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e a;: /m, a NCX-1000 
1 N < x L . . c  1 Kw Solid-state 6 * 
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- I 6 4 3  Transceiver 
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Here's a transceiver designed for the amateur who would rather spend his hard-earned raclio 
dollar on performance than frills. The NCX-1000 is built to meet the demands of the 
operator who neecls and desires a high performance SSB-AII-CW-FSK rig with solid-state 
dependability and plenty of power. Atld to this the convenience of having your transmitter 
(including linear amplifier), receiver, power supply, ant1 rnonitor speaker in a single, 
compact, smartly styled 59 pound package. 

So let's look at the NCX-1000, starting with the dorrble-conversion, solid state receiver. 
After the received signal is processed by a doul)le-tuned preselector, a stage of RF amplifi- 
cation, and another preselector, it is applied to the first mixer for conversion to the first I F  
frequency. The first I F  cvntains passband filters and a stage of amplification. A second 
mixer then cwnverts the signal to the second I F  frequency tor additional processing by a 
6-pole crystal-lattice filter and four I F  stages. Finally, the signal is tletectc~l and anlplified 
by four audio stages. The unparalleled high dyna~nic range lets you tune in weak stations 
silrroundetl by strong interfering signals. The result? High perlorniance tor SSB, AM, CW, 
and FSK. Sensitivity of 0.5 EMF microvolt (for a 10 tll) S+N/N ratio). 

In the transmitter you'll find three stages of speech anlplification followetl by a balanced 
modulator, a crystal-lattice filter, a filter amplifier, and an I F  speech processor (clipper). 
A mixer cvnverts the signal to a first I F  freqnency for processing by two crystal passband 
filters, and two I F  amplifiers. A second mixer converts the signal to the transmitting fre- 
quency where it is amplified in five RF stages before it gets to the grid of the 6Bh16 clriver. 
Final power amplification takes place in a forced-air-cooled 8122 ceramic tetrode which 
feeds the antenna through a pi network. Other features? You bet! Grid block keying for 
C\Y. Complete metering. Amplified automatic level control ( AALC). 

So here's a package that can give you 1000 watts PEP input on 80 through 10 meters, 1000 
watts on CW, and 500 watts for AM and FSK. The speech processor lets you double your 
SSB average power output with minimum distortion. No frills with the NCX-1000. Just 
top performance. 

Write for complete details. 

RADIO COMPANY, INC. 

Washington Street. Melrose. Mass. 02176 

617-662-7700 



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 i t  was ordered. 

SENTRY can manufacture crystals for all two-way radio 
equipment: Commercial, Amateur, Aircraft, Militar and 
Citizen Band. You .lt.c?c' only to specify the mo&l.of 
set and channel freql . :.cy. 
You don't believe i t ,  when we say - "Buy the Best"? 

You are satisfied with high prices? I SEND FOR OUR CATALOG Oi lJliECISION 1 
You are satisfied with "second best"? I QUARTZ CRYSTALS AND ELECTRONICS f 

) FOR THE COMMUNICATIONS INDUSTRY. j Until vou try SENTRY you will never know! I 
IT WILL COST YOU NOTHING! 

Try Us! Make Us Prove I t !  "Buy the Best" j ........................................... 1 

SENTRY MANUFACTURING COMPANY 
Crystal Park, Chickasha, Oklahoma 73018 

1 1- PHONE: 405-224-6780 
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Direct Frequency Dialing 
Programmable Coverage 

COMMUNICATIONS RECEIVER 
All Solid State 
FET Circuitry 

Preclslon tuning dial.. . 
tune station frequency directly . . . no searching. 

--Cc- 

Programmable frequency 
coverage.. . change crystal 

and label on dial. 

For more information write I 

NET 

The SPR-4 is a general purpose receiver which 
may be programmed to suit any interest: SWL, 
Amateur, Laboratory, Broadcast, Marine Radio, 
etc. Frequency Coverage: 150-500 KHz plus any 
(23) 500 KHz ranges between .500 and 30 MHz. 

FEATURES: Linear dial with 1 KHz readout &pole 
crystal filter in first IF 4-pole LC filter in second 
IF Three bandwidths: 0.4 KHz, 2.4 KHz. and 4.8 KHz 
for: CW, SSB, AM AVC time constants opimized 
for each mode Superior cross-modulation and 
overload 6erformance Power: 120 VAC, 220 VAC, 
and 12 VDC Crystals supplied for LW, standard 
broadcast and seven shortwave broadcast bands 
Built-in speaker Notch Filter. 

ACCESSORIES: 100 Khz calibrator, noise blanker, 
transceive adapter (T-4XB), DC power cord, loop 
antenna, crystals for other ranges. 

R. L. DRAKE COMPANY 
540 Richard St., Miamisburg, Ohio 45342 
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by iim 
8 ond IOO k fish 
If your main interest in ham radio i s  ex- 
perimenting, you've probably tried all the 
published solid-state circuits plus some 
ideas of your own. Here are some sug- 
gestions for the experimenter who's run 
out of new fields to conquer in semicon- 
ductor applications. 

Of the many devices on the market, 
few offer more interesting possibilities 
than the photodetectors. These emit a 
current in response to photon impinge- 
ment, and have a spectral response de- 
termined by the energy band gap in their 
semiconductor material. Photodetectors 
with response in the infrared are espe- 
cially interesting. In addition to their use 
as detectors in pulsed light-beam commu- 
nications, they can be used in optical-el- 
ectronic instruments for astronomy ex- 
periments. 

Astronomers throughout the world are 
interested in obtaining data from ama- 
teurs as well as professional observers. 
Here's an opportunity to contribute to 
science and broaden your technical back- 
ground as well. 

Data i s  needed on the behavior of cer- 
tain stars known to emit infrared radia- 
tion. Some of these stars are surrounded 
by gas and dust clouds. Much of their 
energy is absorbed by the dust and rera- 
diated at longer wavelengths. Measure- 
ments at these wavelengths help clarify 
how the dust i s  distributed around the 
stars, thus providing clues as to their evo- 
lution. 

A typical photometric system uses two 
in-line arrays of germanium bolometers 
with interference filters. To reduce noise 
equivalent power, detectors and filters 
are cryogenically cooled. Each detector 
looks at an optical telescope through a 
small-diameter focal-plane diaphragm. The 
filter for the first detector has a typical 

passband of 10-20 microns; that for the 
second detector has a passband of 25-50 
microns. A dual-beam chopper, also cry- 
ogenically cooled, shifts the field of view 
of each detector through an arc equal to 
its angular diameter. A tracking system 
and finder telescope complete the assem- 
bly. 

The system is aimed at an appropriate 
section of sky and locked onto a bright 
guide star offset from the infrared source, 
which may be invisible. Statistical fluc- 
tuations of the infrared source are mea- 
sured, and the data is recorded on mag- 
netic tape for later playback through a 
printer. 

An elaborate setup such as this is be- 
yond the means of most amateurs, but 
some interesting applications of semicon- 
ductors are implied. Some examples: 

A photodetector array or photomulti- 
plier could be placed at the focus of a tel- 
escope of moderate aperture, and detec- 
tor output could be stored in a digital re- 
gister driven by an ald convertor. The 
output could be stored on tape or drive a 
counter directly. You could also probab- 
ly improve on the clock drive used in 
most amateur telescopes with a system 
using IC op amps. 

The rig would have to  be used at the 
top of the highest mountain you could 
find because of atmospheric opacity at 
lower levels. Your first attempts might 
not yield much useful data, but don't be 
discouraged. Projects like this require 
much patience and equipment debugging. 
In any event, it's a pleasant way to spend 
a summer evening, especially if your best 
girl i s  along to help record data and main- 
tain the log. 

Jim Fisk, WIDTY 
editor 
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MODEL 270 

C 

Y 

A 5 BAND 280 WATT SSB 
TRANSCEIVER WITH BUILT-IN 

\ AC AND DC SUPPLY, AND 
LOUDSPEAKER, IN ONE i , ,  : \  PORTABLE PACKAGE. 

The Swan Cygnet 1s the most versatile and portable transceiver 
on the market, and certainly the best posslble value 

!', The llghtwelght compact deslgn of the Cygnet makes ~t an 
Ideal traveling companlon You can take ~t wlth you on vacat~on 1 A; or busmess trlp, and operate from your motel room, summer 

! cabin, boat or car All you do IS connect t o  a power source, 
is  I\ antenna, and you're on the alr 

AMATEUR NET PRICE 

$525 

E L E C T R O N I C S  
For Better Ideas 
1n Amateur Radfo 

OCEANSIDE. CALIFORNIA-A Subsidiary of Cubic Corporation 
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a word from the publisher 

I am sure that by now you have no- 
ticed that ham radio has a new look this 
month. Like many other publications 
both large and small we have gone to 
what is known as "cold composition". By 
doing this we are able to  take advantage 
of many new innovations in the graphics 
arts field. 

As is  usually the case with major 
changes, there are both advantages and 
shortcomings. One reader is sure to prefer 
our old type style, while another will 
think that our new one is  an improve- 
ment. We will have more freedom to try 
new ideas, but last minute changes are 
now more difficult. 

Of course, as this is written, I have not 
seen the very issue that you are now look- 
ing at. There may be parts which we will 
not like at first. You can be sure that we 
will be going over the results carefully to 
insure that we reach a new high in easy- 
reading and attractive appearance. 

This issue also marks the first issue 
from our new printer: Wellesley Press. 
They have been chosen as experts in the 
periodical field. We felt they could add 
much to ham radio because of their great 
experience in the production of monthly 
magazines. Among the benefits should be 
more uniform quality and a great desire 
to give you, our readers, the magazine 
you want. 

You will see a slight change in size. 
This has been done to permit us to take 
maximum advantage of the best high- 
speed printing equipment in use today. 
Our previous size was chosen because i t  
was the same as QST. I t  turned out that 
there was a tremendous penalty involved 
and many excellent printers were virtually 

uninterested in working with it. This new 
size is a modern industry standard and 
gives us a marked advantage in holding 
down costs both to you and our adver- 
tisers. 

Ham radio is continuing to write one 
of the best success stories in the history 
of amateur radio publishing. 1969 saw 
our subscription list well more than 
double in size. This trend is continuing in 
1970. We are s t i l l  quite a way from being 
the biggest, but ham radio is a lot closer 
in size to some of its competitors than 
they would care to  admit. Considering 
that we are now only two years old i t  
certainly would seem that the ideas on 
which we based have been well proven. 

another top ic  
Our mailbox produced an interesting 

letter the other day which I thought a 
number of readers might like to share 
with us. It was from Mr. J. Cooper, 
G3DPS, General Secretary of the Royal 
Signals Amateur Radio Society in England. 

This organization is now opening i t s  
membership to past and present members 
of the U.S. Army Signal Corps who have 
been attached to or worked in close 
liaison with Royal Signals. Many U.S. 
hams were sent to Britain during World 
War II and served in such a capacity. I f  
you arp eligible, this might well be an in- 
teresting chance to renew old friendships 
in other parts of the world. You can write 
to Mr. Cooper at the Royal Signals 
Amateur Radio Society, 15 Valley Road, 
Blandford Camp, Blanford Forum, Dorset, 
England. 

Skip Tenney, WINLB 
publisher 
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NEW SINGLE-BAND BEAM 
FROM MOSLEY 

ON 20 METERS 

DON'T LIMIT YOURSELF1 

When you install a 20 meter beam, there i s  only one 
antenna investment you can afford . . . The NEW CLASSIC 20 
with expanded DX capabilities, thanks to the new 
Classic Feed Svstem "Balanced Capacitive Matching" 
This new array promises to be the most universally accepted 
amateur beam ever developed for 20 meters. 

TAKE A LOOK AT THE VITAL STATlSTlCSl 

POWER RATED: 1 KW AM1CW: 2 KW P.E.P. SSB input to the final. 
SWR: 1.511 or better. 
MATCHING SYSTEM: Balanced Capacitive. 
FEED POINT IMPEDANCE: 52 ohms. 
NUMBER OF ELEMENTS: 5. Aluminum tubing; 6063-TB32. 
MAXIMUM ELEMENT LENGTH: 38 ft. 1% in. 
BOOM LENGTH: 46 ft. 
RECOMMENDED MAST SIZE: 3 in. OD. 
TURNING RADIUS: 28 ft. 
WlND SURFACE: 18.7 sq. ft. 
WlND LOAD (EIA Std. 80 MPH): 364.45 Ibs. 
ASSEMBLED WEIGHT: Approx. 139 Ibs. pat .  NO.  34111872 

SHIPPING WEIGHT: Approx. 145 Ibs. via tru 

Mosley is the name. Antennas are our business. 
Designed. engineered and manufactured by hams . . . for hams. 
For detailed brochure on the entire CLASSIC LINE 
of single and multi-band beams, write. . . Dept. 198 

=IhY &&&A 4610 H. LINDBERGI BLVD., BRIDGETON, YO. 63044 
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C O  

o f  a  

d o u b l  

broad band 
double- balanced 
modulator 

Practical 

Instruction deta i ls  

hot-carr ier -diode 

e - b a l a n c e d  mixer I 
Doublebalanced ring modulators have 
been used since 1915, when they were 
developed by Bell Laboratories for carrier 
telephone systems. The earliest models 
were capable of good carrier suppression, 
but they suffered from high conversion 
losses because they used copper-oxide 
rectifiers. This, as well as excessive diode 
noise, limited their use to audio and 
low-frequency rf applications. With the 
improved semiconductor diodes that are 
available today, the doublebalanced 
mixer circuit can be used in many 
communications applications that were 
formerly impossible; the homebuilt ver- 
sion presented here provides outstanding 
performance from 200 kHz to over 250 

that  covers the range  MHz. 
Although doublebalanced ring modu- 

0 > lators require relatively high local-oscilla- 
200 % tor injection power, have some conver- 

E sion loss, and must be followed by a .- 0 
to 2 50 M H z .: - low-noise amplifier, they have a number 

;5 of operational advantages: 

1. High port-to-port isolation (same as 
carrier suppression) 

2. Wide dynamic range (large signal- 
handling capability) 

3. Low intermodulation and cross 
modulation 

4. Good noise figure 

5. R eduction of spurious mixing 
products 
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It is also simple to build, easy to re- 
produce, fairly inexpensive and has a 
wide variety of applications in the radio 
communications field. 

diode mixers 
The most simple diode mixer, of 

course, is the single diode type shown in 
fig. 1. This circuit is widely used in 
electronic equipment operating from 
audio through microwave - it's a good 
bet that you'll find at least one circuit 
like this in the amateur radio gear in your 
shack. However, this simple circuit has 

LOCAL 
OSCILLATOR 

RF SIGNAL I -F OUTPUT 

fig. 1. Simple single-diode mixer  lacks isolation 
between ports. 

one very serious disadvantage: poor port- 
to-port isolation. 

The circuit of fig. 2 was developed to 
improve isolation. Since transformer T I  is 
electrically balanced (center tapped), the 
local oscillator signal is split into two 
equal, but out-of-phase signals in the 
secondary, and cannot be induced into 
the primary. In  the circuit of fig. 3 the r f  
and local oscillator signals are isolated 
from the i-f output by virtue of the 
balanced secondary of transformer T2. 

Further performance improvements 
can be obtained by going to  the circuit of 
fig. 4. This four-diode double-balanced 
ring mixer allows energy to  be exchanged 
on a full-wave cycle rather than half 
cycles as in the previous circuits and 

"Available f rom any Hewlett-Packard sales 
office; consult the Yellow Pages or write t o  
Hewlett-Packard, 620 Page Mil l  Road, Palo 
Alto, California 94304. The matched quad, 
HPA 5082-2805 is $4.40. HPA 5082-2800 
($0.99 each) may be used but the matched 
quad provides better port-to-port isolation. 
These diodes are also available f rom H A L  
Devices, Box 365, Urbana, Illinois 61 801. 

offers higher efficiency and lower con- 
version loss. 

theory of operation 
Consider the circuit of fig. 4 with the 

r f  input disconnected; with only local 
oscillator injection, there i s  no i-f output. 
When point A is negative, current flows 
through T I ,  diodes 0 2  and D3, and 
transformer T2, as shown by the arrows. 
Since the currents on each side of the 
center tap are 180°0ut of phase, they 
cancel,and there is no output. When point 
A is positive, current flows through T I ,  
diodes D l  and D4, and transformer T2, 
again with no output. 

I f  an rf signal is applied to T2, an 
output voltage appears across the i-f 
output terminals; the local-oscillator 
signal essentially switches the rf input 
voltage on and off. With high-conduct- 
ance hot-carrier diodes, switching is 
nearly instantaneous and rectangular 
pulses controlled by rf signal amplitude 

fig. 2. T h e  balanced transformer in this single- 
balanced mixer  effectively isolates the r f  por t  
f r o m  the rest of the  Circuit. 

appear across the i-f output port. 
With a properly designed and con- 

structed double-balanced mixer, carrier 
suppression on the order of 40 dB is not 

fig. 3. Basic double-balanced mixer  circuit. 



difficult to obtain. With this type of 
mixer, third-order distortion products are 
typically suppressed by 50 dB. Since the 
even harmonics are inherently suppressed 
by the double-balanced circuit, the only 
spurious signals that may give trouble are 
those created by odd-numbered har- 
monics. 

mixer components 
The modern broadband balanced 

mixer is possible through the use of 
ferrite transformers and semiconductor 
diodes -diodes that exhibit high front- 
to-back ratios and ultra-fast switching 
times. Great strides in ferrite device 
technology has provided materials that 
operate efficiently from dc to microwave. 
With the proper ferrite and suitable 
windings, transformers can be made that 
will act as nearly purely resistive trans- 

tribute very little noise to the circuit. 
These requirements are best met by hot- 
carrier diodes. 

The hot-carrier diodes currently on the 
market consist of a rectifying metal-to- 
semiconductor junction; n-type silicon in 
conjunction with evaporated gold, 
platinum, palladium or silver. I n  the 
hot-carrier diode, current conduction is 
based on majority carriers, and in normal 
operation the diode exhibits virtually no 
stored charge carriers. In practical terms 

- 
CENTER- TAP 

fig. 5. Schematic showing the connec- 
tions of the trifilar windings. 

formers over a wide range of fre- 
quencies.' t t this means that the reverse recovery time 

~ l t h ~ ~ ~ h  nearly any high-conductance i s  Very short: t y ~ i c a l l ~  100 picoseconds, 

diode will give adequate performance in a more than times faster than the 

0 ,  fastest silicon junction diode. This results 
r _ I  I in more efficient signal rectification at 

09i\ vhf. 

e . O  The construction of the hot-carrier 
diode results in uniform contact potential 
and uniform current distribution through- 

e I -F  O U W  out the junction. In terms of operation, 
this means lower series resistance, lower 

fig. 4. Double-balanced ring mixer circuit im- 
proves performance. Transformer construction 
is shown in fig. 6. Diodes are Hewlett-Packard 
2800 series. 

diode ring, many characteristics of the 
hot-carrier diode make it the ideal choice. 
To achieve electrical balance in the mixer 
for example, the diodes in the ring should 
have closely matched transfer charac- 
teristics - this is inherent in the fabrica- 
tion of hot-carrier diodes. 

For lowest mixer conversion loss, the 
ring diodes should have no forward re- 
sistance when conducting, and infinite 
resistance when turned off. The front- 
to-back ratios of several different diodes 
are listed in table 1. For efficient opera- 
tion on the very-high and microwave fre- 
quencies, the mixer diodes should feature 
extremely fast switching speeds and con- 

contributed noise, higher power capa- 
bility and greater resistance to transient 
pulse burnout. 

transformer construction 
The transformers used in the practical 

double-balanced mixer shown in the 
photographs are wound on Indiana 
General Cfl02-Q1 ferrite cores. These 
cores are available from Newark Elec- 
tronics*. Each transformer consists of 12 
trifilar turns of number 32 enameled 
wire; number 30 or 34 is also satisfactory. 
I experimented with a number af dif- 
ferent cores and winding techniques to 
find a wideband design that could be 

'Newark Electronics Corporation, 500 N. 
Pulaski Road, Chicago, Illinois 60624. Order 
catalogue number 59F1509, $1.20 each plus 
shipping. ($2.50 minimum mail order). 
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easily reproduced; the design described 
here performed the best. 

To obtain the desired wideband per- 
formance, the coupling between windings 
must be as tight as possible. To obtain 
this, the three wires in each winding are 
twisted together: chuck two 2-foot 
lengths of number 32 wire into a hand 
drill (electrical drill if you're extremely 
careful); crank the drill until the wires 
have a reasonably tight twist. Then take 
this twisted pair and re-chuck it with the 

fig. 6. Toroid winding; wires are 
shown untwisted for clarity. 

third wire and repeat the twisting process 
until you have a tight trifilar length of 
wire. 

Each transformer consists of 12 turns 
of this trifilar wire on a CF102-01 ferrite 
core. A schematic of the complete trans- 
former is shown in fig. 5; the pictorial 
diagram in fig. 6 should explain the 
windings more fully. The windings must 
be connected properly, or the finished 
double-balanced mixer will not work. 
This can be simplified if you use different 
colored wire for each winding. I've been 
able to find the wire in two colors and 
even this is a big help. 

Pick one set of wires for the primary. 
Wrap these two wires with a piece of tape 
to identify them and keep them out of 
your way. You should have four wires 
(two sets) left. Separate the two sets by 
checking for continuity with an ohm- 
meter. Take one wire from one set and 
twist it together with one wire from the 

remaining set; this is the secondary center 
tap. The two remaining wires will be the 
two outer ends of the secondary. 

Now all the wire in the secondary will 
show continuity, and the two wires in the 
primary will be isolated from the 
secondary. The choice of wires for the 
primary and secondary is completely 
arbitrary -the only important thing to 
observe i s  the connection sequence. 

To obtain the same wideband per- 
formance that I have achieved, the trans- 
formers must be duplicated. I f  you want 
to experiment, you might try some of the 
small cores from Indiana General in Q1, 
0 2  or Q3 material. 0 3  material, for 
example, will improve the high-frequency 
performance at the expense of operation 
on the lowfrequency end. Powdered-iron 
toroids should not be used because they 
will not operate over a very broadband 
frequency range. 

construction details 
After the transformer windings have 

been selected you are all set to assemble 
the other parts of the cirucit. Here again I 
recommend following the layout I have 
developed; if at all possible, use the 
printed-circuit layout shown in fig. 7. If 
you use a different layout you won't 
duplicate my results. However, don't be 
afraid to try your own design - you may 
end up with better balance than I did. 
Just remember to use good vhf con- 
struction techniques: short leads and 
short ground returns. 

The printed circuit is one area where 

table 1. Front-to-back ratio of various diodes. 

forward reverse 
diode type resistance resistance ratio 

(ohms) (ohms) 

Copper oxide 400 350k 875 
Small-junction 

germanium ( l N 2 7 0 )  5 500k lOOk 
Point-contact ger- 

manium (1N98) 200 1 M 5 k 
Low-conductance 

silicon (1N457) 5 0  2400M 4 8 M  
High-conductance 

silicon (1N645) 2.5 1200M 480M 
Hot-carrier 

(HPA 2800) 1.5 3000M 2000M 
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Fig. 8. Conversion loss 
vs local oscillator power 
for this doublebalanced 
mixer circuit. 

LOCAL OSCILLAlVR FQWER fdBrn) 

commercial manufacturers of these 
mixers use a touch of magic to obtain 
optimum balance. By using the stray 
capacitances associated with the circuit 
board and the components, i t  is possible 
to obtain nearly perfect electrical sym- 
metry. 

For proper operation, the completed 
mixer unit must be enclosed in a box that 
provides good rf shielding. In the unit 
shown in the photographs, I used a small 
cast-aluminum chassis manufactured by 
Pomona (model 2428). This enclosure 
sells for $1.50 at major electronics sup- 
pliers 

applications 
Probably the most important applica- 

tion of the double-balanced mixer in 
amateur equipment is as a frequency 
mixer. To obtain optimum performance 
as a mixer, three factors must be con- 
sidered: local-oscillator power, conversion 
loss and the need for low-noise amplifica- 

Fig. 7. Printed-circuit board for 
the double-balanced mixer. 

tion of the i-f output. 
The graph of fig. 8 shows conversion 

loss versus local oscillator power for this 
double-balanced mixer. This curve is 
typical of all passive mixers and shows 
that conversion loss decreases with in- 
creasing local-oscillator power up to ap- 
proximately zero dBm ( 1  milliwatt or 
0.22 volts across 50 ohms). Beyond zero 
dBm more local-oscillator power does 
little for conversion loss, but note how 
fast conversion loss rises as local-oscillator 
power drops below zero dBm. 

Many active mixers work properly 
with as little as 0.1 mW (-IOdBm) of 
local oscillator injection, and are usually 
much more tolerant of variations in in- 
jection level. The relatively high local- 
oscillator power requirement of the 
double-balanced mixer is a disadvantage, 
particularly at uhf and microwave where 
it is harder to generate. 

Conversion loss can be analyzed by 
putting an attenuator in front of the stage 
that follows the i-f output port. As an 
example, consider that you're using this 
mixer as a 144-MHz down-converter to 
28 MHz, and you run the mixer's i-f 
output directly into the station receiver. 
Assume that the noise figure of the 
receiver is 10 dB at 28 MHz. Also assume 
that the mixer has a conversion loss of 7 
dB. 

The converter's noise figure i s  the 
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fig. 9. Typical conver- 
sion loss for this double. 
balanced mixer over the 
range from 100  kHz to 
400  MHz (local oscilla- 
tor power +7 dBm, r f  
input - 5 dBn1). 

receiver's noise figure plus the conversion 
loss, or 17 dB. This represents the noise 
contribution from both the mixer and 
receiver and assumes that the mixer is 
tuned to reject the image frequency. I f  
the rf port is not tuned to reject the 
image the noise power in the image can 
add an additional 3 dB of noise; the 
converter would end up with an effective 
noise figure of 20 dB. This borders on the 
ridiculous for vhf converter applications 
but if we analyze the problem further we 
can find solutions that will change the 
mixer into a very useful vhf device. 

To eliminate the images a filter i s  
needed in the rf input. This can be a 
simple tuned circuit with a 50-ohm tap. 
The filter will eliminate noise contri- 

bution from the image but adds insertion 
loss. This must be added to the mixer's 
conversion loss. It's obvious that the 
filtering must have the lowest possible 
insertion loss. This can be accomplished 
with a wide bandwidth filter (same as low 
loaded Q). A good rule of thumb is to 
choose a filter with a bandwidth one- 
third the i-f output frequency. 

We must also reduce the noise figure 
of the i-f. This is most easily done by 
adding low-noise amplification ahead of 
the receiver. A properly designed ampli- 
fier using transistors or fet's can yield 
noise figures as low as 1 dB at frequencies 
up to 60 MHz. 

Let's take a look at an application 
using an rf input filter which has an 

fig. 10. Mixer balance 

in terms of isolation 
from i-f port (rf fre- 
quency at 0 dBm. 
local oscillator at 

+5 dBm). 
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insertion loss of 0.2 dB and a low-noise 
amplifier ahead of the receiver which has 
a 2 dB noise figure. The mixer s t i l l  has 7 
dB conversion loss. We must add this to 
the insertion loss of the filter for a total 
of 7.2 dB; this 7.2 dB is added to the 2 
dB noise figure of the i-f amplifier so the 
converter has an effective noise figure of 
9.2 dB. 

A front end with a 9.2 dB noise f igur~ 
is useful for local ragchewiq, fm repeater 
work and mobiling. For serious DX a 
low-noise preamplifier is required, but a 
9.2 dB NF mixer can handle 1 milliwatt , 
of signal before gain compression, cross 
modulation or intermodulation becomes 
a problem; only exotic active mixing 
schemes can accomplish this. 

When you use a preamplifier ahead of 
the double-balanced mixer to reduce 
noise figure remember that the amplifier 
must have sufficient gain to overcome the 
mixer noise figure before you can realize 
the lower noise figure of the preamplifier. 
It 's a good rule of thumb to design the 
preamplifier with at least 10 dB more 
gain than the noise figure of the following 
stage. In our example this would require 

MIXER Q--@ 

fig. 11 .  The  doublebalanced mix. 
er as a frequency doubler. 

19.2 dB preamplifier gain. Then the 
converter's noise figure would be set by 
the noise figure of the preamplifier. 

I'd like to point out that the per- 
formance graphs for this mixer (fig. 8,9, 
and 10) compare closely with commer- 
cially available designs, although same 
mixers in the $100 class have improved 

port-to-port isolation and conversion 
losses as low as 6 dB. 

I have discussed conversion loss of the 
double-balanced mixer, but have 
neglected noise figure. This is because the 
hot-carrier diodes contribute so little 
noise that it can't accurately be meas- 
ured. Above about 1 GHz (1000 MHz) 
diode noise begins to become noticeable, 
and in the microwave region more exotic 
hot-carrier diodes are available that per- 

fig. 12. Using the double-balanced mixer 

for a phase detector. 

form better than their more common 
silicon counterparts. 

I f  you are using a diode mixer on 1296 
MHz a properly selected hot-carrier 
device will offer a slight improvement in 
noise figure as compared to the old 
standby 1 N21 series. l mproved per- 
formance is even more noticeable on 
2300 MHz and up, since the noise figure 
of hot-carrier diodes does not rise as fast 
with frequency as does the noise contri- 
bution of conventional point-contact and 
p n  junction devices. 

In addition to its use as a simple 
frequency converter, the double balanced 
mixer is also useful for frequency 
do u b l i ng, phase detection, current- 
control led attenuation, amplitude 
modulation, product detection and 
balanced modulation as shown in figs. 11 
through 17. 

frequency doubler 
The double-balanced ring modulator 

can be used as a broadband frequency 
doubler by simply applying the rf signal 
to both the local-oscillator and rf ports as 
shown in fig. 11. Since the sum and 
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difference frequencies will appear across 
the i-f port, the i-f output will be twice 
the rf input (since the difference fre- 
quency is zero). 

phase detector 

When using the double-balanced 
modulator as a phase detector as shown 
in fig. 12 one rf signal is applied to the 
local-oscillator terminals while the other 
rf signal is connected to the rf port. The 
dc signal available across the i-f port is 

Za)kHz -250Mlh.  5mW ATTENUATED 

MIXER 

CURRENT 1 g;rnTmY& 

fig. 13. Current-controlled attenuator; 
performance is plotted in fig. 14. 

zero when the two input signals are 90° 
out of phase; the dc voltage at the i-f port 
is maximum when the phase difference 
between the two signals is either zero or 
180". 

current-controlled attenuator 

I f  you want to use the double- 
balanced mixer as a current-controlled 
attenuator, the rf input signal i s  con- 
nected to the local-oscillator port as 

table 2. Current-limiting resistance versus con- 
trol voltage. 

voltage 
minimum 
resistance 

(ohms] 

shown in fig. 13. With no current input a t  
the i-f port, the signal at the local 
oscillator port will appear greatly attenu- 
ated at the rf port. A curve of attenuation 
versus control current i s  shown in fig. 14. 
When using the mixer as a current- 
controlled attenuator, a current-limiting 
resistor should be connected in series 
with the i-f port to limit diode current to 
40 mA. Appropriate values of resistance 
versus applied voltage are shown in table 
2. 

I f  you refer to fig. 4 you can see that a 
dc control voltage across the i-f terminals 
will cause two of the diodes in the ring to 
conduct. When sufficient dc current flows 
through the diodes they appear as very 
small resistors connecting the secondaries 
of T I  and T2 together, and any signal a t  
the local-oscillator port will appear at the 
rf port with little attenuation. Varying 
the control current changes the resistance 
of the diodes, and hence, the magnitude 
of the output voltage. 

fig. 14. Attenuation vs 
dc control current. 

DC CONTROL CURRENT 
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fig. 15. Balanced modulator. 

balanced modulator 
To use this device as a balanced 

modulator, it is connected into the circuit 
as shown in fig. 15 with the rf signal 
(carrier) at the local-oscillator port, the 
modulating signal a t  the i-f port and the 
output signal across the rf port. The sig- 

f, 1-Rl f, M o W U l F O  

Zmw-mw. 5w -HI - 2 S O H I  

MIXER 

L l M l n M  

DC QlYTROLc(RREM 

 wit TD m m ~  

fig. 16. Amplitude modulator. 

nal across the rf port consists of the local 
oscillator plus and minus the modulating 
signal with the local-oscillator (carrier) 
greatly attenuated. 

amplitude modulator 
To obtain amplitude modulation from 

the double-balanced mixer, the opera- 
tions as a balanced modulator and cur- 
rent-controlled attenuator are combined 
as shown in fig. 16. A modulating signal 
containing both ac and dc components is 
applied to the Lf port. The ac com- 
ponents will produce sidebands and the 
dc component will vary the amplitude of 
the carrier appearing at the rf port. For 
100 percent modulation the modulating 
signal should be about 200 mV rms and 
the dc control current should be approxi- 
mately 4 mA. 

product detector 
This is simply a mixer that has ~ t s  i-f 

output in the audio range. A suitable 
circuit is shown in fig. 17. The double 
balanced ring mixer is particularly useful 
in this application because of its very low 
intermodulation performance and large 
dynamic range. 

two-meter converter 

The two-meter converter shown in 
fig. 18 is based on the hot-carrier-diode 
double - balanced mixer shown earlier. 
This converter has all the design features 
that should be considered when using an 
hcd mixer in the converter, including an 
input filter, low-noise i-f amplifier and a 
spectrally clean local oscillator. 

The two-meter converter shown in the 

I - F  SIGNAL 
BR) WCILUTW? 2 m H r  - 250MH1 
I N W T  AT 5mW UP TO O d h  

fig. 17. Using the doublebalanced mixer as a 
product detector. 

photo has a noise figure of 9 dB; and 
gain can be adjusted from zero to 20 dB. 
Main image rejection (84 to 88 MHz in 
this case) is 30 dB; all other images are 
down at least 60 dB. Local oscillator 
leakage at the input and output ports is  
500 microvolts. The gain compression 

Construct~on of the hot-carrier-diode double 
balanced mixer showing the circuit side of the 
printed-circuit board. 
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DOUBLE-BALANCED MIXER - - - - - - - - - - - - - ~ ~ ~ - ~ - - - - - - ~ ~ - ~ -  
INPUT FILTER 

OSCILLATOR 
7 

Ll. L2  Primary is 10 turns no. 24 o n  Micromet- L 3  7 turns no. 26  o n  Micrometals T30-22 core 
als* T30-10 toroidal core; secondary is 4 turns L 4  24 turns no. 28 o n  Micrometals T30-6 core 
no. 24 o n  cold end o f  primary L5 .  L6 24 turns no. 28 o n  Micrometals T30-6 core 

Secondary o f  L 6  consists o f  3 turns no. 28 

fig. 18. High-performance two-meter Converter is  based o n  the doublebalanced mixer  package. 

point the point where the output de- 
parts from linear change relative to the in- 
put change is 1 volt rms. 

In the converter shown in the photo, 
each of the main components was built 
into a separate chassis. This improves 
shielding between stages and facilitates 
experimentation with different converter 
configurations. 

The hot-carrier-diode double-balanced 

mixer used in this converter has dramati- 
cally demonstrated to me the ability of a 
passive mixer to offer high dynamic range 
and resistance to overload, desensitiza- 
tion, cross modulation and intermodula- 
tion, while providing a respectable and 
useable noise figure. 
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0 

or p o r t a b l e  use ,6 vI .- > .- 

It's hard to "be loud" when your antenna 
is on a city lot. Power lines and apart- 
ment buildings make it almost impossible 
to put up a full-sized antenna. It is 
possible, however, to reduce the length of 
a dipole by one-half using the folding 
technique. A shorter dipole combined 
with a folded dipole is an efficient two- 
band antenna system that can be erected 
in a restricted space. Such an arrangement 
is also useful for portable or Field Day 
work. Versions of this system are dis- 
cussed in this article. 

basic concepts 
Two dipoles may be connected in 

parallel a t  a current loop as shown in fig. 
1, provided an even-harmonic relationship 
exists between them. End separation of 
both antennas need be only a few inches. 
Although a small amount of detuning will 
exist, the usual formulas for dipole length 
apply. 

Various combinations are practical for 
two-band systems: 160180,80140,40120, 
20110, and so on. The 40120-meter 
combination will work on 15 meters if 
the 40-meter antenna is operated on i t s  
third harmonic. An 80120 or 80110- 
meter system can be built (using the 
even-harmonic rule) with a reasonably 
low standing wave ratio on the trans- 
mission line. As with any system using an 
unbalanced transmission line feeding a 
balanced antenna, a balun should be used 
to preserve antenna pattern and to avoid 
feed problems.' 

folded half-wave radiator 

The length of this simple dual-band 
system can be reduced by folding the 
lower-frequency antenna back on itself. A 
threewire antenna is shown in fig. 2. The 
feed point is connected to one of the 
outside pairs of wires and also to the 
inner pair. The two outside wires are 
jumpered a t  their far ends; they are the 
elements of the low-frequency dipole. 

Folding the antenna has a minimum 
effect on i ts  resonant frequency. If you'd 
like to refine the resonant frequency 
adjustment, compensation may be made 
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in the manner shown in fig. 3. The less. Let's see how the dual-band radiator 
low-frequency dipole should be trimmed measures up to this criterion. 
for the low-frequency end of the band. 
The resonant frequency can then be 
raised by moving an adjustable jumper 
across the wires at the end. I f  the jumpers 
are adjusted in unison, resonant fre- 
quency may be varied over several- 
hundred kHz. 

The higher-frequency dipole (center 
wire) will be unaffected by this adjust- 
ment. It may be adjusted by changing i t s  
length until resonance is achieved. 

system bandwidth 
The bandwidth of any antenna may be 

defined in terms of the allowable standing 
wave ratio on i t s  transmission line. Beam 
antennas with close-spaced parasitic 
elements have very low radiation re- 
sistance and limited bandwidth. I f  they 
are operated at an swr much higher than 
2: 1, forward field and front-to-back ratio 
will deteriorate rapidly at frequencies 
only a few percent from resonance. 
Simple dipoles, on the other hand, can 
operate over a much wider frequency 
range. This i s  because there's no problem 
involving phase and reactance relation- 
ships between elements as with parasitic 
beams. 

r-$ LOWER BAND-? 

fig. 1. Basic dual-band antenna. Dipoles are par- 
allel-connected; a n  even-harmonic relationship 
must exist between them. 

Equipment limitation is  probably the 
most important factor that affects allow- 
able transmission-line swr. Many com- 
mercial amateur transmitters and trans- 
ceivers have limitations of 2: l  for 
standing wave ratio to avoid ruining 
output-circuit components (usually a pi 
network). It is therefore prudent to 
operate such equipment into antenna 
transmission lines with an swr of 2: l  or 

height above ground 
Taking an swr of 2: l  as par, the plot 

of fig. 4 shows the swr of the dual-band 
dipole when operated at optimum height 
above ground. The data for these curves 
was taken at the end of a 100-foot length 
of 50-ohm coaxial cable. 

The 40-meter dipole has greater band- 
width: more than 400 kHz, with an swr 
of 2: l  or less. The 80-meter folded 
dipole's bandwidth is about 75 kHz over 
the same swr range. This indicates that 
the 80-meter antenna height is more 
important, in terms of swr, than that of 
the 40-meter antenna. I raised and 

fig. 2. Dual-band system using the folding 

technique. Center wire is t h e  higher-frequency 
dipole; the t w o  outer wires comprise the lower- 
frequency dipole. Interaction is negligible. 

lowered my 40-meter antenna and ob- 
served i t s  swr across the band. It per- 
formed satisfactorily at heights above 20 
feet or so, with a rather small change in 
swr. The swr reached a broad optimum at 
a height of 30 feet and again at 60 feet. 
Highest swr was at about 45 feet. 

The 80-meter antenna is a different 
breed of cat. Because of folding, the 
80-meter dipole's radiation resistance is 
lower. It's about 60 percent of the usual 
measured value at all heights above 
ground. The 80-meter antenna plot of fig. 
4 occurred at about 50 feet and remainea 
reasonably constant down to 40 feet. 
Below this height, minimum swr in- 
creased rapidly, tending to decrease the 
over-all bandwidth. 

Accepting these facts of life, I finally 
mounted the antenna so that the flat top 
was about 45 feet high. The 40-meter- 
band swr wasn't as good as shown in fig. 
4; however, it remained below 2:1 from 
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7.1 to 7.3 MHz It was still acceptable at Note that the coax shield is connected to 
7.0 MHz, as no equipment-loading the outer winding and also to the oppo- 
problems were encountered at this fre- site end of the center balanced winding. 

quency. The 80-meter swr values were as transmitter loading 
shown in fig. 4. 

The RGS/U feed fine (or RG-58/U i f  
feed system power is below 250 watts PEP) should 

The transmission line must be de- drop vertically as far as possible. The line 
:oupled from the antenna to obtain then may be run horizontally when near 
lowest swr. Decoupling will keep the line ground level. Since a relatively high swr 
from radiating. A sure way to create exists, it may be necessary to vary line 
transmission-line problems is to attach an 
unbalanced coaxial line to a balanced 
antenna. The reason is that current flows 3 0  

down the outside of the line instead of 
being confined to the inner conductor. A 
balun placed at the dipole feed point will 
decouple the line's outer shield from 
antenna currents. The balun is shown in 8 
fig. 5. It 's mounted directly at the center 
antenna insulator. 

balun construction 
The balun consists of three trifilar 

I 0  
windings of no. 14 enamelled copper 3 ~ 0  3925 3950 3975 4027 4025 

7032 7100 7200 73a) 74W 

FREQUENCY (MHz)  

fig. 4. Standing wave ratio versus frequency for 
the compact dual-band dipole. Curves were op- 
timized for antenna height. 

ENO INSUUTOR length to obtain optimum transmitter 
fig. 3. End insulator and resonating jumper.Each loading. This doesn't change the swr; it 
side of the assembly should be of equal length; merely provides conditions for a better 
jumpers should be moved in unison. impedance match at the transmitter end 

of the line. Make a couple of ten-foot 

wire. Each winding consists of 8 turns. 
The coils are wound over a length of 
high-Q ferrite rod, %-inch in diameter." 
Nick the rod with a file around its 
circumference at the desired length, then 
break it with a sharp blow. Connect the 
ends of the windings as shown in fig. 5. 

lengths of line with appropriate con- 
nectors. Try inserting one or both 
sections into the main transmission line 
until the transmitter loads properly. I f  
loading difficulty still persists, a longer 
line section may be necessary to obtain 
proper loading on both bands. Line 
length isn't nearly as critical as it may 
seem - I mention it only because loading 
difficulties might develop. 

dual-dipole construction 

Construction is simple. The end and 

fig. 5.  Balun for optimum performance. In- 'Indiana General CF-503 rod, available from 
dcctances are wound over ferrite cores; see Newark Electronics. Catalog part no. 59F-1521. 
text. 
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center insulators may be made of 
3/8-inch plywood squares about six 
inches long. For outdoor use the insula- 
tors should be treated with spar varnish 
to make them waterproof.* Holes for the 
antenna wires should be about two inches 
apart. String the wires, then stretch the 
system between two supports about waist 
high. You'll notice that separators will be 
needed between the wires, spaced at 
about 5-foot intervals. You can make 
these from short pieces of plastic rod. 

. .. COAX FEEDLINE 

a,'- 
2 80 METER RADIALS 

fig. 6. Compact dual-band Marconi antenna. 
Ground system is important; a ground rod was 
used in addition to the radials, which can be or- 
iented at random. 

Drill the separators to accept the wire, 
then thread the separators onto the wires. 
Secure the separators with small-diameter 
wire ties. 

The first antenna of this type that I 
built had untreated insulators and separa- 
tors. They lasted about a year, then 
succumbed to a combination of weather 
and birds. This construction isn't recom- 
mended except for temporary installa- 
tions. 

Commercial versions of this compact 
antenna system are available. When used 
with a balun, performance will be as des- 
cribed here. Again, I'd like to emphasize 
that this antenna, when operated without 

*Another 
time-honored method of waterproofing 
wooden insulators is to boil them in 
paraffin. A one-pound block of paraffin is 
less expensive than a quarter-pint of spar 
varnish. Editor. 

a balun, will lead to unusual or puzzling 
operating conditions. Play it safe and do 
the job right. 

Typical antenna dimensions arz given 
in table 1. 

dual-bank Marconi antenna 
The parallel-feed system may be 

adapted to Marconi antennas as well as to 
dipoles. With a Marconi, a ground system 
is required for proper operation (fig. 6). 
The random "water-pipe" ground is not 
recommended. Two or three radials 
should be used at the ground connection 
in a Marconi antenna installation. Two 
%-wavelength radials for each band will 
be adequate. The radials may be of 
insulated wire; they don't necessarily 
have to form the spokes of a wheel from 
the ground connection. They can be 
fastened to fences or any handy 
anchoring device. 

The Marconi is usually in the form of a 
base-supported whip. The easiest way to 
erect a Marconi antenna for two-band 
operation is to use a %-wave whip made 
of tubular material for the higher- 
frequency band, which acts as a support 
for a folded-wire section cut for the 
lower-frequency band. Insulators such as 
those used for tv lead-in may be installed 
on the whip to support the folded-wire 
antenna The folded-wire antenna will 
require insulated spreaders, as discussed 
previously. 

Radiation resistance of the whip 
antenna is lower than that of the dipole 
system. However, height above ground 
has less effect on the whip's bandwidth. 
A typical 80/40-meter Marconi, for ex- 
ample, has an swr of 2: 1 or less across the 
40-meter band. An 80-meter system has a 
bandwidth of about 80kHz. 

An added benefit of the vertical Mar- 
coni is a low radiation angle, which is 
good for DX work. Best results will be 
obtained only if a good radial system is 
used. 

references 
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Numerous filters have been described 
that provide selectivity at audio frequen- 
cies. The usefulness of many such filters 
is somewhat limited for several reasons. 
Some provide only one function: either 
peaking or  notching. Others, such as the 
Selectojectl , provide both functions over 
a tunable audio-frequency range. However, 
these haven't been adapted t o  solid-state 
circuits, nor have their RC networks been 
optimized fo r  frequency selective peaking 
or  notching. Sti l l  other designs have 
appeared f rom timeto-time, bu t  are 
rather complex and expensive because o f  
the several cascaded tuned circuits re- 
quired t o  obtain good selectivity charac- 
t e r i s t i c~ .~  ' 4  

A tunable audio frequency peaking 
and notching (rejection) f i l ter is one o f  
the most useful accessories you can have. 
Besides providing effective audio selec- 
t iv i ty  for ssb or  cw reception, the audio 
filter is a useful adjunct i n  conducting 

22 0 march 1970 



harmonic- and  intermodulat ion-distort ion 
measurements and i n  measuring fre- 
quency in the  af range.5 

The audio-frequency-selective network 
described in this article is n o t  new, 
although it has been overlooked i n  recent 
years. What is new, however, is the 
manner in which the network is em- 
ployed t o  provide a selectable freque,lcy- 
peaking o r  frequency-notching function, 
tunable over a wide por t ion  o f  the  audio- 
frequency spectrum, using on ly  resistors 
and capacitors. The basic network is 
discussed as wel l  as some practical circuits 
in which it can be used. Many other 
applications fo r  the  network w i l l  proba- 
b l y  suggest themselves. 

basic network 
The basic frequency-selective network 

is shown i n  fig. 1A. Called a tw in -T  
network, i ts  theory is discussed i n  elec- 
tronic texts, so I won' t  repeat it here. The 
network is equivalent t o  the Wien bridge. 
It passes all frequencies except one, 
where the  relationship 

I rejection frequency = ---- 
2RC 

is met. I f  the  capacitor values are f ixed 
and the resistors are variable, a tunable 
notch, o r  rejection, circuit  results. By 
rearranging the  network, a single-fre- 
quency peaking circuit  results (fig. IB). 
Thus, w i t h  appropriate switching, a 
selectable notching o r  peaking f i l ter  can 
be designed. 

As mentioned before, the basic net- 
work has been around f o r  some t ime and 
has been used b y  amateurs w i t h  different 
degrees o f  success. I ts  unsuccessful use 
can be traced t o  several factors. First, the  
network can't be loaded o n  either its 
inpu t  o r  output;  it must be used i n  
high-impedance circuits. Secondly, the 
components (mainly the capacitors) must 
have low internal impedance and be 
closely matched. The usual assortment o f  
capacitors i n  the junkbox simply w i l l  n o t  
work. Finally, t o  be t ru ly  tunable, all 
three resistor legs must be variable, n o t  
just two.  

circuit applications 
Fig. 2 shows the basic network, 

switchable f o r  either peaking o r  notching, 
i n  a low-level transistor ampli f ier circuit. 
The  amplif ier can be used between the 
stages o f  another amplif ier where audio 
selectivity is desired, o r  it can be used t o  
drive a pair o f  high-impedance head- 
phones direct ly f r o m  a receiver o r  test 
instrument. 

N e t w o r k  component values were 
chosen o n  the basis o f  being readily 
available i n  the correct ratios and pro- 
viding a reasonably wide tuning range. 
Coverage is f r o m  about 300 t o  10,000 

fig. 1.  Basic t w i n - T  notch circuit, A .  A n  alter- 
nate arrangement for peaking is shown in  B. 

Hz, which should satisfy most require- 
ments. The frequency can be made lower 
b y  increasing bo th  resistor and capacitor 
values. 

The impedance across the inpu t  tran- 
sistor base-emitter junct ion isolates the 
network f r o m  loading effects. A feedback 
path is provided f r o m  the ou tpu t  stages 
t o  one leg o f  the fi lter. This raises the 
terminating resistance presented t o  the 
fi lter, which improves selectivity charac- 
teristics. 

The selective network i n  a complete, 
self-contained audio u n i t  using an I C  is 
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shown in fig. 3. It can be plugged into the be required. 
headphone jack on a piece of equipment. The basic network can be used in 
The input transformer's secondary- other circuits as well. For example, in 
winding impedance prevents network circuits employing fet's, these devices 

INPUT 
e 

SWITCH 

EEDBACK 

INPUT 

BASE 

0 

T O5 

fig. 2. Variable-frequency peak-notch filter with 

feedback, A, that can drive high-impedance head- 
phones or an audio amplifier. B shows potenti- 

ometer and switch wiring. 

loading. Transformers with much low 
impedances should not be used. The 
audio amplifier was designed originally 
for use with a crystal phone pickup; thus 
it provides a high terminating impedance 
for the network. A 9-volt transistor 

would provide the necessary high- 
impedance termination. For those who 
like to experiment with IC operational 
amplifiers, the network can be used very 
effectively between the amplifier's output 
and inverting input, with the input signal 
only fed to the noninverting input. 

construction 
As mentioned previously, care must be 

used in choosing network components. A 
number of manufacturen produce multi- 
section potentiometers. I used an I RC 
three-section pot with linear tapers. 
Capacitors were Sprague 1 0-percent 
tolerance tantalum. * Similar low-loss 
components may be used, of course. 

The photo shows how the circuit of 
fig. 2 is assembled in a small 2-inchcube 
Sta-loc enclosure. This enclosure allows 
all six sides to be separated and is 
convenient for compact construction. A 
small minibox can also be used. The 
transistor circuit is assembled on the 

*Potentiometer is Allied stock no. 46F1892C. 

battery can be used for power; however, Specify 45D103. Md103, bld50218 for each 
if the unit is used at its maximum section. Capacitors are Allied stock no. 

43F4923 (0.47 p'F) and 43F4926 (0.1 bF). 
power Output for an extended period# Allied Radio, 100 N. Western Avenue, Chicago, 
a heavier-duty power supply would lllinois 60680. 
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vector board mounted next to  the poten- tuned circuits, etc. Peaking and notching 
tiometer. response of the circuit o f  fig. 2 is de- 

Power was taken from the unit with picted in fig. 4. Filter response is 
which the filter was used, but a slightly narrower as frequency setting increases. 

FERTIK 2 5 6 1 6  OR 
ARGONNE AR-I41 

I h  r n h  

fig. 3. T w i n - T  f i l ter combined w i t h  an IC. U n i t  provides about  'I2 W Output and can be plugged into  

the headphone jack o n  your  receiver. 

larger enclosure would accommodate a 
9-volt transistor battery. 

summary 

This simple network can provide a 
remarkable degree of selectivity in cir- 
cuits where a gradual frequency rolloff is 
acceptable. It doesn't require complex 
arrangements using toroids, multiple 

FREQUENCY (HZ) 

fig. 4. Typical  response o f  the  circuit in  fig. 2. 
Response broadens somewhat a t  lower frequen- 

cies and is narrower a t  higher-frequency settings. 

Despite the comments made earlier 
about not loading the network, you 
might want to try the basic network in a 
headphone circuit. I couldn't resist trying 
it with 400-ohm phones. Results were 
moderately successful but hardly equal to 
those using the transistor circuit. Al- 
though using the network alone can't 
really be recommended, it does work to 
some degree and provides some selectivity 
as a passive circuit. 
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further 

automation 
for 

type writer-type 

electronic keys 

Some time ago I developed an automatic 
typewriter-type keyer that features self- 
completing characters, automatic charac- 
ter spacing, wide speed range and includes 
special characters used by hams.* In re- 
sponse to several queries the possibility of 
adding another bank of memory storage 
within the same keyer case was investiga- 
ted; this would permit the operator to 
type ahead of the actual transmission-or 
to slow down momentarily while hunting 
for a key-and still produce faultless 
Morse code. 

With an added "buffer storage module" 
you type at the same average speed as the 
keyer (as normal), but if you hit two 
keys close together and a third much 
later, the keyer sends perfect code. 
The buffer storage resulrs in several sub- 
t l e  changes. In the basic keyer, for ex- 
ample, a key is held down to repeat a 
character. With the buffer storage, you 
tap the key twice just as when using a 
typewriter to repeat a character. I f  you 
press a key before the logic circuits are 
ready for it, with or without the storage 
module, you cannot affect the stored 

*This keyer is marketed as the Pro-Key Kit  and 
i s  available from Micro-Z Company, Box 2426 
Rolling Hills, California 90274 for $149.50 
postpaid. The buffer storage unit described in 
the article is available as a ki t  for $34.50 
additional. 

characters; simply hold the key down, 
and when the memory circuit is clear, 
the new character is stored automatically, 
and the key can be released. 

With the added buffer storage, two 
keys can be tapped rapidly and a third 
key held down until the first character is 
complete, a fourth key held down until 
the second character is complete, etc. 
Your average typing speed is not in- 
creased, but you have a backlog of two 
characters that gives you a much wider 
operational flexibility. 

basic keyer 
The basic keyer consists of two circuit 

boards (matrix and logic board) and a 
keyboard. The matrix board contains the 
information on each character and mounts 
on the keyboard. The logic board stores 
the information on the selected character, 
scans this storage at the selected speed, 
provides the proper spacing between char- 
acters and contains the output relay and 
side-tone circuitry. A simplified block 
diagram of the basic keyer is shown in 
fig. 1. 

Thirteen wires carry the information 
from the matrix board to the logic board - 
one trigger wire to signal the logic board 
that a key has been pressed and six pairs 
of dotfdash wires that carry character in- 
formation. This permits the formation of 
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characters with up to six dotldash com- 
binations such as SK, period and question 
mark. I f  the "A" button is pressed, a posi- 
tive voltage appears on the "dot" line of 
the first pair of wires, on the "dash" line 
of the second pair of wires, and on the 
"trigger" wire. 

The trigger signal starts the keyer clock 
and opens the insert gates momentarily to 
store the selected character in the main 
storage elements on the logic board. After 
the gates close, the stored character can- 
not be disturbed. The logic circuits then 
scan the main storage to create the Morse 
character. If a new key is held down, the 
new character is automatically inserted 
only after the first character is complete 
and the proper spacing time has elapsed. 

buffer storage module 
The additional storage module is in- 

serted between the keyboard and the 
main logic board (fig. 2). When a key is 
pressed, the trigger signal i s  differentia- 
ted, stored in the module, and is used to 
open the module signal input gates so the 
selected character can enter the buffer 
memory. 

As soon as the selected character has 
been entered into secondary storage, the 
trigger memory is erased, and the input 
gates close. The presence of a stored 
character in the module generates a trig- 
ger signal which is sent to the basic keyer. 
This starts the clock and inserts the char- 
acter in the main storage, just as if the 
signals were coming directly from the 

the storage module (after a slight delay). 
The total process takes only a few micro- 
seconds, and the storage module is ready 
to accept another character from the key- 
board. Meanwhile, the logic in the basic 
keyer is leisurely scanning the main stor- 
age to create the first character at the 
selected sending speed. 

Another key can be tapped immediately 
and the buffer storage process is repea- 
ted. However, since the first character is 
still being transmitted, the second char- 
acter remains in storage until the main 
storage in the basic keyer is ready to ac- 
cept it. The presence of a stored signal 

fig. 1. Block diagram of the basic pro-key type 
writer-type electronic keyer. 

I I I I 

in buffer storage "locks out" - or in- 

? hibits - the storage module input gates 
so the second character cannot be dis- 
turbed until it moves into main storase - 

ys and the buffer storage is cleared. 

\ A third key can be pressed immediately 
, , after the second. When the keyer has 

1- xg6RDD - - - - - - - - 
TRIOOER 

completed the first character, the char- 
acter in buffer storage automaticslly 

Buffer storage module moves into main storage, and the buffer is 
cleared. The buffer storage will then ac- 

keyboard. The pulse that opens and closes cept the third character, the third key 
the main insert gates on the basic keyer can be released, and the operator can 
is used to clear the secondary storage in move on to the fourth character while 

- - - 

+-$E? 
- - - - - 
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the second is being transmitted. des are raised above ground. This i s  ac- 
An entire CQ or DE is stored by simply complished by a positive trigger signal 

tapping two keys, just as you would on a from the keyboard operating through 
typewriter, and the Morse characters are the trigger storage flip-flop and inhibit 

MATRIX 

KEYBOARD 

I 1 - I XMTR 
I RELAY 

I 
1 0  
I 

I SIDETDNE , 
I 

1 I SPEAKER L - - - - - - - - - - - - - - - - - - - - - . 
LOGIC BOAR0 

fig. 2. Block diagram of the keyer with the added buffer storage module. 

transmitted at the speed set by the opera- 
tor. The operator can speed up or slow 
down his typing but the keyer transmits 
smooth, even code. This is particularly 
useful for hunt-and-peck typists who use 
a typewriter-type keyer at 20 to 25 wpm. 

circuit 
In the logicdiagram of the buffer shown 

in fig. 3, only three of the twelve storage 
RS flip-flops are shown for simplicity. 
Keyboard signals set the proper storage 
flip-flops to provide a positive output 
only if the cathode ends of the gate dio- 

gate to apply a positive signal to all gate 
diode cathodes. The first two storage 
flip-flops are sampled by a two-input 
NOR gate which resets the trigger flip- 
flop and closes, or grounds, the input 
gate diodes through the inhibit gate when 
either of the two storage flip-flops have 
been set. The output of this NOR gate is 
stretched by the series 5k resistor and 
. O l p  F capacitor to give all of the appro- 
priate storage flip-flops a chance to set 
before closing the input gates. 

If another key is pressed while the buf- 
fer storage is full, the trigger flip-flop is 
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again "set" and tries to open the input fer. This provides the delay necessary to 
gates, but the inhibit gate prevents this assure sufficient time to insert the stored 
until the storage flip-flops are cleared by signal in the keyer prior to clearing the 
the main logic board. The NOR gate that buffer. 

b 
TRIGGER OUT CLEAR PULSE 
TO m c  m o  FRM~ m ~ c  m a n  

6 b 
I2 OUTPUT SIGNAL LINES 

m LOGIC BOARD 

fig. 3. Logic diagram o f  the buffer storage unit .  T h e  author used eight Motorola  MC724P  quad t w o -  
input gates in  his model. 

detects the presence of a stored signal and 
inhibits the opening of the input gates 
also supplies a positive trigger to the basic 
keyer, just as if the signals in buffer stor- 
age were coming directly from the key- 
board. With this logic, if a key i s  pressed 
while the storage is empty, the character 
will be inserted only once, and the key 
must be pressed again for a repeat. 

When the main insert gates are opened, 
a positive pulse triggers a ace-shot cir- 
cuit. The negative-going trailing edge of 
the output pulse of this stage is inverted 
and used to reset all flip-flops in the buf- 

adding more storage 

Since the output of the buffer storage 
appears as a virtual keyboard, and is com- 
patible to input and output signal logic 
polarity, buffer modules can be stacked 
to provide banks of four, five, six or more 
character storage. I have connected four 
of these together to store any five-letter 
word (such as my call) but the utility is 
questionable since the first character is 
generally complete by the time you are 
typing the third or fourth character, ex- 
cept at very low code speeds. 
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photographs by Ted Stites 

homebrew 
five- band 

linear amplifier 
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A  conservat ively  

des igned  circuit 

using t ime-proven 

81 1 - A ' S  

It is customary to preface a construction 
article with a few remarks about why the 
author decided to build rather than buy 
the equipment described. In my case, 
there's only one reason why I build radio 
equipment: I enjoy it. 

I don't enjoy hole drilling or coil wind- 
ing any more than an artist enjoys mixing 
paint or cleaning brushes. My satisfaction 
comes from creating something unique 
from my own mind and hands. 

I read the construction articles in ham 
radio and other magazines every month, 
but I've never built equipment that ex- 
actly duplicates a published description. 
What I look for is not something to copy, ' but rather the construction hints and 
ideas that I can adapt to my own require- 

$ ments. 
-0 z This article is presented in that spirit. 

You may not wish to copy this linear 
amplifier, but you could do worse. Per- 
haps you'll find something you can use 
in your next construction project. 



circuit description 
Parallel 81 1-A's are used in a grounded- 

grid circuit (fig. 1). In terms of watts-per- 
dollar of tube cost, the 81 1-A musi head 
the list. Some hams complain of a short 
life for these tubes when operated at 
ICAS ratings as these are; however, I find 
it's easier to buy a couple of inexpensive 
tubes frequently rather than a single ex- 
pensive tube occasionally. 

The cathode circuit has a matching net- 
work to transform the 50-ohm input to 
approximately 150 ohms required by the 
tubes. A cathode matching network is of- 
ten dispensed with, but it has its virtues. 
A 3: 1 mismatch is frequently beyond the 
capability of some exciters. I f  the exciter 
doesn't have some power to spare, i t  may 
not be possible to drive the amplifier to 
full output without the network. With the 
matching network, the transmission line 
is "cold" and may be of any reasonable 
length. Some writers have reported that 
the matching network also improves am- 
plifier linearity. Therefore, since it's sim- 
ple and requires no tuning, it's cheap in- 
surance. 

The network is an L configuration on 
80, 40 and 20 meters, changing to a pi 
network on 10 and 15 meters. The high 
effective cathode-to-ground capacitance, 
consisting of tube and wiring capacitance 

plus the distributed capacitance of the 
filament choke, precludes the use of an 
L network on the two higher frequency 
bands. The tapped 20-, 40- and 80-meter 
cathode inductance is in the circuit at all 
times. On 10 and 15, small self-support- 
ing airwound coils are connected in par- 
allelwith it. This is merely a switching 
convenience. 

The plate tank coil is a roller-type in- 
ductor for the low-frequency bands, with 
a series-connected small coil for 10 
meters. The variable inductor permits ad- 

Detail of the amplifier tank circuit.The Small 
coil in the binding posts is the 10-meter in- 

ductor. 

Circuit details and component layout of input 
section. Attention to detail results in a profes- juStment for optimum Q on all frequen- 
sional appearance. 

cies. 
The plate tank capacitor is from a BC- 

375 tuning unit. Its original capacitance 
range was 23 to 140 pF. I wanted to re- 
duce minimum tank capacitance on the 
high-frequency bands to lower the loaded 
Q and increase efficiency. I carefully 
split the stator with a fine saw. Only one 
of the sections is used on the high-fre- 
quency bands, reducing the minimum 
tank capacitance by about 12 pF. This 
decreases the loaded Q on 10 meters from 
26 to 20, and on 15 meters from 19 to 
15. The photos show the switching ar- 
rangements to cut in the second section. 
The contacts are from an old relay, and 
the solenoid is a 115 Vac unit I happened 
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to have in my junk box. The solenoid is 
controlled by a front-panel switch. 

The loading capacitor is a five-gang 
420-pF-per-section unit that came from 
an MN-26 radio compass. Two sections 
in parallel are used on the higher fre- 
quencies; the remaining three are cut in 
by a relay controlled by the tank capaci- 
tor switch. The capacitor is available from 
Barry Electronics. 

At 1500 volts, 811-A's require about 
4.5 volts bias, which is supplied by a 4.7- 
volt zener in the filament return. This is 
less expensive and more reliable than a 
bias supply, and has a very low impe- 
dance. A 100-volt zener is also in the fila- 
ment return, with a small amount of dc 
current bled through it. This provides full 
cutoff bias. It can be cut out by a front 
panel switch, or by external relay con- 
tacts. 

The plate-current meter is also in the 
filament return, but reads plate current 
only; not total cathode current. The 
grid-current meter is in the dc grid re- 
turn. 

The high-voltage bleeder consists of 
four 150-k ohm 2-watt resistors in series, 
since it is not good practice to put more 
than about 500 volts across a single 2- 
watt resistor. I like redundant bleeders; 
should the one in the power supply open, 
the one in the amplifier will discharge the 
filter capacitors in a few seconds. A neon 
lamp indicates high voltage on the ampli- 
fier. 

construction 
The chassis is aluminum, 10 x 17 x 3 

inches. The 81 1-A's are mounted on a 
4 x 6 x 1%-inch aluminum chassis upside 
down. I made these chassis sides and the 
meter shields from pieces bought in a 
scrapmetal yard. 

The cover shield is canepattern sheet 
aluminum from a "do-it-yourself" depart- 
ment of a hardware store. This material 
is rather flimsy, so I stiffened it and im- 
proved the rf shielding with % x 1116- 
inch aluminum strips on the outside. The 
1/2 x % x 1116-inch aluminum angle stock 
that holds the shield assembly was also 
obtained in the scrap-metal yard, but the 

same material is sold as trim in most 
hardware stores. 

wiring 
All power and control wiring should be 

installed first. Plan the wiring so that 
when the individual wires are joined into 
cables, the cables will run parallel to the 
main chassis dimensions. Strip each wire 
and tin it a t  both ends before placing i t  
into the chassis. Leave a generous "service 
loop" when determining length; this 
makes parts replacement easy. 

Lacing the cables adds a lot to appear- 
ance. Flat nylon ties are good. Start at 
the cable center and work toward the 
ends, bringing out individual wires as r e  
quired. 

Conductors in low-level rf circuits con- 
sist of bare tinned bus bar. Output cir- 
cuits are brass or copper strip about 0.02- 
inch thick. These strips should be se 
cured with screws and nuts rather than 
solder. For appearance, sand the strips 
and spray them with clear lacquer. 

the panel 
I prefer gray wrinkle to all other fin- 

ishes. I purchase a blank panel with a 
black-wrinkle finish, complete a l l  drilling, 
then spray it with "machine gray" lac- 
quer. Several light coats are better than 
one heavy coat; the lacquer adheres bet- 
ter, and there's less tendency for the 
lacquer to fill in the original black finish. 
This makes for color standardization, be- 
cause no two gray-wrinkle panels are of 
the same hue, wen from the same manu- 
facturer's lot. 

Another finish, used on my amplifier, 
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Cooling fan (Japanese import; 
see photo) 

Variable, 2 section. 65 pF per 
section. 0.07 = inch spacing 

5 section. 420 pF  per section 

See text 

Relay dpst, 10 A contacts, 
117 v'ac coll 

7 = 112 turns 1 = 112 inch 
diameter. 2 inches long, tap- 
ped 3rd and 5th turns. 
Approximately 4.5 uH total 
inductance, tapped at 2.4 UH 
and 1.2 uH 

9 turns number 14, 5/8 inch 
1 D, approximately 0.8 uH 
12 turns number 14. 5/8 inch 
ID. approximately 1.0 uH 

S W l  

sw2.sw4 

3 turns number 14, 5/8 inch 
ID, wound around R12 and 
R13 (see photo) 

8 turns 1/8 in'ch copper tub- 
ing. 3/4 inch l D, 2 inches long 
Inductor, variable, 18 uH 
m a x i m u m  (E.F. Johnson 
229-202) 

Adjust for correct reading of 
M I  and M2 
4.7 UH pigtail 

90 uH. 500 mA (B & W 
2.5 mH, pie wound 

Filament Choke (6 & W 
FC-15) 
2-gang rotary. 2 poles, 5 Posi- 
t ion 
Spst toggle switch 

Fi!ament transformer, 117 V 
prl., 6.3 V 10  A sec.. C T  
(Triad F-21A) 

fig. 1. Schematic of the 81 1-A grounded-grid linear amplifier. Matching section in cathode circuit 

provides a 3:1 transformation ratio, assuring adequate drive from most exciters. 

requires nothing but a wire brush. Clamp produces a beautiful grained finish. 
the piece to a flat surface and make Whatever finish you use, handle the 
straight, even strokes with the brush. It pieces with cloth gloves - fingerprints 
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really stand out. Dust off the pieces and 
give them a couple of light coats of clear 
lacquer. Surfaces to be joined should be 
masked to obtain good electrical contact. 

accessories 
The fluted knobs and nickel-silver dial 

may look old fashioned, but I like them. 
They're still available commercially. The 
dial pointer was lost years ago, so I made 

decals 
You'll want to label your controls and 

other accessories. I prefer the water-type 
decals to the dry-transfer labels because 
mistakes are easier to correct. With the 
latter, you're committed to a position on 
the panel, and it's difficult to remove dry- 
transfers without ruining the finish. After 
you've positioned the decals, spray them 
with clear lacquer. 

Bottom view of the linear amplifier. Note  lead dress and method of securing cables, 

one from a scrap of plastic. The pinch 
-'rive provides just enough drag to keep 
I# ,- - -aoacitor from getting out of 
ad justmem. 

The meters are s,. , --s. Their 
sensitivity wasn't what I want&, 'his 
was corrected using standard techniques., 

The roller-coil dial is homemade. I 
bought a 3-digit counter from a surplus 
dealer for a dollar. The miter gears were 
obtained from a standard right-angledrive. 
I cut the escutcheon from 1.8-inch-thick 
sheet aluminum. It's finished in black- 
wrinkle lacquer. A possible source of 
wrinkle finishes in spray cans is your 
neighborhood Speed Shop; the hot-rod 
set seems to favor these finishes nowa- 
days. 

a final word 
I f  this is one of your first major con- 

struction projects, and you've made a few 
mistakes in mechanical work, all is not 
lost. Most goofs can be remedied. Extra 
holes can be occupied with screws and 
solder lugs, as if this is what you intended 
all along. Or you can strip the finish and 
fill the hole with auto-body solder, then 
refinish the panel. This takes a few hours 
of extra work, but it reflects your pride 
in a job well done. 

references 
1. "The Radio Amateur's Handbook," 46th 
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p. 528. 
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The New ~eathki t@ 2-KW Linear Is Here 
(at last) 

--- 

New 58-220 . . . $349. 
I t ' s  1101 j us t  a r l l m o r  a n y m o r e  . . . t h c  SI3-220 i b  licl.c, w i t h  a p r i c e  a n d  p c r -  
f o r m a n c c  \ v o r l h  t h e  wa i t .  
T h e  N e w  H e a t l ~ k i t  SB -220  uses ;I p a i r  o f  c o n s c r v a t i v c l y  r a t c d  E i m a c  3-5002's 
l o  p r o v i d c  u p  t o  2 0 0 0  w a t t s  P E P  i n p u t  o n  SSB. a n d  1000  w a t t s  o n  C W  and 
RTTY. R c q u i r c s  o n l y  100  w a t t s  P E P  d r i ve .  P r c t u n c d  b r o a d  b a n d  p i  input 
c o i l s  a r c  used  f o r  m a x i m u m  c m c i c n c y  a n d  l o w  d i s t o r t i o n  o n  t h e  80-10 m e t e r  
; Ima teu r  b t ~ n d s .  
B u i l t - I n  S o l i d  S t a t e  P o w e r  S u p p l y  c a n  b e  w i r e d  f o r  o p c r a t i o n  f r o m  I 2 0  o r  
1 4 0  V A C .  C i r c u i t  b reake rs  p r o v i d e  a d d e d  p r o t e c t i o n  a n d  e l i m i n a t e  h a v i n g  
t o  k e e p  a s u p p l y  o f  fuses o n  h a n d .  O p e r a t i n g  b i as  i s  Z e n e r  d i o d e  r e g u l a t e d  t o  

: ~ ~ o ~ " , ~ ~ ; r ~ H f : ~ ~ d ~ " , ' , " e ~ ~ ~ , " , " I a ~ ; ~ L ' , " ~ e ~ ~ ~ ~ ~  r c d u c c  i d l i n g  p l a t e  c u r r e n t  f o r  c o o l c r  o p e r a t i o n  a n d  l o n g e r  l i fe .  
b~as reduces id l~ng Ip lor cool runnlrlR D o u b l c  Sh ie l d i ng  F o r  M a x i m u m  T V I  Protect ion.  T h e  n c w  "220" i s  t h e  o n l y  

l i n a l  o n  t h c  n i ; ~ r k c t  t h i ~ t ' s  d o u b l e  sh ie l ded  t o  r c d u c c  s t r a y  r a d i a t i o n .  T h e  
l i c a v y  g a u g e  chassis i s  p a r t i t i o n e d  f o r  e x t r a  s t r c n g t h  a n d  i s o l a t i o n  o f  c o m -  
ponen ts .  W h c n  y o u  p u t  t h i s  k i n d  o f  p o w e r  o n  t h e  a i r ,  y o u ' d  b e t t e r  b c  sure. 
W i t h  t h e  SB-220, y o u  arc. 
R e a l l y  C o o l  Running.  T h c  l a y o u t  o f  t h e  S B - 2 2 0  i s  des igned  f o r  fast,  h i g h  
\ . o l umc  a i r  fIo\\.. ant1  a q u i e t  f a n  in t h c  P A  compartment d o c s  t h c  j ob .  T h c  
"220" a c t u a l l y  r u n s  c o o l c r  t h a n  m o s t  exciters. 
O t h e r  Fea tu res  i n c l u d e  ALC o u t p u t  f o r  p r c v c n t i o t i  o f  o v c r d r i v i n g  . . . s a f e t y  
i n t c r l o c k  o n  t h e  c o v e r  . . . easy I 5  h o u r  a s s c m b l y  a n d  s h a r p  H e a t h k i t  S B -  
Scr ics  s t y l i ng .  
T i r e t l  Of S t u m b l i n g  B a r e f o o t  T h r o u g h  T h e  Q R M ?  Put o n  b i g  shoes . . . t h e  

$",'~,bl',"a","'~'~bP,~[ .in. ~ ~ : r $ ~ f " , ' ~ & e ~  n e w  H e a t h k i t  SB-120.  A n o t h c r  h o t  o n e  f r o m  t h e  H a m s  A t  H e a t h .  
K i t  SB-220, 55 I b s  .... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..$349.9S1 
58-220 SPECIFICATIONS - Band coverage: B0.40.20.15 ond 10 meler omotevr bonds. Dr iv ing 
power required: 100 rol ls. Max imum power input: SSB: 2000 wotlr P.E.P. CW: 1000 watt,. 
R T T Y :  l O O l i  wotls. Duty  cycle: SSB: Conlonuour rolce modulation. CW: Conlinuovs (moximum 
key-down 10 mlnvler) KTTY:  50"; (maxtmum tranrm~l time 10 mtnuter). Third order dlslort ion: 
-30 dB or better. Input impedance: 52 ohm unbalonccd. Output  impedance: 50 ohm to 75 
ohm unbalanced: SYJR 2:l or Iers. Front panel controls: Tune, Load. Band. Sens>tivity, Meter 
rv~tch, Power CW Tune - SSB. Plrrle meter. Multbmeler (Grid mA. Relat~ve Power, ond High 
Voltage). Rear Panel: Line cord. Carcull breakers l l vo  10 A). Anlenno Relay (phona), ALC (phono), 
R F  Input (50.239). Ground port. RF outpul (50.239). Tubes: Two Elmoc 3-5002. Power required: 
120 VAC. 50, (9  cycles, at 20 omperer moxlmum. 240 VAC. 50/60 cycler 01 10 amperes. Cabinet 

rnon~lor~ng of Rel Pwr . Ep R Ip size: 142/,' W r 81.1' H r 14l :" D. Ne* weight: 48 Ibr. 
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a new approach to 

equipment rack 
construction 

I Equipment racks are a useful asset t o  
almost any amateur station. Known also 
as "relay racks," they are available con  
mercially only i n  sizes fo r  standard 
19-inch panels. This article describes a 

C 

simple, inexpensive approach to rack .- 
H e  r  e  ' s a construction whereby racks can be bui l t  

c t o  accept panels of any size. Material c 

6 costs range from $4 t o  $8 per rack. low-cost  r a c k  
design - 

tu 
t h a t  c a n  b e  z Commercially available racks consist 

of a metal frame w i th  the f ront  portion 
a i 1 b ,, i 1 t  drilled and tapped t o  accept 10132 screws 

L .- 
O T w o  sizes of steel channel 
c 

to a  c  c  e  p  t  5 with spring-loaded nuts for 
0 mounting panels. 
u 

a n y  p a n e l  w i d t h  E 1, 
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for panel mounting. The racks I've built 
consist of a wooden frame with two 
pieces of channel steel attached to the 
front for panel mounting. The channel 
steel, called WHIZ STRUT, comes com- 
plete with spring-loaded nuts that may be 
inserted into the channel at any location 
where a panel is to be attached to the 
frame. The spring, attached to the nut, 
forces the nut against a flange on the 
channel, causing the nut to stay in place. 
The photo shows large and small sizes of 
strut with associated spring-loaded nuts. 
These nuts are for 1 Of32 screws; however, 
other sizes are available. 

a simple homemade rack 
A sketch with dimensions for con- 

structing the rack shown in the photo is 
given in fig. 1. This rack is 58 inches high 
and accepts 19-inch panels. However, 
there's no reason why the width can't be 

Homemade equipment rack with 19-inch panel 
spacing. Panels of any size can be accommo- 
dated by varying width Of channel supports. 

changed to accept panels longer or 
shorter than this. The cost of the rack in 
the illustrations was $5 for the struts and 
spring-loaded nuts, and about $2 for the 
lumber. 

Heavy equipment can be mounted 
easily in this rack by one person. The 
equipment is loosely fastened to the nuts 
while the equipment rests on the bottom 
of the rack. The equipment is then slid up 
the rack until it's in the proper position, 
where it will stay with little effort. Once 
in position, the equipment may be 
securely fastened. 

Struts and hardware may be obtained 
from the distributor, who will send you a 
price list upon request.' 

*Donald S. Tunnel, Box 331, Fort Washington, 
Pennsylvania 19034. Ask for amateur price 
sheet "A". 

ham radio 
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sdid-state 

radio 
direction finder 

Radio direction finding has come a long 
way since F. Braun did his "Research on 
a Method of Directive Wireless" early in 
1903. One of several early experimenters, 
Braun conducted his DF work with the 
German army balloon department. 

Much early DF work was confined to 
observing weather phenomena and ex- 
perimenting with antenna directivity. The 
Russian scientist Popov, for example, was 
primarily interested in tracking thunder- 
storms. By 191 1, Italians Bellini and Tosi 
were experimenting with DF on ship- 
board. Military requirements spurred DF 
development during World War I. 

From 1918 until the late 19401s, radio 
direction finding advanced with improve- 
ments in receivers, antennas, and servo 
systems. Today, commercial DF is giving 
way to more advanced navigational aids 
such as satellite repeaters, Loran-C, 
Omega, Decca and inertial systems. Radio 
direction finding, however, is s t i l l  im- 
portant for navigation in small vessels and 
as a backup where long-range navigation 
systems don't provide coverage. 

This article describes a small DF 
adapter for communication receivers, 
using a simple diode detector and tran- 
sistor audio amplifier. It's useful for 
locating radio interference sources, 
hidden transmitters in radio club con- 
tests, or as an addition to your boat's 
communication equipment. 

df principles 
Radio direction finding is based on the 

directional characteristics of antennas. 
The idealized pattern of a loop antenna is 
shown in fig. 1. Under ideal conditions, 
this pattern can be plotted by measuring 
the voltage at the antenna's terminals as it 
is rotated 360 degrees in the horizontal 
plane. A maximum voltage is obtained at 
the antenna terminals when the trans- 
mitter is in line with the loop. 

The minimum voltage, or null, is  ob- 
tained when the loop is broadside to the 
transmitter. The nulls are of great im- 
portance, as they provide the most sensi- 

fig. 1. Idealized pattern of loop antenna. 
Line A - A' is i n  direction of  transmitting 
station. 
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tive means of determining the signal path. 
You can see from fig. 1 that a peak or 

null can be obtained with a transmitter in 
either of two directions with respect to 
the loop. This is called the "180-degree 
ambiguity." 

In the early days of radio direction 
finding, the 180-degree ambiguity caused 
many accidents. A conventional DF 
antenna is  shown in fig. 2. A separate 
vertical or "sense" antenna is used with 
the loop to resolve the 180-degree am- 

fig. 2. I n p u t  Circuit o f  direction finder. 
Sense antenna modifies l o o p  pat tern  t o  
that shown in  fig. 3. 

MANUAL 

CMVTRDL 

biguity of the transmitter location. In 
practice, the operator adjusts the loop for 
minimum signal with the sense antenna 
disconnected. He then finds the sense, or 
general direction, of the transmitted 
signal by rotating the loop 90 degrees 
with the vertical antenna connected. If 
the addition of the vertical increases the 
signal in one direction, then minimum 
signal indicates that the transmitter is in 
the opposite direction. Adding the verti- 
cal antenna changes the pattern of the 
basic loop to  a cardioid(fig. 3). 

The cardioid pattern is much too 
broad to give an accurate bearing. I t  is  
used only to sense the general direction 
of the transmitter. 

the goniometer 
An interesting variation of the DF 

loop is the Bellini-Tosi antenna shown in 
fig. 4. This consists of two fixed loops at 
right angles to each other. Loop outputs 
are coupled to two identical rf coils 
accurately mounted at right angles to 
each other. A secondary coil is  free to 
rotate around the fixed coils, making a 
rotary transformer to couple the output 
to the receiver. The shaft of the 
secondary is attached to a calibrated 
dial.' 

The Bellini-Tosi system has several 
advantages such as convenient shipboard 
mounting (all rotating components can be 
below deck), and the ability to match a 
long transmission line. I t  can also be used 
at fixed locations, since the torque re- 
quired to turn the shaft of the rotary 
transformer is within the capability of 
typical synchros. 

df adapter 

The ferrite loops used in transistor 
radios can be readily modified for DF 
work. A small DF adapter for use with a 

fig. 3. Cardioid pattern of loop caused by addi- 
t ion of vertical sense antenna. L o o p  is rotated 
90 degrees t o  determine "sense", or general lo- 
cation, o f  transmitted signal. 

march  1970 39 



communications receiver is shown in the 
photo. I t s  schematic is shown in fig. 5. 
The crystal detector and transistor audio 
amplifier allow the adapter to be used 
without a receiver. It can be used to 
locate sources of interference or hidden 
transmitters in club activities. The signal 
must be either broadband noise or an a-m 
transmitter, since there's no provision for 
product detection. 

using a signal generator. The sense an- 
tenna is a small transistor-radio whip. The 
loading coil was salvaged from a DAV 
antenna. The loading coil is peaked on 
the frequency to be tracked by tuning in 
the signal, depressing the sense button, 
and adjusting the tuning slug for maxi- 
mum signal. 

l nexpensive British surplus head- 
phones were used. These have a very low 

SENSE 
ANTENNA 

~ P F  

PRIMARY IS 14 TURNS M 18 ON 

SECONMRY IS 2 NRNS W 18 

fig. 5. Direction finding adapter schematic. Sense antenna is a piece of vertical wire or small tubing 
3 - 4 feet long; loop is made from transistor radio ferrite loopstick. 

construction impedance so the transformer is required. 
The adapter was built in a small If you are using 2000- to 4000-ohm 

aluminum box. Care was taken to shield magnetic headphones, the transformer 
the sense lead and the lead from the can be  omitted. 
switch to the coaxial connector for the operation 
external receiver. The dial was calibrated As you gain experience, you'll quickly 

IaENTlCAL LOaDS 
FIXED A7 90' 

CALIBRATED 
AZIMUTH SCALE 

L 

TRANSFORMER 

learn the limitations of direction finders. 
There are two major problem areas: 
location problems and multipath signals 
due to propagation phenomena. Take 
bearings from high points in flat, un- 
obstructed areas. Remember that bearings 
taken in or near buildings having a lot of 
metal will be inaccurate. Operation in 
dense foliage or rough terrain will also 
cause errors. The easiest way to deter- 
mine if the bearing is wrong is to take 
bearings at frequent intervals. Then any 
odd bearing will be obvious. 

Night effect is quite pronounced in the 
2- to 8-MHz region. This is a propagation 

fig. 4. System using the Bellini-Tosi goniometer 
phenomena resulting in changes in the 

principle. Loops are fixed; goniometer trans- polarization of the sky wave signal. The 
former is rotated to  obtain bearing. symptoms can range from complete 
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RCA 

DF adapter  f o r  use w i t h  communicat ions  receiv- 
er o r  as a "walk-around" sensor. 

absence of a null to pronounced nulls as 
much as 90 degrees from the correct 
bearing. This effect is most pronounced 
a t  sunrise and sunset - periods that 
correspond to the most rapid changes in 
the height of the ionosphere. Fortun- 
ately, the effects of the polarization 
changes are reduced the closer you are to 
the transmitter. In most transmitter hunts 
these aren't evident. If you have plenty of 
space, you can reduce the night effect by 
using a vertical antenna system such as 
the Adcock. 

Like most crafts, the best way to 
become proficient in direction finding Is 
to practice. How long has it been since 
your club had a hidden-transmitter hunt 
or tracked an irritating source of radio 
frequency interference? 

reference 

1. F. E. Terrnan, "Radio Engineers.' Hand- 
book," McGrawHill, New York. 
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has all-new 
FCC 
commercial 
license 
training 
Get your license-- 
or your money back! 
Now RCA Institutes Home Study Training has the 
FCC License preparation material you've been 
looking for-all-new, both the training you need, 
and the up-to-date methods you use at home--at 
your own speed-to train for the license you want! 

2 Convenient Payment Plans-You can pay for les- 
sons as you order them, or take advantage of easy 
monthly payment plan. Choose the FCC License 
you're interested in-third, second or first phone. 
Take the course for the license you choose. If you 
need basic material first, apply for the complete 
License Training Program. 

SPECIAL TO AMATEURS. This course is primarily 
for Commercial License qualifications. But i t  
does cover some 01 the technical material that 
will help you prepare for the new Advanced and 
Amateur Extra class tickets. Check out the infor- 
mation the coupon will bring you. 

Mail coupon today for full details and a 64-page 
booklet telling you how RCA Institutes Home 
Training can show you the way to a new career- 
higher income--and your FCC License. 

--- 
( RCA INSTITUTES. INC. 

D e ~ t .  350-003.0 - I 
1 320 West 31sl Street. New York. N.Y. 10001 I ' Please rush me, without obligation, information on ' 1 your all-new FCC Commercial License training. I 

Name 

I 
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-- 

if you've gotta wait for an 1C-2F ... it's worth it! 
In the meantime, here's an actual-size cut out for your dashboard 

All solid state deluxe 2 meter FM transceiver: 20 watts in; 6 
channels; APC; super hot receiver with FET, IC and ceramic 
filters; beautifully designed and engineered inside and out. 

See it at your dealers. 

3835 North 32nd Street Suite 6 Phoenix, Arizona 85018 



a power amplifier 
for 

D u a l  p l a n a r  t r iodes 

i n  a h a l f - w a v e  

r e s o n a n t  cav i ty  p r o v i d e  

l o o w a t t s  o u t p u t  

w i th  10 dB 

p o w e r  g a i n  

One reason for the limited amount of ac- 
tivity on the uhf bands is lack of com- 
mercially available equipment or proven 
designs for homebuilt projects. This ar- 
ticle presents a grounded-grid power am- 
plifier for 1296 MHz using two 3CX100 
A517289 planar triodes. Easy-to-work 
materials are featured, and very little 
soldering is required. Although material 
substitutions and modifications to the 
construction methods are feasible, we re- 
commend that the amplifier be built ac- 
cording to the directions given. This will 
ensure correct performance and a mini- 
mum amount of debugging. 

The amplifier will deliver a minimum of 
100 watts into a 50-ohm load, at 50 per- 
cent efficiency, with a power gain of 10 
dB. The circuit is similar to one described 
in reference 1. The difference is mainly 
in the placement of tubes in the cavity 
and in the cavity tuning circuit. The ini- 
tial design, developed by W2CCY, was 
water cooled and very rugged. A later 
version, built by W2CQH, featured air 
cooling and simplified construction. Tests 
have shown that air cooling is adequate, 
but quieter operation is obtained with 
water cooling. 
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circuit description 
A conventional grounded-grid circuit is 

used, with bias provided by a zener diode 
in the cathode (fig. 1). A 27-volt, 10-watt 
zener is satisfactory for class-C amplifier 
operation. However, partial or full resis- 
tor bias, which has the advantage of being 
fully adjustable could be used. The re- 
sistance must be bypassed with a large 
capacitor for a-m operation. This arrange- 

cavity, determine the approximate r e  
sonant frequency. A sliding plunger al- 
lows vernier tuning near 1296 MHz. 

A magnetically coupled link provides a 
wide range of output loading. The input 
circuit uses a low-inductance strap that 
ties the cathodes in parallel and extends 
as a short stripline, which resonates as a 
half-wave tank. Approximately one-quar- 
ter wavelength of this tank is the internal 
cathode structure of the tubes. Capacitive 

Inside view of cathode cavity showing the panel-bushing tuning capacitor. Sponge rubber plenum 
is visible at the  to^. 

ment isn't recommended, because each 
time the amplifier is turned on it receives 
no bias initially. Thus, it will draw heavy 
anode current until the capacitor charges. 

The zener, on the other hand, provides 
immediate bias and also presents a low 
impedance at audio frequenc~es. Since 
grid current flows through the cathode 
bias circuit, a zener minimizesdrive power 
loss that would occur across a cathode 
resistor. Several zeners may be connected 
in series if a single unit isn't available. 

anode cavity 
The anode cavity is a loaded half-wave 

resonant circuit, which extends along the 
centerline through the tubes. Immovable 
brass bars, which form the sides of the 

tuning is provided at the other end of the 
tank. Input coupling is by means of a 
capacitive probe. Since the external con- 
nections to cathodes and heaters are in a 
low-rf field, simple wirewound rf chokes 
can be used in the bias and heater lines. 

Metering is included in both anode and 
cathode leads to maintain the grid a t  
earth potential. Both meters are necessary 
to determine grid current. Grid current 
is simply the difference between cathode 
and anode current. Grid current is j~ sen- 
sitive indicator of correct operation when 
adjusting tuning, loading, and drive for 
optimum efficiency. 

construction 
Both anode and cathode resonant cir- 
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cuits are constructed of brass sheet and 
rod, which are available at most metal 
supply houses and some hobby stores. 
The brass rod used for cavity walls has 
uniform dimensions and a smooth finish, 
therefore no soldering is required at the 
joints. Instead, 4-40 or 6-32 machine 
screws on 3/4-inch centers provide suffi- 
cient contact. 

Both the plate cavity top cover and by- 

Fig. 2 shows the plate cavity interior 
and grid contacts, which are soldered in 
finger stock similar to the plate contact 
arrangement. The sidewalls of this cavity 
are constructed of 114-inch thick brass 
rods, which are 5/&inch high. The tuning 
plunger is made of 114 x 112-inch brass 
rod, with finger stock soldered to the top 
and bottom edges. The plunger assembly 
is moved by a 114-inch-diameter threaded 

S P E C I A L  
BLOCKING 
CAPACITORS 

(XITPUT 

VERNIER 3 C X I O O A 5 1 7 Z B 9  
TUNING 
PLUNGER 

INPUT 

fig. 1. Schematic of the dual 3CX100A5 /7289  grounded-grid amplifier for 1296 MHz. Each R F C  

is 10  turns no. 2 2  solid copper wire on a 1/8-inch diameter form. 

pass capacitor, fig. 3, are made of 1/16- 
inch thick brass sheet. Finger stock, which 
contacts the tube plate rings, is soldered 
to the edges of the 1.18-inch-diameter 
holes in the top bypass capacitor plate. 
To facilitate alignment, the tube may be 
inserted into the structure during the 
soldering operation if a large soldering 
iron is used. Care must be taken to pre- 
vent solder from reaching the tube plate 
ring. The bypass capacitor plate is secured 
to the top cover with 8-32 Nylon screws. 
Teflon, 0.010 to  0.020 inch thick is used 
as the capacitor dielectric; although poly- 
ethylene, Mylar or mica will probably 
work as well. 

lead screw, which is turned by a knob on 
the front panel. 

The output coupling link is attached to 
a piece of homemade rigid coax (fig. 21, 
which comes through the center of the 
rear-cavity wall. The coax is retained by 
a shaft lock once the position for best 
loading i s  located. The rear wall should 
be temporarily clamped in place until 
cavity resonance i s  assured, then i t  may 
be permanently fastened to  the top and 
bottom cavity plates with several small 
machine screws. Note that the ends of the 
tuning plunger and the rear wall do not 
contact the side walls at the corners of 
the cavity. Electrical contact is not nec- 
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fig. 

TEMPORUlLY CLAMP THIS 
WALL UNTIL RESONANCE 

RG-50 DIELECTRIC AND 
INNER CONDUCTOR 

2 5 - 2 0  NC LEAD SCREW 
[PLATE TUNING1 

FINQER STOCK 

TUNINQ PLUNCER .2S W F T  WWl lC I  
(NATIONAL S B )  

21 DIA WSHlNQ 
.2S WAFT LOCK 
(MILLEN I0061 1 

. 2. Construction of the plate cavity. 

essary since essentially zero current is into a U shape and pressed into the heater 
present in these regions. contact. 

Fig. 4 shows the cathode enclosure, Fig. 5 shows a cross section of both 
which has walls constructed of % x 1-inch cavities. Input coupling to the cathode 
brass rod stock. The stripline center con- 
ductor, which contacts both cathodes, is 
made from 1116-inch copper and is sup- 
ported by a single X-inch-long ceramic 
standoff located midway between the two 
tubes. A 1/16 x %-inch strip soldered to 
the strip line forms one end of the tuning 
capacitor. The adjustable plate of the 
cathode tuning capacitor i s  the end of a 
threaded 318-inch panel bushing soldered 
to a 'h-inch-diameter brass rod, which is 
in turn coupled to a front-panel tuning 
knob via two universal joints. The small 
rf heater chokes are connected to thc 
tube heater contact by small clips made 
of thin brass strip or pieces of finger stock 
material. The small spring strip is bent 

This view o f  the anode cavity with the top wall 

removed shows the output link and finger-stock 
pluger. 
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cavity is provided by a probe that consists 
of a 5116-inch-diameter brass disc sol- 
dered to the end of a threaded BNC con- 
nector. Not shown are several %-inch- 
diameter holes in the side walls of both 
cavities to facilitate air cooling of grid 
and cathode seals. A bakelite air duct 
covers both tube anodes. The blower air 
plenum should be arranged so that air 
will pass through the duct and also 
through the holes in the cavities. Note 
particularly the bushing at the tube 
anodes, which limits the insertion of the 
tube into the cavities. The tube should 
seat as shown by fig. 5 to preserve cavity 
resonance. 

tune-up accessories 
Before applying power to  the amplifier, 

you'll need a few simple accessories. 
Substitute an adjustable resistor o f  

about 200 ohms for the Zener. This will 
be used to adjust cathode bias during 
tuneup. You'll also need a 50-ohm 
dummy load and some kind of relative 
power indicator. I f  you don't have a 
50-ohm load for 1296 MHz, a very good 

substitute can be made from sections of 
coaxial cable. Fifty feet of RGBIU fol- 
lowed by 100 feet of RG-581U will pro- 
vide about 27 dB attenuation. This as- 
sembly will simulate a matched 50-ohm 
load at 1296 MHz. 

A diode detector and voltmeter circuit, 
such as that shown in reference 2, can 
be used as a power output indicator. The 
indicator circuit should be loosely coup- 
led to the end of the dummy load. I t ' s  
not necessary to calibrate the rf voltmeter 
since an indication of relative power is 
sufficient for initial adjustment of  the 
amplifier. The coax sections may be coiled 
and taped. 

Use only BNC and type N connectors. 
Don't use uhf connectors, as they will in- 
troduce a mismatch into the load. 

tuning up 

With the blower running, dummy load 
and indicator connected, and no rf drive, 
apply about 500 Vdc to the amplifier 
anodes. Adjust the resistor for about 50 
mA of anode current. Next, apply about 
5 watts of drive power. Adjust cathode 

fig. 3. L a y o u t  o f  t h e  plate cavity t o p  cover and bypass capacitor. 

t=-- 2 0 0  -- -t- -- zoo - -  I 
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tuning for maximum anode current. Input 
and output coupling may now be ad- 
justed for maximum output consistent 
with minimum dc input power. Bear in 
mind that coupling adjustments will alter 
the resonance of the tuned circuits. There- 
fore, both input and output circuits 
should be retuned only with optimum 
coupling. 

Under these conditions, output power 
will be about 100 watts minimum. 

preventing self-oscillation 
Unless a 50-ohm load remains on the 

output, the circuit may self-oscillate due 
to the high unloaded Q of the anode cir- 
cuit. I f  an antenna switching device is to 
be used in which amplifier output is not 

L . 3 ~  -32 NS TAP. OR SOLDER 
NUT TO WALL 

fig. 4. Cathode cavity o f  t h e  1296-MHz amplif ier.  

After the amplifier is optimized (40 to 
50 percent anode efficiency), replace the 
Zener. Apply full anode voltage (1 kV) 
and check tuning and coupling for opti- 
mum with about 10 watts of drive power. 
Grid current should be 50 mA if sufficient 
drive is available and all circuits are op- 
timized. The tubes should not draw 
anode current when rf drive is removed. 

With 1 kV on the anodes, the amplifier 
should load to 200 mA (anode) and 250 
mA (cathode) with 10 watts of drive. 

terminated during receive periods, anode 
voltage should be removed before the 
antenna switch is operated. The anode 
voltage should be reconnected after the 
antenna has been switched to the ampli- 
fier in a sequential manner. 

tube dissipation 
A quick check of the tube specifications 

indicates that a single 3CX100A5 is cap- 
able of 100 watts of anode dissipation, 
but our operating conditions call for 



only half of this. We are being conserva- plifier, vent holes should be provided next 
tive for several reasons. The primary rea- to the grid ground plane. This allows 
son is to obtain reliable, long-term life in forced air to be applied directly to the 
view of the highcost of the tubes (approxi- grid and cathode seals, which is highly 
mately $20 each). Amplifiers of this de- desirable. 
sign have been operated with anode vol- 
tages up to 1.2 kV and output power up heater power 
to 175 watts for short periods. Although During operation we found that at 100 
rated anode dissipation is still not ex- watts output, full heater power could be 

L.31 DIA DISC ON EN0 OF BNC IS IALL STOCK IS INPUT COUPLING PROBE PART NO. 97-251 
CATHODE TUNING INSTRUMENT SPECIALTIES 00. 
.25 SHAFT SOLDERED IN .38 LITTLE FALLS. N.J. 
PANEL BUSHINO 

(NATIONAL SB ) 

fig. 5. Cross section of the amplifier, showing the plate cavity, cathode cavity, plate bypass capa- 
citor and 3CX100A5 tube. 

ceeded, grid and cathode heating can be- 
come severe should the amplifier be mis- 
tuned, lightly loaded, or over-driven. 

We also found that, at the higher- 
power operating conditions, heater power 
could be removed entirely as long as the 
amplifier was operated continuously. 
These results point out an interesting 
property of most uhf planar triodes; 
maximum output is not usually limited 
by anode dissipation but more often by 
grid dissipation, since it is more difficult 

maintained with no serious consequences. 
However, it's recommended that heaters 
be operated at 5.8 instead of 6.3 volts. 
This will maintain adequate cathode tern- 
perature while minimizing back heating 
of the cathode during long standby per- 
iods. A more sophisticated method might 
be to include a relay that switches heater 
voltage under control of cathode current. 
Thus, when no drive is present, and 
cathode current is zero, the full heater 
voltage could be applied. 

to extract heat from the relatively frail 
grid structure. A close-fitting grid ring the dc blocking capacitor 
connection with as much thermal con- The plate dc blocking capacitor deserves 
ductivity as possible should be used. In special mention, since its design is not 
addition, as we have done with this am- based on capacitance alone. This capaci- 
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tor is considered as a flat parallel-plate 
transmission line. Its dimension in a radial 
direction from where dc blocking is d e  
sired is adjusted for a quarter wavelength 
or less. Thus, the physical length of the 
capacitor is reduced by the inverse square 
root of the capacitor's dielectric constant. 

For example, Teflon has a dielectric 
constant, E , of about 2.1. The radial 
length, L, of a dc blocking capacitor is 
then 
L = h = 9.1414 (2.1) 

4 V t  
= 1.6 inches or less for 1296 MHz 

Additionallv. the parallel-plate trans- . . 
mission line's characteristic' impedance 
should be as low as possible. This is why 
a dielectric is used to load the line and 
to provide uniform close spacing. The 
reasoning is that, if the blocking capacitor 
looks like a quarter-wave section of trans- 
mission line, the end outside the rf cavity 
will be open. I t  will then reflect a very 
low impedance back into the cavity where 
blocking is desired. 

You might ask the question as to how 
much rf voltage appears a t  the "hot" end 
of the quarter-wave section outside the 
cavitv. This is simply the product of the . . 
rf cuirent entering the line and the line's 
characteristic impedance, Zo. 

Typically, Zo for a close-spaced parallel 
plate line with dielectric loading will be a 
few ohms. The current into the line is 
determined by where the line ends in the 
cavity. It is most desirable to place the 
dc blocking capacitor at a high field point 
where rf current is minimum. In most 
cases, this is impractical, and the block is 
placed where some current flows. How- 
ever, even if the current is of the order of 
several amperes, the product of current 
and Zo would still be about 10 volts, a 
not too objectionable level. This approach 
to dc blocking in uhf amplifiers is very 
practical for most applications. 

concluding remarks 
Note that very little soldering is r e  

quired in assembling the cavity and en- 
closures, except for securing finger stock. 
Tight joints where necessary and mechani- 

cal stability are provided by the large 
area overlaps of the bar and sheet stock. 
This method of construction is less tedi- 
ous but more costly. 

The glass-sealed 2C39 tube, which is 
more commonly available, has been tried 
in this circuit with inferior results. Gain, 
efficiency, and output power suffer by a t  
least 3 dB, and no attempt should be 
made to obtain more than 50 watts out- 
put with these tubes. A number of tubes 
failed because of punctures and cracks in 
the glass seal between grid and anode due 

Anode cavity top wall with the 
anode plate removed. The  teflon 
dielectric for the blocking capacitor 
is at the tov. 

to rf heating losses in the glass. 
For those who need a high-power tripler 

to operate from an existing 432-MHz 
transmitter, it is suggested that the same 
amplifier be modified in the cathode cir- 
cuit to resonate a t  432 MHz. This can be 
done in several ways. Perhaps the most 
simple way is to increase the stripline in- 
ductance until resonance at 432 MHz is 
achieved. Output power of about 40 watts 
should be readily obtained at reduced 
efficiency. 

1. P. Laakmazn WB6lOM "Cavity Amplifier 
for 1296 M H z   ST, ~ a n u a i y .  1968. p. 17. 
2. The ~ a d i b  Amateur's Handbook. A R R L  
Staff. 1969 edition. p. 547. 
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The GT-550 by GALAXY 
Based on the proven Galaxy V Mk 3 design. . . the GT-550 comes on stage with an 
entirely new look. And under this beautiful new exterior Galaxy has packed 550 
watts. . . the highest powered unit in its field. Henry Radio, always the first with 
the best, is proud t o  introduce this fine piece of equipment along with an equally 
fine line of accessories. 
Come on in, look them over. Or write or phone. We'll send you detailed 
specifications. 

GT-550, 550 watt transceiver $550.00 
AC-400, AC Power Supply, 1101230 VAC, includes cables $ 99.95 
G-1000, DC Power Supply, 12/14 VDC, Neg. Ground $129.95 
RV-550, Standard Remote VFO provides dual frequency 

control for GT-550 only $ 95.00 
R F650, 30001400 watt WattmeterIAntenna Selector 

(Available after April 1) $ 75.00 
SC-550, Standard Speaker Console, 5 x 7 speaker 8 ohm, 

(AC-400 will mount inside) $ 29.95 

Hrnr?, Radio hns n grc~nt nntrnna porhngr progrcrtn . . . big snl~ings. W r i f c  for l i frrofurr .  

EASY FINANCING 10% DOWN OR TRADE-IN DOWN NO FINANCE CHARGE IF PAID IN  90 
DAYS GOOD RECONDITIONED EQUIPMENT Nearly all makes and 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. Export inquiries invited. 
TED HENRY (W6UOU) BOB HENRY (WOARA) WALT HENRY (W6ZN) 

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 2131477.6701 
931 N. Euclid, Anaheim, Calif. 92801 7141772-9200 
Butler, Missouri 64730 8161679-3127 - 

"Worlrl's Inlrgcs t  1)islrihutor of Amateur Radio Equipment" 

march 1970 51 



low-power 
sdid =state 

transmitter 
for two meters 

T h e w i l l  
2 

to improv ise ,  .- 
-5 

plus s a l v a g e d  tv par ts ,  5 
+; 

t resu l ted  i n  this 3 

8 l i t t l e  b o m b  , 
5 
LU 

I wanted a portable 2-meter transmitter, 
so I built one described in another maga- 
zine. I wasn't satisfied with i t s  output nor 
with the critical tuning to obtain upward 
modulation, so I decided to "roll my 
own :' The rig shown here is the result. 

It produces 250 mW output measured 
on a Bird wattmeter. Unfortunately, l 
wasn't able to use inexpensive transistors 
in all stages. After trying several types in 
the final amplifier, the only device that 
provided upward modulation was the 
2N3866. 

construction 
The schematic is shown in fig. 1. I'd 

suggest staying away from PC boards on 
this band. I built several 2-meter units 
on PC boards, even on ground lines. 
A metal chassis is recommended for 
this rig. 

I made the coils from old i-f trans- 
formers salvaged from a tv' set. The 
transformer is the type whose slug has a 
hex slot (for a tuning tool) instead of a 
threaded brass screw. Most of the re- 
sistors and capacitors can be scrounged 
from tv sets as well. 

The slug for the doubler coil was 
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sawed in half to  obtain sharper tuning. I f  
the unit won't load into your antenna, 
add a 10- to 20-pF capacitor across C10. 

cooling 
Heat sinks are available most any- 

where. Mine were scrounged from old 
IBM circuit boards. Wakefield fin types 
are fine. Mine is the slip-on type, which is 
held to the transistor with three set 
screws. I once blew the modulator tran- 
sistors by using them without heat sinks. 
I replaced these with 2N1374's from 
some surplus boards from Radio Shack, 
and they work fine. 

grid dip oscillator. The output from the 
72-MHz stage and that from the doubler 
(145 MHz) was sufficient to peg the 
meter on my Millen gdo when in the 
diode position. 

A trick described in reference 1 is 
interesting. A resistor connected between 
B+ and Q3's base will change 03's opera- 
ting angle. For example, a 10K-ohm 
resistor will make 0 3  operate at some- 
thing less than class C, or close to class 
AB. I didn't find this necessary for proper 
operation of the transmitter, however, I 
mention it for those who might wish to 
experiment. 

MODULATED 
+IP v 

fig. 1.  Schematic of the two-meter transmitter. L1 4 turns no. 20 bare tinned, spaced 1 wire 
A metal chassis is recommended, rather than a diameter, tapped 3/4 turn from hot end 

printed-circuit board, to avoid rf 'feedback pro- L 2  4 turns no. 20 bare tinned, spaced twice 
blems. L1 and L2 are modified tv i-f transform- wire diameter. Collector tap l l /z turn5 from 
er coils. A a-m modulator should provide at cold end; C8 tap 3/4 turn from top end 
least 125 mW of power to adequately modulate 
this little rig. L 3  5 turns no. 18 bare tinned, %-inch I D  x 

9/16-inch long 

the modulator performance 
A suitable modulator for this transmit- 

ter is the Birnback modulator available 
from Round Hill Associates*. Other mod- 
ulators that provide a t  least 125 mW of 
audio power can also be used. On a 6- 
meter transmitter, I had a hard time keep- 
ing rf out of the modulator. A clue to this 
was a low audio howl from the modulator 
output transformer, and the transistors 
ran very hot. Shielding, rf chokes, and 
bypass capacitors were required to tame 
the six-meter rig. 

adjustment 
Each stage should be checked with a 

*Round Hill Associates, 434 Avenue of the 
Americas, New York, New York 1001 1. 

With the transmitter in the basement, 
and a type 49 lamp as a dummy load, I 
worked as far as two miles fairly well. A 
whip antenna increased reports. Audio 
reports were crisp and clear. 

One thing that might have caused the 
modulation problems with different 
final-amplifier transistors is that the 
modulator's 500-ohm output impedance 
is too high. But in homebrewing, you try 
to use what's available in your junk box. 

With the transistors shown in the 
schematic, all worked well. One thing 
that should be remembered: connect the 
power backwards, and goodbye tran- 
sistors. 

ham radio 
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economical 
beam 

for 

ten meters 

I m p r o v i n g  t h e  

" W o n d e r b a r "  a n t e n n a  

f o r  e f f e c t i v e  

DX w o r k  

You've heard this old saw many times, 
but it bears repeating: without a beam 
antenna, it's futile to compete seriously 
for S f X .  I was listening to everybody 
working all the goodies on ten meters 
recently and recalled the antenna 1 used 
in the mid-fifties during the last sunspot 
cycle peak. It was a simple piece of 
plumbing that allowed you to get on ten 
meters in a hurry. In i t s  basic form, it 's 
called a Wonderbar, or bow-tie antenna. 
Why not try it again, only this time crank 
some gain into it? 

For those who may have forgotten, or 
who have recently joined the ham frater- 
nity, I'll describe the procedure I used to 
adapt the original design1 into an inex- 
pensive beam for ten meters. 

construction 
The main source of material was an old 

biconical N antenna. My beam was mo- 
deled after the original Wonderbar design 
using these materials and some hardware 
from my junkbox. The basic Wonderbar 
antenna that resulted in shown in fig. 1. 

I dismantled the tv antenna completely. 
I cut two 30-inch crossbars from the old 
elements. Each end of the crossbar was 
flattened and drilled to accept 3116-inch 
machine screws (I used a 13164-inch drill). 
Next, the crossbars were attached to the 
open ends of each of the two elements. 
This forms a couple of isosceles triangles, 
or wing-shaped elements. 

I used a handy piece of 314-inch pine 
board, 13-inches long by 10-inches wide, 
for the base. Any material can be used 
that's sufficiently rigid to hold the assem- 
bly. Standoff insulators, female coax con- 
nectors, and a length of 518-inch OD 
heavy-wall plastic tubing (for spacers) 
were produced from my junkbox. 

assembly 

Place the wing-shaped elements on the 
floor over the base. Space them about 
three inches apart. Drill six 13164-inch 
holes (fig. 1) through the elements and 
completely through the base. (This will 
ensure alignment during final assembly.) 
Mount the female coax receptacle as 
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shown near the top of the base. Place the 
standoff insulators and spacers as shown, 
and assemble them loosely with 3116-inch 
machine screws. Don't tighten the screws 
on the standoff insulator where the coil 
will be attached. 

the loading coil 
If you don't have a B&W 3013 mini- 

ductor handy, it's easy to wind your own 

1-314-inch form for the primary. This coil 
was removed from the form and slipped 
over the loading coil. 

Attach the loading coil to the elements 
by securing each lead to the screws at the 
apex of the V formed by each element. 
Place a solder lug between the head of 
the screw and the element. Now solder 
the primary coil leads to the coax con- 
nector. Tighten all machine screws. 

fig. 1. Dimensions. A, and mounting details. 6, of the Wonderbar beam driven element. Mounting 
base is a simple pine board. 

coil. I used what was available: number 
16 insulated solid copper wire. Consider- 
able latitude can be used here. Just make 
sure the coil is sufficiently rigid to be 
self supporting. I wound my loading coil 
around a l-inch dowel, using 12 turns, 
close spaced. Then I removed the dowel 
and stretched the coil until it was about 
3 inches long. Next I wound 2 turns of 
number 12 solid copper wire around a 

mast mount 
Four holes are drilled to accept U bolts, 

which will secure the antenna to the mast. 
I used 5116-inch holes, positioned over 
the centerline of the base. The first two 
were immediately below the coax con- 
nector, and the second two were about 
one-half inch from the bottom of the 
base. Use your own ideas here to f i t  your 
available hardware. 
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preliminary tests 
I attached a ten-foot piece of 1-114-inch 

conduit to my antenna for initial tune- 
up. I raised this assembly, with a piece of 
RG8lU coax attached, in a vertical po- 
sition and firmly lashed it to a picnic 
table. I found the best loading by tapping 
down on the loading coil; 10-112 turns 
seemed to be optimum. I made a perman- 
ent connection at this point by soldering. 
The lowest standing wave ratio (about 
1.4: 1) occurred at about 28.95 MHz. 

With 65 watts input, I made contacts 
with two W0 stations, and got 5-9 plus 
reports. The next day, I worked a KV4 
and a couple of G's. This simple antenna 
did indeed put out a good signal. But 1 
wanted it to put out a better signal, so I 
added a reflector. 

the wonderbar beam 
At this point you can enjoy this inex- 

pensive antenna without further embel- 
lishments. It will provide a good signal 
on ten meters, it doesn't cost much, and 
you'll work some DX. However, if you 
like to experiment a little, as I doi you'll 
want to improve its performance. A sim- 
ple reflector placed behind the Wonder- 
bar antenna will produce from 3 to 5 dB 
gain over a reference dipole. This will ef- 

"1'11 go over in a couple of days and see how the 
beam held up ..." 

fectively double your radiated power over 
the Wonderbar alone. 

Handbook data showed that the shortest 
spacing for a reflector to improve per- 
formance was 0.15 wavelength (a little 
more than 4 feet on ten meters). This 
meant I could use the boom from the 
old tv antenna by merely adding a short 
extension. I decided to depart a bit from 
convention, for ease of assembly, and at- 
tached the boom and reflector imme 
diately below the point where the Won- 
derbar was attached. 

I made the boom extension about 5 
inches longer than required. Then I put a 
bend of approximately 1 10 degrees rad- 
ius in the extension about 4 inches from 
the end. I drilled two holes through the 
shorter leg of the boom extension and 
through the mast. This made an easy 
means of attachment. You could use the 
more conventional method of attaching 
the driven element and reflector at oppo- 
site ends of a onepiece boom. It would 
look prettier, perhaps, but wouldn't work 
any better. I wanted to use the materials 
on hand, so I used a short extension on 
the old tv boom. 

the ref lector 

This element is simplicity itself. I cut 
my reflector from the remaining ~ieces of 
the old tv antenna tubing. It is-98 inches 
long (fig. 2). 1 used a pair of sheet metal 
cross braces I'd stripped previously from 
the tv antenna boom to attach the re- 
f lector. 

how far, wonderbar? 
That's it. A simple, low-cost beam an- 

tenna made from materials on hand. The 
whole thing cost less than ten dollars. 
Results; I've worked fifteen different 
countries, many of them several times, 
including a ZS6. All this was done with a 
60-watt a-rn transmitter and my Wonder- 
bar beam only twenty feet above ground. 

references 
1. E.T. Bishop, KGOFM. "The Wonderbar An- 
tenna," OST, November, 1956. 
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For The Experimenter! 
International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 

OX OSCILLATOR 
Crystal controlled transistc type. 

Lo Kit 3,000 to 19,999 KHz 
Hi Kit 20.000 to 60.000 KHz $295 
(Specify when ordering) 

SAX-1 Transistor RF Amplifier 53.50 
A small signal amplifier to drive MXX-1 mixer. 
Single tuned input and link output. 

MXX-1 Transistor RF Mixer 53.50 Lo Kit 3 to 20 MHz 
A single tuned circuit intended for signal con- H,  it 20 to 170 MHZ 
version in the 3 to 170 MHz range. Harmonics (specify when ordering) 
of the OX oscillator are used for injection in 
the 60 to 170 MHz range. PAX-1 Transistor RF Power Amplifier $3.75 

Lo Kit 3 to 20 MHz A single tuned output amplifier designed to 
Hi Kit 20 to 170 MHz follow the OX oscillator. Outputs up to 200 mw 

(Specify when ordering) can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu- 
lated for low power communication. Frequency 

SAX-1 range 3,000 to 30,000 KHz. 

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

Write lor complete catalog. 

IN AL u 
CRYSTAL MFG. CO., INC. 
10 NO LEE OKLA CITY O K L A  73102 
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a stable 

s mall-signal 
source 

for 

144 and 432 MHz 

This s imple  circuit  

f e a t u r e s  

v a r i a b l e  f requency  

a n d  a m p l i t u d e  cont ro l  

o f  a  r e f e r e n c e  s igna l  

for  vhf conver te r  

adjustments  

Have y o u  ever made changes t o  your  
144  or 432-M Hz converter and tr ied t o  
determine if the changes actually resulted 
i n  improved operation? Adjustments t o  
converters o n  these bands can be dis- 
concerting (and a t  t imes deceiving) w i th -  
o u t  a stable signal source. The variable- 
ou tpu t ,  crystal-controlled weak-signal 
generator described i n  this article allows 
immediate evaluation o f  converter adjust- 
ments as the  work progresses. The signal 
is variable in ampli tude o n  b o t h  hands, 
f r o m  several microvolts t o  below noise 
level. Freguency can be varied over a 
range o f  about 6 k H z  o n  the 432-MHz 
band. The signal source can be calibrated 
against a commercial signal generator i f  
one is available, although this isn't ab- 
solutely necessary. 

circuit description 
The schematic is shown in fig. 1. A 

crystal oscillator, operating a t  4 8  MHz i n  
the  emitter-base circuit  o f  transistor Q1, 
triples t o  144  MHz in the collector 

Stable. small.rignal source for receiver fronr-ena 
adjustment. Close-spaced screws are necessary 
to avoid signal leakage. 
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circuit. A second stage, transistor Q2, 
triples to 432 MHz. The crystal holder 
should be grounded to obtain maximum 
tuning range of the crystal. The 52-ohm 
resistor in the attenuator should be non- 
inductive. 

construction 
An LMB JB-880 or Bud CU-3006A 

Minibox may be used for a housing. 
These boxes have overlapping flanges that 

one edge bent for mounting to the top of 
the box with two 4-40 screws. The 
battery is held in place with a %-inch 
aluminum strap fastened to the top of the 
box. 

the attenuator 
The attenuator (fig. 2) i s  made from 

two pieces of brass tubing. The BNC 
connector may be sweated or screwed 
into the end of the smaller section. The 

fig. 1. Schematic of the 
144/432-MHz signal 
source. Frequency i s  ad- 
justable over about 6 k H z  
on 432  MHz by  slug in 
L1 .  Attenuator pickup 
look is spaced equal dis- 
tances between L2  and 
L3. SM indicates silver- 
mica capacitor. 

j+m - 
)+ - 9V (RCA VS 3221 

L 1  11 turns no. 26 9/16" long, spacewound on 
3/16" slug-tuned coll form, tapped 2 turns cost to have the attenuator made by a 
f rom bottom. 

machinist shouldn't be excessive. 
L2 7 turns no. 26 3/8" long. spacewound on 

3/16" slug-tuned coll form, tapped 3 turns Mount the attenuator on the side of 
from bottom. the box so that the pickup loop is about 

L3  2112 turns no. 26 5/16" long, spacewound 
on 3/16" slug-tuned coil form. 

permit self-tapping screws to  be placed 
about an inch apart. This seals the unit so 
no leakage exists. 

The small subchassis is made from a 
3%- x 2%-inch piece of aluminum with 

-- ~ n ?  - d ~ o w  

the same distance f r o m  t h e  144- and 
432-MHz tuned circuits. Output will be 
the same when using the signal source on 
either frequency. 

tuneup and adjustment 

A vtvm with an r f  probe should be 
used to peak the three tuned circuits. 
However, a grid-dip oscillator could be 
used. After the circuits are peaked, the 
frequency can be changed about 6 kHz 
on 432 MHz by adjusting the slug in L1. 
A receiver S-meter can also be used to 
peak the tuned circuits if the signal 
source is placed close enough to the 
converter or receiver front end. 

After alignment is complete and the 
3' unit is carefully sealed with the self- 

tapping screws, practically no drift will be 
noted. 

NOTE. .LL Y T C I I I L  IS * u s .  My thanks to WGPBC for the circuit 
a U l r " ,  H C  -uu. -7  r* ILDI*O nr. design and to WGSPB for building the 

fig. 2. Construction details for the attenuator. attenuator' 

soft brass is used throughout. ham radio 
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D e a r  O . M . :  

E v e r y  m o n t h  we p u t  o u r  b e s t  f o o t  f o r w a r d  a n d  t r y  o u r  
d a r n d e s t  t o  c o n v i n c e  y o u  t o  b u y  o u r  p r o d u c t .  I t r y  t o  
make o u r  a d s  c o n v i n c i n g  i n  t h e  h o p e  y o u  w i l l  r u s h  t o  y o u r  
f a v o r i t e  d i s t r i b u t o r  t o  b u y  a  Hammar lund  p r o d u c t .  

You h a v e  s e e n  Hammar lund  a d s  t h e s e  many m o n t h s ,  We 
a r e  s t i l l  b u i l d i n g  t h e  r a d i o s  y o u  s a w  a d v e r t i s e d  o n  t h e s e  
p a g e s  d u r i n g  1 9 6 9 .  I h o n e s t l y  f e e l  i f  y o u  h a v e n ' t  u s e d  a  
Hammar lund  r e c e i v e r  o r  l i n e a r  i n  1 9 6 9 ,  y o u  owe it  t o  y o u r -  
s e l f  t o  t r y  o n e .  I ' l l  b e t  y o u  know a t  l e a s t  o n e  ham b u d d y  
who h a s  a  Hammar lund  r a d i o  i n  h i s  s h a c k .  And I know h e ' l l  
b e  p r o u d  t o  s h o w  i t  o f f !  

T e l l  y o u  w h a t  I ' m  g o n n a '  d o  - i f  y o u  t a k e  t h e  t i m e  t o  
make t h i s  " I n s t a n t  Demo" a n d  y o u  b e l i e v e  a s  y o u r  f r i e n d  
a n d  I d o  - a n d  b u y  a new Hammar lund  r a d i o ,  1'11 s e n d  b o t h  
o f  y o u  a Hammar lund  a c c e s s o r y  o f  y o u r  c h o i c e  - s p e a k e r ,  
c l o c k  o r  c r y s t a l  c a l i b r a t o r .  

I ' l l  k e e p  t h i s  o f f e r  a l i v e  f o r  F e b r u a r y  a n d  March  t o  
g i v e  y o u  a l l  a  c h a n c e  t o  r e a l l y  t r y  i t  f o r  y o u r s e l f .  

D r o p  me a  n o t e  o r  s t o p  i n  t o  s e e  y o u r  d i s t r i b u t o r  f o r  
m o r e  i n f o r m a t i o n .  A l i s t  o f  Hammar lund  d i s t r i b . u t o r s  i s  
a v a i l a b l e ;  u p o n  y o u r  r e q u e s t ,  1'11 s e n d  y o u  t h e  n a m e s  o f  
y o u r  l o c a l  Hammar lund  A u t h o r i z e d  D i s t r i b u t o r .  

2 0  B r i d g e  Avenue  
Red B a n k ,  N. J ,  07701 
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regenerative detectors 
and a 

w ideband amplifier 
for 

experimenters 

E a s y  p r o j e c t s  

t o  a c q u a i n t  you 

w i t h  t r a n s i s t o r  c i rcu i ts ,  

w i t h  h in ts  o n  

d e t e r m i n i n g  

c o m p o n e n t  v a l u e s  

a n d  s o m e  g o o d  a d v i c e  

o n  p o w e r - s u p p l y  d e s i g n  

When testing converters, i-f strips, and 
similar equipment, it's desirable to have a 
simple "tail end" that covers a fairly wide 
frequency range, includes a means for 
receiving ssb and cw signals, and has good 
sensitivity. Another handy piece of equip- 
ment to have around your station is a 
general-purpose wideband amplifier. 
Presented here are some circuits I've 
found to be useful for experimental and 
general shop work. They're solid3tate 
adaptations of proven, reliable circuits 
that have been around a long time. If 
you've never experimented with tran- 
sistors, these projects will provide a good 
starting point to get acquainted with the 
fascinating world of solid-state devices. 
The circuits are simple, easy to build, and 
parts are quite inexpensive. 

regenerative detectors 
For occasional bench work, I had been 

using a little regenerative receiver that 
dates back to the days of the big Kurz- 
Kasch dials. With only two tubes, it was 
completely adequate for the job. But one 
day I became annoyed at having to hook 
up both a vacuum-tube power supply and 
a solid-state supply. An era of profanity 
prevailed as I tried to get common tran- 
sistors to perform as well as the old type 
75 tube. Finally, the circuit of fig. 1 was 
devised. Greatest gain occurs with fairly 
heavy drain current on Q1 (R3 almost 
zero). The source tap should be adjusted 
for the point nearest the ground end of 
the coil that will sustain oscillation. 
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The circuit o f  fig. 1 worked quite well. 
The original haywire breadboard setup 
picked up shortwave broadcast stations 
from all over the world o n  32 meters. 

Next, I tried a version using the 
Colpitts feedback principle, fig. 2. 1 
found that the antenna could be con- 
nected t o  the source instead o f  the gate. 
This resulted i n  lighter coupling t o  the 
antenna wi th fewer dead spots as com- 
pared t o  the Hartley circuit. I used a 
short length o f  RG-174 coax t o  feed the 
signal t o  the source. The coax capacity is 
i n  parallel w i th  C8, which makes a con- 
venient means o f  isolation. A n  advantage 
of this circuit is that feedback can be 
adjusted by  C7 t o  obtain optimum per- 
f ormance. 

crystal-controlled detector 
Going one step further, a crystal was 

substituted for L1, and now we have a 
crystal-controlled detector (fig. 3). I n  this 
circuit, R 10 provides z dc return for  the 
gate. Don't t r y  t o  use an rf choke here, 
because the detector wi l l  take o f f  simul- 
taneously at the crystal frequency and 
that formed b y  the r f  choke i n  parallel 
w i th  the capacitances i n  the gate circuit. I 
found that C8 wi l l  vary considerably due 
t o  circuit layout and gain o f  the fet. The 
best way t o  proceed is t o  set the feedback 
capacitor (C7) t o  its midpoint, then 
connect various values o f  mica capacitors 
at C8 t o  f ind one that just barely pro- 
duces oscillation. C7 can then be adjusted 
t o  compensate for  variations in antenna 
loading and supply voltage. 

Old timers familiar w i th  the "blooper" 
regenerative detector wil l  wonder yvhere 
the grid leak and its capacitor went. They 
aren't necessary; the circuits wil l  oscillate 
vigorously without them. I n  fact, i f  one 
of the circuits is t o  be used as a "tail 
end': it should be packaged i n  a small 
minibox t o  minimize stray radiation. 

Somewhat more gain can be obtained 
f rom the circuit o f  fig. 4. The source bias 
circuit (C3, R1)  should be retained. This 
contributes t o  smooth regeneration con- 
trol. As wi th the o ld  bloopers, the gate 
leak (R11) should have a high value for 
maximum sensitivity - 3 t o  8 megohms. 

However, this may be a t  the expense of 
increased crankiness. I n  general, all three 
detectors seem t o  perform best wi th 
minimum capacity a t  C2. The antenna 
may also be fed at the tap on L1 i n  the 
circuit o f  fig. 4. 

oscillators 
The detector circuit may also be used 

as a general purpose oscillator. I f  you 
wish t o  use it as a crystal oscillator as in  
fig. 3, C8's value wil l  largely determine 
frequency range. Appropriate values for 
C8 in  this case are: 

0.1 - 0.4 MHz, C8 = 0 . 0 0 5 ~ F  
0.4 - 4.0 MHz, C8 = 0.001 PF 
4.0 - 10 MHz, C8 = 100 p F  

Oscillation occured at all three ranges 
wi th a 7-1 0 0  pF compression trimmer for 
C7. I found, however, that C7's value had 
t o  be increased t o  about 500 pF  t o  obtain 
zero beat w i th  WWV using certain 
100-kHz crystals. The waveform was not  
sinusoidal and had high harmonic con- 
tent; output was 6 volts peak. 

variable-frequency oscillator 
The circuits o f  fig. 1 or fig. 2 may be 

used as a general-purpose vfo. However, 
I'd recommend using a Vackar i n  prefer- 
ence t o  these circuits. While acceptably 
stable, neither circuit wi l l  compare to  a 
Vackar oscillator. I've used a vfo version 

fig. 1. Original Hartley circuit used to replace a 
two-tube "blooper" for bench work. Wi th  
a Motorola M P F 1 0 2  jfet, the set received short- 
wave broadcast stations from all over the world 
o n  31 meters. 

62 march  1970 



of the detector circuit in an experimental 
receiver. While it was stable as a detector 
in a 1700 kHz i-f amplifier, its amplitude 
stability over a wide frequency range was 
far inferior t o  the Vackar. Both this 
circuit and the Vackar have the same 
general ratio of maximum-to-minimum 
frequency range, but I can't recommend 
this oscillator as being competitive with 
the Vackar. 

audio amplifier 
Detectors such as those shown can be 

improved with the addition of a high-gain 
audio amplifier. The amplifier shown in 
fig. 5 is very useful around this station. It 
has quite good frequency response. Fig. 6 
shows what can be obtained with in- 
expensive epoxy-encapsulated silicon 
transistors. The amplifier will deliver a 
clean sine wave of 8 V p-D at frequencies 
from less than 10 Hz toat  least 8 MHz. 

fig. 2. Regenerative detector using the Colpitts 
circuit. Antenna can be connected to transis- 
tor's source, which results in fewer dead spots 
across the tuning range. 

This should be sufficient warning that 
decoupling the supply voltage may, in 
some cases, he necessary to prevent 
"motorboating" or other evidence of 
undesirable feedback. I f  you use a stiff, 
well-regulated power supply, or batteries, 
this shouldn't be much of a problem. 
However, i f  the power-supply impedance 
is too high, you will have problems (more 
of this later). 

amplifier applications 
I've built several of these amplifiers 

and have found many uses for them. For 
example, many excellent solidstate vfo's 

are limited t o  less than a volt output. This 
amplifier will boost the vfo output to 
several volts without additional tuned 
circuits. It will also make a good i-f 
amplifier. 

I f  you experiment with filters, your 
vtvm possibly won't have a range low 
enough to allow measurements below 
about 40 dB. One of these amplifiers, 
well shielded and battery operated, can 
extend the average vtvm's range to about 
1 mV full-scale. However, it's well to 
calibrate the amplifier to be certain of its 
gain linearity. The response isn't flat, but 
thiswon't matter if measurements cover a 
limited frequency range, such as that of 
an ssb filter, for example. 

Still another factor to consider is the 
amplifier's impedance. It won't compare 
to that of the usual vtvm. With a high 
beta transistor at Q2 in the amplifier, you 
can expect an input impedance of about 
10 kilohms. Therefore, any high- 
impedance circuit (1 megohm or more) 
will be loaded by this amplifier. However, 
i t ' s  adequate for most solid-state 
measurements. 

If the amplifier i s  overdriven, it will 
clip, producing a pretty good square 
wave. If i t 's  used as a vtvm amplifier, it 
should be checked on an oscilloscooe. 
This will indicate the maximum voltage 
available to your vtvm before the ampli- 
fier's waveform becomes degraded. Stay 
well within the maximum voltage range. 
Amplifiers I've built show that this vol- 
tage remains pretty constant throughout 
the amplifier's range. If you have an 
inexpensive oscilloscope, you can find 

fig. 3. The Colpitts circuit with a crystal substi- 
tuted for L1. Capacitor C8's value will vary, 
depending on circuit layout and transistor gain; 
use a value that just produces oscillation. 
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table 1. Parts list for the detectors and wide- 
band amplifier. 

3-30 pF trimmer 
140 pF variable 
0.005-0.02 UF disc ceramlc or mica 
0.001-0.005 u F  disc ceramic or mica 
14 I.IF 25 V electrolytic 
3-30 pF compression trimmer or APC 
varlable 

200-1500 pF mica (depends on fet, 
and degree of coupling) 

33 u F  tantalum 
47 UF tantalum 
0.005-0.05 u F  disc ceramic or paper 
tubular (see text) 

50-200 pF mica 
50 pF mica 
270-470 ohms Yz W 
1-1.5 kilohm % W 
2.5 kilohm 
10 kilohm 112 W 
1 kilohm % W 
100 ohms M W 
100 kilohm 112 W 
350 ohm 112 W 
10-25 kilohms 
47 kilohms-1 megohm Vz W 
2.26.8 megohms Yz W 
1-4.7 kilohms % W 
5/8 inch diameter. 32 pitch Mini- 
ductor 7/8 inch long, tapped 3 turns 
from ground end for 5-12 MHz 
range. (A 45 uH slugtuned coil 
worked well in a 1700 kHz i-f strip.) 

2.5 rnH rf choke 
MPFlO2 jfet 
100 MHz plastic encapsulated silicon 
transistors. Dc betas: Q2,200; Q3, 
100. 

this point at, say, 60 Hz; then i f  you 
don't go above 50 percent o f  the point 
where distortion occurs, you can pretty 
well depend o n  the amplifier's response 
over its range. 

amplifier construction 
Let's set u p  this l i t t le amplifier using 

parts f rom your junk box. A complete list 
of parts for  all the circuits described here 
is given i n  table 1. Because the amplifier 
is somewhat more critical as t o  transistor 
characteristics and resistor and capacitor 
values, I've included a discussion o n  how 
t o  grade your surplus devices and how t o  
select resistors and capacitors t o  obtain 
optimum performance. The values in 
table 1 marked wi th an asterisk were 
those I used in  the amplifier whose 
response is depicted i n  fig. 6. 

grading transistors 
Select only silicon transistors. With 

fig. 5. The detector circuits can be improved with 
with this wideband audio amplifier. Several ap- 
plications of this basic circuit are discussed in the 
text. 

high-gain, high-frequency types available 
on the surplus market at prices around 
four for  a dollar, it's pointless t o  use less 
expensive germanium units w i th  their 
higher leakage. As a rule o f  thumb, select 
t r ans i s to rs  w i t h  a gain-bandwidth 
product, f T  a t  least ten times as high as 
the expected pass frequency. 

Illustrated i n  fig. 7 is a circuit for using 
your vtvm t o  measure transistor current 
gain. Although this reveals l i t t le o f  a 
transistor's high-frequency gain, it wil l  
give a good relative indication o f  which 
surplus device is hottest. A simple 
method of grading your surplus tran- 
sistors is as follows. 

*Components used in  an amplifier whose re- 
sponse is shown in fig. 6. See text for deter- 
mination of values. 
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1. Set the l-megohm pot to maximum 
resistance. 

2. Set the switch to Ic. 
3. Close the battery switch. 
4. Set the l-megohm pot to give a 

reading of 5 V dc on the vtvm. 
5. Set the switch to Ib. 
6. Note the reading in dc volts. 

(Assume it is 0.5V.l 

FREQUENCY (MHz) 

fig. 6. Voltage gain as a function o f  frequency 
for  the  wideband amplifier. A Pure sine wave o f  
8 V  p-p  is produced over the  entire range using 
inexpensive silicon transistors. 

7. Calculate the cd current gain: 

Using this method, you can grade 
transistors with dc betas between 5-500 
with ease, which will give you a good idea 
of which transistor to use for 0 2  in the 
amplifier. It reveals little about the tran- 
sistor's ac characteristics, but it's a good 
starting point. Now select another tran- 
sistor, which can have a lower beta, for 
03. We'll now "ballpark" the other 
component values. 

resistor and capacitor values 
R5 is chosen to drop the collector 

voltage to about 50 percent with a chosen 
safe collector current. If the collector 
current is too low, gain will decrease. If 
it's too high, collector dissipation will be 
exceeded. A safe value for most surplus 
transistors is 5 mA. Using a 12-V power 
supply, we wish to drop about 6 V across 
R5: 

Next, R8 is chosen to drop about 10 
percent of the power-supply voltage: 

(270 ohms i s  adequate.) 
Now the base voltage of 0 3  is deter- 

mined. Since 0 3  is  a silicon npn transistor, 
i t s  base voltage will be about 0.5 to 0.7 V 
more positive than i t s  emitter. From the 
above, we see that 03's emitter is biased 
by R8 to about 1.2 V positive. Add the 
base-emitter voltage of 03, and we find 
that 03's base should be about +I .8 V. 

Transistor 0 2  can operate at a lower 
current to save total power. Let's say 
we'll operate it at 1 mA. The lower end of 
R4 is connected to 03's base. We know 
that 03's base will be 1.8 V. The total 
voltage drop across R4 is then 12 V 
minus 1.8 V. Current is 1 mA plus 03's 
small base current, which can be neg- 
lected. R4's value then becomes 

A 10 kilohm resistor will be fine. 
R6 provides a small amount of de- 

generative feedback. As i t s  value is  in- 
creased, the amplifier's input impedance 
increases and frequency response im- 
proves, but at a sacrifice in gain.Values 
between 100 and 330 ohms will be 
adequate for general use. 

C10 can have a capacitive reactance of 
about one-tenth the value of R8 at the 
lowest frequency of interest. R8 was 
determined to be 270 ohms. If response 
to 100 Hz is desired, a reactance chart 
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(see the ARRL handbook) will give a 
value that represents about 27 ohms at 
100 Hz; this will be about 60pF.  A 500 
p F  capacitor would be required to  extend 
coverage to 10 Hz. 

Large values of electrolytics cease to  
be bypass capacitors at these frequencies, 
so to  obtain good high-frequency re- 
sponse it's advisable to  parallel them with 
mica or disc ceramic capacitors. C9's 
reactance can be ten times as high as that 
of C10 in this circuit, so values of 5 pF or 
higher will be adequate. 

selection by substitution 

R7 is  best determined by experiment. 
After the entire circuit is wired except for 
R7, connect a 1 megohm potentiometer 
in place of R7. Connect your vtvm from 
Q3's collector to ground. Turn on the 
power, and adjust the pot so the voltage 
from 03's collector to  ground is about 6 
V. Turn off the power, and measure the 
pot resistance. Choose a resistor that 
measures the same, and substitute it for 
the pot. The resistor value doesn't have to 
be precisely correct. If this fixed resistor 
produces a collector voltage of 5 - 7 V, 
the amplifier will operate all right, but 
permissible signal-voltage swing before 
clipping will be reduced somewhat. 

When the amplifier is used following a 
regenerative detector, a volume control is 
desirable. A pot of 10 - 25 kilohms 
connected as shown (R9 in fig. 5) will be 
adequate. 

the importance of C11 
C11 is added to  the amplifier to  limit 

frequency response. When used with a 
regenerative detector, high-frequency hiss 
is annoying. A capacitor of 0.05 - 0.1 uF 
at C11 will do much to make listening 
more enjoyable. It will also make the 
amplifier more stable in this instance. 
Even though the regenerative detector 
uses an r f  choke and capacitor to  filter rf 
components, r f  can still sneak through to  
cause overloading in the amplifier. C l 1  
will eliminate this. 

Still another benefit of  C11 is this: 
without C l  I, the turn-on surge of voltage 
from the detector drain is sufficient to  

cause momentary pumping in the audio 
amplifier. Voltages soar up and down 
drastically. In one such amplifier, high 
voltage was severe enough to  zap Q2. 
With C11 in the circuit, these wild ex- 
cursions are minimized. 

as a speech amplifier 
This little amplifier will also make an 

excellent speech amplifier for a high- 
impedance microphone. Connect the hot 
lead from the microphone t o  Q2's base 

fig. 7. Circuit for using your vtvm to grade sur- 
plus transistors. I t  will give a good idea of which 
transistor is hottest. 

through a resistor of about 27 - 47 
kilohms. C11 is proportioned to  serve as 
an r f  filter; use about 0.01 - 0.005r~F. 

i-f amplifier application 
In  i-f amplifier use, R5 can be replaced 

with a tuned circuit. I f  so, it would be 
well t o  decouple Q2. Add a 270 ohm 
resistor from the top of R5 t o  the top of 
R4. Connect an 0.01 uF capacitor from 
the junction of the 270 ohm resistor and 
R4 to ground. C9 and C10 can be much 
smaller than when used in an audio 
amplifier. At  455 kHz, C10 can be 0.01 
UF, and C9 can be 0.001 pF .  These values 
will allow operation well into the mega- 
hertz region. 

power-supply impedance 

This piece is written to encourage the 
vacuum-tube gang to experiment with 
solid-state circuits. An item I mentioned 
p r e v i o u s l y  - p o w e r - s u p p l y  im- 
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pedance - is worth some discussion. 
With tube circuits, you may have seen 

many examples of what happens with 
poorly regulated power supplies. When 
you were servicing an ac-dc set, for 
instance, perhaps it broke into oscillation. 
Merely replacing the electrolytic in the 
power supply possibly solved the 
problem. 

As another example, you may have 
had a modulator with push-pull 807's. If 
this modulator were fed from a "limp" 
power supply that allowed screen voltage 
to drop as you hit the mike harder, you 
may have found that by regulating 
modulator screen voltage you apparently 
picked up a lot of modulator power. 
Many high-gain circuits have been cussed 
endlessly, when in reality the poorly 
regulated power supply was the real 
culprit. 

Poor regulation is even more critical in 
solid-state work. One simple solution is to 
use batteries. Fresh batteries do a very 
good job. Even better is a 12 V car 
battery. But the best solution is to build a 
properly regulated power supply for 
transistor work. 

Many people ask "What do you 
mean - power supply impedance?" 
Suppose you have a power supply that's 
supposed to deliver 100 V at 200 mA. 
Maybe it delivers 100 V with no load, but 
at 0.2 A load, it skids to 75 V output. 
This means you've lost 25 V at 0.2 A. It's 
the same as saying the power supply 
looks like a good 100-V job with a 
125-ohm resistor in series with the supply 
lead. What you want is, ideally, a power 
supply that will deliver the same voltage 
regardless of load - a "zero-ohm" power 
supply. You won't achieve this, but a 
properly built supply's impedance will be 
way down in the milliohm region. 

I can't stress too highly that if you're 
just starting out in solid-state work, a 
well-built, regulated power supply will be 
one of your best investments. With it you 
can build high-gain circuits with far less 
bugs than would be possible with the 
limp and soggy supplies being used by 
many amateurs. 

ham radio 

B O O K S !  
Radio Society of Great Britain 

VHF-UHF MANUAL - G. R. Jessop G6JP 
Probably the most comprehensive 'work of its 
kind ever published. Covers everything from 
beginners to advanced material. Only $3.75 
AMATEUR RADIO TECHNIQUES - Second Edi- 

tion - J. Pat Hawker, G3VA 
Brand new editton - completely revised. A very 
complete collection of short articles and ideas 
covering many aspects of amateur radio. In- 
cludes new enlarged semiconductor section. 
160 pages. Only $2.50 
AMATEUR RADIO CIRCUITS BOOK 
Completely revised - new edition. A very handy 
collection of many useful circuits for amateur 
use. Loaded with good ideas for that new con. 
verter, 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. Whether you design, build or operate. 
this is a book you must have. Only $2.50 
WORLD AT THEIR FINGERTIPS - John Clarri- 

coats, G6CL 
A very interesting history of the RSOB and of 
amateur radio in  Great Britain. I t  gives a great 
insight into the development of our hobby. 
Paper back edition $2.50 Deluxe edition $6.50 

Other Important Volumes 
RADIO HANDBOOK - 18th Edition 
How to design, build and operate the latest 
types of amateur transmitters, receivers, trans- 
ceivers and amplifiers. Provides extensive, sim- 
plified theory on practically every phase of 
radio. 848 pages Only $13.50 
ALL ABOUT CUBICAL QUAD ANTENNAS by 

W6SAI 
Construction and tuning data. Multi-band Quads. 
Charts, drawings and photos for your Quad. 
Full complete data on homemade Quad anten: 
nas. The new X-Q Quad. $3.95 
VHF HANDBOOK by Orr W6SAl & Johnson 

W6QKI 
First complete Handbook covering the VHF 
spectrum! Many VHF construction projects. 
Design and construction of VHF transmitters. 
receivers and antennas! Make your VHF station 
work! $3.75 
THE CARE AND FEEDING OF POWER GRID 

TUBES by Robert Sutherland, W6UOV 
Just as the tltle says, a very complete rundown 
on the use of power tubes. Be sure to  read 
this before you start work on your new linear. 

Only $3.95 
BEAM ANTENNA HANDBOOK by Wil l iam Orr, 

W6SAI 
New ed~tion. Theory, design, construction, and 
the installation of rotary beam antennas! SWR 
data! Multi-band beams, 40 meter beams. 20 
meter DX beams! How to make your beam 
work! 200 pages. $3.95 
NOVICE & TECHNICIAN HANDBOOK by W6SAl 

and W6TNS 
All about amateur radio in non.technical lan- 
guage! How to learn the code. How to assem. 
ble your ham station. Transmitters! Receivers! 
DX! How to get QSL cards. $2.95 
ELECTRONIC CONSTRUCTION HANDBOOK by 

Robert Lewis, WBMQU 
All about des~gn . construction - layout and 
testing of electronic equipment. Non-technical 
guide for kit.builders and your best key to 
better performance of your equipment! $2.95 

Postpaid in  USA & Canada 

c o m e c  
Box 592 Amherst, New' Hampshlrs 03031 
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2. An oscillator needs feedback. A small 
amount of signal from the output of the 
amplifier is fed back to the input. There, 
the tube or transistor amplifies it again. 
Then a sample of that output is again fed 
back. It's a sort of round-robin. Without 
this positive or regenerative feedback, the 
stage is only an amplifier. 
3. An oscillator needs dc power. The tube 
or transistor needs dc voltages. Further, 
no amplifier is 100 percent efficient, and 
some power is wasted keeping the signal 
going round-and-round. The plate or 
screen-supply line in tube oscillators, or 
the collector or drain supply in transistor 
oscillators, makes up for this wasted 
power. 
4. An oscillator needs frequency control. 
An oscillator is a signal-generating device. 
By i t s  very nature, a signal has some fre- 
quency. I nductor-capacitor circuits or 
crystals set frequency in rf oscillators, 
and RC time-constant circuits do it for 
audio oscillators. 

So there you have the four needs of any 
From what I hear, many amateurs con- oscillator, no matter what its purpose. It 
sider an oscillator the hardest kind of is the method of developing these four 
stage to repair. That's too bad, because requirements that distinguishes thevarious 
ham rigs are full of them. Maybe oscilla- kinds of oscillators. Be assured, every 
tors seem tough because of their boot- oscillator has all four. 
strap nature-making a signal out of what 
seems like nothing. 

"If an oscillator quits," ask a good 
many hams, "just where do you begin 
looking for the fault?" 

Instead of giving a quick, simple answer, 
I'll first explain what an oscillator really 
is. That'll prepare you for the easy testing 
methods I use. The truth is, an oscillator 
shouldn't be hard to fix. 

the four needs 
Every oscillator has four requirements. 

Take away any one of them, and it just 
won't work. They're the key to an os- 
cillator's operation-and also to its quit. 
ting. 
1. An oscillator needs amplification. 
That's why the stage has a tube, bipolar 
transistor or field-effect transistor. The 
reason for this need becomes clear as you 
understand the second requirement. 

some oscillators 
Just so you know what I'm talking 

about, here are a few oscillator stages. 
The four requirements are met in each 
one. 

The first is in fig. 1. One of the most 
simple and popular oscillators in ham gear 
is this crystal-controlled Colpitts. 

Amplification is by triode tube. It re- 
ceives dc power through a resistor in the 
plate circuit. The cathode has a resistor 
that develops bias for the tube. 

Feedback is by a capacitive divider con- 
nected between grid and ground. Notice 
that the plate is grounded for rf through 
C4. R 1  is  the load for the tube. Signal 
developed across R1 is divided up. Part 
goes to ground through C3, and a small 
amount goes to the grid through C2. The 
signal fed to the grid is amplified by the 
tube and developed across the cathode 
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load, and the process starts over. This 
regenerative feedback produces oscilla- 
tion in the stage. 

Frequency of the generated signal is 
controlled by the crystal from grid to 
ground. A crystal i s  common in commu- 
nications r f  oscillators, because of its ex- 
treme accuracy. The stage in fig. 1 i s  
called untuned because there is no LC 
circuit, but in reality i t  is tuned by the 

fig. 1. COlpittS oscillator is used o f t e n  

i n  amateur radio equipment; i t  is dis- 
tinguished b y  Capacitive-divider feed- 
back. 

m 

crystal. Without the crystal, there would 
be a coil in its place, resonated by C1 and 
the series combination of C2-C3. C1 or 
the coil would probably be made variable 
for tuning. 

The Colpitts configuration could be 
used just as easily with a transistor. In 
that case, the collector would probably 
be the element receiving dc power; the 

would take the place of the plate, its gate 
the place of the grid, and its source the 
place of the cathode. A Colpitts stage 
using a fet can be exceptionally stable. 

One of the most popular crystal oscilla- 
tors i s  the Pierce, and versions of it. Two 
of them are shown in fig. 2. The identi- 
fying characteristic of the Pierce is  the 
plate-to-grid connection of the crystal. 
In that position, it supplies two of the 
oscillator's needs: feedback and tuning. 

Dc power for the tube amplifier in 
fig. 2A comes through the plate load re- 
sistor. The variable capacitor lets you 
warp the crystal slightly, to pinpoint its 
frequency precisely. The capacitive divi- 
der in the output cuts down the amount 
of signal injected into the next stage; the 
vacuum-tube Pierce is a strong oscillator. 

The version in fig. 2B i s  an electron- 
coupled Pierce. The screen grid (grid 2) 
of the tube is considered the oscillator 
plate. The crystal is thus connected from 
plate to grid in regular Pierce style. How- 
ever, the generated signal is injected into 
the electron stream that goes to the plate, 
from which output is taken. The output 
load thus has little effect on oscillator 
frequency. 

From what's already been said, you can 
imagine a transistor Pierce circuit. With a 
fet, i t  would look like fig. 3A. The re- 
semblance between it, the bipolar tran- 
sistor version in fig. 3B. and the triode in 

fig. 2. Pierce oscillators are characterized b y  a crystal between t h e  plate and grid. 

base would be connected where the grid fig. 2A makes it look as if you could just 
is; and the emitter would replace the ca- plug in a transistor in place ot  the tube. 
thode. With a fet, you can; just reduce the plate 

A fet could be used, too. Its drain voltage to a drain voltage that is safe. For 
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a bipolar, you must change resistor values, A receiver using triple conversion can 
devisea base-bias system,as well as lower have as many as five oscillators. The unit 
the supply voltage. diagramed in fig. 4 i s  an example. The 

Keep in mind that all the oscillators I've calibration oscillator and the second ver- 
shown you have those four requisites; sion oscillator (feeding what's labeled the 
amplification, dc power, feedback, and "first converter," but really is the second) 
frequency control. are both crystal controlled. The third 

the dead oscillator 
What would lead you to suspect an 0s- 

cillator of being dead in the first place? 
In a straight cw or a-m transmitter, that's 
pretty elementary. There just isn't any 
carrier when the oscillator quits. In an 
ssb transmitter, or in a receiver, the symp- 
tom might not be that simple. I t  all de- 

conversion oscillator is fixed in frequency; 
a stable Hartley stage is used. 

The receiver is tuned to the incoming 
signal by the first conversion oscillator 
(feeding the "mixer"). It's a high-fre- 
quency variable oscillator that beats 
against the desired incoming sideband sig- 
nal to form a sideband i-f at 3.035 MHz. 

And, finally, there's the bfo. It's usually 

fig. 3. Solid-state Pierce oscillators using a field-effect transistor. A, and npn bipolar. 6. 

pends on which oscillator quits. 
In one ssb transmitter, there are four 

different oscillators. One is the carrier 
generator. Without it, no sidebands can 
be produced, so the transmitter has no 
output. Unfortunately, other problems 
can cause the same symptom, so lack of 
output in a sideband transmitter doesn't 
orove the carrier oscillator is dead. 

The other three transmitter oscillators 
are for heterodyning the sideband up to 
the transmitting frequency. Any one of 
them can block the sideband before it 
reaches the transmitter output stage. Us- 
ually, the tuned circuits that follow the 
frequency converter or mixer stage eli- 
minate any sidebands but those of the de- 

frequency-fixed in an ssb receiver. In a 
set that receives icw code transmissions, 
the bfo is generally variable over a small 
range so you can select the pitch of code 
signals you hear. 

I f  any of the three conversion oscillators 
goes dead, you simply can't get a signal 
through the receiver. If the calibration 
oscillator stops, the only sign of it is a 
lack of birdies when you're checking cali- 
bration. 

The bfo is what furnishes the injection 
carrier that lets the product detector re- 
cover the voice signals from the sideband. 
If it quits, you're likely to get a very weak 
and distorted sound from the phones or 
speaker. 

sired frequency. Without correct oscilla- 
tor injection, the mixer output can be 

which one's dead? 

nothing more than the sideband input The nature of an oscillator makes i t  
from the preceding stages. Output is thus easy to test, if you have the right equip- 
blocked. ment. I have a fet voltmeter, and I've 
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built a little probe that lets me measure 
rf. With it, I can find out i f  an oscillator 
is working just by touching the probe to 
its output. 

Usually, the oscillator side of the injec- 
tion capacitor is the best place to start. 
I f  there's a healthy signal there, indicated 
by a dc reading on the voltmeter, move 
the probe to the other side of the capaci- 
tor; i t  could be open you know. 

Back when tube-type oscillators were 
more common, one way of telling if an 
oscillator was running was with a plain 
dc voltmeter touched to the grid. A dead 
oscillator develops no grid current, so 
there's no dc bias voltage on the grid. I f  

can be connected to your instrument. 
Don't try to use a scope rf probe; it 's 
only a demodulator, and won't work. 

Then go through all your own trans- 
mitter and receiver equipment. On the 
block diagram or schematic in the manual 
for each set, write down the r f  voltage 
measured on your meter at the output of 
each oscillator. The dc reading you get is 
relative; that is, it doesn't mean there's 
really that many volts of rf. So you need 
to know what's a normal reading so you 
can later evaluate whether an oscillator 
is weak or stopped. 

Be sure you're measuring the right 
point in the stage. The output i s  connec- 

1 1 I T " G L E  I 
OSCILLATOR QSCIUTOR 

~ $ 3  OSCILLATOR 

fig. 4. Typical triple-conversation superhet uses five separate oscillators. 

the dc voltage is present, it's a sign the 
oscillator is running. 

This isn't much help with transistors. 
Oscillator stages may run with forward 
bias, reverse bias, or zero bias between 
base and emitter. It all depends on the 
particular circuit and the transistor type. 
Bias doesn't tell you whether the oscilla- 
tor is running or not. 

So it's better that you get accustomed 
to checking for the presence of rf output 
from the oscillator. You'll not waste time 
trying to f ix an oscillator stage that's 
working after all. 

For your particular vtvm or fet vm 
(a vom loads down oscillators too much), 
buy or build a simple diode probe that 
rectifies rf and converts i t  to pure dc. Be 
sure it has a blocking capacitor at the in- 
put; a 470-uF 2500-volt type is good, if 
you build your own probe. Actually, the 
rf probe for almost any vtvm will do if it 

ted by a capacitor or a transformer to the 
stage that follows-a bufferamp. mixer, 
converter or frequency multiplier. 

inside the stage 
Once you've identified which oscillator 

is dead, your next job is to find what 
killed it. Here is a procedure that works 
well for me. 

Take the transistor oscillator in fig. 5 
as an example. It's an "inverted" version 
of a Hartley oscillator. Feedback to the 
base develops in the portion of the tap- 
ped coil between collector and B-plus. 
With the base grounded and the emitter 
not, conditions are right for regenerative 
feedback. The coil and capacitors in the 
collector resonate; the coil is variable, 
because this is a tuning oscillator. 

Suppose you've checked at the emitter 
and found no rf. Start troubleshooting 
the stage by using your plain dc volt- 
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meter. Measure the regulated B-plus 
source. Then check dc at the collector 
and at the base. 

A t  the base, the measured value is im- 
portant, so check it against what the 
schematic or the voltage chart in the 
manual says is right for the set. A t  the 
collector, the value depends on too many 
things, particularly if there's a collector 
resistor. So just check to  make sure the 
collector is getting voltage. 

I f  the transistor is wired so the emitter 
gets the supply voltage, the collector 
should have a dc ground connection-per- 
haps through a transformer winding. 
Check that. Then make sure the emitter 
is getting the dc supply voltage it should. 

After you're sure dc power is reaching 
the stage, check the action of the ampli- 
fier. One way to do this is to disable the 
feedback path and feed in a signal near 
the normal frequency of the oscillator. 

In the oscillator of fig. 5, for example, 
you could move the connection of C3 to 
the tap on the coil. Or, easier yet, just 
clip another .Ol-P F capacitor from the 
tap to ground. That destroys the feedback 
and leaves the stage operating as just an 
amplifier. Open C1 and you can apply an 
rf signal to the base. Then, with your 
vtvm and probe, check for rf output 
across R3. It should be only a little less 
than the signal you feed in. It also should 
be tunable. That is, you should get a 
slight change in reading as you change 
the frequency of the signal generator or 
tune the coil in the collector circuit. 

In a stage like the one in fig. 1, you 
just disconnect the tap between capaci- 
tors C2 and C3. Then a signal at about 
the frequency of the crystal, fed to  the 
grid, should develop a signal in the cath- 
ode circuit. In the stages of fig. 2, the 
crystal is the feedback device, so you just 
unplug (or disconnect) it. Then check 
amplifier operation of the tube. You can 
do this with virtually any oscillator stage. 

Next thing to  check is the feedback 
system itself. One way is to keep feeding 
the test signal in and probe for feedback 
energy with your rf voltmeter. 

In fig. I ,  with the tap disconnected, 
check for a small amount of signal energy 

at the junction of C2-C3. 
In fig. 2, leave only the plate end of the 

crystal connected. Probe at the other end 
of the crystal for signal energy. I f  you 
vary the generator frequency dial up and 
down, there should be a sharp resonant 
point at the crystal's frequency, revealed 
by a sudden sharp increase in the volt- 
meter reading at resonance. 

In fig. 5, disconnect the supply end ot 
the coil, and probe for signal energy. 

Finally, you should check the oscillator 
for frequency. Even if it's running, an 

fig. 5. Unusual version of  the Hartley oscil- 
lator is inverted from the normal hookup. 

oscillator that's off frequency can't do 
what it's supposed to. I f  it's the carrier 
oscillator in an ssb unit, the generated 
sidebands that come out of the balanced 
modulator won't match the sideband fil- 
ter. Or, an off-frequency bfo can't de- 
modulate sidebands in the product detec- 
tor. 

A bad crystal is usually the cause of an 
off-frequency oscillator. I f  you know the 
oscillator works, yet the receiver or trans- 
mitter acts as though it doesn't, try a new 
crystal. I f  the stage is controlled by tuned 
circuits or a resistor-capacitor combina- 
tion, check them. 

You can check frequency of an oscilla- 
tor with a frequency meter or with an 
accurate all-wave receiver set for cw re- 
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ception. In the latter case, a whistle or 
birdie shows up at the dial setting that 
indicates the oscillator frequency. The 
only trouble is, sometimes even slight 
crystal drift can stop operation of a set, 
and an all-wave receiver may not be accu- 
rate enough to spot the drift. 

That sums up the way to check an os- 
cillator. Actually, most troubles boil down 
to dc power or feedback. That's because 
you probably check the tube or transistor 
right off the bat. Anyway, if you check 
those four things in an oscillator, you'll 
always find the trouble without replacing 
whole strings of parts. 

next month 
Some time ago, I promised to show you 

how to use a sweep generator on your re- 
pair bench. In the meantime, I've found 
out that sorne hams don't even know 
what a sweep generator is. 

So. . .the time has come to learn. The 
instrument is versatile, and has many 
uses. I'll show you some of them. 

One last thing: if there's some odd cir- 
cuit or set you'd like explained, drop me 
a line and I'll see if we can't work i t  in 
sorne month. After all, the purpose of 
this department is to help you keep your 
equipment working in top order. Tell us 
what help you need most. 

ham radio 

" T h e  r i g  h e r e  is t h e  la tes t  in sol id-state m i n i a -  

t u r i z a t i o n  e x c e p t  t h e  f i n a l  -- a n d  I ' m  w o r k i n g  

on that." 

TRANSISTORIZED 
DIGITAL KEY ER 

Lecr - - - " - ~ _  
i 

2 to 60 WPM in 3 overlaping ranges 
Dot-Dash ratio always 1:3 
Key closure immediately starts output 
Fast, quiet, sealed reed-relay output 
Floating contacts, rated .5 amp DC 
Auto or semi-automatic operation 
Sidetone with 2" speaker 
Self-contained AC power supply 
Custom packaging 6.5 x 3.5 H x 6 D 
Send for free brochure 
$74.95 PPD U.S. and Canada 

MODE 7 PRODUCTS BOX 460 
NORCO, CALIF. 91760 

I NEED CRYSTALS? I 
48 Hr. 
DELIVERY 

supply c y s t a l s  
Hz to 80 MHz i n  

b many types of holders. 

S P E C I A L S  
Colw TV rryslal 13579 545KHrl rare Ir1dr I 1  b0 4 for I 5  00  
100KHl lrm %Id cryrlal (HCI3IUI  4 50 
1030 KHr l r rq  $16 rtyrlrl lHCb/Ul 3 50  
Any CB rry%lrl T R  or REC 2 25 
Any smalrvr band tv%lal I r rcrpt  RO rnr l r r l )  

~n FT 243 haldrrr 1 50 or 4 kw  I5 00  
Any mrrtnr Irrqu-ncy lHCb/Ul 2 85 
80  meter - FT.243 holdrrr 2 50 

We have in stock mtr  six million crystals +ich Include 
types CRlA/AR. FT243, FTZ41, MC7, FT249, HCb/U, 
HC13/U, WC25/U, HCIBIU, etc. Send 10C for our 
1970 catalog wllh osc~llator carcuils, listing thousands 
of frequenctes In stock lor lmmediale delivery (Add 1 0 ~  
p n  crystal to above prlces lor shlpmcnt 1st class mall. 
15C each for air mail). 

Special Quantity Prices t o  
Jobbers and Dealers. 

ORDER DIRECT 
w i th  check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 
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balanced-modulator i c  

regulated power supply 

Viking Electronics has just introduced 
a full-range low-voltage regulated power 
supply for instrumentation and test 
applications, as well as original equipment 
manufacturers. The model PZ-10-A pro- 
vides outputs from zero to 25 volts at 
currents up to 100 mA; load regulation is 
less than 50 mV, line regulation is + I0  
mV and ripple is less than one millivolt at 
full rated load. The PZ-10-A has built-in 
provisions for remote control of current 
limiting and voltage output. The output 
terminals are floating. Also available is 
the model PZ-10-B which provides zero 
to 6 volts at 500 mA; and the model 
PZ-10-C which provides zero to 15 volts 
at 200 mA. Price of the PZ-10-A is 
527.00. For more information, write to 
Viking Electronics of Wisconsin, 721 St. 
Croix Street, Hudson, Wisconsin 54016. 

Motorola's new MC1596 balanced 
modulator/demodulator for communica- 
tions work features typical carrier sup- 
pression of 65 dB as well as adjustable 
voltage gain and signal handling, balanced 
inputs and outputs, typical carrier feed- 
through of 90 microvolts at 500 kHz and 
high common-mode signal rejection ratio 
of 85 dB typical. 

The MC1596 is designed for uses 
where the output voltage is the product 
of an input voltage (modulating signal) 
and a switching function (carrier), such as 
in ssb and a-m transmission, ssb product 
detector, synchronous a-m detection, fm 
and phase detection, frequency doubling 
and frequency mixing. The device can be 
used up to 100 MHz in modulator/ 
demodulator applications and up to 400 
MHz in other circuits. 

The circuit of the MC1596 integrated 
circuit consists essentially of an input 
differential amplifier driving a pair of 
closely matched current-mode transistor 
gates. These closely matched transistors 
are responsible for the excellent input 
balance that cannot be equaled by a 
discrete circuit of comparable cost. For 
more information on the versatile new 
MC1596, write to Technical Information 
Center, Motorola Semiconductor 
Products, Inc., Box 20924, Phoenix, 
Arizona 85036. 
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hustlertwo-meter antennas  

Two new Hustler antennas for two- 
meter mobile installations are optimized 
for maximum gain, quick installation and 
rugged maintenance-free operation. Both 
antennas are designed to handle 150 
watts fm, ssb or cw, and 100 watts a-m. 
The heavyduty shunt-fed base-matching 
inductance is completely sealed against 
moisture and offers maximum electrical 
and mechanical stability. The Hustler 
"breakcable" assembly provides easy 
coaxial feedline installation through the 
vehicle. The taper-ground stainlesssteel 
radiator is field adjustable for an swr of 
1.1 : 1 at resonance and 1.5: 1 or better at 
4 MHz bandwidth. 

The Hustler model BBL-144 is a co- 
linear power gain antenna that mounts in 
a 314" hole on any flat surface; it's 
supplied with 17 feet of RG-58/U, a 
PL-259 connector and optional stainless- 
steel spring and 180' swivel ball. The 
Hustler model BBLT-144 is the same as 
the BBL-144 but with a Hustler trunk-lip 
mount for no-holes-todrill installations. 
For complete specifications, write to the 
Sales Department, New-Tronics Corpora- 
tion, 15800 Commerce Park Drive, 
Brookpark, Ohio 44142. 

5-element ,20-meter  b e a m  

Mosley Electronics has just announced 
a fiveelement 20-meter single-band beam, 
the Classic 20. The unbalancedcapacitive 
matching system used on the Classic 20 is 
combined with optimum element spacing 
to provide maximum gain, increased 
bandwidth and more efficient per- 
formance. The Classic 20 antenna 
features high-impact insulators and 
clamping blocks, aluminum tubing and 
stainless steel hardware. The antenna is 
rated at 2 kW PEP ssb (1 kW cw or a-m), 
and exhibits an swr of 1.5:1 or less over 
the band. The boom is 46 feet long, and 
the antenna requires a turning radius of 
28 feet. Assembled weight i s  139 pounds. 
$285.51 amateur net. Mosley Electronics 
Inc., 4610 Lindbergh Boulevard, Bridge- 
ton, Missouri 63042. 

Send perfect morse code - from 5 to  50 
words per minute. Excellent to  build up your 
code speed - anyone can send practice code. . Self-completing characters with auto- 

matic character spacing. . Precision kit  includes al l  parts, such 
as metal case and printed circuit 
boards. and detailed, illustrated in- 
structions. . Pre-assembled keyboard with stand. 
ard type-writer key arrangement and 
spacing. . Self.contained kattery operated - 
two standard D" cells. All solid 
state. . Built-in sidetone and speaker, fast 
acting relay output. 

Basic Pro-Key Kl t  ................. $149.50 p p  

Added Buffer Storage Kit ......................... $34 50 p p  
(See March '70 issue - Ham Radio Magazine) 

Micro.2 Ca 
Box 2426 Rolling Hills, Calif. 90274 

NRI. leacler i n  Communications. Television. Elm- 
tronics nncl TV-Radio home trainina, now offers the 
first i n  Amnteur Radio c~>orses, designed to prepare 
you for the FCC Amateur License you want or need. 

Don't lose your favorite frequency 
The FCC has said "either-or" on licensing. but  to 
pass Advanced and Extra Class exams, you need 
the technicnl guidance as offered by NRI. N R I  
Advanced Amateur Radio i a  for the ham who alrendy 
has a (:eneral. Conditional or Tech Class ticket. 
I%aaic Amateur Radio is for the beginner and in- 
cludes trnnsmitter. 3-band receiver, code 
practice equipment. Three trainina plans 
offered. Get al l  the facts. Mail  coupon. No 
obliaation. No  nalesman wi l l  call on you. 
NA'TIONAL RADIO INSTITUTE, Wnsh- 
innton. D.C. 20016. ............. MAIL NOW ............. 

: NATIONAL RADIO INSTITUTE 46-020 : 
Wash~ngton. D.C. 20016 

: Please send me information on Amateur Radio : . tra~ntng. 

Name Age- : 
. Address 

Ctty S t a t e Z i p  . 
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL ....................................... 
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partners . 
in 

excellence 

An outstanding technical guide 
to all phases of amateur radio. 
In 832 pages 20 complete chap- 
ters are devoted to such subjects 
as single sideband, antennas, mo- 
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li- 
brary . . . now. $11.95 

OTHER 
POPULAR RSGB PUBLICATIONS 

Radio Date Reference Book $2.50 
VHF-UHF Manual 3.75 
Amateur Radio Techniques 2.50 
Amateur Radio Circuits Book 2.00 
World at Their Fingertips 2.50 

All prices postpaid in USA & Canada 

book  

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

This is the oldest and most widely 
read British amateur radio maga- 
zine. Published monthly it pro- 
vides complete coverage including 
such popular features as: Techni- 
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 
It includes numerous technical 
and construction articles in addi- 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 
We can now offer this fine maga- 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out- 
going QSL Bureau) for only $6.00 
a year. 

divis ion 

BOX 592 Amherst, New Hampshire 03031 
'WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS - 

DEALER INQUIRIES INVITED" 
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6 THRU 160 METERS FEEDS 2nd RECEIVER 
Model PT, with built-in power supply, transfer relay, connecting 

cables. wired and tested. Amateur Net ........................ 

A frame grid pentode provides low noise figure with ability to handle strong signals, 
greatly improving the sensitivity of the receiver section of a transceiver. 
A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver 

<,.<.:Ae* Q CRYSTAL FILTERS 
By KVG of WEST GERMANY 

,/@ 
High performance 9 M H z  xtal filters for SSB, 
FM, AM & CW applications. Perfectly suited 
for miniaturized solid-state equipment. 

R Size 1 - 27/64" x 1 - 3/64" x 3h1'. 

Filter Type 

Application 
-. - - -. 

Number of Filter Crystals 
- 

Bandwidth (6dBdown) 
- - 
Passband Ripple 

- - - - 
-insertion LOSS - -- 
Input.~uGut z 1 - 
Termination C t  

-- -- - -- . . - - 

Shape Factor 

- - - - - - - - - - 

Stop Band Attenuation 
- -- 
Price 

Matching HC-25/U crystals: 8998.5 (USE). 8999.0 

i si SPECTRUM 

(BFO). 9000.0 (carrier), 9001.5 (LSE). $2.50 each. 
INTERNATIONAL 

BOX 87 TOPSFIELD 
MASSACHUSETrS 01983 

XF.9E 

FM 

8 

JFO kHz 
-. 

< 2  dB 

; -3  d B - <  
- 

1200 -- 
30 pF - - - 

1 . 8 6 : 6 0 d B )  1 . 8  

(6:80 dB) 

-) 90 dB--->: 

- 7 3 2 4 5 - -  

XF.9M 

CW 

4 

0.5 kHz .- - 
< 1 dB  

< d B  

!!--561? - 
A 

- - 30 pF - 
(6:40 dB) 2.5 

2 .26160d83 4.4 

9?J dB  

$ 2 3 . 6  

XF.9A 

SSB. 
Transmit. 
- 

5 

7 . 5  kHz 
-~ -- 

<I dB 
.- . - 

< 3 d~ 
~ . 

500 !! 
30 pF 
- - 

(6:50dB) 
- - -- 

- >45 d B -  - 
$21.95 

XF-9B 

SSB 

8 
- -- - 

2.4 kHz 
- . - 

( 2  dB 
-. 

< 3.5 d~- - ;  
. - - . - 

-- 500 !! 

- 30 pF 

( 6 ~ 6 0  dB) 118 

(6:80 dB)1.2 

> 100 dB 

$30.25 

XF.9C 

AM 

8 
- - - . - -- 

3.75 kHz 
~ -- 

< 2 _ d B  .- 
3.5 dB  

--- . . 
506 I! -- - 
30-"F- 

%:60 dB) 1.8 

6 :80d8 )2 .2  

) 100 dB 

--$32.45 

XF.9D 

AM 

8 
- 
' 5.0 kHz 
.. 

< 2  dB 
-- 

< 3.5 d B -  - - - - - 
500 !! 

30 pF 
.- . - 
(660  dB) 

' (6:80 dB)2.2 

> 100 dB 

$32.45 



B E A T  
INFLATION!  

Here is a real chance to save money. 

A 3-year subscription to HAM RADIO 

costs you less than half of the news- 

stand price. 

You've been meaning to for a long 

time - don't put it off any longer. 
I------------------------ 

HAM RADIO MAGAZINE - Greenville, NH 03031 

HELP ME SAVE MONEY 

Enclosed is $12.00 for 3 years $6.00 for 1 year 

Name ........................................................................................................................................................... 

......................................................................................................................................................... Address 

................................................... City State ........................................... ... .... Zip .................. 
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Only 
. . . THE BEST 

.... ---- 2 M E T E R  
CONVERTER 

?%A- y;;? 
" 0 J 4 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

Planar epitaxial infegroted circuits for  re1F 
ability. No tubes-No separate transistors. 
Precision feather-touch key built-in. 
Fully digital-Dot-dash ratio a lways per- 
fect. 
N o  polari ty problems-Floating contads 
switch 2300-V @ 100-ma. 

Rugged solid construction-will not walk. 
Send QSL or postcard for free brochure. 

available for $4.95 extra 
A full descript~on of this fantastic mnverter 
would fil l this paye, but you can take our word 
for i t  ( o r  those of hundreds of siltistied users) 
that it's the best. The reason is simple - we use 
three RCA dual gate MOSFETs. one bipolar, and 
3 diodes i n  the best circu~t ever. Still not crm- 
vinced? Then send for our free catalog and get 
the full description, plus phntos and even the 
schematic. 
Can't wait? Then send us a postal money order 
lor 639.95 and \veSll rush the 407 o ~ ~ t  ta ynu. 
NOTE: The Model 407 is i~lso availi~hle i n  any 
fre urncy c~.ornhini~tinn I I ~  to 450 MHz (some at 
big% er prices) as listpd in  nrlr catnlr~c. New York 
City and State resiclents add local snles tax. 

VANGUARD LABS 
Dept. I?, 19623 Jamaica Ave., Hollis, N.Y. 11423 

T A K E  YOUR P I C K  
These  units will replace t h e  100 k H z  calibrator built into most receivers. Using 

your 100 k H z  c rys ta l  this unit w i l l  p rov ide  s h a r p  accura te  m a r k e r s  with readou ts  

at 100 - 50 - 25 - 10 and 5 kHz usab le  thru 50 MHz. K e e p  your receiver  ca l ib ra ted  

a t  a l l  t imes ,  loca te  sub bands,  MARS f requenc ies  and band edges. 

. :;* net"? 0 r 

Frequency marker, less cabinet and switch SELF-CONTAINED UNIT 
Speciflcations: Glass Epoxy Board. Adjustment The TBL 1 Marker is  a complete unit includ- 
to  zero beat with WWV. Uses 100 K H ~  ing  the circuit board shown at left and powered 

with 3 "C" type flashlight batteries. Merely (not supplied). 3 to VDC- Compact - la75 connect to  your receiver antenna - no internal 
3.75 inches. Install anywhere! wiring necessary. A front panel control allows 

zero beat with WWV. 
Complete easy-to- $16.50 Wired and 

assemble k i t  Tested $19.95 Special Less crystal introductory and batteries price $29-95 
SWITCH s1.w CRYSTAL ONLY $3.50 POSTPAID U.S.A. 

with purchase ci any of above SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET. NEW CANAAN, CONN. 06840 - 101. 203-966-3553 



NEW 
18th edition of 
THE WORLD FAMOUS . '  

Radio Handbook 
Only 

rnateur and engineer market! 

FOR DELIVERY EARLY IN 1970 

O R D E R  T O D A Y  

from 

book  div is ion 

Box 592 Arnherst, New Hampshire 03031 
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HALLICRAFTERS SX-110, excellent condition. Best 
offer. Raymond Martin, Greenville, N. H. 03048. 

flea Phone 603-878-2758. 

- 

market WINTER BLUES? Cheer up1 You have the ARRL 
Hudson Division Convention to look forward to! 
Exhibits Lectures Contests Gabfests, New York 
City ~idhtseeing, :un. ~ c t o d e r  17-18. Hilton Motor 
Inn, Tarrytown, N. Y. Hudson Amateur Radio - Council, Box 58, Central Islip, N. Y. 11722 has 

--.e the happy news. 

- 
WANT TO QUIT SMOKING? - also all Ham singers, 
and musicians - a copy of  CIGARETTES, the anti- - RATES Commercial Ads 25# per smoking song by WA8FLE is yours for a self 
addressed stamped envelope. Write Floyd Fellows. 

word; non-commercial ads 10$ per word WABFLE. 1673 Cedar Ave., Cincinnati, Ohio 45224. 
payable in advance. No cash discounts 
or agency commissions allowed. 

I COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to  reject unsuitable copy. Ham 
R a d i o  can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to  corrected ad in  next 
available issue. Deadline is 15th of 

TOROIDS. 88 or 44 mhy., center tap ed, not pot. 
ted. 5/$2.00 POSTPAID. NOTEI! 40/[10.00 POST- 
PAID. Model 32KSR page printer on pedestal. 
complete 60 or  100 speed printer, little used . . . 
$200. FRXDIO typing reperferator with TD on same 
base $25. Model 19 set $95. Model 14TD svnc 
motorS18. MXD three head TD 235. Taoe winher 
$6. Oiied reperferator tape $3/box/l0 orT$lO/case 
/40 rolls. FACSIMILE paper (1211 x 19") 250 sheet 
package $4. Double squrrrel cage blower (11OVAC 
60 cvcle) silent tvDe $5. RCA CV57/URR terminal 
unit - $85. ~ e w - '  Clegg 66er transceiver $150. 
WANTED: Ham M rotor. Stamp for list. Van. 
W2DLT, 302H Passaic Avenue, Stirling, N. J. 07980. 

second preceding month. - 
SEND WANTED INFORMATION on Westex receiver model 

Ham Radio, Greenville, N. H. 03048. Navfax 6010 manuals, schematics. V. T. Kalup, 
4213 Bent Lane. Chester, Penna. 19014. 

HALLICRAFTERS SR400 transceiver, HA20 DX adap- 
FOR SALE: PolyComm 2m transceiver, $100.00. ter (outboard vfo with swr meter). P500 ac power 
T43GGV 2m FM, $100.00. FDFM-2s 2m FM trans- supply. 1 %  years old, mint condition, $800. Used 
ceiver $200.00. George Preston, 66 Baker Avenue, as second stat~on, never mob~le, must sell. Box C, 
Beverly, Mass. 01915. Ham Radio. Greenville, N. H. 03048, or  call (617) 

-- 762-5863. 

MANITOBA CENTENNIAL AWARD 1870 - 1970. 
The Amateur Rad~o League of Man~toba will present CHICAGO Suburban Radio Association annual Ham- 
certificate awards to amateurs submitting proof of boree on March 22nd at East Avenue and 55th 
the requisite contacts with Amateur Radio Stations Street. Countryside. (La Grange). Illinois., Flea Mar. 
in Manitoba. RULES: Contacts must be after De. ket and prizes. For further in'format~on contact 
cember 31st. 1969. Contestants must accumulate Wilson Thomas, WgKWA, 4017 Vernon Ave., Brook- 
100 points. W/K, XE and VE stattons receive two field, 111. 60513. Phone: (312) HU 5.0451. 
points per contact. Other stations five points per 
contact. A contact consists of exchanging signal - 
reDorts. Contacts may be made on each band. 
~ i o s s - m o d e  contacts hot allowed. Two members 
of the Amateur Radio League of Manitoba will be 
designated "Bonus Hams" each month. Contacts 
with them will be worth double points. Contestants 
should send a copy of their log and two I.R.C. to: 
Mr. J. N. Knowles. VE4JK. P. 0. Box 365, Carman, 
Manitoba, Canada. 

FOR SALE FM GEAR operating and ready to  use. 
5 channel progress line with transistor supply. 
$225.00. Single channel Motorola T33, draws 500 
ma on rec. w ~ t h  34..94 xtals., $75.00. Progress 
line on 52.525 mc 30 wts. with ACC, clean $150.00. 
Link freq. and deviation meter on 146.94. $75.00. 
WlKGZ, 540 Clay Street, Manchester, N. H. 
603-623-5602. 

- 
DRAKE L4 LINEAR AMPLIFIER, excellent $475. 
Comdel CSP-11 speech compressor, like new, $80. 
Waters Kilowatt dummy load, $40. 6% foot rack, QSL BUREAU - see ad page 92. 
$10, you come and get it. WIDTY. Box 25, Rindge, 
N. H. 03461. - 

- HAVE TWO COMMERCIAL RF sections suitable 
conversion 432 SSB transverter. January Ham 

NOVICE CRYSTALS: 40-15M $1.33, 80M $1.83. Radio. 6939.6939 and 6252 PA stage w/tubes 
Free flyer. Nat Stinnette Electronics, Umatilla, $30 ppd. W4API, Box 4095, Arlington, Va. 22204. 
Florida 32784. 

RG8U COAX, low loss foam amphenol. 10Q ft. POLICE - FIRE - AIRCRAFT - MARINE Calls on 
K-200 RG86U. 206 ft. PL259 . 50239, 406 each. your broadcast radio w ~ t h  TUNAVERTER S! Tun- 
FOB Monte Southward, R. 1, Upper Sandusky, able - Crystal! Brochure. Salch Company. Woods- 
Ohio 43351. boro HMC, Texas 78393. 
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New Products From 

TEST OSCILLATOR 
THREE FUNCTIONS IN ONE SMALL PACKAGE 

GENERATES PULSE, SAWTOOTH, AND SQUARE 

~ l l  Solid-state Portable and Compact 

Check out your Swecp Clrcults 
Speclflcatlons: 

0.05 HZ- 50 KHZ 

Square and Pulse 0.5p Sec. 
Model 01K (kit with custom case) $34.95 

~ u i s a  width lpsec. a 100 KHZ Model 01W (wired and tested) $54.95 

FOUR TRACE PRE-AMP 

Portable and Compact Sync. Output 

Uses T~nie Shar~ng Techn~ques 

Bandwidth: 1 megahertz/channel 

Maximum lnput volts per channel: 50 volts p-p 

Maximum Output volts per channel: 0.5 volts p-P 
Display Time: 50 ~Sec. 

Transition Time: 5 pSec. 
Model AlKC (kit with custom case) $34.95 

Input Impedance/Channel: 1 meg. ohm Model AlW (wired and tested) $54.95 

, . - - . - - - - - - 
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HELP. I need a good used Collins 3lOB Exciter, 
National FB7 or F.67-X and a Nat~onal  SW-3. All 
letters answered vla alr mail. Jock White, ZLPGX, 
152 Lytton Road, Gisborne, New Zealand. 

ORIGINAL EZ-IN DOUBLE HOLDERS display 20 
cards in plastic, 3 for $1.00. 10 for $3.00 prepaid. 
Guaranteed. Patented. Free sample to  dealers. 
Tepabco, John K4NMT. Box 198R. Gallatin, Tennes. 
see 37066. 

SELL: Viking 6n2 transmitter, 6n2 VFO, Eico Modu- 
lator, as package $85. SASE for further info and 
ohotos of above. J im Hagedon. KEYOH. 1335 
~ r a i n a r d  Woods Drive, ~ a y t z n ,  Ohio 45459. 

FOR SALE: HENRY 3-K (the latest!), $745. SR-400, 
P-500.AC, P-500-DC, HA-20, $800. 32S3. 516F2. 
$615. 7583, $395. KWM2. PM2, $725 .31285. 
$275. 30L-1, $375. Collins R-390.A, cabinet, $875. 
Eldico SSB.lOOF, $250. 1000-F, spare 4CX-300's. 
$250. R4A, factory updated, in sealed carton, $315. 
Galaxy 300, PSA-300, $225. P +, H "Spitfire" linear. 
DCPS, $125. Camera, N ~ k o n  Photomic.F", F 1.4 
500MM lens, 18 mos. old, $275 with carrying case. 
Camera, movle, 16 MM, Bell & Howell model 
200.EE. carrying case, six (6) cartridges koda- 
chrome film, $150. NOTE: will trade cameras for 
Drake or  Collins late production. WANTED: Henry 
2K-D (serial over 400). James W. Craig. WlFBG, 
29 Sherburne Avenue, Portsmouth, N. H. 03801. 
(603) 436-9062. - 
HAMMARLUND SUPER-PRO BC-779.6 in working 
order. Rack mounting model less cabinet. Includes 
power supply. Covers 200-400 kc, 2.5 to 20 mc. 
Only $75. Hallicrafters S.406 & S-20R receivers 
both in  good condition. 5-408 $40; S-20R $25. All 

rices fob my shack. WlDHZ. Box 185. Amherst, b. H. 03031. Phone 603-673-4885. 

'ROTARY' QSL FILE: Pockets for 160 cards in. 
cluded (File maximum: 500) $8.00 postpaid; M-B 
Sales. 1917 N. Lowell, Chicago, Illinois 60639. 

- 
DAYTON HAMVENTION April 25, 1,970: Sponsored 
by Dayton Amateur Radio Assoc~at~on for the 19th 
year. Technical sessions, exhibits and hidden trans- 
mitter hunt. An interesting ladies program for 
XYL. For information watch ads or wrlte Dayton 
Hamvention. Dept. H, Box 44, Dayton, Ohio 45401. 

HAM RADIO MAGAZINE March 1968 thru March 
1969 all in good condition. What a m  I offered? 
Donald Guptill, 17 Park St. Ct.. Medford. MA 02155. 

- 
TOROIDS 44 and 88 mhy. Unpotted, 5 for $1.50 
ppd. W. Weinschenker, Box 353, Irwin, Pa. 15642. 

RAGS HAMFEST, Syracuse, New York. April 11. 
1970 at  Song Mountaln. Box 88. Liverpool, New 
York 13088. 

QSLS. SECOND TO NONE. Same day service. 
Samples a ~ r m a ~ l e d  254. Ray. K7HLR. Box 331. 
Clearfield, Utah 84015. 

MOTOROLA FM EQUIPMENT. See our ful l  page ad 
on page 81 In the February Issue of Ham Rad~o. 
Newsome Electronics. 1967 Allen Road. Trenton. 
Michigan 48188. 

GREENE DIPOLE CENTER INSULATOR . . . see ad 
page 96, September 1969 Ham Radio. 

- 
THE STICK THAT DOES THE TRICK - Be TVI 
free with Joystick VFA - World Record Antenna - 
160 thru 10 - 716" long - details: Partridge 
Electronics, Broadstairs, Kent, England. 

WE NEED YOUR SURPLUS TUBES 

3 K  (any digits) 

4CX3000A/8169 
4CX5000A/8170 

4-1000A/8166 4CX5000R/8170W 
4CX10,000/8171 
4X150G/8172 

4CX250R/7580W 4PR60A or B 
4PR (any digits) 

4CX250A/8321 5-125B/4E27A 
4CX1000A/8168 

TWT (all types) 

4000  series 
5000  series 
6000  series 
7000  series 
8 0 0 0  series 

Please send us your surplus inventory 
lists. We want to  buy other tubes and 
TX - RX - test equipment. 

The TED DAMES Co. 
308 HICKORY ST., ARLINGTON. N. J. 07032 
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The p i c tu red  comp le te l y  assemb led  and t e s t e d  p r ~ n t e d  c i r c u ~ t  F requency  
S t a n d a r d ,  i s  a m u s t  i n  e v e r y  Ham s t a t i o n .  I f  y o u  n o w  o w n  a c o n v e n t i o n a l  
10OKHz  c a l l b r a t o r  i t  i s  ~ n a d e q u a t e , o u t  o f  d a t e - - b u t  y o u  c a n  s a l v a g e  
y o u r  1 0 0 K H z  c r y s t a l  and u s e  i t  w i t h  ou r  M o d e l  1 0 0 - 5 , o r  M o d e l  1 0 0 - 2 5  
F r e q u e n c y  S t a n d a r d  t o  g e t  s h a r p ,  accu ra te  m a r k e r s  t o  k e e p  y o u r  
r e c e i v e r - t r a n c e i v e r  e x a c t l y  o n  f r e q u e n c y .  F 

M O D E L  1 0 0 - 2 5  H A S  3 O U T P U T S :  100 .50 .A  
PRICE f 1 2 . L E S S  X T A L .  POSTPAID .  

MODEL 1 0 0 - 5  H A S  5 O U T P U T S :  1 0 0 . 5 0 . 2 5 .  
5 K H z .  PR ICE L 1 5 , L E S S  X T A L .  P O S T P A I D .  

S P E C I F I C A T I O N S :  
1 . A L L  C O M P O N E N T S  A S S E M B L E D  A N D  

TESTED. 
? .GLASS EPOXY P C  BOARD.  < 
3.BUILT - IN  T R I M M E R  A L L O W S  PRECISE 

ZERO-BEATING TO W W V .  
4 ,POWER R E Q U I R E D - 5 V D C  AT 1 3 0 M A .  

N D 2 5 K H z .  

10 A N D  

5 .OUTPUT-  3.8V SQUARE WAVE. 
6.  VERY COMPACT, ONLY 1.6 X 2.5 INCHES 

GUARANTEE - i nc ludes  r e p a i r  o r  r e p l a c e m e n t  
o f  e i t h e r  u n i t  f o r  9 0  d a y s .  

BAKER EX W 3 Z N I  & W I N N A Y  K 3 K R F  
4 2 0  M A P L E W O O D  AVE. 
SPRINGFIELD,  PA.  19064 

by Ken Fiske (WA6SSO) and J l m  Harter (WA6SQE) 
are currently meeting with such tremendous suc- 
cess, In colleges and trade schools nat ionw~de. 
that  EDUTRONICS fel t  that the amateur fraterni ty 
would also appreciate t he  opportunity t o  purchase 
them. The unique manner i n  which the authors 
have combined a text and laboratory manual t o  
give the reader an  unparalled number  o f  detailed 
examples, complete with clear concise il lustrations. 
makes them a natural  for the ham library. So 
thoroughly has each subject been covered t ha t  the 
Solid State manual alone has been accepted as  a 
pract ical  designer's handbook. Both discrete and 
integrated circui t  components have been used i n  
the design of power supplies, amplifiers, oscillators, 
etc. These publications are suitable for  both begin. 
n e n  and advanced alike. Order the complete set 
for $13.00 o r  order individually but  please hur ry  
since the publisher has only released a l imited 
number. Add $0.25 for  postage and handl ing fees 
for  each book ordered. Calif. residents add 5% 
sales tax. Please al low 3 t o  4 weeks f o r  delivery. 
Send check or  money order (No C.O.D.'s) t o  

EDUTRONICS 
BOX 487, LOMITA, CA 90717 

GET YOUR NEW 
ISSUES NOW! 

Over  290,000 QTHs in 
t h e  U.S. e d ~ t i o n  $7.95 
Over  140,000 QTHs in 

t h e  DX ed i t i on  $5.95 

NEW EDITION EVERY: 
MARCH 1 - SEPT. 1 

JUNE 1 - DEC. 1 

These valuable EXTRA features Included in both editions! 
PSL Managers Around the Radio Amateurs' Prefixes 
World' bv Countries! , ~ 

Cei& of Radio Amateurs A.R.R.L. Phonetic ~~phabet!  
throughout the world! . To 
Radio Amateurs' License . treat Circle Bearings! Class! 
world Prefix Map! International Postal 
International Radio Information! 
Amateur Prefi~es Plus much more! 

See your favor~te dealer or order d~rect (add 25C for mailing 
in U.S.. Possessions 8 Canada. Elsewhere add 5 0 0  

RADIO AMATEUR 

Lake Blufi. 111. 60044 
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THE EAST COAST VHF Societies annual Dinner will 
be held Saturday, March 21 1970 at the Neptune 
Inn, Route 4, Paramus. N. j.. at, ?:OO p.m. W4FJ, 
Ted Mathewson will talk on "VHF . Past, Present, 
and Future". Awards will be glven by WIHDQ, Ed 
Tilton, including awards for highest single and mul- 
ti-operator station in the September VHF contest. 
Menu will be Prime Ribs of Beef and tickets are 
$7.50. Group reservations available in blocks of 5 
to  10. Ticket deadline is Wednesday. March 11th. 
Write the East Coast VHF Society (WAZWEB). P. 0. 
Box 1263. Paterson, N. J. 07509. 

1916 QSTS wanted. Especially May and June. Any 
unreasonable price paid! Ted Dames, WPKUW, 308 
Hickory Street. Arlington. N. J. 07032. 

NORTHERN CALIFORNIA Hams: Best deals - new 
and reconditioned equipment. Write or stop for 
free estimate. The Wireless Shop, 1305 Tennessee, 
Vallejo. California 94590. 

AUCTION - March 22, 1970, at Lamb's Auction 
House, 1600 N. Oak, Champaign, Illinois. Sponsored 
by the Twin City Amateur Radio Club. Details, 
contact ,K9QZI, Mil t  Forsberg, 807 W. Charles St., 
Champa~gn. l l l ino~s 61820. 

- 
QSL'S - BROWNIE W3CJl - 3111.8 Lehigh, Allen- 
town, Pa. 18103. Samples lo$. Cut catalogue 256. 

FOR SALE: Bramco 4 tone reed relays for tone 
squelch, $2.95 each. Utica high band 30W lZVDC 
front or rear mount transceiver, used $34.95, with 
schematics, limited quantity. E. S. P., P. 0. Box 
328. Brookfield. Illinois 60513. 

NEW JERSEY'S largest Ham auction Friday, April 
3. 1970, sponsored by the Key Klickers of Stirling. 
Watch for further details. 

TUBES - Lowest World price. Foreign.Arnerican. 
Obsolete, current. Receiving, Special Purpose. 
Transmitting tubes. Send for tube and parts cata- 
log. United Radio Company. 56-HR Ferry Street, 
Newark. New Jersey 07105. 

SAVE. On al l  makes of new and used equipment. 
Write or call Bob Grimes. 89 Aspen Road. Swamp- 
scott, Massachusetts, 617-598-2530 for the gear u 
want at the prices u want to  pay. 

- 
THE 3rd ANNUAL BLOSSOMLAND Amateur Radio 
Auction will be held Sunday, March 15, 1970 at the 
Youth Memorial Building, Berrien County Fair. 
grounds, one mile northwest of beautiful downtown 
Berrien Springs. Michigan. Free parking, hot food, 
prizes, swap tables. 

ANNUAL ST. ,PATRICK'S DAY SWAPFEST. Midland 
Amateur Rad~o Club, March 14th and 15th. Write 
MARC, Box 967, Midland, Texas 79701 for details. 

ROCHESTER. N. Y. is again Hamfest, VHF meet 
and flea market headquarters for largest event In 
northeast. May 16, 1970. Write WNY Hamfest, P. 0. 
Box 1388, Rochester, N. Y. 14603. 

NEMS-CLARKE. CEI. DEI and other special purpose 
receivers wanted. Send accurate description of 
what you have to Tucker Electronics, P. 0. Box 
1050. Garland, Texas 75040. 

YOUR AD belongs here too. Co.nmercial ads 256 
per word. Non-commercial ads 104 per word. 
Commerciai advertisers write for special discounts 
for standing ads not changed each month. 

NEW ARRIVALS 
. . . . . . . . . . . . . . . . . . . . . . . .  EFJ #122-105 $1.00 ea. 

7 pin, VHF SEPTAR (7 pin) 
socket. Ceramic base, with shield. 
Takes 5894, 6524, 6252, etc. type 
tubes. NEW. 4/$3.75 

......................................... 1 to 6 Pf 29$ ea. 
Piston trimmer, glass, by LRC. 
with mounting nut. NEW. 4/$1.10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RFC 39$ ea. 
2% mhry, 17 ohm, 100 ma. 
miniature. On 3/16!! dia. x 15/16" 
bakelite form. 4 pi 3/," dia. x 
3/4Ir. Pigtails. NEW. 4/$1.50 

............................... RFJ #150-E-30 $3.00 ea. 
Older type #, of current #154-8. 
14 to 154 pf, 3 KV. Has dual 

shafts, for ganging, one with 
threaded bushing, for ganging. 
NEW. 3 LBS. 4 for $13.00 

8% to 25 pf .................................. $1.10 ea. 
HAMMARLUND, MC type, 2000v. 
Has dual 1/,'! shafts, for ganging, 
one with threaded bushing, for 
ganging. NEW. 5/$5.25 

48 to 256 pf . . . . . . . . . . . . . . . . . . . . . .  $15.00 ea. 
JENNINGS type U, Vacuum vari- 
able .l5 to 7l/2 KV. 5" max. dia. 
11" long. 10 LBS. NEW. 

Asst'd coils ...................................... 50$ ea. 
For discontinued Heath kits. Can- 
not be identified for specific units, 

FILAMENT TRANSFORMERS 
12.6~.  3A. 117v. 60 cycle pri. Double 
half shell, 4 wire leads. 21 /2 I r  x 2%'' 
x 3 h. 3 LBS. $2.25 ea., 4/$8.50 
24v 2A, 117v. 60 cyc. pri. 4 wire leads, 
one secondary lead soldered to case. 
Easily removed, and covered with spa. 
ghetti. 254" x 2%N x 2f/4I1 h. 2 LBS. 

$2.25 ea. 4/$8.50 
5 . 0 ~  CT. 10 AMP. 15 KV insulation. 
Pri. 210/220/230/240v. 60 cyc. With 
115v in, yields 2 % ~  C.T. @ 10 A. 
Cased. 4%" x 5" x 51/411 + 1%" 
ceramic terminals. 14 LBS. $2.95 ea. 

B C Electronics 
Mailing Address 

5058 N. CLAREMONT AVENUE 
CHICAGO, ILLINOIS 60625 

PHONES 3 12-334-4463 
if no answer, 784-4426 

STORE HOURS . . .  . . .  
Wed. & Sat. 10:OO a.m. to 3:00 p.m. 
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TRANSFORMERS 
NEW - 

UTC-CG.33 
Pri. 1 1 0 ~  or ZOV-60 c. CONNECTOR SALE 
Sec. 6.3V Ct at 4 Am 
# 2  Ibs $1.95 ea. CALIBRATOR PL 259 . . . ., 45# 
UTC-CG-131 1014.00 100/37.50 
Commerc~al Grade Plate to 

Sec. 135K ohm + 28 DBM C Type N Right Angle connector with 

#I lb 51.25 100-1 
male connection on each srde 25AR 

9% ea. 10/$8.95 
Chicago Standard A.53 S. 

PL (7K-20K) to S. Grid 50 Ohm termination on BNC male 

Ratio 1:3 Pri. 10 ma 
connector. Cannon Rtl-M.51. 

756 ea. 10/$6.95 

Triad R-148 Power Trans- 
former FEED THROUGH 

Pri. 115V 60 cyc 
Sec. 700V Ct at 125 Ma 

CAPACITOR SALE! 
K I T  NO. 1 500 uuf 500 V 

6'3V Ct at 4'5 Amp K100C-2 100 KC CRYSTAL CALI- 1000 uuf 500 V 5 V at 3 Amp 8 #7 lbs 
15/$1.00 

~ 3 . ~ 5  BRATOR. First P.C. board kit contains 2000 uuf 500 V 
components for 100 KC output. The 

lD... Chlcago Standard P-6013 output of this little unit is 
Pri. 117V 60 cyc 
Set. 350-0-350 at 120 Ma 

very stable, + .005% or better at INTEGRATED CIRCUITS 
100 KC. Voltage requirement Is 4.5V 

6.3V Ct at 4.7 Amp DC (3 - 11/z V flashlight batt.). 
5V Ct at 3 Am Complete with crystal, integrated cir- 

FACTORY FRESH 
#5 Ibs 93.25 cuits and all components. ONLY $4.95 . . . N O  RElECTS 
General Electric Y1128 
Pri. 115V tapped at 120- K I T  NO. 2 - FAIRCHILD - 

126-132V 60 cyc KIOOGZA Contains two P.C. boards 
Sec. 6.3V Ct at 1.2 Amp with components of Kit No. 1 and 

6.3V Ct at 2.6 Amp has additional components ta deliver 
#3 ibs $1.95 outputs of 50 KC & 25 KC band edge 
UTC LS-54 markers. Complete Kit K100C-2A 
Audio High lwei transformer (showdn photo) will deliver stable 
Pri. BOO0 P. P. Output harmonic-rich outputs of 100 KC 50 
~ e c  1.2 2 5 5 7.5 10. KC, and 25 KC band edge markers. 
i5, iO, ' j0 'ohm,' 20 Units deliver a square wave which UL 914 with 30 projects diagrams 

gives useful harmonics up to 50 MC. 80c ea., 10/$7.50, 100/$65.00 
$7.95 ONLY $7.95 UL 923 J.K Flip-flo with spu sheet 

CRYSTAL CALIBRATOR PRINTED $1.50 ea., '10/$13.!0, 100/$110.00 
Modulation Transformer CIRCUIT BOARD ASSEMBLY ETCHED 
55 watts. ~ d v e n a l  madu- AND DRILLED READY FOR 

- MOTOROLA - 
ASSEMBLY IN 5 MINUTES. 

$3.49 
12 V 5 Amp wlth circuit 

PrI!?%V 60 cyc 
Sec. 12V 5 Amp 

*. #4 Ibs $3 00 Spu sheet Included 
Genrral Electric Y2101 - PrI. 120- MC 790P Dual JK Flip-flop 52.00 ea. 

240V 60 cyc. Sec. 12V 4 Amp or 10/$18.95, 100/$179.50 
24V 2 Amp. #4 Ibs. $1.95 MC 789 Hex Inverter 

Jefferson Elec. Co. 638-601. Pri. 120 --- MC 724 Quad 2 input gate 
V 60 cyc 250VA. Sec. 10,000V at MC 799 Dual Buffer 
53 Ma. # I 3  Ibs 54.95 ABOVE THREE I.C.'s CHOICE 

100 PIV 11/2 AMPS CRYSTAL OSCILLATOR KITS 
51.10 ea. 10/$9.95 

EPOXY DIODES 10/$3.75 using I. C. UL 914 Stable harmonic- ELECTROLYTIC 

- 50 ohm 150 Watt 
rich output osc. range 10d KC to 10 CAPACITORS 
MC - Kit includes Fairchild I.C. UL p m r  supply Type 

; ~ ~ ; i ~ , " ~ ~ i ~  b ~ ' $ l t f  t1';.K7W Fi:. 914, cryslai sockets resistors capaci- 1000 mfd at 260V $1.75 ea, 4156.25 

my Load. ea. wrth instruct~ons for assembly. 15,000 mfd 35V $1.75 ea. 4/56.25 9,j tor, & PRINTED 'CIRCUIT ' 8 0 ~ ~ 0 ,  500 mfd at 2 0 0 ~  $1.50 ea. 4/$4.95 

PC BOARDS s2'00 per Kit ALL CAPACITORS NEW . . . 
2 x 2  154 R R R DOZEN TRANSISTORS NO PULL-OUTS 
3 u 6 35C (13) for price 
4 x 6  456 of twelve. 

PHlLCO NPN-RF AR-107 6$;&-&$ ETCHING SOLUTION 994 pt. l o t  ea. 12/$1.00 I 
RESIST PAINT 754 bt. 100 per box $6.95 

&P .- PISTON TRIMMERS 
,A* Vbl 

CL'.,v '7  . 50 
YAOU ELECTRONICS (guess JFD-VCllG, Glass panel mount .6 to 
where these are made) PNP 14 uuf. 50c ea. 10/$4.49 

Printed Circuit Board Connectors . . . Audio 10C ea. 12/$1.00 JOHANSON mfg 2-30 uuf. 9% ea. 
6 contacts Series 250 356 ea. 3/51 100/$6.95 10/$8.95 

PLEASE R & R ELECTRONICS R & R ELECTRONICS 
refer all 

mail order 3 1 1  EAST SOUTH STREET 1953 S. YELLOWSPRINGS 

to Indpls. INDIANAPOLIS, IND. SPRINGFIELD. OHIO 
store. 46225 45506 

$2.00 m i n i m u m  order  FOB Indianapol is.  Ind. Please add suff ic ient  postage, we r ~ f u n d  unused amount.  
Ind iana cus tomers  a d d  2 %  sales tax. WATCH for  our  booth a t  t h i s  summer's Hamfests".  
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FERRIC-CHLORIDE etchant for printed 

circuit boards. Sent dry, just add water. 

Makes 1/2 gallon or mix only the quantity 

you need. 

$2.00 postpaid 

MOSFET PREAMPS 
144 to 148 MHz 

add $.50 for other freq. 
15 db gain noise figure 3 db 

NEW 
HF 144 HT K kit $ 8.50 
HF 144 HT W wired 12.50 

6 to 15 V. D.C. POS. GND. 
designed for H23AAM and BAM 
Motorola HT's and industrial 

dispatcher 
NEW 
DUAL GATE PROTECTED 

18 db gain noise figure 3 db 
HF 144 DG K kit $ 9.50 
HF 144 DG W wired 14.50 

SINGLE GATE 
17 db gain noise figure 3 db 
HF 144 K kit $ 6.50 
HF 144 W wired 10.95 
HF 144 PK 1.25 

receiver B+ to 12 V. dc 
PLEASE INCLUDE $0.60 FOR SHIPPING - 

1 to 3 i t e m s  

Topeka FM Engineering 
3501 Croco Road 

Topeka, Kansas 66605 
913 266-8771 

1 

NUGENT 
3E 41 PLACE, SAN MATEO. CALIF. 94403 

The AMIDON t l l TCH kit war dcvelooerl lor oulrk and rlmple labr~~at~on 
of prtnledr~rcull boards 01 prolesr~onal qual8ty Ihe new DRY IRANSILR 
methcd IS used to apply dch.res~st tmages to copper clad b r d s  T ~ C  boald IS 

then ~mmerrcd ~n a c h a m ~ ~ l  mlutlon wh~ch etches away the e ~ w d  copper. 
lcavrng only that m e r t d  4 the etch-fenst The result IS  a tone quallh pr~nl td  
c~ r cu~ l  board deuped accordong lo the layout made by the translewd Images. 
The E.1 ETCH lul mnla~ns the l ~ n n t  uual~ty 2.01. copwr / f ~k fg l an  c~rcu~t  

DAY TON HAMVENTION 
Saturday, April 25, 1970 

Dayton Hara Arena and 
Exhibition Center 

T e c h n i c a l  S e s s ~ o n s  W o m e n ' s  A c t i v i t i e s  

E x h i b i t s  Flea M a r k e t  A w a r d s  B a n q u e t  

Dayton Amateur Radlo Association 
Dept. He Box 44 Dayton, Ohio 45401 

i 
I I 

COMMUNICATION ENGINEERS AND ADVANCED AMATEURS 
Don't settle for anythlng less than the vety best! Use Telrex Communica- 
t ~ o n  products - tor long lasting optimum performance and value! 
FREE . . . Tech data and pricing catalogs describing off-the.shelf and cus- 
tom.built antennas, systems. "lnverted.vee kits"'"', towers, mono-poles 
and rotable "Berthas". 
For commercial and mil i tary applications write for CM69.. . f o r  amateur 
applications write for PL69. 

terial difference! 
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lems engraved 
your call letters. 

ANTENNA FOR 10. 15. and 20 METERS. 

KIT COMPLETE WITH 
SPIDER 

BALUN KIT 

he added Inter with little effort. 

Your only source lor nO* ramleonductor d e v m  and 
w w m n l r  at lomr than rurplur prlcn. 

F.a#rch#ld p L 914 or 900 I8  pin ecoxv 10-51 . . . . . . . .  .6Oea. 
Fabrchnld L 923 18 psn w r y  TO.51 . . . . . . . . . . .  .Wca. 
Texas Innr. SN 72709N op amp IDuat Inllra .I S2.00ca.. 61510.00 
Hewlett Pachard 2800 Hot C ~ r l e t  Dm& . . .  ..Wen 12/510.00 
Motorola 2N5401 PNP 150,. MX) ma. .  . . . . . . . . . .  .Wea. 
Motorola 2N5655 NPN 2%. 500 ma . . . . . . . . .  .90 ea. 

HAL Darnpm Cabonen, 3 sorer. . . . . . . . . . . . . . . . .  52.85 to 56.25 
. . . . . . .  Raatwr.2.2R t o 2 2 M n  1 1 1 2 ~ .  10961 .05ea. 

Mmed quant~tv prce: .101.40. 100153.50 

CLEAN UP 
. . . . . . . . . . . . . . .  

Mncur~ r a t m i  nsd mlavr lunusedl 
6.12 w 24 v DC corlr. . . . . . . . . . . .  SPDT $3.00, DPDT 13.50 

Elrtron8c Ksyar. . . . . . . . . . . . . . . . . . . . . . . .  ,516.00 to 346 50 

ALL STAINLESS STEEL HARDWARE I D E A L  NOVICE ANTENNA 

RUN FULL LEGAL PO 

Y. WEINSCHENKER K3DPJ 
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- w 2 n u m  KAL~JN- 

BIG SIGNALS DON'T JUST HAPPEN - 
GIVE YOUR ANTENNA A BREAK 

&-J Comes In 2 models 1 1 matches 50 or 75 ohm unbalanced (coax 
I~ne) to 50 or 75 ohm balanced load 4.1 model matches 50 or 75 

IT" WHAT'S ohm unbalanced (coax I~ne) to 200 or 300 ohm balanced load S FOR S 
INSIDE YOUR BEST 

THAT COUNTS! AVAILABLE AT ALL LEADING DEALERS. IF NOT ORDER DIRECT. BALUN BU\ 
MFGRS. OF BALUNS & QUADS 

JNADILLA RADIATION PRODUCTS Tel: 607-369 2985 ~ e ~ t .  H UNADILLA N.Y. 1384 

MIDLAND 

SWR AND 

POWER 

MEIER 

Reads output and reflected power simulta- 
neously. May be left in line up to 2000 watts. 
Low insertion loss. Size 5x2~2 .  Good to 
175 Mhz. PRICE $15.95. FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY - HOUSTON, TEXAS 77002 

(713) 224-2668 

WE PAY HIGHEST )I 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS II 

A HANDSOME PAIR 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH, NEW JERSEY 07206 

(201) 351-4200 

MATCHING 

I 

BOUND VOLUMES and BINDERS 
FOR YOUR 

HAM RADIO COLLECTION 

Binders 

Look 
lor this 
RF coil 

rack 
at your 

local 
distri1)utor 

1 11 . . . If he doesn't have one. ask him to call h ~ s  11 
friendly Miller man right away. (Nobody likes to 

53-95 I II feel left out.) II 
1968 Bound Volume $14.95 

HAM RADIO MAGAZINE 

J. W. MILLER COMPANY 
19070 REYES AVENUE ' P.O. BOX 5825 
COMPTON.  C A L I F O R N I A  9 0 2 2 4  
Sea your local distributor for the full line of 

r \  RF and I F  coils, chokes, filters and trans. 

I Y formers. 
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. 
STUD 

PIV TOP-HAT EPOXY EPOXY MOUNl 
1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 .04 .06 .12 -15- 
100 .06 .08 .I6 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .17 .20 .40 .65 
1000 .20 .24 .4 8 .75 

PRICES PPD. U. S. A. 
PA. RESIDENTS ADD 6% PA. SALES TAX 

, M. WEINSCHENKER K3DPJ 

G~JGS  RE OI\ iicc\;cE arc better 
%.l - 
fi our M t ? # W I C  Fm i. ths b a t 1  

Sad 504 far tha CONSTRUCTION MANUAL. 

lnqulrk 
And tss for yoursell.. . . . . . . . . . . . . . . . . . . . 

I".lld (Now with SPACE COMPRESSION). 

MI'mm m. H, BOX 4090, Mountain V k .  California 94040 

-# 4 i @ - v - ~  
R e d u c e %  I l l l * l l r t r l ! r r  .nn 
HD,." o,. 111 ,.a,., \t.or, w.rr 
R.<.#ver\ Ma I , \  W o r l d  lid. 

y ;j;E:!;:;,:::?;;;!;;;z$ 
R.<* ,,,, ",, %,,,,,,"", , ,,,.,, ..<. w.a!~>*~,>~""f 
* ,., ,. ,I , . I?.,! ..... .,l.d ,? . ,, ,,rpr I ,, no.,,.. .,,d < , 2 \ ,  ,.dm . ,,,.,. ",.l ,I,,. ,.*, ,, -... "...,l. ant*... , .  W,," ,,It,", p r .  m , , ,..,a",..'., 
" 3  0 " 1,. , , . 1 .  3 ,  , 9 9 5  a, I : .,., ,.,!,<(... ,.a 
II ,,".,t lor wI~~N.lr,ne .ni,,t * v r *  , e r rvx .ou~  ,1895. smc( on," %,DO ..or,, r r  
,',", .,,, 3 ,>.," ,,,..!,, >., t,.,<.3nL. , < > "  t,t,,< ",.,.,,,," < > "  ".,#".+, , . .<. , , , , > I  ,>.mr- I", 

Y o u  can be sure with Barry . . . 
Fa i r  d e a l i n g  since 1938 

Send lists of your unused TUBES, 
Receivers, Semi-Conductors,  

Vac. Variables, Test Equipment, etc. 

No Quan t i t y  too Smal l .  

No Quan t i t y  too Large. 

II Wr i te  or Ca l l  now . . . BARRY, W 2 L N I  II 
BARRY ELECTRONICS 

512 BROADWAY N E W  YORK, N. Y. 10012 
212 - W A  5.7000 

the quarterly magazine for 
amateurs interested in YHF 
and UHF technoloav and I 
equipment construczon. I t  
is the international. E n g  
lish edition of the well- 
known German publication 
UKW-BERICHTE. 

VHF COMMUNICATIONS 
provides sixty pages of 
modern, but practical con. 
struction articles in each 
issue. Described are trans- 
mitters, receivers, conver- 
ters, transceivers. anten- 
nas. test equipment, etc. 
The designs reflect truly 

current technology. Solid state devices and 
printed circuits are used extensively. All me- 
chanical construction data are included. H o w  
ever, for the amateur without fabrication facil- 
ities, special components, such as p.c. boards 
and stripline cavities, are made available, readily 
and inexpensively. 

Subscription rates US $3.00 ($4.00 air mail) per 
calendar year. Single issues $1.00. 

WE PAY CASH FOR TUBES 

LEWISPAUL ELECTRONICS INC. 
303 W. Crescent Avenue 

Allendale, New Jersey 07401 
-- 

LIBERTY PAYS M O R E  ! ! 
WILL BUY FOR CASH - ALL TYPES 

Electron Tubes . Semiconductors . Test Equipment 
Military Electronic Equipment 

I Wire. write, phone collect! We pay freight on all purchaxs! 
L I B E R T Y  ELECTRONICS,  INC.  

548 Broadway. New York. N. Y. 10012 I 

increase talk power drastically! 

Inrtallr internally - always with yon - 
Fixed - Mobile - DXprditioning! 

Works with Phone Patch 

Folly wired - not r kit 

No Holes 15 mia. inslrllatiw in 
HW100, SBlOl, SB401 and others 

Fu l l  year w r n m b  - free literahre 

MODEL RPC-3 % Electronics 
124.95 BOX inor 

POSTPA l D CHAMPAlGn. ILL 61820 
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PRINTED CIRCUIT EDGE CONNECTOR UNIVERSAL LOGIC CIRCUIT CARDS 
We have been lucky enough Instant Logic! 
to  obtain a large quantlty 
of these connectors which 
take a 4"~5%I!x1/16'r thick 
printed c i r cu~ t  board (or . 
two 4'1x2 1/2" boards side 
by side using a 1/2" 
center partition). The con- 
nector has 48 gold plated 
contacts. spaced on 0.200 
inch centers, suitable for solder or wire w/cap 
connections. Manufactures O.E.M. Pr~ce for 
this connector is $7.60 each. We have suitable 
unetched copper clad board approximately 
4'1x5 1/211 available to f i t  this connector as well 
as pretched Universal Logic cards described 
elsewhere in  this ad. Take advantage of t h ~ s  
special while they last. From what we have 
heard the gold alone is  worth over 50 cents. 
PCEC $1.50 each, 10 for $12.00, 100 for $100.00 
PCEC-BOARD Matching, approx. 1/16"x411~5%" 
Double clad board unetched 25 cents each, 
any quantity but only available with purchase 
of connectors. 

SYLVANIA TYPE 5ES 
INDICATOR LAMPS 

These hard to get lamps are made t o  
operate directly from the output of DTL W or TTL Integrated Circuits. Draws only 
40 milliamps at 5 volts. Eliminate the 
complexity of using driver transistors 
and. separate supplies and conserve 
power. Solder directly to  P.C. Board. 
Brand new, factor fresh, packa ed with 
ful l  718" leads. ... ~ ~ E S I L  10 for 5 . 0 0  p p  

COMPUTER GRADE GIANT CAPACITORS 

- .  1 

These brand new capaclton are in  great 
demand as filter capacitors for I.C. Logic 
Circuits. Power Supplies, etc. These will take 
the noise out of the most stubborn circuits, 
where all else fails. 
Net Price is from $4.00 t o  $18.00 each. 
WT. SIZE EA. 12 FOR 
2# 110,OOOMf 15V $2.00 

25,000Mf 25V 1.50 
2;f 1 rf 9.300Mf 15V 1 .OO 
2 $ 6.000Mf 75V 1.50 : 
1 # 4.000Mf 50V 1.00 10.00 . 

TACHOMETER 
KITS 

We bought a large 
quantity of Tachom- 
e te r  m e t e r  move. 
ments and dials as 
shown, and while we 
were wondering how 
to  sell them, one of 
our customers show- 
ed us some ingeni- 
ous Tachometers he 
developed, u s i n g  
this meter movement. We bought the designs 
and are offering them to  you as kits of electri- 
cal parts only, which we are selling at far below 
the price of the meter alone. 
KIT 1 - Tachometer and dwell meter, Operates 
from distribut c linder engines. 
Transistorized T F ~  15-00 PPd. 
KIT 2 - Outboard motor, englne tachometer. 
Simply hold wire lead near spark plug wire 
and pulses are picked up and registered. Works 
on 2 or  4 cycle 1. 2.  4. 6 or  8 cylinder engines. 
Transistorized ...... TK2 $12.50 ppd. 
KIT 3 - Photo electric tachometer. This is 
very ingenious. Point the pickup head at pro- 
peller of model airplane. or other rotating parts 
and meter registers RPM by measuring fre- 
quency of interrupted light. TK3 $12.50 ppd. 

- LOGIC CIRCUIT BOARDS, AVAILABLE- 
CB 8 TO5 - for 9 - 8 pln TO5 can I.C. 
CB DIP - for 5 - Dual-in-line I.C. 
CB FP - for 9 - Fiat Pack I.C. 
CB FDC - for transistors & components. 
CB 10 TO5 - for 9 - 10 pin TO5 can I.C. 

NEW LARGER BOARDS 
Our prevlous Universal Logic Cards are stil l 
available as advertised. but for those of you 
who like to put more circuitry on a single 
board new varieties are available. 
These boards sre the most useful items we 
have ever offered, and one of the best sellers. 
We offer them at  115 the price of others. 
How? By using surplus connectors and copper 
clad board, and etching them in huge quanti- 
ties. We have sold 10.000 of these boards in 
the past few months, and orders keep climbing 
as customers find out how useful they are. 
The use of the boards is simple. The board 
has a pattern etched on i t  for mounting 
integrated circuits. You dri l l  out the desired 
hole pattern. The power leads are already 
routed around the boards. Discrete components 
and transistors can be mounted in the locations 
between the I.C.'s. Then you route the wires 
between the I.C.'s and to the connector, and 
YOU are ready to count compute or whatever. 
Here are the cards available: ILCC - original 
- pads for 14 pin dual-in-line on one side, 
10 pin to 5 on the other, transistor pads on 
both sides as previously advertised. complete 
with a surplus PC card with edge connector. 
and mating connector. You take the connector 
off the surplus card. and throw it  away (or 
salvage lots of useful components from it). 
Will mount four integrated circuits, and two 
transistors. Size 2 1/2"x2 I/". See previous 
ad for illustrations. 

2 Cards & mating connectors PlLCC 
$ 2.50 PP 

10 Cards & mating connectors lOlLCC 
$10.00 PP 

100 Cards & matlng connectors l00lLCC 
$88.00 PP 

LILCC-New larger size cards 3"xAP1 mounts 9 
integrated circuits in pattern as illustrated 
above. Specify which type pattern you want. 
Pattern on one side onlv. Same connections 
and salvage board as ILCZ ~ rov ided .  

2 Cards & mating connectors 2LlLCC 
$3.50 PP 

10 Cards & mat ing connectors lOLlLCC 
$15.00 PP 

SPECIFY PATTERN DESIRED 
ULILCC-Still larger 4r1x5 1/21' size, mounts 16 
integrated c i rcu~ts into edge connector PCEC 
shown on left of page 

2 Cards & mating connectors 2ULILCC 
$ 5.00 PP 

10 Cards & mating connectors lOULlLCC 
$22.00 p p  

SPECIFY PATTERN DESIRED 
Send 256 for catalog 703. Jam packed with 
surplus bargains . . Best yet . . . Just 
fantastic . . . Free with an order. 

Enterprises 
P. 0. BOX 44, HATHORNE, MASS. 01937 
1-617-532-2523 



Regul. Pwr Sply For Command, LM, Etc.: 
PP-l06/U: Metered. Knob-adjustable 90-270 v up tc 
80 ma dc; also select an AC of 6.3 v 5A, or 1 2 . 6 ~  21/: 
A or 28 v 21/2 A. With mating output plug & all tech 
data. Shn. wt. 50 Ib. 19.5( 

~arga ins  Which The Above Will Power: 
LM-(*) Freq. Meter: ,125-20 mhz .01% CW or AM 
w ~ t h  serial-matched calib. book, tech. data,' matlng plug 
Checked & grtd. 57.51 
TS-323 Frea. Meter: ~im'i lar to addvi' but 20:480 mhz 
.OOl%. ~ i i h  data 169.5( 
A.R.C. R l lA :  Modern 9-5'er 190-550 khz 12.9! 
A.R.C. R22: 540-1600 khz w/tunlng graph 17.9! 

High-Sensitivity Wide-Band Receiver 
COMMUNICATIONS . .  BUG DETECTION . . .  

SPECTRUM STUDIES 
38.1000 MHz: AN/ARL-5 conslsts of a brand nev 
Tuner CV-253/ALR and an exc. used rcvr R-444 modifie~ 
for i 2 0  v 50/60 hz. The tuner covers the range in 
band. ~aLked with each tuner is the factory checkou 
sheet. The one we opened showed SENSITIVITY: 1.1 r 
at 38.3 mhz 0.9 at 133 mhz, 5 at 538 mhz, 4% a 
778 mhz 7 kt 1 ghz. The rcvr is actually a 30 mhz II 
ampl. wiih all that follows an IF including an S meter 
Has Pan Video & AF outputs. has a calibrated atten 
uator i i  6 db steps to -74 db, also AVC position 
Select pass of f 200 khz or f 2 mhz. AND SELEC' 
AM OR FM: We furnish Handbook & pwr- 
inout D I U ~ .  all for . . $275.04 . -. 
SP.600.JX(*) Rcvr: 0.54-54 mhz. the popular late-typ 
Hammarlund Super-Pro. aligned, grtd, exc. 
physical cond. too, w/bmk. 325.00 
R-390/URR Rcvr: Collins xtl-calib. each 100 

. . . .  khz. Aligned & grtd. perfect. 795.00 
Versatile Plate & Filam. Transformer 

Depot Spares for SP-600-JX: Pri. 95/105/117/130, 
190/210/234/260 v 50/60 hz. Sec. 1: 305-0-305 v 
150 ma. Sec. 2: 5 v 3 A. Sec. 3: 6.3 v 5A. Sec. 
7% v 3/4 A. Sec. 5: 71/2 v, 1% A. Legend for pin 
is piainly marked. Hcrm. sealed. Add 
postage for 14  I ~ S .  . . . . . . . . . . . . . . .  2.9t 

I WORLD QSL BUREAU 
5200 Panama Ave. 

Richmond, Calif. U.S.A. 94804 

I 
P U N  1 

We forward  your  QSLs (please arrange a lpha 
beticaiiy) t o  o r  w i th in  U. S. A., Canada anc 
Mexico f o r  36 each, a n d  t o  a l l  o ther  places in 
World f o r  4d each. 

P U N  2 
You use our  special  l o g  f o r m  a n d  send u s  a 
copy. We supply QSL - make out  QSL - 
del iver QSL, a i l  f o r  8& each. 

WRITE FOR FREE INFORMATION SHEET 
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S P E C I A L  
from 

STAFFORD ELECTRONICS INC. 
Computer cards loaded with goodies! 

UNIVERSAL FLIP FLOP 
............ 4 units per board 5 for $10.00 

$2.50 ea. 
NAND GATES 2 INPUT 

8 per board 2N404 Transistors 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  used 5 for 7.50 

$2.00 ea. 
NOR GATES 2 INPUT 

8 per board 2N388 Transistors 
....................................... used 5 for 5.50 

$1.50 ea. 
NAND GATES 3 INPUT 

6 per board 2N404 Transistors 
5 for 10.00 

$2.50 ea. 
COUNTER BOARD 

6 flip flops 2N404 Transistors 
.......................................... used ..5 for 10.00 

$3.00 ea. 
INVERTER BOARDS HIGH POWER 

8 units per board 
....... 2N428 Transistors 5 for 12.00 

$3.00 ea. 
ONE SHOT MULTIVIBRATORS 

2 per board 
......... 4 Transistor 2N428 5 for 12.00 

$3.00 ea. 

INVERTER BOARDS LOW POWER 
6-2N404 and 6-2N388 

....................................... used 5 for 20.00 
$5.00 ea. 

CARD MOUNTING RACK 
................... Holds 24 4x6 cards $4.00 ea. 

HOT BUY! 24 assorted units from list 
above with rack with over 300 transistor 
resistors, capacitors, diodes, trim pots 

........................................ and connectors $50.00 

CARD EDGE CONNECTOR 
15 pin double sided and gold plated 

............ 0.156 inch spacing 5 for 4.50 
$1.00 ea. 

The above circuit cards are of the highest 
quality. Some have gold plated fingers. 
All have eyelets at component location. 
Boards can be stripped and rewired with 
ease. All cards are shipped with mating 
connectors and schematics. 

Staffod Electronicr Inc. 
427 SOUTH BENBOW ROAD 
GREENSBORO, N. C. 27401 

AC 919-272-3992 Day or Nite 



Brand new factory packed automobile fadlos. ~ h ~ ~ d ~ ~ ~ ~ ~  $ 2 2 ~ 4 4  brand new, produces 1 5 ~ ~  vlntage around 19132. I ?  volt neg grouncl No 
cholce of rrjodels The exceptional sensltlv~ty "Ise. With spec sheets' 
of an auto radln makes 11 slanprnnr for nore on #22R44 $1.75 each 10/$15.00 

High quality, most made to sell in the $100 An exper~menters del~ght, fantast~c d~spl i ly of 
range. A real "find". $15.00 I the unique uroperties of  c lad- f ibre-o~t~cs to oioe 

I (transmits imanes). ~nstruct ions & ex~%rirnenis. - 
Gov't surplus. each guaranteed. Range of 5675 BLISSFULL PAK # 1  $5.00 
thru 8650 kc in 25kc steps. Such as 5675.5700- 

Kit # all of the above but 5725. etc. Take your plck at $1.00 each. 
fibres, longer lengths, fatter bundles and also 
includes lieht source. heat shrink tubine. a 5 

M~dget  style, brand new, 4.5-100 
mmfd. 3/$1.00 12/$3.00 

Unused assortment of  various sizes and styles. 
Thousands on hand & bargain ~ r i c e d .  

Hi-permeability, ultra midget style, each end sealed and optically pollshed for 

coated for moisture resistance, color maximum light conduct~on. Pipe llght around 

coded. Used In xmtrs. receivers, con. corners, into dif f~cult  locations, etc. 

ver ters ,  TV-peaking.  B rand  new. #LP-1 $1.00 
worth 406 each. Assortment of 1.8. 
27.0. 330 uh. Pack of 30. $12.00 value. 

#A-71 30/$1.00 180/$5.00 
3 feet of fibre glass (700 f~bres) w ~ t h  ~ a c k e t ~ n g  
Make your own l ~ g h t  plpes. Chr~stmas tree d ~ s .  
plays, psychedelic I ~ g h t ~ n g ,  etc. Any length you 
wish at 3 feet for $1.00. 

Round fibre glass insulating pads, used under 
3 legged TO.5. TO-18, etc. Raises and in. 
sulates transistors from PC board. Permits 
longer leads to be used with less danger of Photo optics scan- 
heat destruction. Adds rofessional touch to ner, as used in IBM 
f in~shed circuits. Bag o? 50 pre-drilled pads. punch card scanner 

#A-3 50/$l.M) 300/$5.00 System. We Offer the 12 position optical 

- - . . . . . - - - - . . - 

Mist, assortment of CM 
nel scanner. All ter. -' 
minations optically polished. Make your own 

type small silver micas. card scanner. light chopper, etc. A value for 
Supply varies & wlll the 22 inch light pipe alone. With 4 page 
gtve a Of  available evaluation & application data. ......... #LP-3 $5.00 on-hand stock. Unused. 
long leads, standard 
codes stamped on each. Above equipment on hand. ready to ship. Terms 

#A-Q 30/$1.00 180/$5.00 net cash. f.0.b. Lynn, Mass. Many other unusual nieces of  rnilitarv surolus electronic eauiornent 
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KHZ 

SIGNALIONE'S CX7 GIVES YOU 

ELECTRONIC COUNTER 

FREQUENCYREADOUT 

Electronic counters belong i n  the 
laboratory . . .  because they're big, 
expensive, precision instruments . . . 
right? So what's one doing in  the 
CX7? Well, it gives you . . . . . . .  

C A L I B R A T I O N  ACCURACY O F  
1 0 0  HZ a t  every po in t  i n  

e w r y  band 

R E A D O U T  DIRECT T O  1 0 0  H Z  
. . .  wi thou t  interpolat ion 

. . .  L I F E T I M E  PRECISION 
free o f  error due t o  aging o r  
environment 

. . .  BIG, B R I G H T  DISPLAY 
virtual ly impossible t o  mis-read 

S lGNAL lONE engineers did it b y  pu t t ing  
state-f-the-art technology t o  work  i n  a 
precision counter n o  larger than a small 
book. This remarkable un i t  actually 
counts each individual c y d e  o f  V F O  out-  
p u t  dur ing a precise (crystal-controlled) 
11100 second t ime interval . . .  and dis- 
plays the last fou r  digits o f  the  tota l  o n  an 
electronic readout. (For  example, a V F O  
frequency o f  3521.7 k H z  (3,521,700 
cydeslsecond) yields a 11100 second 
count  o f  35,217 . . .  and the  display 
shows 521.7 kHz). The readout is as 
accurate as the  11100 second timing. 
T iming is derived digital ly f r o m  t h e  1 0 0  
k H z  reference standard. So, b y  simply 
zero-beating the  100  k H z  oscilator t o  
WWV (or a BC station) y o u  automatical ly 
calibrate the  V F O  t o  100 Hz accuracy . . 
everywhere. 

"It Speaks for Itself" 

mS911#//dIIP 
A Division o f  ECI ( A n  NCR Subsidiary) 

2200  Anvi l  Street No.  

'L St,Petersburg, Fla. 33710  
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SPECIFICATIONS 

Frequency range: 80. 40. 20. 15 and 10 meter 
bands (full coverage of 10 meten  with optional 
crystals). 500-watt PEP input on SSB, grid-block 
keying on CW and compatible AM operation. 
Receive vernier f 3 KHz. Sidetone monitor, plus 
built-in code practice oscillator. Rugged heavy- 
duty 6LQ6's. 

I 

PRICE SCHEDULE 

NCXdOO ONLY $249.95* 
s*! 

CLEGG 66'er 

S P E C I A L !  

SPECIFICATIONS 

Recalver: dual conversion; sensitivity better than 
.354 V for 10 db sr : frequency coverage 49.9 
to 52.1 MHz; switchable ANL: speaker b u i l t h .  

Transmitter: 22 watts input, output, 52 ohm; 
pt t  operation; operates with 8.3. 12.5. o r  25 MHz 
crystals or external VFO; spotting switch for 
transmitter frequency checks; built-in solid state 
power supply for both 115 volt AC and 12 volt 
DC operation. 

....... - --- - - -  - 
NCX-500 w/NCXB (spkr 6 cab inc.) ............... 319.95 
NCX-500 w/Linear Systems 400-12 .................. 359.95 
NCX-500 without supply .......................................... 249.95 I Only $175.00 

VARlTRONlCS FDFM-2s I USED EQUIPMENT 

XC-28 plug-in solid state crystal 
calibrator ............................................................ 19.95 

RECONDITIONED, WITH FULL SIX MONTHS 

WARRANTY - NO TRADES AT THESE PRICES 

- 

Harnrnarlund HX500 

Hallicrafterr S85 

Hslllcrafters SlO8 

........................................................ Halllcrafters SXl00 145.00 

Johnson lnvsd 

.................................................... 2 METER FM - $310.00 1 SBE SB33 w/SBl-LA 350.00 

Drake 2 8  ................................................................................... 195.00 

SPECIFICATIONS I 
6 cnannels; 10 watts input. complete squelch. 
.5 microvolt sensitivity for 20 db signal to  noise. 

ACCESSORIES 

Microphone. speaker, mounting bracket, power 
cables. plugs. 3 crystals are included (crystals 
provide the following frequencies: channel 1 
receives 146.94. transmits 146.34; channel 2 
simplex 146.94). 

DIMENSIONS 

6%" W x 3" H x 7%rr D; 4 Ib.. 4 oz. 

ALL PRICES FOB HARVARD. MASS. 

BARGAIN SPECIALS 

PTT mobile mikes/standard plug ....................... $10.00 

Coax 5-6 ft. lengths RGB/u 
............................................... w/PL259's each end 1.00 

National 1% meter converters 
453.1929 (new) .......................................................... 15.00 

For the DX'er-DX QSO recorder 
(displays no. of countries contacted 

......................... and/or confirmed-reg. $2.50) 1.00 

American Beauty lOOW soldering iron ........... 4.95 

HERBERT W. GORDON CO., WOODCHUCK HILL RD., HARVARD, MASS. 01451 (617) 456-3548 
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List  prices less norm91 :,? 1. mi. -ou l : - .  

Intelligibility. It's the essential ingredient in Cycolac" cases, and a host of other features. In- 
voice communications. As field tests prove deed, the Model 602FTR is one of the few civilian 

(and lab tests confirm) the Electro-Voice noise can- products of any type to earn a military designation 
celling microphones perform best when the going (M-109) with no more significant change than a 
gets toughest. E-V offers better cancellation over new nameplate. 
a wider range of frequencies, with a special ad- Your choice of dynamic, transistorized, o r  car- 
vantage over common (and troublesome) low bon models in hand-held or handset form. Plus 
frequency noise. the handsome new Model 607 stud-mounted, o r  

But improved signal /noise ratio is just part of Model 620 with unitized dispatcher stand. It's the 
E-V superiority. E-V dynamics offer as much as widest array of noise-cancelling microphones 
50% less total harmonic and IM distortion when offered today. All from your local E-V micro- 
compared to reluctance types, a clear advantage phone specialist. Write today for free catalog. 
in critical voice communications. It's the first step (and the last word) in improved 

And E-V hand-held models have improved RF communications' 

shielding. a new positive-detent switch (you ELECTRO-VOICE, INC.. Dept. 302HC 
know when you're on  the air), high impact 676 Cec~l  Street. Buchanan, M~chlgan 49107 

high fidelity systems. tuners, amplifiers. receivers 9 public address loudspeakers 
microphones. phono needles and cartridges . aerospace and defense electronics 

A SUBSID IARY 01 LULION ~ u l 1 5 T R l t S .  INC. 
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