You have to go a little farther than basic 

operation i f  you want to adapt this circuit 
to transmitters with different voltage sources 
and screen requirements. The first consider- 
ation is transistor selection. Since the transis- 
tors don't handle high frequencies, audio 
types will do. The collector-to-emitter break- 
down voltage, BVmo should equal or ex- 
ceed the voltage of the screen source. The 
2N34401s I used with a 300-volt supply in 
fig. 3 have a rated BVcEo of only 250 volts. 
However, out of five units I tested, all had 
breakdown voltages of at least 500 volts. 

The next step is to determine the voltage 
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divider resistances (91 k and 220k in fig. 3). 
The resistors are chosen so that their junction 
wi l l  be at the recommended screen voltage 
when the screen supply voltage is connected. 
When the first transistor conducts, this junc- 
tion is at ground potential, so the power 
rating of the 91k resistor must be computed 
using the full screen supply voltage. With the 
values in  fig. 3, a half-watt rating was suf- 
ficient. The divider as shown draws about 
1 mA from the screen supply during normal 
operation of the final tubes. 

The transistor in  series with the screen 
supply must pass all of the screen current. 
The 2.2k resistor is necessary to l imit the 
power dissipation of the transistor by drop- 
ping more of the voltage difference between 
the supply and the screen as the screen cur- 
rent increases. Thus, as screen current (and 
transistor current) increase, the voltage drop 
across the transistor goes down. In the circuit 
shown in fig. 3, the maximum power dissi- 
pated by the 2N3440 emitter follower is less 
than 1.25 watts. 

The IN60 peak rectifier and filter (33k and 
330 pF) are a simple way of switching the 
transistors with rf excitation from the final 
amplifier grid. The circuit is fast and sensitive 
enough to function properly even during ssb 
operation where excitation varies rapidly. If 
the final uses no fixed bias, the input end 
of the 33k resistor may be connected directly 
to the final grid, and the 470-pF coupling 
capacitor and IN60 are not needed. 

With a direct connection, i t  may be neces- 
sary to increase the value of the resistor to 
reduce loading on the grid circuit. The 3.9M 
resistor i s  chosen so that the first 2N3440 
conducts and its collector goes to ground 
when there is no excitation on the final grid. 

There are four other components which 
haven't been mentioned. The .Olls on the 
screen and supply terminals are used as by- 
passes. The two 1N914's are necessary to 
protect the transistors from reverse break- 
down at the emitter-base junction. 

The design information in the preceding 
paragraphs i s  offered for those of you whose 
requirements differ greatly from the ones 
shown in fig. 3. If you have or are building a 
transmitter which has a low-voltage supply 
of about 300 volts and requires about 200 

volts in the screen, the circuit may be used 
without changes. 

operation 
When the board is mounted and all con- 

nections are made, turn on the transmitter. 
Measure the voltage at the screen terminal 
with a vtvm. It shouldn't read more than 
several tenths of a volt. Before going on, 
switch the voltmeter to a range at least as 
high as the screen supply. Next, key the 
transmitter. If all is well, the voltage should 
jump to the level determined by the voltage 
divider. 

In case of trouble check all connections 
first. Be especially careful of connections to 
the transistors and diodes. If the screen volt- 
age does not drop with loss of excitation, try 

fig. 3. Schematic of the 
solid-state screen-clamp cir- 
cuit. 

PA SCREEN PN3440 
+300V 

3SY 

reducing the size of the 3.9M resistor. If the 
screen voltage does not rise with excitation, 
check for a low negative voltage at the base 
of the first transistor. If the voltage is present, 
it indicates the peak rectifier and filter are 
operating and that one of the transistors is 
probably defective. When correct operation 
is obtained, the transmitter is ready to use 
on all modes. 

The transistorized screen clamp out- 
performs the old 6AQ5 and uses a small 
fraction of the power. As evidenced above, 
i t  has held up well in operation. I strongly 
recommend that you use this circuit or a 
variation of i t  if you're building any new 
equipment requiring a screen clamp; the 
savings in power and the reduction of heat 
are worth it. 

ham radio 

46 5 september 1968 



LARGE ANTENNA LOAD 
:? r 
? r w r  
.i,-.I .. . . -. 

BUILT 

THE TRI-EX 

p ' q '  "\ 
!i&$,,x - - a (70 FEET HIGH) 

Thls advanced state of the art tower IS aero- 
dynamically deslgned to reduce tower wlnd 
drag. Thts means you can carry more antenna 
than ever before Trt-Ex engineers have made 
thts posslble by uslng hlgh-strength, sol~d-steel 
rod bractng. Only at TwEx do you get "W" type 
continuous truss braclng. Developer of the 
freestanding, crank-up tower, Trl-Ex prldes ~ t -  
self on the quallty of ~ t s  products. More Trl-Ex 

ther 
the 

NO SHIPPING CHARGES WITHIN 
CONTINENTAL U.S.A. 

%X TOWER CORPORATION 7182 nasmurten rve,. Ksalia, calif. 93277 
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a discussion of 
thermoelectric 

power supplies 

I With the growth of the atomic age, a new 
breed of power supplies has come into being 

Current prices rule out -thermoelectric power generation. These 
are direct-conversion units with no moving 

5 parts, maintenance and lubrication free, silent 
thermoelectric generators : e, in operation, and which provide one of the 

2z .- 
5 most promising long-lived, dependable pow- 

for hams, but in not too 3 ! er supplies for extended space trips. 
Since they are so dependable, the Nassau . . 

2 Satellite Tracking Amateur Radio Society has 
many years you may be 5 2 chosen this type of power supply for the 

Moonray package they hope to put on the 
2 2 using them on field day 5s moon in 1970. Some day in the near future 

gz_ we will find these power supplies being used 
from the outermost fringes of our galaxy to % 2 

VI L 

20 twenty-thousand leagues under the sea. 
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Thermoelectric power supplies are not 
limited to costly space programs. As of now 
they are in use around the world in remote 
positions, above, in, and under the sea. That 
buoy you passed on your last weekend cruise 
could possibly have been powered by a 
thermoelectric generator supplemented by 
batteries, and operating at a considerable 
saving in cost over conventional systems. 

Croups who are contemplating remote 
mountain-top repeater stations, microwave 
links, etc., would do well to consider this type 
of power supply where electricity is not read- 
ily available. For example, a commercially 
available thermoelectric power supply with 
approximately 12 watts continuous output 
(12 volts, 1 ampere) would require about 300 
gallons of propane per year. 

Waitl Before you stop reading, remember 
that although 72 watts is not much, it's 
enough to charge a ballast battery (preferably 
nickel-cadmium for long-life and low main- 
tenance) during non-transmit periods. A 10- 
ampere-hour, nickel-cadium, 12-volt battery 
could supply a 120-watt steady-state load 
for one hour-but our loads are only inter- 
mittent. With properly designed solid-state 
transmitting and receiving equipment, the 
peak-power duty cycle i s  very low. The 12- 
watt thermoelectric generator would con- 
tinue to supply power day and night for 

C o ~ r c i ~ l  1-r.W HnrmwlecMc 
gonentor. Total weight is 4.8 
pounds; volume. 0.07 cubic foot. 

- - --.- - - -. - 

charging the ballast batteries-they would 
permit a relatively high-power drain during 
periods of peak power requirements. 

theory 
Direct conversion of heat into electricity 

has been with us for over 145 years. In 1822, 
Johann Seebeck reported he had observed 
that a magnetic needle was deflected when 
placed near a closed loop of two dissimilar 
metals when a temperature difference was 
maintained between the two junctions. A 
very basic thermoelectric circuit is shown in 
fig. 1. One end is hot and the other end i s  

Inside the 10-watt thermoelectric 
generator. Fuel is Plutonium-238. 

immersed in an ice bath; by using dissimilar 
metal wire in a closed loop, a small voltage 
is developed. With the exception of its use- 
fulness in measuring temperature, Seebeck's 
discovery went rather unnoticed. In fact, you 
can buy a complete set of temperature vs emf 
tables for various dissimilar metal thermo- 
couples from the U. S. Government Printing 
Off ice. 

Very little progress was made until after the 
discovery of the transistor in 1948. The de- 
mand for ultrapure metals for semiconductors 
made it possible for further research on 
thermoelectrics. It was found that by doping 
certain pure metals, a positive or negative 

september 1968 49 



valance could be achieved as in  transistors 
and diodes. By making a closed loop and 
applying heat, at temperatures which were 
previously considered destructive, to one 
junction and cooling the other, considerable 
power could be generated. So much interest 
was generated in this type of thermoelectric 
that the Navy contracted Westinghouse for 
material research and development with the 
possibility of quicr power generation for 
ships. 

A typical thermoelectric module i s  shown 
in  fig. 2. By applying heat to one end and 

fig. 1. The basic thermoelectric circuit. 

cooling the other, power is produced. The 
voltage output wi l l  be very low, but the 
amperage output could be quite high, 25 
amps or more, depending on the size of the 
module. The P and N legs are hooked i n  
series; by hooking many more together, you 
can get an appreciable voltage output. As 
with battery circuits, voltage wi l l  increase as 
cells are added in  series, but current is com- 
mon to all. 

The type of material and size of the legs 
determine the electrical resistance. This is 
normally very low, approximately 0.01 ohm 
per P and N leg. The thermoelectric mate- 
rials are very susceptible to poisoning when 
at operating temperatures; therefore, they 
are usually sealed in  an inert atmosphere or 
vacuum. 

Some of the metals now used are silicon- 
germanium, bismuth-telluride and lead- 
telluride. They are usually selected according 
to operating temperature, ease of fabrication 
and cost per unit. As the state of the art im- 
proves in  metallurgy, the temperature limit 
on the hot end is reaching 2000" F and 
above. 

radioisotopic thermoelectric 
generators 

With the recovery of radioisotopes from 
spent nuclear reactor elements, we have a 
constantly enlarging fuel supply for use as a 
source of heat in thermoelectric generators. 
The radioisotope is a byproduct of nuclear 
reactor operation and generates heat as i t  
decays. Radioactive isotopes are rated in 
half lives; that is, they will decay to one-half 
their original thermal power when they reach 
their half-life. Typical half lives of several 
radio-active elements or isotopes that show 
promise in  the thermoelectric field are listed 
in table 1. 

With the present state of the art, the effi- 
ciency of thermoelectric generators is ap- 
proaching 10%. If a generator output of 10 
watts (thermal) is required at the end of 5 
years (half-life of fuel), assuming 10% effi- 

fig. 2. Typical thermoelectric 
module. 

ciency, the initial fuel load for the generator 
must be 200 thermal watts. At the beginning 
of life, 100 watts of thermal heat must be dis- 
sipated. This is wasteful but necessary i f  the 
rated power of 10 electrical watts is to be 
maintained at the end of 5 years. This is 
called power flattening or dampening. 

A radioisotopic thermoelectric generator 
for space applications is shown in the photo- 
graphs. This generator has an unbelievable 
two-watts-per-pound power-to-weight ratio 
and is available in  5- to 50-watt output class. 
As shown in the graph in fig. 4, the generator 
has an optimum operating range where the 
load resistance matches the generator elec- 
trical resistance and provides maximum peak 

50 september 1968 



power. 
The high cost of efficient generators and 

the tremendous cost of the long-lived fuel, 
Plutonium-238, which is controlled by the 
Atomic Energy Commission, leads to caution 
when considering the use of isotopic gener- 
ators. However, they can be used to charge 
batteries (made to last 5 years or more) which 
will supply peak power demands. 

The battery pack wi l l  supply tremendous 
power for a short time and is rechargeable 
with a thermoelectric generator. At the end 
of the sensed battery life, the batteries may 

mote repeaters and microwave relay stations 
could operate using batteries that are re- 
charged by the generator. A typical low- 
power generator is shown in  the cutaway 
drawing. 

If you don't want to go nuclear, there are 
several manufacturers offering off-the-shelf 
generators with outputs of 100 mW to 50 
watts and higher. These are usually heated 
with fossil fuel such as gas, oi l  or propane; 
any heat producer can be used. They are 
presently used to charge communications 
batteries on railroads, supply power for Coast 

fig. 3. Method of putting several thermoelectric generators in parallel. 

MAT& GENERATOR CCC4.M flNS fF---l 

M A T 4  GENERATOR COOWYG FINS '", 

be disconnected remotely; low power would 
still be furnished by the thermoelectric gen- 
erator until the end of several half-lives of 
the radioisotope fuel. For the Moonray pro- 
ject the thermoelectric generator has another 
benefit: when the cold lunar night sets in, the 
heat from the radioisotope fuel could keep 
the batteries from freezing. 

For less sophisticated applications there i s  
another breed of generators called terrestial 
generators. These are for remote applications 
and use cheaper fuel and abundant shielding. 
They can be placed anywhere. Automatic re- 

Guard buoys, supply power to fire towers in 
remote areas and in many many more ways. 

Thermoelectric generators are unique in  
that the output can be short-circuited tem- 
porarily without harm to the elements. They 
are inherently self-protecting. The only real 
dangers are overheating and exposing the 
internal parts of the generator to air at op- 
erating temperature. Most manufacturers 
build in safety features to protect against 
overheating; they also seal the internal parts. 

In most thermoelectric generators, the volt- 
age is very low-3 to 5 volts output. This is 
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almost useless unless it's converted to a 
higher output voltage. Dc-to-dc converters 
are used to step up the voltage to. a useable 
value such as 6, 12, 24 or 28 volts using high- 
ly efficient toroid-core transformers and 
solid-state circuitry. 

It's my opinion that this can be improved 
by adding enough legs to get the voltage up 
to 13 volts or more. Paralleled generators 
would be possible with less power loss by 
using diodes to prevent the flow of current 
to the lower voltage generator. 

Diodes have a 0.75-volt drop, and with low 
voltage units this is a considerable power 
loss. However, by increasing the initial volt- 
age, 0.75 volt would be a small loss, and gen- 
erators with different characteristics could 
be used as shown in  fig. 3. By using thermo- 
electric~ on both sides of the heat source, 
costly insulation would be replaced with 
another bank of thermoelectrics, thereby in- 
creasing efficiency. 

other uses for thermoelectrics 
Ok, so you don't want a unique power 

supply. How about cooling the hot final in  
that super-duper factory-built rig that threat- 
ens to melt under sustained key-down con- 
ditions or the VFO that never stops drifting? 
By passing current with less than 1% ripple 
through a thermoelectric module, you can 
have a cooler; one end will get cool, and the 
other end wi l l  get hot. In effect it's a heat 
pump. When you reverse the polarity, the 

table 1. Typical half lives and power density of 
several radioactive elements that show promise in 
the thermoelectric field. 

isotope half life power density 
years thermal watts/ina 

Thulium 170 0.3 100 
Thulium 171 1.9 10 
Strontium 90 28.0 6 
Plutonium 238 89.0 25 

hot and cold ends wi l l  also reverse. These 
are off-the-shelf items carried by most of the 
large electronic distributors and are fairly 
reasonable in price. 

Thermoelectric power generation i s  still in  
its infancy, and advances are being made 
every day. In  the next five to ten years, engi- 
neers wi l l  be getting the power up and the 

fig. 4. Operating range of the 
thermoelectric module pictured at 
the beginning of the article. 

price down-priced low enough perhaps to 
compete with batteries at the corner drug 
store. Can you think of a better way to power 
that field-day station? 
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1. Westinghouse Thermoelectric Handbook. 
2. "General Principles of Thermoelectr~c Thermome- 
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ham radio 

"You wouldn't think it was so funny if your 
husband was building his first ham rigl" 
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AT LAST! 

2 METER FM TRANSCEIVERS 
.- -----.-- -I. 

SPECIALLY FOR HAAS 
FULLY TRANSISTORIZED - NO TUBES 

Operates on - 117 VAC - 12 Volts DC - Or Optional Internal Batteries - Separate 

receiver and transmitter 3 channel operation - Self-contained 3 x 5 speaker - Strong 
fiberglass Epoxy printed circuit boards - Power supply even regulates and filters on 

12 VDC operation - cannot be damaged by Reverse Polarity - 21 transistors - 
14 diodes - Double conversion crystal controlled receiver with 3 full watts of 
audio output and better than .3pV sensitivity (12 DB SINAD) - Transmitter 

and receiver may be ordered in either wide or narrow band at no extra 
charge (wide band supplied unless specified) - Small size 8"w x 31/2"h 

x 91hnd - Light Weight - Less than 41/2 Ibs - True FM receiver 

not a slope detector - Dynamic microphone input with push 
to talk - Built in 117 VAC power supply - Simply plug 

in proper power cable for either 117 VAC or 12 VDC 

operation - Transmitter power output 4 watts minimum. 

Complete with one set of crystals on 146.94, 117 VAC and 12 VDC power cables, 
less microphone and antenna . . . . . . . . . . . . . . $285.00 

Extra crystals (transmit or receive) $7.00 Mobile Mounting kit . . . . . $7.00 

ICE 
INTCRNATIONAL COMMUNICATIONm ANO ELECTRONICB, INC. 

1917 NW M I L I ~ R V  CIIOCIWAV/OAN ANTONIO, TeXAI  7BPlJ HIE 541-1311 
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TALK POWER 

The  AutoLevel i s  the ultimate in volume compressors. T h i s  unique device  provides a l l  the  ta lk  power 
your transmitter c a n  use. T h e  AutoLevel w a s  des igned for u se  with SSB or AM transmitters.  with or without 
ALC capabilit ies.  

T h e  AutoLevel i s  not an  audio  o r  R F  clipper - al l  compression i s  attained by a photo-optical regulator 
which provides 14 dB's of compression with a minimum of wave form d i s to r t i oa  

T h e  AutoLevel i s  e a s i l y  installed in  the  mike line, and i t  conta ins  i t s  own power supply; (there's no 
need t o  bother with batteries).  It c a n  a l s o  b e  used with your phone patch for the  utmost in e a s e  of operation. 

When you're ready for t he  f ines t ,  a sk  your local dealer  for t he  AutoLevel. 

SPECIFICATIONS 
dB's compression - 14 dB minimum Dimensions - 2-3/4*'x 4-1 1/16**x 6-3/8** 
Wove form distortion - neglible H W D 
Input impedance - sui table  for dynamic or crys ta l  microphone Welghn- 32 ounces  
Output impedance - 5OK (nominal) Color - Bone White with Black front panel  
Power supply - 115 volts AC Pr i ce  - $87.50 

AUTHORIZED DEALERS (listed a lphabe t i ca l ly )  

AMATEUR ELECTRONIC SUPPLY 
4R0R W. Fond dl1 Lac Avenue 

HENRY RADlO STORE 
931 N. Eoclid 

Milwaokee. IVism~nsin 53516 Annheim. (:alifornia 92801 
TeI: 414 - 440-4900 Tel: 714 - 770-9200 

AMRAD SUPPLY. INC. 
3425 Balhoa Str(.~t 

HENRY RADlO STORE 
11240 \Vest Ol)n,pic Blvd. 

San Francisco (:nlifnrnia 94121 Los Anarlrs, Cal~fi~rniti 90064 
Tel: 415 - 7!il-4(i(il TeI: 013 - 477-6701 

AMRAD SUPPLY, INC. L. A. AMATEUR RADIO SUPPLY 
1025 Il.~rrison Street 730211 Artrs~a I3I\f<I.  
O.~klan<l, calif on^^;^ 94807 Iletlc~ndc, Beach. (:alifornia 90278 
Tc.1: 4 15 - 4.51-77.55 ED MOORY WHOLESALE RADIO 

ELECTRONIC CENTER, INC. 13~lx 506 - 
107 3x1 Avr. S,,rth I)? \\'ltt. Arkansns 
hlinnmlx~lis. Minnesota Tel: 501 - IVH 6-2820 
Tel: 610 - 338-5881 PIONEER-STANDARD ELECTRONICS, INC. 

EVANSVILLE AMATEUR RADlO SUPPLY 5.10.'1 I 'n~sprrt  Avenue 
1.31 1 Sorth Fttlton Aue. (:l<.vel:~nd. Ohio 44103 
Evansville. Indiiln:~ 47710 Tc.1: 2 l f i  - 432-0010 

GRAHAM ELECTRONICS SUPPLY. INC. 
PIONEER-STANDARD ELECTRONICS. INC. 

IS2 S. Smntr Avenue 
SREIJ(:O EI.E(.TRONICS DIVISION 

Indi;~napt~lis. 1ncli;lna 46225 
.'I 14 I.eg1 strc~el 

Tel: 317 - 634-8486 I);~ytc~n, Ohin 45401 
Tel: 513 - 224-0871 

HAM RADIO OUTLET UNIVERSAL SERVICE 
999 llc>wanl Avenue 11.1 North Third Street 
B~~rlincnme, C;~lif<~rnia 94010 (:olunth~~s. Ohlo 43215 
Tel: 4 15 - 349-5757 Trl: 614 -921-2:>35 

THE HAM SHACK (Tel-Appliance Center, Inc.) VALLEY HAM SHACK 
1966 Hillview Street 4 109 S .  39th Street 
Sar:isr,ta. Flr~rida 33579 I'hrwnix. Ari/.#~na 
Tel: 813 - 955-7161 Trl: 602 - 955-4850 

DEALERSHIPS AVAILABLE IN SOME AREAS - WRITE FOR FREE SPECIFICATION SHEET 

2111 SPRINGHILL DRIVE Columbus, Ohio 43221 
wr.. 3 . r 

m ' t  , ~ D R ~ M ,  :'?7 
L/ L 

TELEPHONE 614/486-7090 
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don't 
throw away 

that iron! I 
some thoughts on g .- 

5 
in .- 

converting a-m 4 
r; 

power amplifiers 5 

to ssb service 4 
2 

In countless ham shacks across the country 
there are a great many a-m components and 
complete a-m rigs which you may think are 
obsolete, but in actuality, they can be used 
with outstanding success on ssb. After many 
years on a-m, I was faced with the same prob- 
lem as most amateurs changing to ssb: 
whether to junk existing equipment, sell i t  at 
give-away prices and buy new gear, or modi- 
fy the old rig for ssb operation. Most ama- 
teurs buy a commercial ssb transceiver which 
runs at power levels of 100- to 500-watts PEP. 
Ultimately, however, they feel the urge to 
tack on a linear for increased power. 

Unfortunately, the average amateur doesn't 
have sufficient know-how or time to design 
and build a complete ssb transmitter or 
transceiver, so i t  makes good sense for him 
to buy a commercial unit. When i t  comes to 
the linear, it's a different story. Back in  the 
attic among the cobwebs are many fine pieces 
of equipment which are equal or superior to 
anything commercially available. This is not 
intended as an indictment of the many fine 
commercial linears available; but if iron is 
more plentiful than silver around your shack, 
the following may prove of interest. 

My  first step in  "going ssb" was to put 
together a Heathkit SB-401 transmitter. My  
old kW plate-modulated amplifier was an un- 
likely candidate for ssb service-at first 
glance. The basic circuitry didn't conform 
with the generally-accepted configuration of 
today's ssb linears. I t  used a pair of push- 
pull 250TH's in  a tuned-grid, tuned-plate con- 
figuration with a split-stator butterfly tank 
capacitor with a plug-in coil and swinging- 
link plus a five-band coil turret in the grid 
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circuit tuned with a two-section capacitor. 
Sound familiar? 

When I took a closer look at the amplifier, 
I couldn't see any reason why a push-pull cir- 
cuit, with its inherent harmonic cancellation, 
wouldn't actually be better than a single- 
ended final. Similarly, a tuned-grid circuit 
should be as good or better than a broad- 
band untuned input. The use of 250TH's is 
irrelevant, and many other tubes wi l l  perform 
just as well. If the a-m amplifier uses a single- 
ended configuration, so be it. The point is 
that many existing a-m amplifiers can be con- 
verted to linear service at practically no 
additional cost. 

power supplies 
The plate voltage supply consists of two 

4400-Vct, 1.5-kVA hypersil-core pole trans- 
formers in  parallel, a pair of 872A rectifiers, 
a capacitor-input filter consisting of a 2- 
pF, 4000-V oil-filled capacitor, a 20-H broad- 
cast-type choke, another 2-pF oil-filled capac- 
itor and a 100k-ohm, 200-watt bleeder re- 
sistor. The 3-kVA continuous-duty rating of 
the plate transformer is the key to the hard 
regulation I get with this supply without the 
big filter capacitance usually required. The 
plate transformer never has to deliver more 
than half of its rated output. From idling 

plate current to maximum current on voice 
peaks, voltage regulation is on the order of 
3 '10. 

Grid bias is obtained from a 2500-ohm, 
100-watt resistor across the output of a heavy- 
duty full-wave supply. The resistor is tapped 
at the grid cut-off point of the 250TH. No 
grid-leak bias is used. An overload relay pro- 
tects the tubes in  case of excessive plate 
current. 

amplifier modifications 
I installed a small relay adjacent to the 

bias supply and connected the cut-off bias 
voltage to one set of relay contacts. A second 
slider tap on the bias supply resistor was 
positioned so the final draws the correct no- 
signal idling plate current when plate voltage 
is applied; this bias is connected to the 
normally-open relay contact. The armature 
is connected to a feedthrough capacitor 
which feeds the bias to the shielded grid 
circuit. The relay coil is connected to an 

"external relay" socket on the exciter. When 
receiving, the final is biased to cut-off, and 
when the exciter's PTT-VOX relay is closed, 
ssb operating bias is applied to  the amplifier. 

A dpdt center-off switch replaces the 
original spst plate voltage switch on the front 
panel. This allows instant switching from ssb 
to high-level plate-modulated a-m, primarily 
for working DX stations still operating a-m on 
10 meters. If you're only interested in  ssb 
operation, this change is not needed. 

Conventional control circuitry is used: one 
side of the ac line to the amplifier is con- 
nected to the high-voltage plate relay coil. 
The other side is wired in  series through the 
door interlock, the overload relay contacts 
and one set of contacts on the dpdt front 
panel switch to the other side of the coil. 
With this wiring, high voltage to the amplifier 
is independent of exciter control. For a-m 
operation one side of a two-conductor con- 
trol line from the a-m exciter is connected 
to the plate relay coil; the other side is con- 
nected as above except that it uses the other 
side of the dpdt switch so plate voltage can 
be controlled by the "transmit-standby" 
switch on the a-m exciter. 

A switch in  the modulator filament circuit 
and a switch which operates a relay to jumper 
high voltage across the modulation trans- 
former secondary for CW operation are used 
for ssb. Therefore, three switches and a relay 
convert the amplifier from 1-kW plate- 
modulated a-m to 2-kW PEP ssb. 

operation 
The amplifier i s  loaded to 1200 watts dc 

input-3000 Vdc at 400 mA with the exciter 
switch in the "tune" position. Switching the 
exciter to upper or lower sideband, a steady 
tone is applied to the mike and the mike 
level control advanced until the amplifier 
plate curent is 330 mA-990 watts dc input. 

In regulating the amount of drive to the 
amplifier, the exciter should be tuned for 
normal maximum output. If this produces 
excessive drive to the amplifier, the exciter 
drive control can be reduced slightly. How- 
ever, make sure that the drive to the exciter's 
own final is not reduced below the manu- 
facturer's specifications for minimum drive. 
Otherwise, the alc circuit and carrier sup- 
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pression will be upset and signal quality seri- 
ously affected. If minimum permissible out- 
put from the exciter still results in  excessive 
drive, use an attenuator. 

construction 
Little specific mention has been made 

about design and construction of the ampli- 
fier. Just remember that the dictates of good 
engineering practice should be followed 
when adapting an existing amplifier to ssb 
service. Briefly, the amplifier should have a 
well-regulated bias supply; a plate voltage 
supply with minimum voltage drop from 
idling current to full current drawn on voice 
peaks; adequate isolation of grid and plate 
circuits; good neutralization; complete 
shielding; impedance matching to the trans- 
mission line; a good low-pass filter and 
adequate cooling. My  amplifier-which is 
typical of most well-designed a-m amplifiers 
-incorporates all these provisions. 

One inexpensive way to match a swinging 
link to coaxial line i s  by using a 30- to 500-pF 
variable in series with the center conductor 
of the coax line. The capacitor is mounted 
inside the shielded enclosure on an insulated 
plate with its shaft extended through the front 
panel. To adjust the link correctly, mesh i t  
to the point where the amplifier draws a very 
small amount of current and tune the loading 
capacitor for a peak current reading (usually 
an increase of a few mils). Then mesh the 
link until the amplifier is drawing the proper 
operating current. 

If the link is correctly tuned, retuning the 
loading capacitor after the amplifier is load- 
ed to the proper value will indicate no 
change in the resonant point of the link- 
tuning capacitor. Fairly wide frequency ex- 
cursions within any given band are possible 
without retuning. The tuned-grid, tuned- 
plate, tuned-link configuration provides very 

effective suppression of spurious radiations. 

cooling 
Proper cooling of the shielded plate- 

circuit compartment is very important. To 
quote a recent article by a well-known ham 
engineer, "The only time you have too much 
cooling is when the blast of air blows the 
tubes out of the sockets." I might add that 
you may also have too much cooling-or a 
bad bearing-when blower noise makes i t  
hard to hear the receiver. My  amplifier uses 
the pressurized chassis method; the chassis 
has a solid bottom plate. 

The top of the chassis forms the floor of 
the plate-circuit compartment with twenty- 
four '14-inch holes drilled around the periph- 
ery o f  each tube socket. Mounted on the 
rear edge of the chassis are two 4-inch 
centrifugal blowers rated at 250 cfm each 
with zero back pressure. Since the total area 
of the drilled holes is considerably less than 
the combined area of the two blower nozzles, 
there's a certain amount of back pressure, 
but this is inconsequential. Blower noise is 
at a very tolerable level and do a no- 
nonsense cooling job. 

An old axiom states that, "the proof of the 
pudding i s  in  the eating." The old warmed- 
over pudding at this QTH i s  tasty indeed. I 
have been literally swamped with unsolicited 
signal reports lauding the quality and strength 
of the signal. So many reports have been 
made of, "strongest signal on the band," 
"beautiful pattern on the scope," "extremely 
narrow, but pinning the S-meter," etcetera, 
that I'm almost beginning to believe it. I hope 
this apparent immodesty will spur some of 
you to make your own conversions. Borrow 
a derrick and drag that old a-m rig out of the 
corner and join the fun! 

ham radio 
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stability, since any instability of oscillator- 
tripler operation shows up first at the higher 

Most important is the way you do the 
adjustment. Key the transmitter, and tune the 

aligning vhf transmitters oscillator plate coil for a peak 0, the vtvm. 
Don't stop with that, though. Rock the slug 

Speaking generally, aligning the broadband back and forth a little; you'll notice the 
tuned circuits between stages in  a vhf trans- reading drops off more quickly on one side 
mitter is a lot like aligning them in any of the peak than on the other. With the adjust- 

transmitter. Yet, there are subtle differences ment peaked, turn the slug in  the direction 

you should know about. Take a simple 2- of the slow drop-off-just enough so You 

meter a-m transmitter as an one can notice the lower meter reading. Leave 

is shown in b[ock-schematic form in fig. 1. the slug set slightly on the "slow" side of 

First, you need some sort of alignment the peak. That's the point of maximum 

indicator. Monitoring rf power output of the stability. This adjustment is even more critical 

transmitter is inadequate for adjusting the when the oscillator uses overtone- or har- 

early stages; the indications are too broad monic-type crystals. 

to be any help. A vtvm connected across the For the later stages, such as the driver 
and the final, i t  is better to monitor rf out- 

grid resistor of a late stage-say the driver 
put. In vhf power stages, the plate-current 

-is usually effective; i t  measures class-C grid 
dip dosen't usually occur exactly at the most 

current. The manual that with the 
efficient point. Therefore, for all output-stage 

transmitter may tell you what point is best. adjustments, an rf wattmeter or other rf out- 
The first slight peculiarity arises i n  adjust- put meter is the most tuning indi- 

ing the oscillator. In many vhf transmitters, cator. 
inexpensive fundamental For interstage and output adjustments, use 
generate the carrier, as shown in  fig. 1. How- a crystal frequency near the center of the 
ever, the oscillator is also a tripler. Its Output over-all range. only the oscillator needs the 
is at 24 MHz. Tuning its plate coil isn't exactly special treatment at the high end, just peak 
as simple as merely peaking it for maximum the interstage multiplier or amplifier adjust- 
vtvm indication, but the proper technique is ments for maximum rf output. 
seldom spelled out in a manufacturer's align- The order in which you make the final- 
ment instructions. stage and output-coupling adjustments can 

For oscillator alignment, you should plug be a factor in vhf transmitters. Start with 
in  the highest-frequency crystal you have. coupling as loose as possible (least rf out- 
This permits you to set the plate coil for best put). If there is a plate-current meter, use i t  
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to dip the power-amplifier tank as a pre- 
liminary step; later, however, you'll retune 
the tank for maximum rf output. Drive in vhf 
transmitters is seldom adjustable; you just 
tune the driver stage for strongest drive to 
the final. 

Start by increasing antenna coupling just 
enough to get some output reading on the rf 
wattmeter or whatever you're using as an 
output indicator. Ignore final plate current 
at this point. Now tune the plate tank for 
maximum rf output. Then peak the antenna 
trimmer, if there is one. In small steps, in- 
crease rf output to the rated wattage for the 
transmitter, repeating the sequence just out- 
lined: increase coupling, tune plate, tune 

indicator. At the grid of the final i s  a good 
place to hook a vtvm to check alignment 
results in the earlier stages. Loosen antenna 
coupling to begin with. 

Plug in the highest-frequency crystal you 
have for either band. Key the transmitter and 
peak both slugs (top and bottom) in the 
first interstage transformer. Then go back 
and shift the plate-winding adjustment 
slightly to the stable side, as already de- 
scribed. Change to a crystal whose frequency 
is near the center of the bands. If necessary, 
use two: one near the center of each band. 
Peak both adjustments of the second inter- 
stage transformer for best drive at the final, 
measured by the vtvm. 

fig. 1. Common configuration for an amateur vhf transmitter. 

I I I 
I I I 

antenna. Don't allow plate current to exceed 
whatever is recommended for the tube; also, 
don't exceed the FCC-ordained plate power 
input. Don't tune the plate tank for a dip on 
the meter-tune for output, always. If plate 
current gets too high, back off the coupling 
so there's less rf output; then retune the 
plate and antenna controls for peak output. 

a-m vhf transmitter 
Another vhf ham transmitter is diagramed 

in fig. 2. This one is a two-band rig. Also, 
interstage coupling i s  by double-tuned trans- 
former, although that makes little difference 
to alignment-just a couple of extra slugs to 
turn. Let's run through its alignment quickly. 

Connect a dummy load and rf output 

Switching from 2 meters to 6 meters 
changes the interstage coupling to the final 
(power amp), and also alters the mode of 
operation in the last multiplier stage. For 6 
meters, it becomes merely an amplifier. 
There's no driver-stage adjustment for 6 
meters, so switch to 2-meter operation. Peak 
the two series-resonant trimmers for maxi- 
mum drive to the final. 

Output coupling systems for each band 
are separate and different. Tune the 6-meter 
band first, which uses the pi-network output 
system. The standard alignment procedure 
applies, except that there is no coupling ad- 
justment. Tune the plate trimmer (Cl) for 
maximum rf into the dummy load. Then 
adjust the antenna-tuning trimmer (C2). Peak 

september 1968 59 



them both, going back and forth a couple of 
times to make sure interaction doesn't affect 
the result. You'll have to refine them both a 
little when you connect an antenna. 

Switch to the 2-meter band. Output 
coupling i s  a simple link, series-tuned. Peak 
the trimmer for maximum output, with 
either the dummy load or the antenna con- 
nected. If you use the dummy, retouch the 
adjustment when you change to the antenna. 

Many vhf transmitters have the plate and 
antenna tuning controls on the front panel. 
They should be readjusted with each crystal 
change, or with each change in VFO tuning. 
Always peak them for maximum rf output. 

single-sideband vhf 
There are some differences between vhf 

transmitters for a-m only and those that 
operate in the ssb mode. The variations 
aren't major, but they are sufficient to alter 
the general alignment procedure. The block- 
schematic of fig. 3 shows the layout of one 
double-conversion vhf ssb transmitter-from 
the Gonset Sidewinder series. This one is 
about average among this class of trans- 
mitter, so it makes a fair example. The steps, 

VFO, which is part of the transmitter, you can 
tune any frequency within the sector. The 
carrier oscillator i s  the 9-MHz type that is 
common in modern transceivers. It is this 
synthesis method of developing the vhf out- 
put frequency that dictates a special sequence 
for transmitter alignment steps. The proce- 
dure isn't as straightforward as in simpler a-m 
units with frequency multipliers. 

The 9-MHz i-f amp and the 15-MHz band- 
pass i-f amp are part of the receiver, too (the 
Sidewinder units are transceivers). You can 
align the two stages with a signal generator; 
a sweep generator is recommended for the 
band-pass amplifier. However, you can also 
do a fairly close job with the transmitter 
keyed on, using the signals generated by the 
unit's own oscillators. Follow the manu- 
facturer's instructions religiously if you have 
the test equipment; if not, the technique I'll 
outline here will work. 

The first step is to align the 9-MHz section. 
Disable the tuning oscillator or VFO. Con- 
nect a vtvm with rf demodulator to the out- 
put of the first mixer (the transistor collector, 
in this instance). Key the transmitter on, with 
its mode switch set for CW operation. Peak 

fig. 2. Two-band vhf transmitter is only slightly more complex than the design shown in fig. 1. 

e l  i 
I 

T T I  

and the order you do them in, can be 
adapted to other ssb transmitters in the vhf 
bands. 

This transmitter uses frequency synthesis 
to tune the 6-meter band in sectors. Four 
35-MHz crystals handle this. The tuning 
oscillator lets you use crystals from 5.5 to 
6.5 MHz to select spot frequencies within 
the 1-MHz spread of each sector; with the 

TI0 for maximum. Move the vtvm probe to 
the 9-MHz input of the mixer (emitter, here). 
Adjust the crystal trimmir~g capacitor (C23) 
for exactly 65 mV on the vtvm. Move the 
vtvm probe back to the mixer collector 
again, and again peak T10. The trimmer 
capacitor puts the crystal signal at exactly 
the right spot on the response slope of the 
sideband filter, and you have peaked TI0 to 
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fig. 3. Adjustments and their sequence am complicated in this vhf single-sideband transmitter. Spacial equip- 
ment is recommended for adjusting some of the tuned band-pass circuits. 

pass the resulting 9-MHz signal efficiently. 
Reactivate the tuning oscillator or VFO. 

Move the vtvm probe to the input of the 
second mixer. Tune the VFO to the center 
of its dial, and peak C36 for maximum read- 
ing on the vtvm. That couples the tuning 
oscillator most efficiently to the first mixer. 

Next, if you do have a frequency meter, 
check the frequency of each of the four sec- 
tor crystals. If you don't have a frequency 
meter, you must simply take them for granted. 
If, later, you find one sector isn't accurately 
calibrated, its crystal is probably off fre- 
quency. It's unlikely that more than one will 
be off. If they all are off, you can warp them 
onto frequency with LIZ. 

Move the vtvm probe to the output of the 
second mixer. Now align the band-pass i-f 

amp. It must be stagger-tuned and is best 
done with a sweep generator. However, you 
can get by this way: key the transmitter and 
peak T9, T8, T7, T6, and L18 for maximum 
signal reading on the vtvm. Go over all five 
a couple of times to make up for any inter- 
action. To get the bandwidth needed, go 
back to T7 and T6. Turn the slug of T7 
counterclockwise one quarter-turn, and the 
slug of T6 clockwise one quarter-turn. This 
is a rough approximation, but you can 
usually get by. To check it, tune the VFO 
from one end to the other of its range. The 
vtvm reading will vary from one end to the 
other, but there should not be any sharp 
dropoff i n  the reading near either end of 
the VFO range. If there is, try correcting it 
with T8, T9, or L18. If you can't, realign them 
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at their peaks and try correcting the too- 
narow band pass with T7 or T6. 

Now go back to the front end and adjust 
the balanced modulator. Start with the trans- 
mitter still in the CW mode. Connect the 
vtvm rf probe at the input terminal of the 
sideband filter. Key the transmitter, and peak 
T11. Switch to the upper-sideband mode, and 
adjust R62 for a null (minimum on the vtvm). 
With a nonmetallic screwdriver, rock C25 
slightly. If the rf indication on the vtvm can 
be reduced by turning C25 in either direction, 
turn it that way only slightly and re-null R62. 
Continue this in small increments-C25 for a 
slightly lesser reading and then R62 for mini- 
mum-stopping when turning C25 further 
starts increasing the meter reading instead of 
decreasing it. The meter should finally null 
at less than a millivolt. 

lnterstage coupling from the second mixer 
to the driver and final stages is also band-pass 
circuitry. Though they are not stagger-tuned, 
the circuits are heavily interdependent. Also, 
the neutralization network that includes L21 
and capacitor C l l l  complicates adjustment. 
The manufacturer recommends alignment 
with a sweep generator, and it's a good idea. 
If you don't have a sweep generator, or don't 
know how to use it, do not bother the 
neutralization. 

To align the driver-coupling circuits as 
best you can, connect a dummy load and rf 
output indicator to the antenna output jack. 
With the transmitter in the CW mode, and 
the sector switch set at the 51-52 range, peak 
L22 and L23 for most rf output. As you switch 
sector crystals over the entire 6-meter band, 
with the VFO set at center range, you should 
notice some variation in output power. If it 
varies more than 5 or 6 watts, try readjusting 
L22 and L23 to compromise between absolute 
maximum output and fairly even distribution 
of power over the band. 

Tune capacitor C112 (the final-amplifier 
tune knob on the front panel) for maximum 
transmitter output, with the sector switch set 
to produce 51-52 MHz and the VFO at center. 
Also tune C113 (antenna tune on the front 
panel) for best rf output. 

antenna adjustments at vhf 
Any vhf transmitter should be connected 

to its working antenna for finishing adjust- 

ments in the final amp and output network. 
Antenna matching i s  critically important in 
vhf operation, and the adjustments in the 
final stages can seriously affect this matching. 

The most useful indicator is an in-line watt- 
meter or reverse-reading rf indicator. It con- 
nects in the coax line between the vhf trans- 
mitter and the antenna. Lacking this kind of 
meter, you can get by with a simple field- 
strength meter. 

With the in-line rf indicator, you first tune 
the final tank for maximum output. If the 
output matching network has several adjust- 
ments as does the one in fig. 3, start by 
setting the panel control to the center of its 
capacitance range (the plates half-closed); 
you may have to open the cabinet to see 
where halfway is, if there are no stops on 
the capacitor. Tune the first trimmer (C119, 
here) for best output. Change the indicator 
to read reflected power and tune the last 
trimmer for minimum reflected power. Then 
touch up the first trimmer for minimum, too. 

Recheck forward power. Touch up C113, 
and then-still measuring forward power- 
touch up C119 and C120. If you have to turn 
these two very much, and if turning them 
increases the reflected power indicated by 
the meter, the mismatch is serious and is at 
the antenna itself. You can't "adjust" it out. 

If you are doing the output alignment with 
only a field-strength meter, adjust the final- 
amplifier tune control first, then the antenna 
tune. Set both for maximum rf radiation 
measured by the meter. Adjust the trimmers 
also for maximum radiated field strength. 
Go through the final-amplifier tuning, an- 
tenna tuning, and matching adjustments 
several times to overcome any interaction. 

With any vhf transmitter, your best bet i s  
always to follow the alignment instructions 
supplied by the manufacturer. If you need 
special equipment, buy or borrow it. For best 
communications, always try to do a thorough 
alignment job. It takes time and care, but 
the results are worth it. In a later column, if 
you want to know more about it, I'll tell you 
how to set up the scope and sweep generator 
to do band-pass alignments in receivers and 
transmitters (important in ssb transceivers). 
Drop me a note and let me know. 

ham radio 
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the new 

heath HW-100 
five-band 

ssb transceiver 

One of the more intriguing new pieces of 
equipment to be placed on the market in 
recent months is the Heath HW-100-a five- 
band ssb transceiver selling in kit form for 
only $240.001 This certainly bears looking 
into, and a more careful review uncovers 
a very interesting piece of gear. 

A quick definition might call it a cross 
between the well-known Heath HW-series 
stngle banders and their well-respected SB- 
101 that sells for $130.00 more. Nothing has 
been left out of the HW-100. It gives com- 
plete coverage of all amateur bands between 
3.5 and 29.7 MHz in 500-kHz segments with 
selectable sideband or CW operation. In- 
cluded are features sometimes considered 
extras-CW sidetone, VOX and a 100-kHz 
crystal calibrator. 

When the kit arrived here at ham radio, 
we looked it over and were all quite im- 
pressed to find that the folks at Heath 
hadn't cut any corners quality-wise to give 
you a dependable piece of equipment. I'd 
certainly hate to try and put a similar group 

I 
of parts on my bench for the same price. 
Among the branded components were many 
well-known names including Westinghouse, 
E. F. Johnson and Potter & Brumfield. 

I assembly 
The kit should go together in about 35 or 

40 hours, although I did a bit better. Align- 

r, ment and tune-up went very quickly and 
were not at all difficult. About another hour 
or so had the rig on the air in good order. 
As is usual for the larger kit manufacturers, 
the directions were very detailed and excel- 
lently prepared. There were one of two areas 

r' which might have used a bit of clarification, 
0 

but 1 suspect that these will be cleared up in 
later kits. Ours was in the first group of pro- 

& duction units shipped. None of these prob- 
-I 

6 lems was serious, however, and by reference 
elsewhere in the instructions they were 

; quickly clarified. 
al 

5 Most of the wiring was handled by nine 
L 

circuit boards; a large wiring harness provided 
a most of the interconnections between the 
2 boards, controls and other points. The only 
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two major portions of the transceiver which 
are hand wired are the VFO and the final 
amplifier. Both of these were quite straight- 
forward and went together very nicely. The 
manufacturer was very careful to provide 
ample warning regarding any operations re- 
quiring special care such as the use of heat 
sinks on semiconductor leads, etc. 

As mentioned earlier, the unit was amaz- 
ingly easy to align. The receiver is tuned up 
first. This procedure requires only a vtvm 
and another receiver (even a broadcast re- 
ceiver will suffice). As you are aligning the 
receiver, most of the stages of the transmitter 
are tuned up, too, since the receiver and 
transmitter sections share many stages and 
tuned circuits; final peaking is done later in 
the transmitting mode to assure maximum 
drive and proper operation. 

One point of interest which didn't affect 
our kit, but did trouble a neighbor, was the 
initial tune-up of the transmitter. The in- 
structions assume that T I  at the output of the 
balanced modulator will be sufficiently close 
to alignment as shipped from the factory so 
some drive will be available before this trans- 
former i s  touched. Our friend found this to 
be untrue and had to jump ahead four steps 
in the alignment procedure to obtain any ini- 
tial drive whatsoever. This may well have 
been a random case, but we pass it along for 
what it's worth. 

receiver section 
A block diagram of the HW-100 is shown 

in fig. 1. You w ~ l l  see that it is a very straight- 
forward unit with a double-conversion re- 
ceiver of conventional design. 

The incoming signal is first passed through 
a single stage rf amplifier/preselector and on 
to a crystal-controlled first mixer. The first 
intermediate frequency is tunable from 
8.395 MHz to 8.895 MHz. The second mixer 
converts this signal to 3.395 mHz and uses 
the VFO/VFO-amplifier from the transmitter 
as a local oscillator: this insures common 

operating frequencies for both transmitting 
and receiving. It is at this frequency that a 
four-pole crystal-lattice filter is inserted be- 
tween the second mixer and the first i-f 
amplifier. 

This filter offers a shape factor of 3 to 1, 
which, although not outstanding, is more 
than ample for good selectivity, even under 
crowded conditions. After passing through 
two stages of i-f amplification, the 3.395- 
MHz signal is passed into the product de- 
tector along with the crystal-controlled out- 
put of the combination carrier-oscillator/ 
BFO stage. The audio output of the product 
detector is passed through a two-stage audio 
amplifier to the speaker or headphone jack. 

The operation of the receiver i s  identical 
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fig. 1. Block 
gram of the 
100. 

;;I q y z t  SPEECH 

y(q AIRIFIEa 

in  all modes of reception with the exception 
that the BFO frequency i s  varied for lower 
sideband, upper sideband or CW reception. 
Numerous a-m stations have been copied 
very successfully with this receiver using 
both the lower and upper sideband modes. 
The lack of an envelope detector for a-m 
certainly appears to be no disadvantage. 

transmitting section 
The transmitting section of the HW-100 is 

a typical example of a modern filter-type 
multiband ssb transmitter in the 150-watt 
class. In ssb operation, the audio signal, after 
passing through a speech amplifier and 
cathode follower, is mixed with the output 
from the carrier-oscillator/BFO in a four- 
diode balanced modulator to produce a 
double-sideband suppressed-carrier signal. 
During tune-up and CW operation the bal- 
anced modulator is unbalanced to allow the 
carrier signal to be passed on to the isolation 
amplifier which follows. 

The same four-pole crystal filter is then 
used to both attenuate the undesired side- 
band and further suppress the carrier. For CW 
or tune-up operation, the frequency of the 
carrier oscillator is shifted to place i t  within 
the pass band of the filter. This filter does an 
adequate job of sideband suppression. Al- 

WTECTOU AMPLIFIER URlF lER 

though in running tests of my rig I have been 
able to copy the undesired sideband, i t  has 
been too weak to make any actual power 
measurements of it. I feel sure that the 
manufacturer's specifications of 45-dB sup- 
pression are being met and that under normal 
band conditions this sideband would never 
be detected. 

In  checking out carrier suppression, I was 
very pleasantly surprised. My test consisted of 
using a calibrated communications receiver 
with a short stub antenna. Coupling was ad- 
justed to give a 60-dB S-meter reading with 
carrier inserted. When the HW-100 was 
switched to either sideband position, the S- 
meter reading dropped to below 5 dB-a 
difference in excess of 55 dB. I'm sure that 
this wouldn't be considered a completely 
accurate test by laboratory standards, but i t  
certainly indicates carrier suppression well 
in excess of the manufacturer's claimed 45 
dB. Local on-the-air tests have shown no sign 
of a carrier being transmitted. 

From the filter the signal is given one 
stage of i-f amplification and is delivered to 
the first transmitter mixer. The VFO/VFO- 
amplifier is used as a local oscillator for this 
m ixe r. 

The VFO is quite interesting and deserves 
some attention. It uses an MPF-105 FET in  a 
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Hartley oscillator circuit. This solid-state de- 
sign largely eliminates heat and the drifting 
which it causes. The engineers at Heath ob- 
tained regulated power for the MPF105 in a 
clever manner; they inserted a 2N3393 used 
as a Zener diode in the cathode leg of the 
6AU6 VFO amplifier. This amplifier is run in  
a steady-state condition, so it provides a very 
stable source of low-voltage dc of ample 
power for a VFO circuit. 

By varying the polarity of the voltage across 
a IN191 diode, a carrier-shift capacitor is 
switched in or out of the VFO circuit. This 
causes a frequency shift in the VFO signal 
and maintains a constant output carrier fre- 
quency regardless of the sideband being used. 
This corrects for the carrier oscillator shift 
necessary when shifting modes to allow the 
proper portion of the signal to fall within 
the pass band of the crystal filter. 

The output of the first mixer varies in fre- 
quency from 8.395 to 8.895 MHz. This signal 
i s  sent through a band-pass filter to eliminate 
harmonics or other spurious signals and i s  
then converted by the second mixer to the 
final operating frequency. This second mixer 
is crystal controlled by the same heterodyne 

oscillator that is used for receiving. 
A 6CL6 driver delivers a signal with 

sufficient power to drive a pair of 6146's in 
the final to a maximum dc power input of 
180 watts PEP or 170 watts CW (50°/o duty 
factor). The output of my transmitter varied 
from about 110 watts on 75 meters to approxi- 
mately 80 watts on 10 meters when measured 
with a Waters reflectometer and a 50-ohm 
load. 

The manufacturer is to be commended on 
the choice of a transmitting-type tube in the 
final rather than one of the popular TV sweep 
tubes. I am sure that the signal is much 
better for it*, but the temptation must have 
been great when you consider the price tag 
on this kit. 

Other circuit features which should be 
noted include a CW sidetone generator. This 
i s  used to create an audible monitoring sig- 
nal when sending CW. It is not used to gener- 
ate the CW signal itself. The VOX circuit is 
conventional, taking either the output of the 

* W. I. Orr, W6SAI, "Full-Blast Operation of TV 
Sweep Tubes in Linear Service," ham radio, April, 
1968, p. 9. 
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speech amplifier or the CW tone oscillator, 
as the case may be, and using i t  to switch 
from receive to transmit. 

harmonic drive mechanism 
Another interesting area is the main tun- 

ing dial. This dial i s  a unique assembly using 
the Harmonic DriveTI' principle developed 
by the United Shoe Machinery Corporation. 
To the best of my knowledge, this is its first 
application in  a piece of amateur equipment, 
although mechanical assemblies designed 
around the Harmonic Drive principle have 
been used by both industry and the military 
for a number of years. 

The principle of this unit is best illustrated 
in fig. 2. There are three basic parts to this 
drive. One is a fixed spline which does not 
rotate (shown in white). Next is a flexible 
concentric spline (shown in  black) which has 
two more teeth than the first spline and is 
sufficiently larger i n  diameter to clear the 
internal spline. The variable capacitor shaft 
is attached to the outer spline. 

The tuning knob fits over these splines. 
The bore of this knob has two flats (shown 
in  gray) which force engagement of the two 
splines at two points 180" apart. As the knob 
is turned, the point of engagement of the 
splines will also see the same angular dis- 
placement. Since there is an unequal num- 
ber of teeth on the two splines, relative 
motion wi l l  be created between them. Be- 
cause the inner spline is fixed, the outer 
spline wi l l  turn in  the same direction as the 
tuning knob. The reduction ratio of the tun- 
ing knob to the outer spline is the number 
of the teeth on the outer spline to the 
difference in  number of teeth on the two 
splines. In this case there are 82 teeth on 
the outer spline and 80 on the inner. Thus, 
the reduction in  the Harmonic Drive assembly 
is 8212 or 41:l. Add this to a further gear 
reduction at the variable capacitor in  the VFO 
and you end up with a tuning rate of 18 kHz 
per turn, a very pleasant dial indeed. 

When this dial is first assembled, i t  may 
seem unsatisfactory. The "stiction" or break- 
away force required each time you start to 
turn it may be annoying. Don't worry! With 
proper lubrication as outlined in  the direc- 
tions, and a bi t  of use, this dial rapidly be- 

comes a real beauty. I have been well pleased 
with mine. 

operation 
In actual use, I was quite pleased with the 

VOX operation of this transceiver, and I hap- 
pen to be one of those not usually given to 
VOX operation. The semi-break-in operation 
on CW i s  also quite satisfactory. 

In summary, I can say that the HW-I00 

fig. 2. Internal construction 
of the Harmonic-Drive dial 
used on the Heath HW-100. 

has given a fine account of itself on the air. 
Critical comments regarding audio quality 
have been excellent. Sensitivity of the receiver 
has been very surprising. I t  has been placed 
on the bench beside a very good receiver 
costing several times as much, and i t  has held 
its own with no trouble at all. The ease of 
tune-up and handling of this transceiver in  
all modes of operation are a pleasure. 
Whether you are considering your first plunge 
into sideband or are looking for a versatile 
transceiver for both home and mobile 
operations, you should be well pleased with 
the Heath HW-100. 

ham radio 
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NEW FET SIX METER CONVERTER 

T h e  Horizon VI incorporates t he  l a t e s t  in sol id  s t a t e  VHF techniques. Field-effect t ransis tors  are  used 
throughout the  unit t o  provide excel lent  protection agains t  overload and c ros s  modulation. 

All power i s  provided by a built-in 115 volt AC power supply - (no  need t o  buy extras). An additional 
-crys ta l  position has  been provided t o  allow the  owner the option of expanded frequency coverage. Local  
osci l la tor  output i s  acces s ib l e  from the  front of the  unit for those  who des i r e  t ransceive  operation. 

The  low noise figure of the  Horizon Vl assu res  the  operator of excel lent  performance when s ta t ions  are 
weak. 

See  your local  dealer  for a demonstration of t he  Horizon VI; you'll be impressed by i t s  exceptional 
performance. 

SPECIFICATIONS 

Freq. range: 50 - 54 MHz; I.F. outpun 14 - 18 MHz; Input impedance: 50 ohms; Output impdance r  50 ohms; 
Noise  figure: 3 dB typical;  Galnr 15 dB nominal; One 36 MHz crysta l  installed; Built-in power supplyr 115 volts 
AC; Weighn 1 8  ounces; Dimenrians: L-6%" x W-3Xe* x D-2'': Prlce: $59.95. 

AUTHORIZED 
AMATEUR ELECTRONIC SUPPLY 

4898 W. Fond ~ I I  Lnc Aven~le 
Milwaukee, \Visronsin 5:)21fi 
Trl:  414 - 442-4200 

AMRAD SUPPLY. INC. 
3425 Rnlhon Strr.t.t 
S t~n Frnncirco. (:nlifnrnia 94121 
Trl: 415 - 751-4fifil 

AMRAD SUPPLY. INC. 
1025 Il;~rrison Sfrvet 
O;~klnn(l, Cnlifnn~~n 94607 
Tel: 41.5 - 451-7755 

ELECTRONIC CENTER. INC. 
107 3rd Avr. N11rth 
hf~nnrt~pnlis. Minnrsnta 
TeI: 612 - 338-5881 

EVANSVILLE AMATEUR RADlO SUPPLY 
1:) 11 Nl~rth F ~ ~ l t o n  Ave. 
Evansville, Inclienn 47710 

GRAHAM ELECTRONICS SUPPLY, INC. 
122 S. Senntr Avenue 
Indii~napc~lis, Indlnna 46225 
Tc.1: 317 - 634-8486 

DEALERS ( l i s ted  a lphabe t i ca l ly )  

HENRY RADlO STORE 
931 N.  E ~ ~ c l i d  
Annheim. Cnl~fornin 92801 
Tel: 714 - 779-9200 

HENRY RADIO STORE 
11240 \Vert Olvmp~c Blvd. 
I A I ~  Anaelrs. C:nl~f~mnia 90064 
Tel: 91.1 - 477-(1701 

L A. AMATEUR RADIO SUPPLY 

ED MOORY WHOLESALE RADIO 
13~3~ ,506 - 
I)(. \\ 111, Arknnsns 
Tel: SO1 - \\'H 6-2820 

PIONEER-STANDARD ELECTRONICS. INC. 
5 ,103  l'nrsprct Avenue 
(:lt,vrlnnd. Ohio 44103 
Tcl: 2113 - 432-0010 

PIONEER-STANDARD ELECTRONICS. INC. 
SRk:I'(:O EI.b:(.I'RONICS DIVISION 
.'I14 Street 
I);rytr>n. Ohio 45401 
Tt.1: 513 - 224-0871 

HAM RADIO OUTLET UNIVERSAL SERVICE 
999 H~~warrl Avc-nae 114 North Third Street 
Hr~rlinpsme. Cslifwnia 94010 (:ol~~nihus, Ohio 43215 
Tel: 4 1.5 - 342-5757 Trl: 614 - 291-2035 

THE HAM SHACK (Tel-Appliance Center, Inc.) VALLEY HAM SHACK 
1966 Hillv~ew Street 4109 N. 39th Street 
Snrasc~tn, Florida 33579 I'hnrnix. Arin~nn 
Tel: 813 - 955-71fil Tt.1: 602 - 955-4850 

DEALERSHIPS AVAIIABLE I N  SOME AREAS - WRITE FOR FREE SPECIFICATION SHEET 
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propagation 

predictions for september 

September is a month 

of large seasonal change 

in ionospheric behavior; 
a .- 

Perhaps now is the time 
'c - 
d to consider changing 
B .- 

B your operating schedules 

During the past few months, amateurs in the 
Northern Hemisphere have enjoyed excellent 
twenty-meter propagation during hours of 
darkness, and fifteen meters has frequently 
remained open into the middle of the night. 
Ten meters has opened late, or not at all, and 
primarily to the south. 

During September, all this will change. 
Fifteen and ten meters wi l l  open and close 
earlier and be open to higher latitudes. This 
i s  the month when median ionospheric pre- 
dictions are least representative of conditions 
on any particular day during the month. The 
reason for this change i s  that the apparent 
solar latitude has dropped from 8" North to 
3" South during the month of September. The 
resulting change in  ionospheric propagation 
conditions has caught many an unwary ama- 
teur with his schedules down. 

predicting the muf 
Propagation conditions during September 

1968 will be very similar to those that oc- 
curred during September 1967. The observed 
smoothed sunspot number for September 
1967 was 96; the predicted smoothed sun- 
spot number for September 1968 is 103. As 
a result, the predicted MUF's for September 
1968 are only about 5% greater than those 
of September 1967. 

With this in  mind, I scaled a number of 
vertical incidence ionograms taken at Point 
Arguello, California, (35.5" North latitude) 
during September 1967 to determine the 

MUF for the east-west path with a control 
point at 35.5" North latitude. The transforma- 
tion from vertical to oblique incidence prop- 
agation is not without its problems, and the 
MUF's derived this way are invariably low. 
This is due to a number of causes. However, 
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the MUF error for east-west F2-layer propaga- 
tion in temperate latitudes is usually less than 
8%. 

The particular scaling method I used yields 
MUF values that are somewhat higher than 
those scaled for a fixed transmission distance 
of 2500 miles (4000 km). This discrepancy 
arises from consideration of reflection from 
virtual heights (apparent heights of reflection) 
as great as 400 miles which result in  single 
F2-layer hops up to 3300 miles. 

This type of propagation is not usually 
considered for commercial communication 
circuits, but amateur radio communications 
,can stand the spreading loss that occurs with 
upper rays. The point is that the scaled MUF's 
come as close to those useful for amateur 
work as you'll see except from oblique- 
incidence ionogram data. Oblique-incidence 
data is not as available nor as well understood 
as vertical-incidence ionogram data. 

The change in MUF with time of day that 
occurs during the month is illustrated in 
fig. 1. This chart shows the scaled values of 
MUF's for September 1 and September 30, 
1968. The predicted MUF values fo'r Point 
Arguello, as corrected by the ITS semimonthly 
revision factors (1.05 for the second half of 
September), are shown by the open circles. 

Note the following characteristics which 
mark the change of MUF behavior through- 
out the month: 

1. Night-time MUF's decrease and 14 MHz 
closes some nights. 

2. MUF's rise faster during the morning 
and fall faster during the evening as the 
month progresses. 

Note particularly that for a path with a con- 
trol point at 35.5" North latitude at the be- 
ginning of the month, 21 MHz is open until 
10 PM (at the control point) and 14 MHz re- 
mains open throughout the night. At the 
end of the month, the 21 MHz band closes 
by 7 PM, and 14 MHz closes occasionally 
during the night. 

You can see just how much day-to-day 
MUF variation may be expected by looking at 
fig. 2. This chart shows the scaled MUF during 
the last ten days of September 1967. On at 
least five days, the highest scaled MUF dur- 
ing the day was greater than 40 MHz (25% 
higher than the highest predicted MUF). The 
peak MUF occurred between 2 PM and 5 PM 
local time. 

September 20, 21, 28, 29 and 30 were dis- 
turbed days. The disturbances lowered maxi- 
mum daytime MUF's until a few days after 
the disturbance, and raised minimum night- 
time MUF's on the first night after the dis- 
turbance. Sporadic-E propagation was very 
evident on the 21st and 22nd and also oc- 
curred on the 30th. 

The scaled MUF's are for ordinary waves. 
The extraordinary-wave MUF is somewhat 
higher, and depends on the orientation of 
the path with respect to the earth's magnetic 
field. I t  is about 200 kHz higher for a long 
east-west path in  temperate latitudes and as 

fig. 1. Maximum usable fro- M P R L ~ D  PRECUTED + w m ) n  
quencies (F2 layer) scaled 

SCALED YF-FP 
from vertical incidence iono- 
grams taken at Point Ar- 
guello, California (latitude 
35.50 N) on September 30, - 
1967 as compared with cor- 

U 

I 
rected predictions (see - w 
text). E 

l 
I,. 
3 
I 

LGCAL TIME 
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much as 1400 kHz higher for a north-south pect 50 MHz to open for a control-point 
path at low latitudes. latitude of 30" N at least once during the 

Within 2000 miles of the magnetic equator month, to 25' N at least five days during the 
(between 8" and 14" South latitude over month, and to 20' N at least ten days during 
South America), transequatorial forward scat- the month. 
ter (TE) may extend the operational MUF to However, just because the MUF is high 
almost twice that obtained by ordinary re- 

fig. 2. Maximum usable fre- 
quencies (F2 layer) scaled 
from vertical incidence iono- 
grams taken at Point Arguel- 
lo, California between Sep- 
tember 1 and September 30, 
1967. 

fraction during the evening hours near the enough doesn't insure communications (even 

equinoxes. During disturbed conditions by backscatter), since 50 MHz activity is low 
(usually early in the disturbance), TE may be in the proper places. By the time you receive 
worked at higher latitudes than normal. It this, it's almost too late to send equipment 
is not known whether this extension is due or line up schedules with amateurs in Costa 
to sporadic-E or a distortion of the normal Rica, Easter Island, Pitcairn, Tahiti or New 
F2-layer. Zealand. You may be able to work these 

It appears that there are a number of forms places plus parts of South America if some- 
of TE. One form has propagated signals at one there is active on 50 MHz. 
frequencies as high as 700 MHz between It appears that paths with predicted MUF's 

Hawaii and Raratonga. But I digress; a close in excess of 36 MHz could stand serious 
look at the trends in fig. 2 leads to a possjble watching for occasional 50 MHz openings; 

prediction means for propagation by ordinary paths with predicted MUF's in excess of 42 
refraction during stable conditions: if the MHz won't need watching. So much for 50 
nightime MUF is higher than the night be- MHz DX possibilities. 
fore, then tomorrow's daytime MUF will be 
higher than today's. On the other hand, nights 
with exceptionally high MUF's (during dis- 
turbances) are not usually followed by days 
with exceptionally high MUF's. 

If the predicted variation of MUF with lati- 
tude holds (MUF's increase proportionately), 
then you could expect the daytime MUF's 
to be 13% higher at 30" N, 30% higher at 

maximum usable frequency 
A time chart of the median MUF derived 

from September 1968 ITS predictions for 105" 
West longitude is shown in fig. 3. The MUF's 
derived from this time chart are believed to 
be accurate within 10°/o for the continental 
United States. 

The time and latitude are those of your 

25" N, and 43'10 higher at 20" N than those control point, 1250 miles away from your 
at 35.5" N. In addition, if the MUF's are 5% station in the direction of propagation. I f  only 
higher this year than last, then you could ex- one control point is considered, all that is 



guaranteed is that a frequency below the maximum range 
MUF will propagate to a distance of 2500 Time charts of maximum range determined 
miles during half the days of the month. A by absorption and atmospheric noise levels 
signal at this frequency may, and probably are shown in fig. 4 to fig. 8. These charts are 
will, propagate much further. based on an output power of 100 watts CW 

The time chart can be treated as a contour or 800 watts ssb with combined receiving 

map of MUF over a limited geographical and transmitting antenna gains compared to 
area. If a possible MUF error of 20-30% is an isotropic radiator of -12 dB for 80 meters, 
not serious, the time chart could be used 0 dB for 40 meters and 12 dB for 20 meters. 
worldwide. However, much more accurate Transmission losses because of ground re- 
worldwide predictions can be obtained from flection on multi-hop paths are neglected as 
the series of ITS MUF contour maps in i s  any focussing gain. Reflection losses from 
tonospheric Predictions. poor grounds may be as great as 6 dB per 

fig. 3. Time chart of pre- 
dicted median MUF is  for 
September 1888 for the Amarl- 
can continent. 

LOCLIL TIME 
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LOCAL TIM 

fig. 4. Maximum range due to absorption and noise fig. 5. Maximum range due to absorption and noise 
vs local time from 380 N latitude to the north. vs local time from 3E0 N latitude to the northeast 

(top time scale) and to the northwest (bottom time 
scale). 

fig. 6. Maximum range due to absorption end noise fig. 7. Maximum range due to absorption and noise 
vs local time from 3E0 N latitude to the east (top vs local time from 3E0 N latitude to the southeast 
time scale) and to the west (lower time scale). (top time scale) and to the southwest (bottom time 

scale). 
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LOCAL TIME 

fig. 8. Maximum range due to absorption and noise 
vr local time from 380 latitude to the south. 

creasing noise levels and increasing hours of 
darkness will improve DX conditions in the 
Northern Hemisphere. 
20 meters. Twenty will be open to some- 
where most of the time, but mostly to the 
Southern Hemisphere during predawn hours. 
Polar paths will be more favored during day- 
light hours. 
15 meters. Fifteen will open and close 
earlier as the month progresses. Polar paths 
should be workable from most of the United 
States during hours of daylight (at both ends 
of the path) most of the days of the month. 
10 meters. Ten will open to the Southern 
Hemisphere and between East and West 
Coasts of the United States most of the days 
of the month. Openings between the East 
Coast and Europe and between the West 
Coast and Japan may be expected to increase 
in frequency as the month progresses. 

ham radio 

reflection; losses from reflection from sea those davs before s ~ a  rk . . . - - - -  - - --. - -. 
water are generally under 1 dB. Therefore, 
the maximum range on multi-hop paths com- a 
pletely over land will be less than that pre- 0 
dicted. 

0 - 
Atmospheric noise varies considerably with a 

location and time of day. The atmospheric 
noise levels used for purposes of these pre- 
dictions are median noise levels over the con- 
tinental United States for the autumn season. 
The variation of noise with time of day has 
been converted from six time blocks to an 
even function of time. 

The peaks in the curve of 80-meter maxi- 
mum range in fig. 5, 6, 7 and 8 are caused 
by the assumption that the noise level in- 
creases smoothly through the night until 
midnight instead of being constant from 6 
PM to 10 PM and 2 AM to 6 AM. A 10-dB 
increase in system parameters on 80 meters 
would increase the nighttime range to the 
twilight zone. A decrease of system para- 
meters of 10 dB on 80 meters would restrict 
the night-time range to 2000 miles. 

propagation summary for 
september 
80 and 40 meters. On these two bands, de- "After 806 failures-auccerr~" 
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tebook 

hook, line 'n sinker 

using industrial cartridge 
fuses 

The cartridge fuses used by industry in 
electric-motor controls for machine tools and 
the like can be put to good use by the radio 
amateur. These fuses, since they are designed 
to handle the 440- and 550-Vac voltages used 
by industry, are ruggedly built. A typical fuse 
is about an inch in diameter by six inches 
long. Its body is made from either ceramic 
material or phenolic. The brass contacts, one 
at each end, will easily "take" solder. 

These fuses can easily be made into coil 
forms for VFO's or small transmitters. With a 
little ingenuity on the part of the builder, a 
whole set of mobile loading coils could be 
fabricated from a few fuses. Finally, a length 
of resistance wire wound around the fuse 
body will make an inexpensive voltage- 
dropping resistor. 

When using these fuses, two precautions 
are in order; make sure that the fuse body 
can handle the heat generated by a dropping 
resistor or transmitter coil. Secondly, make 
sure the fuse is blown-otherwise it will 
present a direct short circuit. A good source 
for blown fuses of this type is a small machine 
shop or industrial electrician. 

D. E. Hausman, VESBUUE 

Two items for the tool box that are valu- 
able in the shack and out in the field are 
often over!ooked-fishing line and sinkers. 
Not the kind used for sunfish, but heavy-duty 
nylon cord and some four- or six-ounce salt- 
water sinkers. These two low-cost items pro- 
vide a way of getting a line across a tree 
limb to support a dipole. They may also be 
used to transport tools to the top of a tower 
or mast, or even up to the roof. 

When they are used to haul tools up and 
down, a large heavy-duty battery clip tied on 
the end of the line in place of the sinker 
provides a quick means of attaching tools 
without the bother and risk of untieing them 
with one hand at the top of the tower. I 
wish I could suggest a simple method for 
lifting a beam, but not every ham has a 
helicopter in his junk-box1 

George Haymans, WA4NED 

simple solder dispenser 
Here's a neat solder dispenser some hams 

may not know about. It's made by simply 
punching a small hole in the side of the box 
that a one-pound roll of solder comes in. 
Put some tape over the hole for reinforce- 
ment. If the solder is 16 gauage (.062") or 
larger, the assembly can be used as a third 
hand when soldering. 

Tony Felese, W2KID 
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makeshift test equipment 
Since there are few tools and no test instru- 

ments available at sea, I've often used a 
long-wire antenna as a signal generator. It 
works fine, even in the audio stages of a 
receiver. Ashore, an 80-meter (or shorter) di- 
pole will work due to the multitude of 
stations. 

I f  you have access to another receiver in 
good operating condition, it can often be 
used as a signal tracer if you turn the audio 
gain up-just clip a lead to the grid of the 
detector stage or to the rf end of the detector 

diode. 
A receiver tuned to WWV or a multiplex 

signal, or beat against an internal crystal 
calibrator, makes a fine audio generator; 
just put a couple of clip leads across the 
speaker terminals. If you must know what 
audio frequency you're using, invest a dollar 
in a harmonica and mark the standard 
musical pitches on the blow holes with a 
sharp scribe. 

Keith Olson, W7FS 

vhf antenna switching without relays 

Fig. 1 shows an unusual circuit which- tivates the switcher and it blocks the path to 

without switches or relays-permits a vhf the converter. 

receiverlconverter combination to be per- A few precautionary words however: the 

rnanently connected to a transmitting anten- unit was designed specifically for 50-ohm co- 

na without damage to the receiver when the axial feedlines and the power-handling capa- 

transmitter i s  turned on. bility drops off sharply as frequency in- 

The unit, simply called the electronic creases. At 50 MHz, i t  will handle a peak of 
"switcher" around my shack, taps into the 500 watts; at 144 MHz, 350 watts peak; and, 
transmission line and allows low-level in- 
coming signals to pass into the receiver. 

fig. 2. Block diagram 
When the transmitter i s  operating, however, how the vhf switchor is 
the high-level signal voltage on the line ac- 

Y' vnr rNrENu 

fig. 1. The vhf switcher. a de- 
vice that automatically isolates 
your converter from the antenna 
whenever the transmitter is turned 
on. Note that separate coils are 
required for each band you use. 
The 30-pF capacitor between the 
coils is a variable. 

'17 VAC 
ISOUTION 1RANSFMYER 

at 220 MHz, 125 watts. 
The advantages of such a system should 

be obvious to dyed-in-the-wool contesters 
who are frequently plagued with relay fail- 
ures or too many mechanical switches. 

Some trial-and-error may be required with 
coils L1 and L2 to obtain optimum perform- 
ance and accurate low-level triggering. I 
found that for 220 MHz, both coils can be a 
314-turn of number 18 wire, 314" diameter. 
At two meters, 1-314 turns of the same pro- 
vided best results. For six meters, 6-112 turns 
of number 18 enameled wire on a 314" di- 
ameter form did the trick. 

Bob Brown, K2ZSWW9HBF 
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Dear HR: 
The reason that 146 and 440 MHz have 

developed considerable FM activity while 
220 MHz has been bypassed is the very 
nature of the equipment available. I've 
been working my way through Syracuse 
University by servicing GE two-way FM 
gear. The high-band units are designed 
to cover the 450- to 470-MHz range. Move- 
ment into the ham bands is simply a 
matter of buying new crystals and retun- 
ing the rf stages in most cases, or at most, 
the addition of a small capacitance to a 
few tuned circuits in order to make them 
tune. No expensive rf modifications are 
required. 

I recently attempted to put some gear 
on 220 for a RACES link. All rf and multi- 
plier coils in the Pre-Progress receiver 
had to be rebuilt and the transmitter just 
wouldn't do. And this with a complete 
DATAFILE full of maintenance info at my 
fingertips backed up by a mountain of 
parts and commercial test gear! The fre- 
quency was just too great for the equip- 
ment and performance was seriously 
degraded when I finally got the receiver 
moved. Ten microvolts were required to 
open the squelch whereas an identical re- 
ceiver on two meters has 0.5 WV sensitivity 
for quieting. 

Bill Santiff, WAZQKT 

ments 

Dear HR: 
Fantastic!!! A Radio is alive and 

living in Greenville! 
Ted Cohen, W9VZLI4 

Dear HR: 
I just received my first copy of ham 

radio, and read half of it before even 
opening the rest of my mail-it's great! 

Of the fourteen articles on the "con- 
tents" page, I'm now researching or work- 
ing on projects directly related to seven of 
them. The magazine couldn't be more 
timely. 

Lawrence W. Banks, WlDYJ 
Massachusetts institute of Technology 

Dear HR: 
I had hoped that, since you took the 

word "ham" in the title of your magazine, 
your writing would set the communications 
world straight on the most probable and 
likely origin of the term. However, I was 
disappointed to see that your "second 
look" repeated the apocryphal tales broad- 
cast by the general press. 

I am enclosing photo copies of pages 
from "The Telegraph Instructor" that docu- 
ment the most likely origin of our beloved 
title. (See text below. Ed.) A letter from 
Paul Godley in the September 1965 QST 
is sufficient evidence alone that "ham" 
was a Morse man's term. . . . Somewhere 
in the past, I have heard a poor operator 
referred to as a "ham fisted bum." 

Your magazine is great, keep i t  UP. 

Bob Jones, KHGAD 
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From pages 52 and 54 of "The Telegraph 
Instructor," by C. M. Dodge, Valparaiso, 
Indiana, copyright 7908: 

Ham-A telegraph operator who is not 
proficient. 

The "Correspondence From Members" sec- 
tion of QST for September 1965 sheds more 
light on the subject. WZPXR reports that H. 

C. Cawler, a radio inspector in Boston in 
1912, was completely unaware of three young 
operators whose initials would coin the word 
"ham." Mr. Cawler also confirmed that in 
those days a ham operator usually referred to 
a railroad telegrapher whose code speed was 
approximately 10 words per minute and no 
more. 

In the same issue of QST, Paul Codley, 
Ex-2EZ, wrote that in 1907 he had asked an 
old-time wireless operator with whom he 
was working why a particular operator was 
called a ham. The old timer replied, "He's got 
a ham for a 'fist'!" 

Editor 

Dear HR: 
Back in 1910 around Boston w e  kids 

used t o  work each other at 5 wpm with our 
spark coils and transformer. I had a United 
Wireless coffin, a 20-wire aerial and ten- 
cent key, e.g., two dimes for contacts. 
NAD and BH called us "hams" and told us 
t o  get off their wave lengths. The English 
operators on the Whi te Star and Cunarders 
never called us "hams." I used a silicon 
detector in 1910 and am still using one in 
1968! What's new? 

Bill Dickson, K4BQ 
1914 call-BK 

RECONDITIONED HAM GEAR 

SEPTEMBER SPECIALS 
COLINS 

75A3 3.1 KC Filter 
75A4 (early model) 
75S.1 

DRAKE 
2 8  Q Multipl ier 
7 A - .. 
2.C 
L4 (Brand New) Linear (sealed ctn) 

HALL lCRAmRS 
SX99 
SX96 
SX l lO  
S120 

HAMMARLUND 
HQ140X 
HQl lOC 
HQ170 
HQ17OA 
HQl70C 
SP6OO.JX17 

HEATH 
HR-20 
MR.1 w1p.S. 
SR-10 

NATIONAL 
NC173 
NC270 
NCl83D 

CLEGG 
Venus.Xceiver.6M SS8 (Like New) 
6ber 
Zeus 2-6M 185 Watts 

DRAKE 
1 R 4 Xceiver (demo) 

GONSET 
Cornm. 11 2M 
Cornm. 111 EM 
GSB 100 
G.50 6M Xceiver 

GAUXV 

. . . -. 
HEATH 

HX-11 
DX.60 
HW12 80 Meter XCVR 

JOHNSON 
RanEer 
~ a ~ ~ i n t  

NATIONAL 
NCX 5 
NCL.2000 

SWAN 
SW175 x w r  
SWl2O xcvr 

500 XCVR 
400 XCVR 

ALL 

75 m e t a n  
20 meters 

CASH ORDERS 
I N  THE 48 

, SHIPPED 
STATES 

5559.00 

$119.00 
99.00 

179.00 
179.00 

$249.00 

$229.00 

5 35.00 
59.00 
89.00 

$ 79.00 
159.00 

$385.00 
385.00 

$129.00 
119.00 
419.00 
339.00 

FREE 

I MISSION HAM I 
I 3316 M a i n  Street. R ive rs ide  3. Cal i fo rn ia  92501 

P h o n e  6830523 (a rea  c o d e  714) I 
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PRO TAX^'^' ANTENNA SWITCHES 
Unique coaxial selector switches that  
automatically ground entire antenna sys- 
tem when station is not in use. Handle 
1000 watts; complete with hardware. 

MODEL 375 SP6T 
Rear Axial Connectors . . . $13.95 

MODEL 376 SP5T 
Side Radial Connectors . . $12.50 

MODEL 380 SPDT 
Rear Axial Connectors . . . $12.45 

DUMMY LOAD/WATTMETERS 
An effective means of measuring and 
peaking RF power into a dummy load. 
Four calibrated scales permit accurate 
readings of RF watts. Protective warn- 
ing light. 

MODEL 334A 
1000 watts. 2 to 230 MHz . . $135 

MODEL 374 
1500 watts. 2 to 30 MHz . . $135 

The complete Waters line is 
always in stock at 

'The Southwest's Leading Ham Store" 

center, inc. 
nn N. UASU~LL ~ ~ r . u r . m r ~  DALLAS. r u u s  ism 

dictionary of electronic 
terms 

The field of electronics continues to ex- 
pand at a rate that has never been equalled 
in the arts and sciences in the long history 
of man's pursuit for knowledge. Of neces- , sity, the language of electronics has kept 
pace to cover semiconductors and integrated 
circuits, space and nuclear technology, com- 
puters and automation, and audio and video 
recording. The new edition of the Dictionary I of Electronic Term has been enlarged and 
revised to include new terms and to clarify 
old ones with accepted and up-to-date 
usage. 

This new dictionary, edited by Robert E. 
Beam, Ph.D., professor of Electrical Engineer- 
ing at Northwestern University, includes 
definitions of over 4800 terms and hundreds 
of illustrations. The appendix provides data 
on schematic symbols, EIA color codes, 
abbreviations and letter symbols for electron- 
ic terms, Ohm's law formulas and Greek 
letters. 

This book, priced at $1.00, provides a low- 
priced, authoritative reference for everyone 
in electronics, including amateurs, engineers, 
technicians, students and experimenters. I t  
is also an excellent electronics spelling guide. 
$1.00 postpaid from Allied Radio Corpora- 
tion, 100 N. Western Avenue, Chicago, 
Illinois 60680. 
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N e d  2 e a J e r s  

WE'VE B E E N  LOOKING 

FOR YOU! 

d e  h o p e  y o u ' v e  b e e n  l o o k i n g  f o r  

@ 
Here is an exciting new amateur magazine devoted to the very 

best in home construction and technical articles. This is the magazine 
which has amateurs from coast to coast talking. 

Look it over carefully. Read the finest authors in our field. See 
the clean crisp new layout. Then check our subscription rates. Our 
rates are by far the best value in the amateur field today! 

--------------- 

ham 
ridin magazine, greenvilla, new hampshire 03048 

Please enter my subscription to Ham Radio as checked below. 
My check or money order is enclosed. 

One Year $5.00 

I'd like one year free. 
Here is $10.00 for 3 years. 

Name .................... ... ....... .......... . . . . . . . . . .  ...... .................. Call 
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you're 

missing 

some 

top notch articles 
and 

great ideas 
If 

YOU 

aren't 

the monthly j 
amateun 

that's 
different! 

To quote one of the many 
reader comments so far - 
"you obviously have embarked 
upon a fresh, new approach 
to amateur radio." 

to see for yourself, write - 
free copy, or 

4 months @ 2.00 
12 months @ 5.00 
3 yean @ 10.00 

. -- 

to 
HAM RADIO magazine 
GREENVILLE. N.H. 03048 

Include address, call and 
zip code. 

applications note catalog 

Motorola has just published a new Applica- 
tions Note Catalog with the title and a brief 
summary of more than 130 technical write- 
ups that describe semiconductor design. A 
selector guide in  the front of the 11-page 
catalog lists the notes by application cate- 
gories for easy reference. Also included in  
the index is a partial list of selection and 
cross-reference guides, as well as full-line 
catalogs, available from Motorola. For your 
copy of this handy guide, the Motorola Appli- 
cation Note Catalog, write on your company 
letterhead to Department TIC, Motorola 
Semiconductor Products, Inc., Box 20924, 
Phoenix, Arizona 85036. 

high power with new npn 
transistors 

New 40- and 60-volt npn transistors 
recently introduced by Motorola can be 
paired with 30-ampere 2N4398-99 pnp de- 
vices to furnish the highest silicon power 
transistor complementary symmetry capability 
ever possible. Since the pnp-npn comple- 
mentary symmetry design approach can now 
be used in  high-current applications, they 
are ideal for cost-cutting circuit-simplifying 
applications in audio and servo amplifiers. 
The pair also furnishes a higher degree of 
frequency stability in both ac- and dc-driven 
loads without the addition of expensive 
impedance-matching driver transformers. 

Both the new 2N5301-2 npn series and the 
2N398-99 pnp devices can handle 200 watts 
of power to 30 volts VCE. They can be used 
as plug-in replacements of germanium types 
in difficult amplifier, voltage-regulator and 
modulator designs. Also, because of the low 
thermal resistance of these devices, simpler 
and less-costly heat sinking can be used. 
Other advantages of these new transistors 
include excellent gain linearity over a 5- to 
20-ampere range, 50-A peak current and TO- 
3 packaging: fT of these devices is 4 MHz. 
For more information, write on your letter- 
head to Motorola Semiconductor Products, 
Inc., P.O. Box 955, Phoenix, Arizona 85001. 
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I I : HEY! HOW ABOUT THAT 
I S.W.R. BRIDGE 
I 

MODEL SWB-2 
READS FORWARD AND 

.REFLECTED POWER 
SIMULTANEOUSLY 

"EASY READ- METERS 
USE FOR REFERENCE 

POWER METER 
DUAL 100-MICROAMP 

METER MOVEMENTS 
LOW INSERTION LOSS 

THE BEST 

lu*,.i, nutal* HAVE 
I.: l i  ill,: . I ,  

FVFD 

IN LINE, UP 
TO 1000 WATTS. GOOD THROUGH 

2 METERS 

I 1000 SOUTH BASCOM AVENUE SAN JOSE, CALIFORNIA 1 
"Northern Califor i ' I Ham tore" 95128 I r r ~ r ~ r r ~ r ~ ~ r ~ ~ ' y L ~ ~ k i t m d ~ m ~ ~ ~ ~ m ~ ~ I s  

GET YOUR NEW 
ISSUE NOW! 

Over  283.000 QTHs 
tn the U S. e d ~ t ~ o n  

$6.95 

It--' 1 For SSB, CW, RTTY \ - - 
Maximun legal input 
Full loading 80-10M 

Rugged Eimac 3-10001 
Dependable operation 
Easy to load and tuno 
No flat topping with ALC 
Distinguished console 

Instant tronsmit 
High efficiency circuit 
Designed for safety 
Fast band switching 
Real signal impact 

Price. . . . $79500 
R S A O Y  T O  ~ P E P A T E I  - . . - . . - . . - - - . . . . - . 

BTI AMATEUR DIVISION 

Hafstrom Technical Pndlnts 1 7 
4616 Santa Fe, Son Diego, Ca. 92109 

I\ in the DX ed~tion 

C $4.95 
tr 7 \ - -  See your favor~te dealer or o rde r  d ~ r e c t  (add  2 5 C  f o r  

matllng In U.S., Possessions 
These valuable EXTRA features 8 Canada Elsewhere add 
~ncluded In both ed l t~ons '  50C) 

rn QSL Managers Around the rn Radio Amateurs' Prefixes 
World! by Countries! 
Census of Radio Amateurs A.R.R.L. Phonetic Alphabet! 
throughout the world! rn Where lo Buy! 

rn Radio Amateurs' License Circle Bearings! 
Class! 

rn World Prefix Map! rn International Postal 
rn International Radio Information! 

Amateur Prefixes Plus much mare! 

RADIO AMATEUR 

Chicago, 111. 60639 
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The latest evolutionary development of  the Classic Model 350 

The new SWAN 3504 
5 band, 520 Watt 

SSB-A M-C W TRAIVSCEIVER 
The introduction of the new model 350-C at 

no increase in price over the popular 350 is a 
real triumph of value engineering. 

Power rating of the 350-C is the same as the 
Deluxe Model 500-C, which is 520 watts P.E.P. 
input on single sideband. 360 watts CW input. 
125 watts AM input. A pair of rugged, blast- 
rated 6LQ6 tubes handle this input with ease. 
Selectivity is provided by the same superb crys- 
tal lattice filter used in the 500-C, with skirt 
selectivity and ultimate reject~on superior to 
any other filter being used in amateur equio- 
ment today. Audio quality has the same degree 
of fidelity which Swan has stressed from the 
very first single band transceivers. 

The 350-C is  designed to operate automat- 
ically on the normally used sideband with ex- 
tended frequency coverage of all five bands. 
10 through 80 meters. Basically the difference 
between the 350-C and the 500.C is in  the 
deletion of optional features which are not 
essential to communication. These include such 
t91ngs as crystal calibration, sideband selector. 
CW sidetone, automatic noise limiter, automa- 
tic level control, etc. For the operator who 
desires these features. we are proud to recom- 
mend the deluxe model 500-C. However for 
powerful and reliable communications without 
all extras. we now offer the new 350-C. and we 
are confident that you will rate i t  
a truly exceptional value. 

ACCESSORIES 

$420 
117XC Matching AC supply with speaker $105 
14-117 12 VDC Mobile Supply ..... . .. $130 

W A N T E D :  
WE BUY USED AMATEUR 

AND CB EQUIPMENT FOR CASH1 

RECONDITIONED USE0 GEAR: 
FULLY GUARANTEED 

JOHNSON 
2000 Complete . Ve Good $525.00 
500 Complete . ~e j  GOO^ Cond. $325.00 

LOTS OF GOOD CHOICE GEAR FOR SALE OR 
TRADE - WRITE FOR LATEST LIST. 
IN STOCK FOR IMMEDIATE DELIVERY, GALAXY, 
SWAN. SEE AND DRAKE. 

@2 - ~ A T E U ~  
E L E C T R O N I C ~  

"THE COMPLETE HAM STORE" 
?home CE 5.6307 

927 N . W .  1st Oklahoma C ~ l y .  Oklahoma 7J10h 

-!I.E T:~KE TRAJ>E.IVT os ..~I.J. I.IYF\ 111 \FI\. t-01 J r w r \ ~  
TIIT).!~'AY R..!I>JOV - S.II.~\ . \t R! !rt . I\\T.~I.J. !I lo\\ 

NEW! 
TYPE PERFECT CODE 

The '*-/ 

Autovolt Alphacoder 
Model AC-1 

The new Autovolt Alphacoder, AC-1, 
makes any letter or digit with one 
s t roke  o f  your finger. You  c a n  pro- 
duce perfect ly  uniform code, including 
preset le t ter- to- le t ter  spacing using the 
standard electric typewr i te r  keyboard 
of the AC-1. 

It is only necessary to start a letter. 
an automatic electronic latch will com- 
plete it and, indeed, let you depress 
t h e  n e x t  key without disturbing it. The 
AC-1 h a s  provision to m a k e  AR, SK etc. 
without gaps. $395.00 

a l s o  

The Autovolt Memokey 
Mk-1 $65.00 Mk-2 W5.00 
Self completing automatic keyers 

featuring 
Instant letter start 
Both dot and dash memories 
lambatic output 

MK-2 includes sidetone system and 
AC power supply 
All of the units described are of solld 

state design. They include a 100 VA reed- 
type relay with "floating contacts" for great- 
est flexibility in  transmitter control. 

All prlces FOB Boston. Mass. 
25% with COD orders, please 

To order or for further amplification of 
details write 

A U T O V O L T ,  I N C .  
68 RICHMOND Ro.. BELMONT, MASS. 02178 . 484-4954 



BOOKS 
FOR YOUR AMATEUR RADIO LIBRARY 

Radio Society of Great Britain Publications 

AMATEUR RADIO CIRCUITS BOOK 
Completely revised - new addition just now available. A very handy collection of many 

useful circuits for amateur use. Loaded with good ideas for that new converter, exciter or 
other project you are working on. Only $2.00 

RADIO DATA REFERENCE BOOK - Second Edition - By G. K. Jessop G6JP 
Here in  a 148 page book is one of the most complete compilations of radio and electronic 

charts, nomographs, formulas and design data available. Sections are Included which permit 
you to  design everything from rf power amplifiers to  TVI fllters. Also included is much related 
information such as world.wide frequency allocations and commonly used mathematical tables. 
Whether you design, build or operate, this is a book you should have. Only $2.50 

WORLD AT THEIR FINGER TIPS - John Clarricoats G6CL 
A very interesting history of the RSGB and of amateur radio in Great Britain. It gives 

a great insight into the development of our hobby in England and Europe and the effects these 
events have had on amateurs here in  the United States. 

Paper back editlon $2.50 Deluxe edition $6.50 

HANDBOOKS BY RADIO PUBLICATIONS, INC. 
BEAM ANTENNA HANDBOOK by William ALL ABOUT CUBICAL QUAD ANTENNAS 

Orr, W6SAl by W6SAl 
Nea  edition. Theory, design, construc- Construction and tuning data. Multi- 

tion, and the instal lat~on of rotary beam band Quads. Charts. drawings and photos 
antennas! SWR data! Multiband beams. for your Quad. Full complete data on home- 
40 meter beams, 20 meter DX beams! How made Quad antennas. The new X.Q 
to  make your beam work1 200 pages. 

$3.95 

V H F  H A N D B O O K  b y  O r r .  W b S A l  a n d  
NOVICE & TECHNICIAN HANDBOOK by 

Johnson, W6QKl 
W6SAI and W6TNS 

All about amateur radio in  nontechni. 
First complete Handbook covering the C ~ I  language! How to learn the code. 

VHF spectrum1 Many VHF construction How to assemble your ham station. Trans- 
projects! Design and construction of VHF mitters! Rece!vers! DX! HOW to Get QSL 
transmitters, receivers and antennas! Make 

$3.75 cards. 
$2.95 

your VHF station work! 

ELECTRONIC CONSTRUCTION HANDBOOK BETTER SHORTWAVE RECEPTION, by Wm. 
by Robert Lewis, WBMQU Orr, W6SAI 

All about design - construction. layout Your introduction to  shortwave radio. 
and testing of electronic equipment. Non- How to hear DX. How to buy a receiver. 
teohnical guide for kit.builders and your Amateur radio. How to align your receiver. 
best key to better performance of your Antennas! QSLs. Getting your ham license. 
equipment! $2.95 $3.25 

S-9 SIGNALS by William Orr, W6SAl 
Inexpensive DX antennas f o r  your  

station! Multiband ground plane. $5 beam 
antenna, 2 and 6 meter beams. Demi- 
Quad beam, and others! $1.00 

ALL PRICES POSTPAID IN U. S. A. AND CANADA 

ORDER TODAY FROM 

book  d iv is ion 

corn'- 
Box 592 * Amherst, New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 
DEALER INQUIRIES INVITED" 
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YOUR ROCKY MOUNTAIN GRIMY HEADOUARTERS 
FEATURING THE GALAXY V Mk 3 AND GALAXY R-530 

-- 
- 7 3  a) 

\ 

8 
8 

THE GREAT, NEW 500  WATT R-530 
G A M Y  V MARK 3 SOLID STATE RECEIVER 

5 BAND TRANSCEIVER Continuous Coverage 0.5 - 30 MHz 
Solid State Modular Construction 

These NEW Features 
Features include 

New 500 Watt Power 1) Main Tuning Dial wlth l K H z  readout and 50 

New Preclse Vernler KHz callbrator. 
2) No~se Blanker to reduce background noise and 

LOgglng Scale interference 

New Printed Clrcuit VFO 3) R. F. Attenuator for poslttve control of cross 
rnodulat~on 

New CW Sldetone Audlo 4) Varlable BFO for USB. LSB, CW and RlTY 
reception 

New CW Break-In Optlon 5)  Pre-Selector - Permeabll~ty tuned for optimum 
performance at all frequencies 

New CW Fllter Opt10n 6) PTO - Permeab~l~ty tuned osc~llator provides 
outstanding I l n e a r ~ t y ,  s t a b l l ~ t y  and  reset 
capablllty 

Plus all the great features 7) Crystat b t t i c s  filter - 2.1 KHZ with near 

that put the GALAXY V In a rectangular bandpass. Optlonal 0.5 and 5.0 
K H z  fllters ava~lable 

CLASS by ITSELF. 8) Phase-lockosc~llator - Ellminates the neces- 
slty of rnultlple crystals and band-swltch prob- 

Price $420.00 ierns plus Insurlng the optlrnum In stability 

Price $695.00 

ALL ACCESSORIES IN STOCK FOR BOTH UNITS 

THE OLD RADIO CORNER FOR OVER A QUARTER CENTURY. COME 

IN AND PAY US A VISIT, OR GET IN TOUCH WITH ONE OF OUR ABLE 

STAFF FOR A LIBERAL TRADE QUOTE ON THE TERRIFIC GALAXY LINE. 

WE ARE THE HAMS AT CW 
JOHN WA$ADV JOHN W ~ F U  
WILLARD W ~ B Q O  MIKE W A ~ K X R  
GARY W A ~ K L P  JEFF KOUFAIW~LDU 

ELECTRONIC SALES CO. 
1237 - 16TH ST., DENVER, COLO. 80202 

- 303 / 244-5523 
, . I  

P 



ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards 
each in plastic, 3 for $1.00 or 10 for $3.00 prepaid 
and guaranteed. Patent No. 3309805. Free sample 
to dealers. Tepabco, John K4NMT, Box 198R, Gallatin, 
Tennessee 37066. 

QSL CARDS ($6.95) per 1000 up. Free samples, C. B. 
Printers, P. 0. Box 2231, Anderson, Ind. 64011 

ElCO 753 TRANSCEIVER, Antenna. Mike and Speaker. 
Model 751 Mobile Power Supply - can be heard by 
making Sked - less than 10 hours operating. $200 
WlRTV, Box 161, Amherst, N. H. 03031. 603.673-2736. 

MALAYSIAN RADIO CLUB wants extra Handbooks. 
Call Books or Radio Magazines. Send t o  Kushal 
Harvant Singh. 31. (744). Upper Museum Road. 
Taiping, Perak, Malaysia. 

TOROIDS, 44&88 mhy., center.tapped, unused, 5/$1.50 
POSTPAID. 11/16'' paper tape $3/box. Page printer 
paper $5.50/case. Tecraft two meter transmitter with 
P.S. $30. Globe Chief 90A $25. D-104 with G" stand 
$20. HQlOOAC receiver $90. WANTED: rotator, tower, 
matchbox, RTTY gear, FM gear. Stamp for list. Van 
WPDLT, 302H Passaic, Stirling, N. J. 07980. 

ANNUAL HAMFEST sponsored by Foundation for 
Amateur Radio. Sept. 22. 1000 to 1700 EDT at 
Gaithersburg Fairground, Gaithersburg, Maryland. 

DISCOUNT PRICES-TIME PAYMENTS! New Swan 
equipment, factory sealed cartons, ful l  warranty at 
discount prices. Swan SW-500C $468.00, Swan 350C 
$378.00, SW-250 $292.00 Immediate Delivery. New 
CDR Ham.M with indicator $99.95, TR-44 $59.95. 
Hygain Antenna Specials TH6-DXX $135.00, TH3-M.K3 
$108.00. Tower Special.TRI.EX W.51 Self Supporting 
crank up $299.95 Shipped Prepaid. All equipment 
listed is new - in factory sealed cartons with ful l  
warranty. In stock for immediate delivery. No down 
payment with approved credit. 36 months to  pay. 
Write or call for Discount Price Quote on all brands 
of Amateur equipment. Bryan W5KFT, Edwards Elec. 
tronics, 132.19th Street. Lubbock, Texas. 806-762-8759. 

FOR ASSISTANCE with your FM Problems particularly 
with Motorola equipment contact Neil McKie. WABKLA, 
5005 W. 21st Street, Los Angeles, California 90016 

FOURTH MASSACHUSETTS SO PARTY October 5 
and 6. For details see QsQ, or write MIT Radio 
Societv. WIMX. Box 558, 3 Ames St.. Cambridge, 
Mass. -02139 

- 

VARIACS; panel mount, in new condition - 20 
A-$32.50; 6 A-$12.95. 1 1/4A.$6.25. Condenser, 
corn uter grade. 74,000 mfd @ 10 VDC - $1:89. 
s e n 8  for catalogue listing other condenser bargains; 
Nicads; Solid State mater ia l  Test Eq. and other 
desirable Items. Advance Elecironics. 54.H West 45th 
St., New York, N. Y. 10036. 

WANTED: Collins PTO type 399C1. Please state price 
and condition first letter. All inquiries answered. 
J. Fisk, WlDTY, Box 138. Rindge, N. H. 03461 

NORTHEASTERN MICHIGAN HAMFEST October 4. 5 
& 6 at East Tawas. Michigan. For additional infor. 
mation contact Glenn A. Pohl, KBIYZ, 20245 Oakfield, 
Detroit, Michigan 48235. 

THE WINDBLOWERS will hold their annual "Bi 
Blow" Sept. 28, 1968 from 2 P.M. to  10 P.M. ED+. 
Four stations will be manned on 2 meter AM in 
four states to ~ r o v i d e  contacts with amateurs in the - - 

srpatRr New York area. Certificate awarded for -. - - -  

contact ing--al l  i ou r .  stations t o ~ -  be used are: 
Connecticut KZGOS/l. Pennsylvania W2ERZ/3, New 
Jersey W2ZDR/2. New York W2RRP/2. 
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Y E S !  

radio 
will now accept 

Start~ng with the September issue 
of Ham Radio we wil l  have a classi- 
fied advertising section each month 

, 
open to both commercial and non- 
commercial ads. 

I 

/ 
1 

I 

1 

' 

'I 
I 

1 

HAM RADIO MAGAZINE 
1 1  GREENVILLE, N. H. 03048 

,j= =.= - - - -- -- 

The dead-line for each issue will 
be the 15th of the second preceding 
month. So hurry if you want to get 

I 

~ 
rid of that old receiver or what ever 
you have. 

Ham Radio can not check out 
each advert~ser and therefore can 
not be held responsible for claims 
which are made. Our liability for 
correctness of material  w ~ l l  be 
lim~ted to a corrected ad in the next 
ava~lable Issue. Ham Radio reserves 
the right to reject unsuitable copy. 

* 
Non-commercial ads 10g per word. 
Commercial ads 25g: per word. 

Payment must be included with 
your order. No agency discounts. 

* 
Send your order today to 

CLASSIFIED ADS 

I 

1 



IMPORTANT A N N O U N C E M E N T  
ALL VANGUARD CONVERTERS NOW USE 

R C A DUAL GATE MOSFETS 
FOR BOTH THE RF AND MIXER STAGES 

" *- 
4 - 

!,+% 
' ,  -> ;k4'& / "1 

The performance and features o f  our new converters are so spectacular that they can 
only be fully described in our new illustrated catalog which i s  available FREE. Send 
for it today and see our entire line of converters, pre-amps and other commun~cations 
equipment. 

VANGUARD now makes the best converters. Buy one and be convinced. 

VAN G U AR D LABS 196-23 ~~~~ ic~ .~1 ' i 42~ep t .  



bbbbbbb ATTENTION! ALL QUAD USERS! 444444 
64.95 FOB 64.95 FOB 

A NEW FIRST 
IN QUAD SPREADERS 

NEW TYPE QUAD SPREADER 
THAT BREAKS THE PRICE BARRIER. 

W2AU now brings you a new W2AU Super 2el. tri-band 10-15-20 meter 
quad using the al l  new EXCLUSIVE heavy duty vinyl jacketed spreader. 

This new spreader is made of selected bamboo entirely encased in  a heavy duty vinyl covering, making 
it salt spray proof and completely weather resistant. No varnishing or treating necessary. Dark brown 
in  color for resistance to  ultra v~o le t  sun rays. 
W2AU Super 2el. tri-band. 10-15-20 meter quad with vinyl coated spreaders. Introductory price $64.95 

complete quad. 
WZAU Fiberglas model Zel. tri-band 10-15-20 meter quad $99.95 complete quad. 

W2AU QUAD ACCESSORIES NOW AVAllABLE TO HOME-BREWERS 
Set o f  8 Vinyl Jacketed spreaders. 12'61' long (sets only) .................................... $21.50 set 
WZAU quad spiders to  f i t  2" boom, heavy cast aluminum ...................................................... $6.95 ea. 
Set of 8 Fiberglas spreaders 12'6" long (sets only) .................................. ..... ........................... $54.95 set 
Boom t o  motor-driven mast mount plate, complete with al l  hardware ...................... $5.95 

ALL PRICES FOB UNADILLA. N. Y. 

UNADILLA RADIATION PRODUCTS, UNADILLA, NEW YORK 
Manufacturer of W2AU Baluns and Quads. See page 93 this issue. 

I VERSATILITY 
CRYSTAL & TUNABLE = I 

Turn your auto and 
home rad~os ~n to  
excellent VHF re- 
celvers 

Sensitwe 
Select~ve 
Cal~brated 

A flip of the switch -,, for e~ther vanable 
tunina or c ~ s t a l  
. . . . . . .  

I 
tlon. 

THE BEST-CALIBRATED 6-1 TUNING- 
-DRIFT FREE CRYSTAL CONTROL- 

PLUS -COMPLETE INTERCHANGEABLE 
CRYSTALS WITHIN BAND!!!! 

9 volt btw powered. . 1 year quarantee on parts 
& labor. . Includes coax, mount & . Size -2'11 x 3'lr x 4% 

screws. ~nches. . New FET transistor 0s- . American Made with 
cillator & circuit. American Parts. 

Models for AM & FM Tunable & Crystal! 
BAND MODEL COVERS OUTPUT PRICE 
CB & 10 M 273 X 26.9-30 mc 1500 kc 
6 meters 504 X 50-54 rnc 1500 kc 
2 meters 1450 X 144-150 mc 1500 kc $32.95 ppd. 
Police, fire, 348 X 33-48 mc 1500 kc 

Marine }{I564 X 1 5 0 - l l  mc 1500 kc Each 
Aircraft 1828 X 118-128 mc 1500 kc Less Crystal 
Models for AM & FM Tunable only 
Mer~ne 2.0-2 85 mc 550 kc $19 95 ppd. 
SW & WWV SWL 9.5.16 m c  1500 kc $19 95 ppd. 

Coupling Loop & Ext. Antenna for use with 
home and Transistor Radios.. ............ .$3.95 ppd. 

Mobile Battery Eliminator. 12V to 9V ........ .$4.95 ppd. 
Crystals-State Exact Listening Freq.. ...... .$5.10 ppd. 

Order from: AIR MAIL add $.85 ea. 

HERBERT SALCH & CO. Markcling L)ivision 
of Tomfibins 

Woodsboro H, Texas 78393 ProducLs I 

Don't pay for the 5th and 6th position. The aver- 
age HAM rarelv uses morn than 4! 
SPECIFICATIONS: Silvered Contacts. Write-on ERASABLE 
escutcheon plate. AVAILABLE EITHER 4 PST (COAX-I) OR 
LINEAR (COAX-LINEAR) IN-OUT VERSION. Handles 1000 W 
AM or 2MX) W SSB. Insertion lass neolioible to 160 Mc. - - 
VSWR. Less than 1 2 at 160 Mc. Sue 3%" d~a .  x lS/o" overall. 
S~ngle hole mount SPECIFY MODEL $765 ea. 

COAXIAL LIGHTNING 
ARRESTORS 
Zero power loss. No increase in 
SWR at 150 Mc. Doea not attenuate 
signals. Model 210 for IOM) W (AM) 
or 2000 W (SSB). Model 211 Elec- 
tronic static arrestor for 50 W (AM) 
or 100 W (SSB). SO-239 UHF type fittings. Other fittings 
available. Size approx. 3%" x ' la" din. $210 $3.15 ee. #2 l l  
$4.65 ea. SPECIFY model #. 

PRICES above are amateur net. Shipped ppd. in U.S.A. Sond 
Check or M.O. (N.J. ADD 3% Sales Tax) 

OTHER PRODUCTS: Feed t h ~  capacitors. Tuned noise 
filters. Alternator, generator, low-pass and field filterm. SEND 
FOR CATALOG. 

"COMMUNICATION ENGINEERED 
By "HAMMIE" RICHARDT-W2WIY 

ELECTRONIC APPLICATIONS CO. 
ROUTE 46, Pine Brook, N. J. W058 
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A monthly Ham Magazine for the Amateur 

V E R  - R - R Y  I N T E R  - R - E S T I N G  B A R G  - AINS.  

who is interested in . . . 

S e n d  f o r  o u r  ve r - r - r y  i n t e r . r - v e s t i n g  
-TRANSISTOR TONE 

OSCILLATOR 
00 not confuse this 

well-made mil i tary unit  
w i th  low price commer- # cial "ice cube packs." 
This unit  operates from 

1.5 to 6.0 volts, and has tranrformer 
isclated output. Frequency is 1000 Hz, 
may be varted wi th  external Pot. New 
"a karr-, ;nd COmPlrte wnth spare Set of 
translstors. 

Applications: Continuity, Component, 
and semiconductor tester, code practice 
oscillator, keying monitors, alarms, RTTY 
SHIFT Osciliators, etc. TTC 52.00 P.P. 

TELETYPE SPECIAL - GOV'T SURPLUS 
1 0 1  New packaged spare parts for 

models 14, 15 and 1 9  teletypes. Over 
40 different items include cams, bails, 
reels, covers, springs, type, key caps, etc. 
Government over s900,00~ The 
part used will cover the cost of the kit, 
and you wi l l  have the added advantage of 
being back i n  operation immediately. This 
is o m  of our most popular items. Price: 
$5.90 plus postage (include $1.00 east 
of Miss., $2.00 west). 

PRINTED CIRCUIT BOARDS 
, - B for $1.25 P.P. These 

new packaged boards were 
spare parts to a high speed 

' Gov't Computer. Each board , t contains a total of 22 com- 
" ponents of 10  HIGH GRADE 

DIODES, 1 5% capacitors etc. A l l  cam- 
ponents are good. We sell 184 COM- 
PONENTS/BO DIODES for $1.25 postage 
paid. 8 PCB - 51.25 

. S I M P L E X  F M  . M O B I L E  F M  . N E W S  & V I E W S  . R E M O T E  O P E R A T I O N  . M O B I L E  R E L A Y S  . H U M O R  . S I G N A L I N G  6. T O N E S  A U T O M A T I C  P H O N E S  . SATIRE . C O N T R O L  T E C H N I Q U E S  . D E S I G N  D A T A  . C L U B S  . C O N S T R U C T I O N  . REPEATER I N F O  • ACT IV IT IES  . D E C O D I N G  . T R E N D S  . DIRECTORIES  . FREQUENCY L I S T I N G S  . O P E R A T I O N  . E V E N T S  

$3.00 per year or 2 years for $5.00 

B & F ENTERPRISES P. 0. BOX 44, HATHORNE, MASS. 01937 
G O V T  S U R P L U S  . E L E C T R O N I C  ' O P T I C A L  ' H O R O L O G I C A L  - M E C H A N I C A L  

68 p a g e  c a t a l o g  2 5 c  (F ree  w i t h  
PATCH BOARD. This is a 
handy item for the electron~c 
experimenter. The board acts 
as a t ie point i n  an elec- 
trical system by means of 
taper pins inserted into each 
side of the board. Intercon- 

nections are easily changed by pulling pins 
ano reinserting them. By soldering tom- 
ponents to taper pins clrcuits may easily 
be bread-boarded, changed and reused. 
Board wlth 360 taper plns removed from 
new equipment. 3PBA. 3 for 52.50 P.P. 

MINIATURE 6V SYNCHROS. 

:zi::! r ~ ~ ~ t e A ~ ~ : ~ ~ l  ipp:i 
Antennas, weathervanes and 
other indicating uses! used 
orig,naliy in aircraft equip- 
ment. Compact, ruggedly 

b~ " I t .  Designed to operate on 26 VAC ( ; r  

4000 cycles. Guaranteed t o  operate eff l-  
cicntly at 6 VAC 6' 60 cycles. With 
w'r lW diagram, Size l s s  x 1-9/16", 
'haft '.'z". JOS. $2.50 pr. P.P. 
XFormer lor above P.P. 

Unleash that TIGER under 
your HOOD! Special Close-out 
B u y  D U A L - T R A N S I S T O R  
IGNITION SYSTEM made t o  
sell for $39.95. Easy to in- 
stall w i th  fully wired harness 
to a l l  components. For easier 

s t~ r t i ng ,  longer lasting points and plugs, 
due to higher ignition voltage. Brand 
new w/instructions. Makes an ideal g i f t .  
(Postage $1.00 east of Miss., S2.00 
West.) DTlS $10.00 

SAMPLE COPY 35$ 

a n  or - r . rder )  P.P. - P o s t a g e  Paid .  
BENRUS - Government sur- 
plus wrist watch i n  one- 
piece unbreakable green deirin 
piastic case - water-resis- 
tant, shock-resistant, anti-  
magnetic construction. Un- 
breakable main-spring, sweep iS second-hand, 24-hour black 
lumtnous dial w i th  white '-' "ands. Made to tough mi i i -  ' --.:$i tary specs, designcd for every- 
day hard combat use. I n  ex- 
cellent condition, w i th  nylon 
strap. 6WW 58.95 P.P. 

Would you believe a Digital Voltmeter 
for S15.00? Would you believe $25.00? 

We supply a large 6 dig i t  numeral pre- 
cision counter, a In429 precision reference 
Zener diode, a 10  turn 0.25% linearity 
potentiometer, and a 0. C. motor. For 
$15.00. You must beg, buy, borrow or 
steal a $10.00 operational amplifier (Ana- 
log Devices Nexus or equivalent) and your 
ready I n  roll. Schematic included l ist price 
uf components we supply Is over $175.00. 

Digital  Voltmeter K i t  OVM $15.00 
RECEIVER SHELL.  Ant ique 

9 telephone receiver shell - black 
plastic In  perfect condition. 
Perfect encasement for walkie 
talkie miniature radio - almost 
anything! Alone, used as paper- 
weight, also as f loat for those 
naut~cal bent. Anyway you have 

It a fun thing. Makes neat Salt & Pep- 
per Shakers . . . ATR 4 for $1.25 P.P. 
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J 
"FLAT PAK" INTEGRATED CIRCUITS! ! 

W e  Indude 
30 Basic IC Projects 

R A D I O - E L E C T R O N I C S  
Janwy J U L Y  68 RTL Logic * Firat time anywhere two identicd IC'a in one p . c w .  - U 0 C t a  +125*C 

P.etroPla World: 

EPOXY SILICON TRANSISTORS 
.......... " 3-FK-4046 I W  0.5A npn 25OMC $1 0 0  3 3 - 2 ~ 3 5 6 ~ :  3 5 0 ~ ~  200BvC, NM 

U 4-2N3563, NPN. 6 6 0 ~ ~ .  ZWMW .............. $1.00 
0 3-2N3683 NPN 1000MC. 5MA, 2WMW .. $1.00 

3 - l 4  W A ~ T .  1-;000 npn 3A .................... $1.00 
O 4-2N4313 PNP 6 0 d ~ t .  , 2 0 0 ~ ~  $1.00 .............. 
0 a-2~3565:  5 0 0 ~ ~ ~ ,  npn, 2OOMC .............. $1.00 

FAIRCHILD IN-LINE 

T*sted, wi th data rh**h 

8 930 DUAL 4 I N W T  GATE L EXPANDER $1.00 
933 DUAL INPUT EXPANDER $1.00 .................... ............................ 8 944 DUAL POWER GATE $1.00 .... 946 QUAD 1 INPUT NAND/NOR GATE $1.00 

FAIRCHILD O *  BY$? 
"FLAT PAK" RTL 

Iluffer $1 .49 
INTEGRATED CIRCUITSS~I* 

.................................. 
903-903. 3 Input Gate ........................ $l .69 ........................ 904-9010 Half Adder $1.69 ............ 914-914* 1)uaI 2 Input Gate $1.49 ....................... ...................... JK R i p  Flop $1.69 

.................... 923-Q23* JK Flip Flop $1.98 
917 Quad Inverter $1.69 

*First time anywhere t w o  identical IC'a in one 
package. example 925-923 eontairu t w o  aepa- 
rate JK flip-flopa in one package. 914'8 and 
923. We include 50 uws. ** Licenmd. '/a'' X '/a" 

951 DUAL 2 INPUT INVERTER GATE ........ $1.00 LINEAR AMPLIFIERS wi th  circuits L d a t e  

0 953 2 - 1 4  INPUT AND GATE .................... $1.00 ................................ .................. ........................................ 8 954 DUAL 4 INPUT AND GATE $1.00. 
0 702C WIDE BAND DC S3.w 

955 1 INPUT AND GATE W / l  INWTS $1.00 U 703H RF-IF-FM $ 1 . 4 9  ...... .................. .......................... 956 DUAL INPUT BUFFER $1.00 €I .................... 709C HI-GAIN OPERATIONAL $3M 

100's of other IC's i n r l u d ~ n ~ :  Flip-Flops. Hegis- 
710C HI-SPEED DIFF. COMP. $3.98 ....................... ters. Adders, etr. Write for listing. L] 71 1 C DUAL COMPARATOR ~$4.98  - 

1 W MICROAMP 
PANEL M n E R  

CHOOSE 

2N706 n 8 
w v ,  . 1 ma \G 

PIV 3A 6A 12A 5 5A @ 1 AMP TOP HAT AND EPOXIES 
PlV SALE PlV SALE PIV SALE 

I0 3 O 6  a 1 6  2 0  5 0  / -05 .19 1 8 m  .D 100 U .07 U .22 U .25 :, .75 
2 0 0  C .09 C .30 0 .39 ,_, 1.25 I W  0 .07 1000 .31 2000 1.05 
4 0 0  .16 U .40 I? .50 !7 1.50 1 & 200 .08 1100 4 3000 q 1.60 
6 0 0  U .20 0 .55 a .75 J 1.80 4 0 0 0  .I1 1 ~ 0 0 0  .62 4 0 0 0 0  1.90 
800 a .30 0 .75 0 .90  17 2.30 600 0 . I6  1600 q .72 10000 4.80 

1000 U .40 0 .go 1.15 [I! 2.70 

YICROMINIATURI 

SILICON RECTIFIERS 

PIV Sol* PlV Sol* 
r e  600 o 20s 

100 0 800 25c 

AMP :g B ,:;100o n 3 1 ~  

Terms: ad11 postnae. Rated: n e t  80, cod's 23% 
Phone Orders: Wnkefield. Mass. (617) 245-382!l P.0. BOX 942M 
Rotail: 21 I All)ion. St.. Wakefield. Mass. Lynnfield, Mass. 01940 



NOW 
RAZOR SHARP CW 
RECEPTION WITH 

YOUR TRANSCEIVER1 

WITH A d4ii1, c w w  
Batwean Your Head~honas * No Power Ragulred And Your Rig * P ~ ~ E s  Into Phone Jack REQUEST BROCHURE * Low Insertion Lou * 120 Cycles Nanow 

Money Bark $1 9-95 * 2 to 4 Ohms In. 2K Out 
GUJrantae 

Ill 
Dept. H.6 
353 Pattie 
Wichita. Kans. 67211 

O N O N O  (316) 267.3581 
I \, I 
R E V I E W E D  IN MARCH, 1968 HAM RADIO- 

a mmlth-a bmadband RF d e t . . ~  
p l m  audlble tone slgnal I n  the 

I presence of any I F  f le ld from l O m  
to1 k w  and lOOkc to  lOOOmc 
.a Cwmonltor with posltlve " R I ~  
swltch uses only 8"plckup antenna 
and NO connection to r l p  or key 
ma codo pmctlce osclllotor 4 t h  
adlustobl. tone bullt In sp.oker 

hlph galn 4 translrtor clrcult 
powered by long l l fe AA pencell 

lbgau alumlnum coblnat In,, 
whlte a t l a c k  epoxy flnlsh 3 112 
by  2 r 8 "  by 1 II4': weight r'ounces 

100% US mode and guaranteed 

1 295 (ban lnrl) 
ppd usa kcon  

w n d  can  ck or m.0. 
ny re* odd 5% tax 

I the James research company 
-11 schermerhorn st.. brooklvn n.v. 11201 1 

I NEW YORK 10011 212-242-7400 
Free Tube List 

ALL-BAND ANTENNA CONNECTOR 

BUDWIG MFG. CO., 

HYE-PUE I malcletl cnnnerlor has 
eyelrl\ lor (IecUrInu antenna elrmenls. 
)teary rr.l,ger leads. coax 1'123!1 con- 
nrrtur for fecdllne. and tie-wlnt lor 
antenna supvorl Drlp-rap Protects 
ronncctor. Ilelnlorre<l. A t  your deal- 
er's. or 12.95 vortod. C'ompanlon In- 
nalaton. 2 for 99$ opd lnslructlons 
lnrludnl. 

P.O. Box 97M R-, C.IH. 92085 

B U I L D  Y O U R  

A M A T E U R  R A D I O  

LIBRARY 

See Page 85 
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Radio Amateurs 

WORLD PREFIX MAP- Full color. 40" x 28". shows 
pretaxes on each country . . . DX zones. time zones. 
cltoes. cross referenced tables . . . postpald 11.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLO - from the center of the United States! Full 
color. 30" x 25". listing Great Circle bearlogs in de. 
grees for six major U.S. titles; Boston. Washington. 
D.C.. Mlami. Seattle. San Francisco & Los Angeles. 

postpa~d $1.00 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" - includes Central Amer~ca and the 
Car~bbean to the equator, showing call areas. zone 
boundaries, prefixes and time zones. FCC frequency 
chart, plus informative ~nformatlon on each of the 50 
Untted States and other Countr~es . .postpaid $1.00 
WORLD ATLAS - Only atlas compiled for radio ama. 
teurs. Packed with world.wide information - includes 
11 maps. In 4 colors wlth zone boundar~es and coun. 
try pref~xes on each map. Also includes a polar pro. 
lection map of the world plus a map of the Antarct~ca 
- a  complete set of maps of the world. 20 pages. 
size 8%" x 12" . . . . . . . . . . . . . . . . . . postpaid $2.00 
bmp le ta  retennca library af maps - wt of 4 as listed 

MOCHTEN SIE WISSEN WAS DIE VHF- 
UND UHF- AMATEURTECHNIK IN 

EUROPA LEISTET? 
Leaen Sie die UKW-BERICHTE, die autorltative 
Viertel-Jahma Veroffentlichung in Deutacher Spnche. 
Jedes Heft anthalt sechzig Seiten mit pnktischen 
Artikeln uber VHF- und UHF-Radlotechnik, beige- 
t r a ~ e n  von den fuhrenden Amateuren Europaa. 

INTERESTED IN WHAT EUROPEAN 
HAMS ARE ACCOMPLISHING AT THE 

HIGHER FREQUENCIES? 

Read UKW-BERICHTE, the authoritative German 
quarterly, now with Englirh summaries! Applications 
of the latest VHF and UHF techniques; equipment and 
antenna construction details. Each sixty-page issue 
packed with practical articles written by the most 
outatanding amateurs in Europe. 

Annual subscription U.S.A. $3.00, 
Canada $325 

H. Inpenen, PABAFN Box 07, Topsfield, 
Mass. 01983 



Beware . . . of the Dreaded S s 
linear amplifier 

200 watt PEP. 
25-54 MHz. 
2-20 watts drive. 

$89.95 
lrt ,I 

.L - 
Matching AC Power Supply . . . $39.95 
DC-2 12 Volt Supply . . . . $44.95 

Write for complete details & FREE SHREW Patch 
Communications Division 
GAUTHIER INDUSTRIES Ilq P.O.Box216 p -  

Lynwood, California 90262 
Dealer Inquiries Invited 

, - - - - p- - - -- - - - - - - - - 

SURPLUS WANTED 
EQUIPMENT WITH PREFIXES ARA, ARC, ARM. 
ARN. APA, ASN, ASA. APN. APR. ARR. ASQ. 
GRR, GRC. GRM. GPM. VRC, UPX. URA. URR. 
URM. USM, UPM. SG. MD, PRM. PSM. PRC, 
TMQ, TRM. TED. SPA. SRT. CU. COMMERCIAL 
EQUIPMENT BY ARC. BIRD, BOONTON. BENDIX. 
COLLINS. MEASUREMENTS. H.P. NARDA, GR. 
SPERRY, ETC. 

TOP CASH DOLLAR PAID OR TRADE 

WE STOCK NEW HAM GEAR 

WRITE - WIRE - PHONE (813) 722-1843 
BILL SLEP, W4FHY 

NOISE BLANKER 
-- . 

Specifically designed for VHF operators requir- 
ing maximum noise suppression for reception 
of weak DX and scatter signals. Connects in  
the coax between converter and receiver. Solid- 
state design features silicon Field Effect Tran- 
slstors for reliability and minimum cross-modu- 
lation. Specify converter output frequency. 
Choice of 12-18. 100-140, 125-170 V OC; Phono 
or BNC connectors. Model TNB . 529.95 ood. . . 

Add nolse blanking capab~ l~ ty  
SWAN 250 t o  this popular transce~ver w ~ t h  
the Westcom TNB-250 Blanker. Mounts on rear 
of cablnet w~thout  d r~ l l i ng  holes; easy to Install. 

Model TNB.250 . . . . 529.95 ood. . . 
All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. Technical brochure available. 

WESTCOM ENGINEERING COMPANY 
P. 0. Box 1504 San Diego, Cal. 92112 

I 1 
P A Y S  . . C A S H  1 

You can bo sur. wlth karry : ~ a l r  daaling since '38 
Send lists of your unused TUBES. Receivers, 

L Somi Conductors. Vac. Variables. Test Equipment. ) 
L No Quantity too Small. No Quantity too Large a 
a Write or Call now . . . BARRY W2LNl -I 
m BARRY ELECTRONICS 

512 BROADWAY . NEW YORK, N. Y. 10012 
212-WA 5-7000 - 

Manufacturer's name w~thheld, but you w ~ l l  
f ~ n d  11 marked on every unlt Manufactured to 
Fa~rchl ld 900 RTL Serles. All flrst grade. spec 
sheets Included A really amazlng buy Never 
prev~ously offered by anyone at these r~d~cu lous  
prlces. 

Any number shown below at  
f 1.00 each 

or  $10.00 per dozen 

Shipped prepaid airmail delivery. 

Buffer 
Dual I n ~ u t  Gate 
Quad 2:lnput Gate 
JK Fli Flop 
Dual PK Flip Flop 
Dual 2-lnvut Gate. 

Dual Expander . 1-914. 1-925 
Dual 2.lnput Gate 

Expander 925 

MESHNA SUMMER CATALOQ 1968 - 2 
NOW OUT 

Send 25C mailing and handling charge 

SUPER - STUPENDOUS - ASTOUNDING 
BARGAINS GALORE 

Fattest Catalog Yet 

JOHN MESHNA, JR. P. 0. BOX 62A 
EAST LYNN, MASS. 01904 
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WZAU BALUN LETS ENTIRE 
ANTENNA RADIATE! 

U m r r r r m  STOP WASTING YOUR SIGNAU 
REMEMBER, YOUR ANTENNA 
IS THE MOST IMPORTANT 
PIECE OF GEAR YOU OWN. 

No Radiation from Coax 
No Center Insulator Needed 
Perfect for Inverted V w r  
(Use Hang-up Hook) 
Built-in Lightning arrester 
Broad-Band 3 to 40 Me. 
Takes Legol Power Limit 
Two Models: 
1:l 50 ohm coax to 50 ohm 
bolanced 
4:l 75 ohm coax to  300 ohm 
balanced 
A must for Inverted Ven, 
Doublets, Quads, Yogis and 
Multiple Dipoles. 

1.V.L 

$12.95 AMN̂ zuR 
a 

W2AU Complete pretuned Fiberglas Quad . . . . . -599.91 
W2AU Complete pretunsd Vinyl Quad. .. .. ..... $64.95 

U N A D I L U  RADIATION PRODUCTS 
Unadilla. New York 13849 

i 



EVERY OIOOL WE SELL IS CURVE TRACED ON A SPECIAL TESTER THIS TESTER 
WIVES 2 AMP8 AVERAGE CURRENT THROUGH THE UNlT IN THE FORWARD DIREC- 
TION WHILE THE REVERSE LEAKAGE IS MEASURE0 (I MICROAMPSI THE OPERA- 
TOR EXAMINES THE CVRRENT.VOLTAGE PLOT OF EACH DIODE OH AN OSCILLO. 
SCOPE SCREEN WE FULLY OUARANTEE EVERY UNIT SOLD OR YOUR MONEY 
REFUNDED 

PIV TOP-HAT EPOXY EPOXV STUD-MOUNT 
1.5 AMP 1.5 AMP 3 AMP 0 AMP 

w .M .w .12 .lS 
loo .W .w .lo .m 
100 .m .10 .m .I 
4m .la .la .2a .so 
em .14 .l# U .W 
(00 .17 n .a .M 
10W .20 14 .U .75 

p' ZENERS \ 
ALL UNITS TESTED AN0 GUARANTEED 

ALL 1 WATl  

5.1. 3 for $1.00 10.1.4 for $1.00 
11 12 13 is 10 18 m n 24 27 M 33 % r a 47 SI I u 

M 75 1 el loo 110 120 i r  1% lea IM 
VOLTS 

3 YEARS OF SERVICE 
TO THE AMATEUR FRATERNITY 

HAMS SERVING HAMS 
P U C E  YOUR ORDER WITH 

M. Welnrchenker K3DPJ 
PO Box 353 
Imln, Pa. 15642 

PA ~..id.~t. PI.,,. ~ d d  8% PA s.i.. 1.1 ulnirnum older s3m AII order. ~ p d  In USA 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH, NEW JERSEY 07206 

(201) 351-4200 

HAM HARDWARE 
HEADQUARTERS 

The Best in Highly Rust and Corrosion 
Resistant Threaded Hardware Fasteners 
and Washers. 
Stainless Steel ' Brass ' Bronze Nylon 

Over 1200 Different Items. 
Our Fine Fasteners will Hold Your Antenna Bestl 

Let us Quote Your Needs, or send a S.A.S.E. 
for List of Items Handled. 

WALT STRAESSER 
WOBLR 

29716 BRIARBANK. SOUTHFIELD. MICH. 48075 

KEEP UP TO 

DATE ON 

YOUR DXlNG 

A weekly magazine (16 to 24 pages each 

week. 

Current OX that's on the air, and info about 

what's planned for the immediate future. 

What's being heard by the boys. Etc. 

FULL DX INFO EVERY WEEK. 

Per year-Surface mail (they say most 

1st class mail actually goes via air) $11.00 

The DXERS Magazine, (W4BPD) 
Route 1, Box 161-A, 
Cordova, S.C. 29039 

WE PAY CASH FOR TUBES 
LEWISPAUL ELECTRONICS INC. 

303 W. Crescent Avenue 
Allendale, New Jersey 07401 

For the largest US ATV magazine; 
Technical reports & ATV directory 
SEND $2 for a 1 year subscription 
TO: 

A 5 MAGAZINE o'Uz$t'O~f && 

TELL YOUR ha,,, 
FRIENDS 

SURPLUS EQUIPMENT WANTED TO BUY BY 
& THE FASTEST GUN IN THE EAST 

No honing around, wa pay hst . . . in 24 
houn . . . and we pay more. We'll swap or 
tndr new equipment too . . . We quota fast 
tw. Wa also pay for shipping, insurance, rtc. 
You cal l  hst, now, collrct. lor Rst auoto. 

SPACE ELECTRONICS *w7 dh. of' M I L M I  UI"R0MICS LP. 
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LET W3KT 
FORWARD YOUR 

DX QSLS 
oin the thousands of satisfied hams who have 

been using this servlce for the past seven 
years. During 1967 alone, over 200,000 QSLs 
were forwarded to DX stations. This is a DELUXE 
service, insuring prompt and continuous mailings, 
and involving a minimum of effort on your part. 

ust f i l l  in your QSLs and send them to  W3KT. 
You don't have to address the cards, or indi- 

cate the QSL manager, or send any SASEs. Where 
a DX station uses a stateside QSL manager, your 
card wi l l  be sent to him with an SASE, and the 
reply wi l l  come back to  W3KT, who will send it to  
your call area QSL bureau. Other QSLs will be sent 
to the proper QSL Bureau, or, i f  necessary. direct. 

member, your QSL is a personal message. 
;PTherefore W3KT sends it by FIRST CLASS MAIL 
only. 

7 he charge: Four cents per QSL, 30  cards per 
dollar. NO MEMBERSHIP FEE. 

SAVE TIME! SAVE MONEY! 
W3KT QSL SERVICE 

RD 1. Valley H ~ l l  Road Mrlvarn, Pennr. 19355 

ETCHED CIRCUIT BOARDS 
Novice Trans. 2.75 Novice Recvr. 2.75 
RTTY Encoder 2.50 RTTY Decoder 4.00 
UHF Dippers 2.25 SWR Bridge 1.25 
Lab Supply 3.50 144 Conv. 5.75 
Keyer 4.95 CP Osc. Mon. 1.25 

Conn. Residents add Sales Tax. 
Send order or Catalog request t o  . . . 

HARRIS CO BOX 985 
TORRINGTON.'~ONN. 0 6 b  

NOVICE CRYSTALS 
uencies In FT-243 hol 

,093 in., spacing ,486 In. Tolerance .03% rnar rund in 
orcil lator with 92 rnmfd. capacity. 

80 mmten 3705-3748 kc. 81.75 em. 
40 metom 7155-nss LC. 1.2s em. 
IS maton 7034-7081 kc. 1.B w. 
2 ma tus  8058-8168 kc. 1.25 am. 

Add for postage and handling per cryrtsl: Bc t i n t  c l rsr ;  
12c airmail. Specify frequency deaired and nearest avail- 
able wi l l  be sent. Other frequencies in stock. Sand for 

I CQ de W2KUW 
BEST OFFER!! 

7 
Peld . . . . . . . . . . . . . for any pioco of rircrah or ground 
radio units, also tast equipment. All typos of tubes. 
Particularly looking for 4.250 . 4.400 8334 . 30411 . 4CX1000A 4CXIOQ6A ot al. 171 5 lX  . 390A 

ARM . ORM . GRC * UPM URM USM units. 
LTED DAMES CO., 310 Wickow St.. Arlington, N.J. 0 7 0 1 2 1  

the oermaf lex key \ 
I 

0 both s b i n  laver G straight hand k V '  
~n a pwotl.*s 1 paddle design. 
l gives instant choice of automatic 
..mi-automatic G straight hand k d n p .  
l us. dir.rtly with any transmitter or 
through an .I.ctronic kmyar. 
l 8 amp. geld d i f f u d  ni1r.r contach 
sdiust from 0-.0b0" G 5-50 g<ams. 
l distinctiv. blue paddles ar. of 
rugged G-I0 fiberglass epoxy. 
l cabinat in  Ib  gauge polishod &ran. 
stm.1: 1.95' eq. r 3.75", psddln complota. 
extend 1.15'. weight ape. I pound. ppd. "...a 

silicon. rubber (.at (or ntability. send tort. ck. or m. o. 
IOOC US mad. G auarmnted k r  l n. n. Y. rU. add 5% 'otu 

the ~ a m e s  research company 
11 schermerhorn st., brooklyn nay. 11201 

W I L L  BUY F O R  C A 5 H  - A L L  TYPLS 
Electron Tuber Semiconductorr Tesl Equipment 

M~lilary Electronic Equipment 
Wire, write, phone collecl! We pay fretght on all purchases! 

L I B E R T Y  E L E C T R O N I C S .  I N C .  
548 Broadway. New York. N. Y. 10012 

Phone: 212/9256000 

VARIABLE FREQUENCY ANTENNAS 
Sand for Brochure 

SHORTWAVE GUIDE 

For the Ham with I SPACEPROBLEMS.. 

SILIC. RECTIF. BOO0 PIV 400 MA. Lsrge user's 
~nvent.. not reject<( Sleter SLAOR 7 .  M a r ,  reverse 
2 uA: fwd drop. 8.7 v. Cost $8 ea. PAIR ~ostpaod' $5.30 
ELOICO SSB Adapter SBA-I with book, converts any 
recelver wtlh 455 kc IF lo  SSB: select ellher upper 
or lower slde band: also adds CW osctllator 
11 you have none Many fealures and a very 
expenslve unit ~n neat cabtnet f 127.50 
R.23/ARC-5 Cmd rcvr 190 550 kc Shpg wt 9 Ib 14.95 
A R C. 12 ,:22 Crnd rcvr 540 1600 kc. 3 Ib 17.95 
LM 14 lreq meter. 01% 175 kc 20 rnc 15 Ib 57.50 
TS 323/UR freq meter 20 480 mc 001% 169.50 
BC 221's OK $57.50 TS-175 OK . 125 00 
CLOSING OUT Radio Receivers 38 4000 mc at CRAZY 
LOW PRICES1 Ask for APROYICV751 short - -  - - -  
SP COO JL Rcvr 0 54 54 mc, altgned. grid 250.00 
R392/URR grid OK, w/AC sply & book 525.00 
WANTED GOOD LAB TEST EOUPT & MIL COMMUNIC -.. - - 
TIME PAY PLAN: Any purchase total~ng 

$16000 or more, down payment only lo% 
WE PROBABLY HAVE THE URGEST & BEST INVEN- 
TORY OF GOO0 LAB TEST EQUIPMENT IN THE 
COUNTRY. BUT PLEASE. DO NOT ASK FOR CATALOG! 
ASK FOR SPECIFIC ITEMS OR KINDS OF ITEMS YOU 
NEED! WE ALSO BUY! WHAT DO YOU HAVE? 
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WHEN YOU WERE A KID 
Did you ever plant a seed and then go out 

the next morning to find out what happened? 
Remember how pleased you were when the 
first tuft of dirt was pushed aside by the 
germinating sprout. My dad thought me 
impatient with all my questions, but Mom 
said that my garden would teach me many 
things. Certain it was that I learned not to 
expect too much too quickly. 

In later life this lesson served me well, 
particularly in ham radio, where improve- 
ments were especially slow and hard to 
measure. Now as we approach the season 
when most of us are disposed to antenna 
work, I should like to explain that one 
device is inexpensively available that will 
easily permit an immediate improvement 
in your station's performance. I am refer- 
ring to the balun - to be inserted as a 
replacement for the center insulator on your 
coaxially-fed dipoles. 

There is nothing you can buy that will 
obtain as much relative improvement in 
your overall station capability as a proper 
balun. The 2AU balun at $12.95 is the 
most popular. 

Most rigs today have unbalanced out- 
puts; that is, they have a pi network as 
the plate tank, and this gear is designed 
to work into loads between 25 and 100 
ohms - unbalanced loads. 

In my preceding ads I have repeatedly 
stressed the need for low VSWR. High 
reflected power causes more anguish and 
frustration than anything else. By balancing 
your antenna system, you may lower your 
VSWR, but more important is the fact that 
with the balun, your radiation efficiency 
is often higher. Normally, the grounded 
chassis side of the coax connects to one 
side of the dipole, and this side has very 
little induced electro-magnetic rad~ation from 
it (the dipole isn't a particularly good 

transformer). Thus a balun, and especially 
a well-designed product like the 2AU, 
accepts the unbalanced input from the coax 
and permits equal distribution, and conse. 
quently equal electromagnetic radiation, 
from both halves of your antenna. 

Any improvement from the use of a 
balun will give you more reach-out ability 
on receive as well as transmit. 

One balun may be used with the same 
coax to feed two or more dipoles. All you 
require is a resonant length for each band 
you operate. You can't expect the balun, 
which in itself is a broad band device, to 
work properly when, for example, you feed 
40 meter energy to i t  with just 80 meter 
resonators connected. In other words you 
actually need a separate set of driven ele- 
ments for each band you operate - though 
they can all be connected to the same 
balun and feed. 

The 2AU balun pictured here is its own 
lightning arrestor and center insulator as well. 
It is furnished with a metallic eye that will 
permit you to support the entire center of 
your antenna from your tower or tree. It's 
side connections are good for a 600-pound 
pull. Condensation drips out from small 
holes in its bottom. I t  is rated for a full 
1 KW. The 2AU balun may reduce TVI, 
Improve antenna system efficiency, and pro- 
tect against lightning, all at the same time. 

To encourage better ham operation, and 
for a limited time. I am offering the 2AU 
balun with either 1:l ratio (for most 50 
or 72 ohm application) or 4 : l  ratio at 
just $12.95, postpaid to your U.S. or 
Canadian door. 

Unless you are already using one, you 
ought to buy now. Send your order in today 
and we will send out with the balun, one 
of our newly revised used equipment lists. 

HERBERT W. GORDON COMPANY 
Harvard, Massachusetts 0 145 1 Telephone 6 1 7 - 45 6 - 3 548 

"Helping Hams t o  Help Themselves" 



MODEL R-5 ALLWAVE RECEIVER 
As) I r I ,,'tin.<Ily Ilrlr. ~ r ~ i c w . ~ ~  I I 8 111, . I >  ,,' i i . l . 6  11s.- 

tC',><,, , , W !  t~#~<~,r,,,,,,<, ,,">,,t<~L,, ,,I,# ,,,1,,r I ,,lly tr.,n, lht,,,. 
8,ewI k,,1<,1 4t,$t~, (.C~V<.I.. ' ,A Ih!t>ucjll I1. l  ll MI IN, IlvV 
C,',II I,,,, 011'. t,',ll<l~ I,,, 1,1111'1, ,t.l"il,,lit 1>111.1111 .,\I halit1 
.#I1 It~r,.~",? br<%atlt a%l I,arr~l~.all am.!l'.ur nnn,!,. I!rmm 160 
thrnliqh 6 rnl,ll,rr all 27 MI. CIi Chdnnt.15 >111 ?-wily 
vadli, f t~ i l t l l , r~< SP? Irvm 311 to 50 MI In< l irill!,~ many 
p , i l ~  '. and I l r t .  clr~gerlm?nl\ Crlr,lrol\ ludr. Var8nbtv 
Fjmt Fr,v~c~t*rw y O ~ ~ : ~ l l , ~ t ~ ~ ~  N,uv L8mqIt.t l3.~r~~l51~r~~.4~1 

1 1:ompnrr. w!th lobe. typv t,n#t*. <1r5l,n<l '3% rnuch' 
Kil ...................................... 564.95 1 W~red and lerted ......................... 79 95 

VFO-621 
Vl < , I  ,, , ,' ,,'UI I I 4 
,,lc~t<.r., l r ~ , r ~ < ~ ~ l < ~ r ~ z ~ ~ < l  

lll,lllll 1>1,,, 11,1111 1 0  

* < . l l 6 . l  llltltl<. r~(~~t I .711~~1 
p<,w<-r ~,,,,,"Iv < l t " 4 7 ,  

h # ~ i t v ~ t  -,t~htl#ty Ikt%~.41 
m.31, h T X  6? anrl 
o1111.r V l I F t r a ~ ~ ~ n ~ ~ l t r ~ r ~ ,  ... Wlred and lesled.. 

$59 95 

TX-62 TRANSMIITER 
I,, t. ,I, ,, , , I , 3 ! 1  ~ ~ ~ t ~ x r ~ + n ~ ~ u ~ ~ . c ~ ~ m p a r l  
VHI i,.~n:.n~t!, , A , , , , .  , ,  II,,.. l , i~,t lqt~t ,..>I 11% ? anrt b 
#,,r.t,v t r~ t~ \ r r ,~ t t~~r  Tt>t,,s 5 r ~ c ,  ~ 1 1 % ~ r  l !~ tn%n~~t I t~r  18kv 11 on 
1116, mark~t  i 5  watt,, 8nnt~t ph,~r?,, dn,I L W  l3~~111 ($1 S < > l \ < l  
\t,llr puwr>r sur,nly. IlloadhanrlPrl rtrci18ls rnal.6' lurlillcl 
,,a?, ll,,,', ,,,,..I,<!n$,",. ,:,v,t',l~. c,, <!"I, tt7.+1 Vf 0 ........................ Wired and lesled ,5149 95 

160 THRU 6 METER 
TRANSCEIVER PRE-AMP 

@ MODELPT 

I ow nnlsp. htqh q.rt8. ;s#c~ampl~l l~r Bull1 n powrr rtlpnly 1nlr.r- 
cunnrcttnq cablrs 1111 l i l~led Slatton puwr.r control ctm1r.r onrs  
swltch cnntml5 vvr~rvtt?~!lq Ailtorn.~t!c ch,lnqrr~v+~r. Ifarl\mll Irr 
~ V C P I V B  F~CIIS and mulr2s s~cunrl rorc'!vr,r. 
W#red~ndter led ................................... $4995 

PASS NEW ADVANCED AND EXTRA 
CLASS LICENSE EXAMS WITH 
NEW AMECO LICENSE GUIDES 

N e w  Ameco  L ~ c e n s e  G u ~ d e s  con la ln  s ~ m p l e .  delai led. 
easy-to-undersland answcrs l o r  FCC s ludy quesl ions, 
p l us  a sample FCC-type exam, us lng mul l lp le  cho ice 
questions. 

Advanced Class Gu ide  #16-01 (32 pages). ..... .50t  
Extra Class Gu ide  e17 -01  (48 pages) .  ......... . 7 5 t  

AVA ILABLE  AT LEADING H A M  DISTRIBUTORS 
In format ion inc luded in n e w  calalog. 

Division o f  Aerotron. Inc. 
P. 0. Box  6527  
Raleigh. N. C. 27608 -- 

Wri te  f o r  name  of y o u r  loca l  Ameco dealer  a n d  f ree cata log 

P r o r ~ ~  Slthm~rt to Chansr Without Notice 

I NUVlSTOR CONVERTERS FOR 50,144 I NOVICE TRANSMITER KIT I 
I and 220 Mc. HIGH GAIN, LOW NOISE 

VHr C ilvrrlr,rs rv.vs 
n<>hIaar> an <,xl!t3mt4y 
11qh oat" A qaln run- 
ucr. lhp qaln 11 ner<-- 
,r< (10 NOT hrcofne 

Model CN-SOW. CN- 
l44W or CN220W 
wred  (rpee8lvI~l_, 

Model CN-506. CN- 
144KorCN.220K In 
kll lorrn. (speelly IF1 

534 95 

PS-I Power Supply. 
... Wired and lesled 

$12 50 

I 

MODEL AC-I 

I , ..... I , .......... : . . . . . .  i:. I P P ~ P F S O ~ ~  trdnrm~ller 
K$,.,II,; $,, . 1, , 3 8 1  $ 8 ,  I < * I # < [ ,  Fa' .. ...#.><. 1. !L? 1, r#ltl And <,aSy I<> OLIWatP 
c ry i t a t  ~nn! r ,~ l l r .~ t  t'i r n r ~ t *  irk Oxrl~>i~t 11, Ih1,!,.< A (  i'owcr SIIDP~Y For 40  
ant1 110 mrtr-fs CW 15 \Vnlt\ ~nnl i l  
K11 with cod lor any 1 band. tncludnng tuber.. ................... $21.95 ............................. Ertfa colt kt1 lor any 1 band. CK.1 5 1.00 
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