




Have vou seen what's 
Every major amateur radio magazine experimental  s t a t e .  . . think again.  SSTV 
is now giving coverage to HAS ARRIVED! 
blow-scan television. 
Every day finds more and more amateur radio 
3perators converting to SSTV. There's been 
lothing like it since the advent of single side- 
Sand equipment. Operators report that Slow 
Scan Television has renewed their enthusiasm 
ind fascination with amateur radio as much, 
Jr more,  as  when they first got their  ham 
:icket. 

Hundreds of S S N  operators provide 
almost continuous activity on the 
SSTV frequencies. 
4nd these include manv overseas stations. 
from the Netherlands t6 Italy, from south 
Africa to New Zealand. The  Second Annual 
World Wide SSTV D X  Contest was recently 
iponsored by CQ Elettronica (an Italian ham 
nagazine). Tune to any of the SSTV frequen- 
:ies, any time, and you'll hear for yourself 
low SSTV activity is literally exploding. 

Listen in on 14.230 mHz day or night 
and you'll hear for yourself how the 
SSTV operators are having all the fun, 
and action! 
If you've been thinking SSTV is still in the 

Send for reprints of recent articles on 
SSTV, and Robot equipment. 
We'll also include material on SSTV opera- 
tion that you'll find interesting and informa- 
tive, information on all our equipment, and 
the name of the Robot dealer near you where 
you can have a demonstration of Robot SSTV 
equipment.  T h e n  you'll see what's new in 
amateur radio. 

ROBOT MODEL 70 MONITOR. . . . . $495 
ROBOT MODEL 80 CAMERA.. . . . .$465 
25mm f1.9 LENS . . . . . . . . . . . . . . . . .$ 30 

ROBOT RESEARCH, INC. 
7501 CONVOY COURT, SAN DIEGO, CA 0 2 H 1  

(714) 279-9430 



Only an MC-4 canMtopa DrakeTR-4 
the optimum 

(Sometimes even 
the MC-4 ends up 
on the bottom. . .) 

BUILT-IN TR-4 FEATURES 
Full Frequency Coverage on all 
amateur bands 10 through 80  meters. 
No additional crystals required. 
300 Warn PEP input on SSB. 
Shifted-Carrier CW 260 watts input 
Upper and Lower Sideband all bands. 
Controlled-Carrier Screen Modulator 
for AM 
VOX or PTT 

Sideband 
Transceiver 

Adding an MC-4 Mobile Console, with its 
excellent wattmeter and built-in speaker, 
is the only way to improve a Drake TR-4. 

. -. . - 
Output Impedance Adjustable with pi-net. 
Two Special 9 MHz Crystal Filters 
for sideband selection. 
1 kHz Dial Accuracy. 
100 kHz Crystal Calibrator 
Price $599.95Amateur Net 

ACCESSORIES 
MC-4 Mobi le Console (shown in 

photos above. . . . . . . . . . . $ 69.00 
MMK-3 Mobile Mounting Kit . . % 6.95 

TR-4 SPECIFICATIONS: . Frequency C o w :  Full coverage on all amateur 
bands 10 thru 80 meters, in seven 600 kHz ranges: 3.5 to 4.1 MHz. 7.0 to 7.6 
MHz. 13.9 to 14.5 MHz. 21 to 21.6 MHz, 28 to 28.6 MHz. 28.5 to 29.1 MHz. 
29.1 to 29.7 MHz. Solid State VFO: Has linear permeabil~ty tuning. Tunes 
4.9 to 5.5 MHz for all ranges. Dial Calibration: 10 kHz divisions on main 
tuning dial and 1 kHz divisionson the tunlng knob skirt. Frequency Stability: 
H~gh stab~lity solid state VFO tunes same range on all bands. D r ~ f t  is less than 
100 cycles after warm-up, and less than 100 cycles for plus or mtnus 10% line 
voltage change. Modes of Operation: SSB Upper and Lower Sideband, CW and 
AM. Misc: 20 tubes ~nclud~ng voltage regulator; two transistors; 8 diodes: 100 
kHz crystal callbrator bull1 In; Dimensions: 5%" high. 10%" wide. 14'1," deep. 
Weioht: 16 Ibs.. . TRANSMITTER: . Sinqle Sideband: 300 watts P.E.P. input 

VOX or PTT. Two spec~al 9 MHz Erysta~ f~lters provide upper or lower 
s~deband selmtion on any band, without the necessity of shlfting oscillators. . CW: Power input 260 watts. Carr~er IS shifted approximately 1OOO cycles Into 
one sideband, and mixer and dr~ver are keyed. G r ~ d  block key~ng is free from 
chirps and clicks. Automatic transmit/receive sw~tching when key is operated. 
CW sidetone oxillator tor monltortng. AM: Controlled carrier AM screen 
modulator is built-in. 260 watts P.E.P. input. Low carrier power increases 6 
times to 50 watts output at maximum modulation. This system is compatible 
with SSB linears. VOX or PTT. Diode detector used for receiv~ng on thismode. 
Product D e t ~ t o r  can be used by sw~tching manually.. . RECEIVER: 
Senntivily: Less than '/1 microvolt for 10 dB SIN I. F. Selectivity: 2.1 kHz at 
6 dB. 3.6 kHz at 60 dB. Antenna Input: Nominal 50 ohms. Audio Rewonre: 
400 to 2500cvcles at 6 dB. Audio Output Power: 2 watts. . Impedance: 4 

AC-4 1 151230 VAC 50160 Hz ohms. 
Power Supply ' . ' ' ' ' ' ' ' $ 99'95 MC-4 SPECIFICATIONS:. F-encycoveruge: 1.8.54 MHz Line Irnpedancs: 

DC-4 12 VDC Solid State 50 Ohm resistive Accuracy: t (5% of read~ng +3 watts) Power Capability: 
Power Supply . . . . . . . . . . 6125.00 300 watts forward or reflected . Controls: Front panel 2.position sw~tch selects 

34PNB No~se Blanker. . . . . . . $100.00 forward or reflected power Speaker: 3" x 5" oval. 2.98 ounce ceramlc mag. 

R. I.. DRAKE COMPANY <; ;,: Phone: (513) 866-2421 
540 Richard St. Miamisburg. Ohio 45342 ==@ Telex: 288-017 

2 august 1972 More Details? CHECK-OFF Page 110  



August, 1972 
volume 5, number 8 

staff 
James R. Fisk, WlDTY 

editor 

Douglas S. Stivison, W A l  KWJ 
assistant editor 

Nicholas D. Skeer, KlPSR 
vhf editor 

J. Jay O'Brien, WGGDO 
fm  editor 

Alfred Wilson, W6N IF 
James A. H~Nw,  WA6IAK 

associate editors 

Curt J. Win  
art director 

Wayne T. Pierce, K3SUK 
cover 

T. H. Tenney, Jr. W lNLB  
publisher 

Hilda M. Wetherbee 
advertising manager 

offices 
Greenville, New Hampshire 03048 

Telephone: 603-878-1441 

ham radio magazine is 
oublished monthlv bv  

~ o m m u n ~ c & ~ o n s  ~ e c h n o l o ~ y :  ln; 
Greenville, New Hampshire 03048 

Subscription rates, world wide 
one year, $6.00, three years, $12.00 

Second class postage 
paid at Greenville. N. H. 03048 

and at additional mailing offices 

Foreign subscription agents 
United Kingdom 

Radio Society o f  Great Britain 
35 Doughty Street, London WCl, England 

All European countries 
Eskil Persson, SMBCJP, Frotunagrand 1 

19400 Upplands Vasby, Sweden 

African continent 
Holland Radio, 143 Greenway 

Greenside. Johannesburg 
Republic of South Africa 

Copy right 1972 by 
Communications Technology, Inc 

Title registered at U. S. Patent Office 
Printed by Wellesley Press, Inc 

Wellesley, Massachusetts 02181, USA 

ham radio is available to the blind 
and physically handicapped on magnetic tape 

from Science for the Blind 
221 Rock Hi l l  Road, Bala Cynwyd 

Pennsylvania 19440 
Microfilm copies of current 

and back issues are available 
from University Microfilms 

Ann Arbor, Michigan 48103 

Postmaster: Please send form 3579 to 
ham radio magazine, Greenville 

New Hampshire 03048 

contents 
6 frequency synthesizer for the 

Drake R-4 
Robert S. Stein, W6NBI 

20 solid-state 2304-MHz preamplifier 
Gandolph Vilardi, WA2VTR 

24 inexpensive audio filters 
William A. Wildenhein, W8YFB 

30 n-way power dividers and 3-dB hybrids 
Richard S. Taylor, W1 DAX 

36 phase-shift RTTY monitor scope 
Elmer E. Mooring, W3ClX 

42 crystal oscillator frequency 
adjustment 
Calvin J. Sondgeroth, W9ZTK 

48 direct-reading capacitance meter 
R. W. Johnson, WGMUR 

54 oscilloscope voltage calibrator 
F. Everett Emerson, W6PBC 

58 mobile operation with the 
touch-tone pad 
William P. Lambing, W0LPQ 

62 digital I C  oscillators and dividers 
Edward M. Noll, W3FQJ 

68 comparing fm receiver performance 
Vern Epp, VE7ABK 

4 a second look 99 flea market 
11 0 advertisers index 70 ham notebook 
62 circuits and techniques 110 reader service 
76 comments 

august 1972 Q 3 



The newest solid-state device to come 
down the electronics turnpike offers 
some interesting circuit possibilities with 
existing vacuum-tube equipment. Al- 
though the new Teledyne junction-fet 
Fetron is not a new device so much as it 
i s  a new application of old principles, it 
offers a simple solid-state plug-in replace- 
ment for many vacuum tubes. 

At the present time there are only two 
types of Fetrons available, a triode, the 
TS12AT7, and a pentode, the TS6AK5. 
These Fetrons are designed to replace, 
respectively, the 12AT7 and 6AK5. Both 
of these tubes are members of large 
families of similar types, so the two 
available Fetrons are usable in many 
different circuits. 

The secret to Fetron operation lies in 
the development of high-voltage junction 
fets which will operate without breaking 
down with the high-voltage power sup- 
plies found in most vacuum-tube equip- 
ment. Most Fetron circuits are built with 
two fets in a cascode arrangement to 
obtain high gain; the basic circuit was 
described earlier in ham radio. * 

The Miller-effect capacitance i s  mini- 
mized in the Fetron by using an 
ultra-low-capacitance, high-gain transistor 
such as the 2N3823 in the input, with a 
high-voltage fet such as the 2N4881 at 
thk output. The complete circuit goes 
into a metal can that has the same pin 
configuration as the tube it replaces. 

Although the current cost of Fetrons 
is relatively high ($15.60 for the 
TS12AT7 and $12.50 for the TS6AK5), 
they make good sense as replacements for 
tubes in communications equipment be- 
cause their characteristics don't drift with 
use, making periodic adjustment and 
alignment unnecessary, and they have 

extremely long life. In fact, the estimated 
life for a Fetron has been calculated a t  30 
million hours - that i s  equivalent to 
running them 24 hours a day, 365 days a 
year, for over 3400 years! 

In addition to higher amplification 
factors, Fetrons feature noise figures 
much lower than many equivalent tubes, 
and much lower heat dissipation; lower 
heat dissipation because the Fetron re- 
quires no filament supply. The lower heat 
characteristic should be particularly use- 
ful in reducing drift in your vfo. 

Although most Fetrons are designed 
for the lower frequency ranges, Fetron 
pentodes have been operated as high as 
500 MHz. Charlie Spitz, W4API. has been 
experimenting with Fetrons in amateur 
communications equipment, but he has 
been hampered somewhat by the limited 
number of different Fetrons. However, 
this will be solved in the near future. 

Teledyne has already built Fetron 
equivalents of the 6JC6 and 6EW6, and 
these can be combined with derivatives of 
the TS12AT7 and TS6AK5 to provide 
plug-in replacements for a great variety of 
tubes. 

Next on the l i s t  of Fetron replace- 
ments will be power pentodes such as the 
6AQ5 and 6V6, as well as remote-cutoff 
pentodes such as the 6BA6. With 
high-volume production and simplified 
packaging, Fetrons could well become 
low-cost replacements for most vacuum 
tubes. Watch the pages of ham radio 
magazine for the latest  developments 
with this interesting new device. 

Jim Fisk, WIDTY 
editor 

'WIDTY, "ham notebook," ham radio, Feb- 
ruary, 1970, page 70. 
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Is the FTdx 570's 
noise blanker reason enough 

to spend $550 for this new rig? 
You bet it is. Here's a complete rig, 
including a noise blanker - on other 
rigs you pay about $100 extra for the 
blanker alone. On other rigs, you read 
the glowing specs and they sound fine. 
Of course, to get them on the air you 
pay extra for such essentials as a 
Dower SUDD~Y. 

power: 560 watts PEP SSB, 500 watts 
CW input power. 

The whole transceiver is guaranteed 
for one year. No other rig, preassem- 
bled or kit, gives you anywhere near 
the value or performance you get in 
the FTdx 570. 

We have a brochure on the 570 that . .  . 
really gets down to the nitty-gritty on 

-- the subject. Send for it. Better yet, 
send for the rig itself. Don't you owe 

~ ~ ~ & ~ ~ ~ i c s  
" . "  

L ) l y l I  C I t ' , !  E Z8lh \~, 'n%l l l t l l  ( a 'IORMI / ( > I 3 1  126 2593 

Well, the FTdx 570 includes a built- 
in power supply and 25 and 100 KHz 
calibrator. And built-in VOX. Plus a 
special WWV receive band on 10 - 
10.5 MHz. And a clarifer - a receiver- 
offset tuning feature that lets you move 
-t5 KHz from a preset transmitter fre- 
quency. There's even a built-in cooling 
fan and a built-in speaker. 

Last but certainly not least is the 

SPECTRONICS EAST 

I Please send detailed information on all Yaesu I I products. I 
IJ Enclosed find S I 

Please send model(s) I 
I 

I Name -- I 
I Address- - -  I 

S t a t e  -Zip I 
All prices F.O.B. Signal Hill. Ca. C - 2  I ! Master Charge and BankAmericard accepted. ! 
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frequency 
for the 

Drake R-4 receiver 

This frequency synthesizer 

converts the Drake R-4 

series of 

amateur-band receivers 

to general coverage 

receivers 

that tune 

from 1.5 to 30 MHz 

synthesizer 
The vast majority of receivers in use in 
ham shacks today cover the amateur 
bands only, with the possible addition of 
one of the WWV frequencies. While this 
may be entirely adequate for normal 
operation, there are times when a gen- 
eral-coverage receiver i s  a very useful 
adjunct. Being able to receive WWV on 
only one frequency is  often unsatis- 
factory, since obviously the selection of 
the optimum receiving frequency depends 
on the time of day and the distance from 
Fort Collins. 

There are many other uses to which a 
general-coverage receiver can be put. 
Tracking down harmonics and other 
spurious frequencies can be simplified if 
you have such a receiver. Calibration of 
some home-built test equipment may 
require a receiver which covers fre- 
quencies other than the ham bands. And 
it is  often desirable to use a receiver as a 
tunable i-f with vhf converters whose 
output frequencies are not in one of the 
high-frequency amateur bands. 

While reviewing some of the literature 
which has been published describing the 
newer integrated circuits, i t  occurred to 
me that a frequency synthesizer might be 
a practical method for converting my 
Drake R-4 to general coverage without a 
separate crystal for each 500-kHz range. 
Frequency synthesis techniques have 
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been around for some time, involving receiver has provisions for externally in- 
circuitry which has been complex and stalling only ten crystals in addition to 
difficult. However, recent developments the five amateur-band crystals mounted 
in integrated circuits have simplified the internally. 
techniques to a point whereby the fre- However, if we can generate frequen- 
quency synthesizer is a practical con- cies of 12.6, 13.1, 13.6, 14.1, etc. 
struction project for the relatively exp- through 40.6 MHz, and substitute them 
erienced amateur. for the crystal-controlled high-frequency 

Before proceeding with the description 
of the frequency synthesizer which makes 
all-band coverage possible without mod- kEGEEj:-;.iwy7 j 

fying the receiver, a review of the receiver rlLuTOR COMPARLIm FILTER O L I V T ~ E D  OSCIUIDR 

conversion process is in order. Although - 

there are differences in the actual circuits 1 ~ S G  (- $1 

of the Drake R-4, R-4A, and R-46 re- 
FREOUENC Y 

ceivers, the conversion frequencies are 
identical; therefore. this discussion i s  a ~ -  L- 

plicable to any one of the three receivers. fig. 1. e a s ' ~  phase-locked frequency rynthe- 

If we disregard the pre-mixing arrange- size'. The frequency divider is  a variable- 
modulus, or programmable, counter. 

ment used by Drake, the high-frequency 
oscillator requirements are simply that 
the oscillator be tuned 11.1 MHz above oscillator, we can achieve all-band cover- 
the low-frequency end of the desired age within the specified range of the 
500-kHz tuning range. Since the high- receiver. Thus, this becomes the require- 
frequency oscillator i s  crystal controlled ment for the frequency synthesizer. 
and untuned, this requirement i s  trans- 
lated to a crystal of the proper frequency. basic phas-locked loop 
For example, the 3.5- to 4.0-MHz band frequency synthesizer 
requires a 14.6-MHz crystal (3.5 plus 11.1 
MHz), which is  supplied with the receiver. 
Drake specifies that the receiver will tune 
from 1.5 to 30 MHz with the proper 
crystal, excluding 5 to 6 MHz which 
bridges the 5645 kHz first intermediate 
frequency. (The apparent discrepancy 
between this i-f and the 11.1 MHz differ- 
ence between the incoming and oscillator 
frequencies is  taken care of in the pre- 
mixing scheme, and can be ignored for 
the purposes of this article.) Since the 
receiver covers this range in 500-kHz 
steps, because the vfo has a 500-kHz 
tuning range, it would require 58 crystals 
to cover the complete spectrum, starting 
with a 12.6-MHz crystal for the 1.5- to 
2.0-MHz band, a 13.1-MHz crystal for the 
2.0- to 2.5-MHz band, and finally ending 
with a 40.6-MHz crystal for the 29.5- to 
30.0-MHz band. 

A complete set of crystals would 
obviously be expensive. Furthermore, 
there would be the practical difficulty of 
using all the crystals at one time since the 

The integrated circuits to which I 
briefly referred are designed for use in 
phase-locked loops, one application of 
which is frequency synthesis. Fig. 1 
shows the basic phase-locked frequency 
synthesizer. A stable reference frequency 
i s  applied to one input of a phase 
comparator. The output of the phase 
comparator is a dc voltage, which passes 
through a low-pass filter and controls the 
frequency of a voltage-controlled oscil- 
lator (vco). This oscillator generates the 
desired frequency, which may be any 
multiple of the reference frequency. The 
vco output i s  also applied to a frequency 
divider whose function is  to divide the 
vco output frequency to the same fre- 
quency as that of the reference oscillator. 

Let's assume that the reference oscil- 
lator frequency is exactly 100 kHz and 
that an output frequency of 12,600 kHz 
is required. I f  we have a divider or 
programmable counter which will divide 
by 126, the signal input to the phase 
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comparator will also be 100 kHz when 
the vco output is exactly 12,600 kHz. 
This is accomplished by the phase com- 
parator producing a d-c output which 
"tunes" the vco until it is exactly 12,600 
kHz. The divided vco frequency is then 
exactly 100 kHz, the same as the refer- 
ence frequency. Thereafter, the vco out- 

greater detail, references 1 through 3 
provide a wealth of information and 
design data. 

A block diagram of the R-4 high-fre- 
quency oscillator frequency synthesizer is 
shown in fig. 2. The loop reference is a 
100-k H z crystal-controlled oscillator 
which uses a Signetics LU380A quad two- 

KO#: C4LLLV:R SIGNAL 

TRIGGER 
GENERAlDR 

IDORHI 
REFERENCE 
OSCILUTOR - 10 

UI UP 

* TENS " "UNITS' "TENTHS" 
- 2 DIVIDER DIVIDER DIVIDER - 5 

1/4 U4 U 7  U 6  US 3/4 U4 

I I I 

0 
'TENS" 

0 
"UNITS' 'TENTHS" 

t 

---+ 

- 
FREOUENC I- AtHz 

- 
PHIlSE EMITTER 

CCMWRAlOR VCO FOLLOWER 
1 2 6 - 4 0 6 M H z  
m m w  ~m 

U3.01 O2,CRI 43 

fig. 2. Block diagram of the R-4 hfo frequency synthesizer. The only tuning controls are the 
front-panel mounted tens, units and tenths rotary switches. 

put will stay at 12,600 kHz; any variation 
from this frequency changes the signal 
input to the phase comparator, which in 
turn produces a dc output change and 
brings the vco back to 12,600 kHz. Thus, 
the output frequency is  locked to the 
reference frequency, and has essentially 
the same stability as the reference oscil- 
lator. 

By using a frequency divider which 
can be programmed, it is possible to 
obtain virtually any number of discrete 
frequencies which are integral multiples 
of the reference frequency, a l l  of which 
are phase locked to the reference oscil- 
lator. The low-pass filter keeps the refer- 
ence frequency from appearing at the vco 
and establishes the lock-up time of the 
loop. A rigorous analysis of the feedback 
loop and filter involves extensive mathe- 
matics and is beyond the scope of this 
article. For those of you interested in 

input NOR gate. The oscillator output is 
divided by ten (for reasons which will be 
discussed later) and the resultant 10-kHz 
signal i s  applied to the reference input of 
a Motorola MC4044P phase comparator. 
Because I used the 100-kHz calibrator 
crystal from the R-4 in the synthesizer, I 
provided a 100-kHz output jack on the 
synthesizer in order to introduce a cali- 
bration signal back into the receiver. 

This i s  shown in fig. 2, and is  covered 
in greater detail under the circuit descrip- 
tion and interconnection portions of this 
article. It should be noted, however, that 
this technique will eliminate the 25-kHz 
calibration markers in the R-4B because 
the 100-kHz calibration signal is fed back 
into the receiver antenna input by way of 
the accessory socket on the receiver. If 
you wish to retain the 25-kHz markers, 
use a separate crystal in the synthesizer 
and delete the calibration circuit. 
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The low-pass filter, which appeared in 
fig. 1, is  not shown separately in fig. 2 
since part of it is integral to the MC4044P 
with the remainder made up of discrete 
components. The output of the phase 
comparatorlfilter is applied to a varactor 
diode which controls the frequency of 
the vco, a Fairchild SE3005 transistor. 

reference input to .the phase comparator 
can be explained. If the reference signal 
were 100 kHz, the divider would need 
only a divide range of 126 to 406 in order 
to divide the vco output of 12.6 to 40.6 
MHz down to 100 kHz. However, at the 
upper frequency limit of 40.6 MHz, the 
propagation delays through three 

Interior view showlng construction of the synthesizer. The reference oscillator is at the top right Of 
the board. the vco and trlgger generator are at the upper center. and the frequencydivider ICs and 
rteerlng dlodes am to the left of the rnulti-section switch. Power supply components are mounted at 
the bottom of the board and on the chassis to the left of the board. 

The vco output, 12.6 to 40.6 MHz in 
500-kHz steps, is routed to the R-4 via a 
2N709 emitter follower. The vco output 
also drives a trigger generator which uses 
a pair of 2N3478 transistors. The trigger 
generator is needed to convert the ampli- 
tude and waveform of the vco output to 
that required by the TTL integrated 
circuits in the frequency divider. 

The frequency divider i s  a variable- 
modulus counter which can be pro- 
grammed to divide by any factor between 
1260 and 4060 in steps of 50. It i s  at this 
point that the reason for using a 10-kHz 

synchronous counters arranged in a 
ripple-through configuration would pre- 
vent proper operation of the circuit. 

Therefore, the trigger generator out- 
put, which is  a t  the vco frequency, i s  first 
divided by five in a quinary divider which 
consists of three of the four flip-flops in a 
Signet ics 8290A high-speed decade 
counter. The remaining flip-flop is placed 
at the end of the divider chain, thereby 
dividing the vco output by a fixed factor 
of ten. Thus it can be seen that the 
reference signal must also be divided by 
ten if the reference and signal inputs to 
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the phase comparator are to be equal. 
Although the trigger generator output 

could have been divided by ten before it 
was applied to the programmable 
counter, placing the binary divider at the 
end of the chain results in a square-wave 
output which is readily observable on 
oscilloscopes of limited frequency re- 
sponse and rise time. 

Returning to the signal flow shown in 
fig. 2, let's assume that the desired vco 
output i s  to be 39.6 MHz, for a receiver 
tuning range of 28.5 to 29.0 MHz. The 
39.6-MHz signal from the trigger gener- 
ator i s  divided by five to a frequency of 
7.92 MHz. To obtain a 10-kHz output 
from the divider chain, the dividers must 
be programmed to divide by 396. 
(Remember that there is  a fixed divide- 
by-two at the end of the chain.) By 
programming the tenths divider to divide 
by six, the units divider to divide by nine, 
and the tens divider to divide by three, 
the output from the tens divider is  7.92 
MHz divided by 396, or 20 kHz. This is 
divided by two in the binary section of 
the 8290A, resulting in a 10-kHz signal 
being applied to the phase comparator. 

The designations tenths, units and tens 
used for the dividers refer to the panel 
markings of the rotary switches which are 
used to set the dividers. Each of the 
dividers i s  a decade counter which can be 
preset to count by any integer between 
one and nine. The tenths divider, being 
the first in the chain, determines the least 
significant figure in the total count. The 
units divider divides the output of the 
tenths divider; therefore i t s  count (multi- 
plied by 10) determines the middle figure 
in the three-digit count, while the count 
(multiplied by 100) of the tens divider 
determines the most significant figure in 
the total count. 

In order to obtain divide ratios of 
1260 to 4060 in steps of 50, the variable- 
modulus counter must have a range of 
126 to 406 in steps of 5 (since there i s  a 
fixed division by ten), i. e., 126, 131, 
136, 141 . . .401, 406. Therefore, the 
first, or tenths, divider i s  arranged to 
divide by one or six, as controlled by its 

associated switch. The units divider can 
divide by any number from one to nine, 
and the tens divider can be preset to 
divide by one, two, three or four. 

Those of you who have looked at the 
front-panel knobs with a sharp eye will 
note that despite the foregoing explana- 
tion, the tenths switch is  calibrated 0.5 
and 0.0, while the tens switch is  cali- 
brated 2, 1 and --. This was done so 
that the switches would indicate the 
receiver tuning frequency, not the hfo 
injection frequency. Obtaining this con- 
venience required a considerable increase 
in switching complexity. 

Correctly marking the tenths switch 
involved only applying the proper desig- 
nations to the switch. When the tenths 
divider divides by one, the receiver tuning 
range starts at an integral megahertz; 
therefore that switch position is  marked 
0.0. When the divider divides by six, the 
receiver tuning range starts at a half-mega- 
hertz; thus that position is designated 0.5. 

Explaining the tens switch is a bit 
more complicated. Remembering that the 
synthesizer output i s  always 11.1 MHz 
above the start of the receiver tuning 
range, we can see that the units divider 
will always divide by a factor of one 
greater than the units digit in the receiver 
tuning range. For example, if the receiver 
tuning is to start a t  15.5 MHz, the units 
divider must divide by 6. This causes no 
problem except when the receiver tuning 
range starts at 9.0, 9.5, 19.0, 19.5, 29.0, 
or 29.5 MHz. The unit count of 9 means 
that the units divider must divide by 10, 
which is  reserved for the tens divider. 
Therefore, the 9 position of the units 
divider switch actually causes the divider 
to divide by one and sets the tens divider 
to the next divide ratio. 

The net result i s  that only three, not 
four, switch positions are needed for the 
tens divider. Even though the divider 
must divide by four (to obtain a division 
of 401 and 406 for 29.0 and 29.5 MHz 
respectively), setting the units switch to 9 
sets the tens divider to the next count 
and eliminates the fourth switch position. 
The "--" position corresponds to a zero 
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CR1 varactor (Motorola MV1401) 
L1 8 turns no. 28E, close wound on 

5/32" diameter slug-tuned form 
L 2  5 turns no. 28E, close wound on 

5/32" diameter slug-tuned form 
L 3  8 turns no. 28E, close wound on 

7/32" diameter slug-tuned form 

Q 1 2N3391 or Motorola MPS6571 

Q2 Fairchild SE3005, 2N918, 2N3563, 
or 2N5179 

Q3 2N709.2N918, or 2N3563 
Q4,Q5 2N3478 
U 1  quad 2-input NOR gate (Signetics 

LU3BOA or SE380A) 
U2 decade counter (Signetics N7490A. 

Texas Instruments SN7490N or Moto. 
rola MC7490P) 

U 3 phase-frequency detector (Motorola 
MC4044P or MC4344P) 

fig. 3. Schematic of the reference oscillator, phase comparator, vco and trfgger 

generator circuits. Capacitors designated SM are silver micas and those with 
polarity indicated are electrolytic; a11 others are ceramic. 
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when the switches are set to a frequency 
of 9.5 MHz or lower. 

circuit 
Fig. 3 shows the frequency-generating 

circuits, the phase comparator and the 
trigger generator. The 100-kHz crystal 
oscillator uses two gate sections of U1, a 
quad two-input NOR gate; the remaining 
two sections are used as buffers. A logic 
diagram of the circuit is shown in fig. 4. 
Each of the two gates used in the 
oscillator i s  forced into linear operation 
by connecting a 9.lk resistor between the 
output and input; a 100-kHz signal i s  
developed by connecting the crystal in 
series with the feedback loop from the 
output of the second gate to the input of 
the first. A 7-35 pF ceramic trimmer in 
series with the crystal permits adjustment 
of the crystal frequency. The remaining 
two gates buffer the output to the suc- 
ceeding divide-by-ten stage and to the 
calibrate input of the R-4. The calibrate 
signal i s  disabled by grounding the output 
of the gate by means of the calibrate 

CR1 across the tank circuit. CRl i s  a 
Motorola MVt40t and has a ratio of 
maximum-to-minimum capacitance of 
approximately ten, as compared to usual 
ratios of two to four for conventional 
varactors. (It also happens to be the most 
expensive single component in the entire 
synthesizer.) Despite the large capaci- 
tance ratio, the oscillator cannot cover 
the entire range of 12.6 to 40.6 MHz 
without switching. This is accomplished 
by diode switching, using a switch section 
ganged with the tens divider switch. 

In the "--" position of the tens 
switch, the two IN4009 diodes do not 
conduct, so coils L1 and L2 are each 
effectively in series with a 10-pH choke 
to ground. The high value of this induc- 
tance has only stray effect on the circuit; 
thus the oscillator frequency is  deter- 
mined by coil L3 and the tank-circuit 
capacitance. When the tens switch is set 
to position 1 or 2, one of the diodes is 
biased into forward conduction and 

switch. W~HICAC w 
C4L o m  

Returning to fig. 3, the 100-kHz signal = O D 2  

D  p- i s  divided by ten in U2, and the resultant 
10-kHz signal applied to pin 1 of phase 
comparator U3. This device consists of 
two separate functional parts, a phase 
detector and an amplifier, which must be 
connected externally. The outputs from -MOIHZ 

the phase detector section appear at pins I 
i"' 

5 and 10 and are applied to the loop filter 
consisting of two 2.7k resistors, a 5.6k 
resistor and a 0.47-pF capacitor. Tran- 
sistor Q1 isolates the RC filter from the 
amplifier section of U3, the input of 
which is  pin 9. The amplifier output from 
pin 8 is applied as the control voltage to 
varactor CR 1. It was found necessary to 
add the 6.8 and 0.001 pF capacitors to 
reduce the amplitude of the 10-kHz 
reference signal which reached C R I .  The 
supply voltage for the amplifier section of 
U3 is regulated at 7.5 volts by means of a 
Zener diode and 330-ohm dropping 
resistor from the 12-volt supply. 

The voltage-controlled oscillator con- 
sists of 02, a high-frequency npn tran- 
sistor, in a Colpitts circuit with varactor 

I \ 

fig. 4. ~ o g i c  diagram of the reference oscillator 
circuit. 

brings the low end of the associated coil 
close to rf ground, shunting L3 and 
thereby lowering the tank-circuit induc- 
tance. The 100-ohm resistor in series with 
the switch arm limits diode current to a 
safe value. 

The oscillator output is taken from the 
emitter of Q2 and coupled to the base of 
emitter follower 03, which isolates the 
vco from the loading effects of the 
receiver and connecting cable. 

Oscillator output is also taken from 
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U 4  high-speed decade counter (Signetics U5,U6, synchronous up/down counter (Sig- 

8290A) U 7  netics N74192A or Texas Instruments 

SN74192N) 

fig. 5. Schematic of the frequency divider. ~ l l  diodes are general-purpose germanium, all resistors are 
910 or 1000 ohms, and all capacitors are ceramic. Switches are non-shorting rotary types. 

the base of Q2 and coupled to the base of to toggle the TTL logic of the frequency 
Q4, which with Q5, forms a Schmitt divider. Since the Schmitt trigger i s  not 
trigger. This circuit, when driven by the common in amateur equipment, a brief 
approximate sinusoidal output of the vco, explanation of its operation is  in order. 
generates a rectangular wave of several In the absence of an input signal to the 
volts peak-to-peak amplitude with fast base of 04, that transistor i s  normally cut 
rise and decay times, which are required off by the combination of base bias at the 
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junction of R1 and R 2  plus the reverse 
bias a t  i t s  emitter resulting from the 
collector current of 05 flowing through 
R6. The resultant high positive voltage at  
the collector of Q4 forward biases 05  to 
saturation. When an incoming signal of 
sufficient amplitude is applied to the base 
of Q4, the positive excursion drives the 

PA) AUX 

voltage at the collector of Q5 drops. Thus 
a rectangular output pulse is  generated 
from a sinusoidal input, having rise and 
decay times sufficiently short to trigger 
the TTL decade counter which follows 
the Schmitt trigger. 

As shown in fig. 5, the output of Q5 is 
applied to pin 6 of U4, which is the clock 

fig. 6. Schematic of the power supply. Power transistor 9 6  is  a 2N3054 or equal. U8 i s  a Signetics 
NE550A. See text for d e t a i l s  of the power transformor and the meaning of point X .  

base into conduction and causes collector 
current to flow. The drop in collector 
voltage is coupled via R4 and C1 to the 
base of Q5, reducing the base current and 
the collector current of Q5. The decrease 
in current lowers the voltage drop across 
R6, which results in increased collector 
current in Q4. This regenerative action 
causes Q4 to saturate quickly and cuts off 
05, producing an extremely fast rise time 
as the collector voltage of Q5 reaches the 
supply voltage level. 

When the input signal becomes nega- 
tive, the circuit operation reverses, 
cutting off 0 4  and driving 0 5  back into 
saturation. The regenerative action like- 
wise results in a short decay time as the 

input for the quinary divider section of 
that decade divider. The output from pin 
12 i s  applied to pin 5 of U5; U5, U6 and 
U7 are programmable decade counters set 
up as a ripple-through or variable- 
modulus counter. The count or divide 
ratio is determined by setting pins 1, 9, 
t O  and 13 of eaeh IC high or low. This is 
accomplished by the rotary switches 
described previously; steering diodes are 
used to reduce the number of switch 
sections which would otherwise be re- 
quired. The two extra sections of the 
units switch are needed to advance the 
count of the tens divider when the units 
switch is in position 9. 

The output of the variable-modulus 
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counter i s  applied to pin 8 of U4, the 
clock input of the binary section of that 
device. This flip-flop generates a 10-kHz 
square wave from the 20-kHz input from 
the counters; the square wave is the signal 
input which is applied to pin 3 of U3 for 
phase comparison with the 10-kHz refer- 
ence signal. 

power supply 
The power requirements of the fre- 

quency synthesizer are +12 volts a t  65 
mA and +5 volts (nominal) at 360 mA. 
The 12-volt supply must be well filtered 
to prevent frequency modulation of the 
vco. The schematic appears in fig. 6. 

A full-wave bridge rectifier i s  supplied 
from a 17-volt, 1-ampere transformer. 
The positive output from the rectifier is 
fed to the input (pin 12) of voltage 
regulator U8. Since the current drain 
exceeds the current limitation of the 
regulator, power transistor 0 6  is incor- 
porated as a series-pass device. The out- 
put of the regulator i s  set to 12 volts by 
means of the 15k and 2.4k resistors 
connected to pins 3 and 4 of U8. The 
5.1-volt supply for the logic elements is 
developed across a 1 N4733A zener diode. 
Current limiting and overload or short- 
circuit protection is  provided by moni- 
toring the voltage drop across the 
1.2-ohm resistor in series with the emitter 
of Q6. 

As previously noted, the 100-kHz cali- 
brator crystal from the R-4 was removed 
from the receiver and used as the refer- 
ence oscillator, with provisions incor- 
porated to reintroduce the 100-kHz signal 
back into the receiver. In order to enable 
the reference oscillator in the synthesizer 
for this calibrate signal when the synthe- 
sizer is not in use, an auxiliary power 
supply i s  included which keeps the refer- 
ence oscillator energized whenever the 
receiver i s  on, whether or not the synthe- 
sizer is being used. 

A 4-pole, double-throw slide switch i s  
used as a power switch. In the on 
position, 1 17 volts ac i s  applied to the 
transformer, and all circuits in the synthe- 
sizer are energized. When the power 

switch is in the off position, a separate 
half-wave rectifier and filter are con- 
nected through a cable to the 6.3-volt pin 
of the accessory power receptacle on the 
rear of the R-4. When the receiver is on, 
this voltage is  rectified and filtered, and 
applied to the same zener diode used in 
the main power supply of the synthesizer. 
However, only the reference oscillator 
circuit is powered from the auxiliary 
power supply. 

I f  a separate crystal i s  used in the 
synthesizer and the calibrator crystal is 
left in the receiver, the auxiliary power 
supply and i ts  switching circuit can be 
eliminated. This i s  accomplished by delet- 
ing all of the circuit below the dashed line 
in fig. 6 and connecting the 1N4773A 
zener diode between point X and ground. 
The 5.1-volt supply i s  obtained from 
point X. Pin 8 of U1 (see fig. 3) should be 
connected directly to the 5.1-volt supply. 

construction 
Construction of the frequency synthe- 

sizer is shown in the various photographs. 
An 8 x 10 x 2% inch aluminum chassis is 
inverted and used as a base. Four rubber 
bumper feet mounted on the bottom 
prevent scratches from the screws and 
nuts which fasten the parts to the chassis. 

The three rotary switches, the power 
and calibrate slide switches and the NE-2 
pilot lamp are mounted on the front 
apron. On the rear apron are the coax 
output connector and a three-pin minia- 
ture connector used for the 6.3-volt and 
100-kHz calibrate signal connections 
between the synthesizer and the receiver. 
The power transformer and the filter 
capacitor for the auxiliary power supply 
are mounted directly on the chassis. All 
other parts are mounted on a piece of 
perforated Vector board, copper-clad on 
one side. The board measures 4% x 6% 
inches overall and the hole spacing is  0.1 
inch. This spacing is important, since it 
matches the pin spacing on DIP inte- 
grated circuits. The use of copper-clad 
board provides a ground plane for the r f  
and high-speed logic circuits. 

The ungrounded leads of the various 
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components are soldered to insulated 
pads cut into the board by means of a 
Vector P-138C pad-cutting tool, and then 
connected by conventional wiring. The 
usual precautions of short, direct leads 
should be observed; although the highest 
radio frequency involved is only 40.6 
MHz, vhf techniques should be followed 
because of the high-speed logic pulses. 
The integrated circuits may be soldered 
directly to the board, or sockets or Molex 
pins may be used. My personal preference 
is the latter, since they are inexpensive 
and eliminate the very difficult job of 
unsoldering an IC should it be necessary. 

The power supply series-pass transistor 
i s  mounted in a Thermalloy 6166-6 heat 
sink, which is then mounted on the perf 
board. Although the heat sink i s  quite 
small, it is adequate for the power dissi- 
pated in the transistor and holds the case 
temperature to about 60' C, well within 
the temperature-power dissipation curve 
limits. 

All connecting leads to and from the 
board should be soldered in place on the 
board before connecting the other ends. 
Leave plenty of wire on each lead to 
make the connections to the parts which 
are not on the board so that if any 
troubleshooting must be done it will not 
be necessary to unsolder the wires. Wiring 
for the output and calibrate signals i s  
made with RG-174lU coax and should be 
kept reasonably short. All other wiring 
carries dc only, making lead length un- 
critical. The board is mounted on four 
metal standoff posts, which ground the 
copper side to the chassis. 

The power transformer should supply 
16 to 17 volts ac at approximately 0.5 
ampere. Any higher voltage only results 
in greater heat dissipation in the series- 
pass transistor. The simplest way to ob- 
tain a transformer is to modify one of the 
inexpensive 24-volt, I-ampere trans- 
formers which are readily available. First 
connect the primary of the unmodified 
transformer and measure the secondary 
voltage. Then disconnect the transformer 
and carefully cut through the outer paper 
insulation to expose the outer winding 
layer of the secondary. Remove ten turns 

from this winding and remeasure the 
secondary voltage. The difference 
between the new lower voltage and the 
original secondary voltage, divided by 
ten, i s  the volts per turn of the secondary. 
From this figure calculate the number of 
turns required for a voltage equal to the 
difference between the original secondary 
voltage and the desired 17 volts, and 
remove this number of turns from the 
secondary. After checking the new 
secondary voltage, wrap the transformer 
windings with insulating tape. 

There is a short-cut to this procedure 
if you can see and count the number of 
layers comprising the secondary. This is 
generally possible by closely examining 
and probing the open ends of the wind- 
ings. Assume that you have determined 
that the secondary has eight layers, which 
means that each layer develops approxi- 
mately 3 volts (24 divided by 8). Remov- 
ing two and a half layers should result in 
a secondary voltage of 16.5 volts, which 
i s  just about right. 

A cover for the chassis was made from 
aluminum cane-metal stock, which pro- 
vides adequate ventilation for dissipating 
the heat generated. The numbered posi- 
tions on the rotary switch knobs were 
made by using white number transfers on 
the black skirts of the knobs. Several 
heavy coats of Krylon fixative were 
sprayed on to keep the numbers from 
peeling off. 

alignment and test 
After all wiring and connections have 

been checked and rechecked, the synthe- 
sizer i s  ready for the few adjustments 
necessary to set  the vco on frequency. 
The only test  equipment absolutely 
necessary is  a voltmeter, although a grid- 
dip oscillator and oscilloscope can be 
helpful. 

Apply power to the synthesizer and 
check the supply voltages to make sure 
that they are within five percent of the 
nominal values. Then make sure the 
reference oscillator is working by bringing 
a lead from the receiver antenna jack 
close to the crystal. Harmonics of the 
100-kHz oscillator should be heard in the 
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receiver. The oscillator may also be is reached. (If the voltage does not drop 
checked with a scope; 100-kHz square between switch positions 1 and 0, it is 
waves should be observed a t  pin 3 of U1, nothing to be concerned about The vco 
and 10-kHz square waves should be may not tune this low, but the switch 
present a t  pin 12 of U2. I f  the oscillator position corresponds to a receiver tuning 
is  not working, adjust the trimmer capaci- range starting a t  500 kHz, which is  

The frequency synthesizer atop M e  Drake R 4  receiver, which has the new general-coverage 
praselector scale on Its front panel. Operating the equipment In this physical configuration Is not 
recommended because the synthesizer interferes with convection flow from the R-4. 

tor; it is not necessary for the crystal to 
be oscillating a t  exactly 100 kHz at this 
time. 

Connect a voltmeter between pin 8 of 
U3 and ground. Set the rotary switches 
for a frequency of 9.5 MHz and move the 
tuning slug of L3 into the coil until a 
maximum positive voltage is obtained. 
This should be 7.5 volts, the same as the 
zener-regulated voltage applied to U3 and 
Q1. Slowly tune the slug out of L3 until 
the meter reading drops to 7.1 volts, or 
about 0.4 volt less than maximum. 

Rotate the units switch toward zero, 
noting that the voltmeter reading drops 
with each switch position until position 1 

outside the receiver preselector tuning 
range.) I f  you have a grid dipper available, 
couple it to L3. It should indicate 12.6 
MHz in position 1 of the units switch, 
and 20.6 MHz in position 9. 

Next, set the rotary switches for a 
frequency of 19.5 MHz, and adjust the 
slug in L1 for a voltmeter reading of 
approximately 6.5 volts. Do not touch 
the slug in L3. Again turn the units 
switch toward zero and note that the 
voltage drops with each switch position, 
including position 0 this time. Turn the 
tenths switch to i t s  0.0 position and make 
sure that the voltage also decreases at this 
step. A grid dipper coupled to L1 should 
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indicate 21.1 and 30.6 MHz for the when the auxiliary power supply and 
minimum and maximum units and tenths 100-kHz calibrate circuit have been in- 
switch settings. cluded in the synthesizer. The lead 

Finally, s t i  the rotary switches for a lengths are not critical, but there is little 
frequency of 29.5 MHz and repeat the point in having the cable appreciably 
preceding adjustment for L2. The fre- longer than the output cable. 
quency range of the vco with the tens After the receiver and synthesizer have 
switch in position 2 is 31.1 to 40.6 MHz. been interconnected, turn on both and 

As a further check, a scope can be 
connected to pin 3 of U3. I f  the scope 
has a triggered sweep, the signal at pin 12 
of U2 should be connected to the ex- %%;? 
ternal trigger input of the scope. A 
10-kHz square wave should be displayed COELE USED WITH R-4 "'' 
on the scope for each and every position , l a -mAx 

- - - - - of the frequency selection switches on - - -  - - - -- 

the synthesizer. This completes the entire k7&Y'LE 
alignment procedure, except for setting WTWT CABLE USED WrrH R - 4 ~  8 R 48 

the crystal to exactly 100-kHz after the 
synthesizer has been connected to the 
receiver. 

operation TI) REGEIVER A ~ E S .  
war- 

The vco output from the synthesizer is @ m'UAFn lwKHZ WLIBRATE 'IGwL 

fed into one of the auxiliary crystal 
sockets on the rear of the receiver, so that 
no modification of the receiver is re- 
quired. The auxiliary crystal sockets are 
arranged in two rows of five each, one 
above the other. The socket holes in these 
two rows which are adjacent to each 
other (the bottom holes in the top row of 
sockets and the top holes in the bottom 
row of sockets) will be referred to as the 
inside holes. 

I f  the synthesizer is to  be used with a 
Drake R-4, build a cable as shown in fig. 
7A, and insert the crystal-base end into 
one of the auxiliary crystal sockets so 
that the pin connected to the coax shield 
is in the inside hole of the crystal socket. 
The 150-ohm resistor keeps the receiver 
hfo from oscillating on i t s  own. 

I f  the synthesizer is to be used with 
the Drake R-4A or R-46, use the cable 
shown in fig. 78. The pin on the center 
conductor goes to the inside hole of one 
of the auxiliary crystal sockets, while the 
coax shield is grounded to the receiver 
chassis. The ground stud on the receiver is 
a convenient terminal for the shield. 

Fig. 7C shows the cable to be used 

fig. 7. lntsrconnscting cables. 

set the synthesizer switches to one of the 
WWV frequencies suitable for good 
reception. Set the receiver xtals switch to 
the position which corresponds to the 
crystal position now occupied by the 
synthesizer output cable. Refer to the 
preselector tuning chart in the receiver 
manual and set the receiver band switch 
and preselector tuning to the settings 
specified for the frequency selected. 
WWV should be heard when the receiver 
vfo is tuned to zero. Then allow the 
synthesizer and receiver to warm up for 
about a half-hour. 

I f  you have incorporated the calibrate 
function in the synthesizer, turn on the 
calibrate switch and carefully adjust the 
100-kHz crystal trimmer capacitor in the 
synthesizer to zero-beat the calibrate 
signal with WWV. It may be necessary to 
retune the receiver slightly when doing 
this because changing the frequency of 
the crystal changes the synthesizer output 
frequency which is now the receiver hfo 
frequency. 
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On the other hand, if you have re- 
tained the calibration function in the 
receiver, it will be necessary to bring a 
lead from the receiver antenna (which is 
available from the accessory socket on 
the rear apron of the receiver chassis) 
close to the 100kHz reference oscillator 
in the synthesizer. Then adjust the crystal 
trimmer as described in the preceding 
paragraph. 

That completes the installation and 
you now have a general-coverage receiver. 
Simply set the synthesizer switches to the 
frequency you want, se t  the receiverband 
switch and preselector control to the 
appropriate positions, and tune. As a final 
touch, add a newpreselector scale so that 
you don't have to consult or memorize 
the preselector chart in the manual. Fig. 8 
is  a full-scale reproduction of the new 
preselector scale, and may be cut out or 
photocopied if you prefer not to mutilate 
the magazine. 

Use a standard 'h inch paper punch to 
cut a hole for the preselector shaft. 
Remove the preselector knob and attach 
the scale to the front panel of the 
receiver, using either a spot of rubber 
cement or a small piece of double-sided 
sticky-back tape in each corner. The scale 
shows the approximate setting of the 
preselector control; the large number at 
the end of each scale segment indicates 
the band switch position to be used. 

When used with the R-4, the synthe- 
sizer may be left on whether it or one of 
the receiver crystals is generating the hfo 
frequency. When the synthesizer i s  used 
with the R-4A or R-4B, i t  must be turned 
off if the receiver xtals switch is  not in 
the synthesizer position. The synthesizer 
and a crystal are both connected to the 
hfo in this case, so that possible spurious 
frequencies may result if the synthesizer 
is l e f t  on. 

conclusion 
This frequency synthesizer has been in 

operation for several months and fulfills 
the requirement of converting my R-4 
receiver to general coverage. It is, how- 
ever, a first attempt a t  synthesis tech- 

niques and can undoubtedly be improved. 
Despite considerable experimenting with 
the loop filter, there remains some fre- 
quency modulation of the vco a t  the 
reference oscillator frequency. This mani- 
fests itself as a weak spurious signal 
10-kHz either side of true frequency, but 
i s  generally not noticeable since it appears 

PRESELECTOR - MHZ 

fig. 8. Receiver preselector scale. 

to be 50 to 60 dB down. It is entirely 
possible that this modulation is  enhanced 
by stray coupling, since all circuits are 
located on one board without any shield- 
ing whatsoever. Enclosing the vco in a 
shielded compartment might further at- 
tenuate the 10-kHz signal reaching it. 

Digital circuitry i s  becoming more and 
more a fact of life for the amateur 
experimenter. A project such as this, 
involving digital and rf circuits, provides a 
welcome change from the usual, and yet 
i s  not completely alien to those without 
digital experience. I t  is offered, not so 
much as a "how to" project, but as a 
challenge to improve on it or adapt some 
of the ideas to other purposes. 
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solid-state 

2304-MHz preamplifier 

5 preamplifier for .- 
h 

2304 MHz ; 
m 
i 

provides 8 dB gain 
-8 

and 5.7 dB g 
Y, 
0 noise figure 

Receivers and converters for the uhf 
range have traditionally used mixer-type 
front ends because of the unavailability 
of devices which could provide useful 
amplification and sufficiently low noise 
figure. The noise figures provided by uhf 
mixers are limited not only by the devices 
available, but to a very large extent by 
the circuit in which they are used. For 
simplicity, amateurs usually use single- 
ended diode circuits. 

Until recently, if uhf signal amplifica- 
tion was essential, parametric amplifiers 
were about the only way to obtain a 

Side view shows vertlcal mounting of resistors. 
if 1/8-watt resistors are available, these com- 
ponents can be smaller. The partltion mounting 
screws are longer than necessary. The miniature 
potentiometer i s  mounted with a drop of 
epoxy. I t  is adjusted through a hole In the side 
of the Pomona box. 
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substantial improvement in performance. amateurs, and it had to offer improved 
However, several years ago transistors performance over the straight diode 
became available which had useful gain mixer front end. With this in mind, I first 
and reasonable noise figures on 1296 tried to modify the pi-network circuit 
MHz. The cost of these early uhf tran- used in the 1296-MHz preamplifier. How- 
sistors was high, but they eventually ever, all attempts to develop a 2304-MHz 

fig. 1. Layout of the 230CMHz preamp. Thls drawlng Is twice actual size. Feed-through capactton 
CS and C6 consist of Teflonzovered wire. fit snugly Into hole in 1/8" chassls partition. 

found their way into many high-perform- 
ance 1296-MHz converters. Now the price 
of these devices is substantially lower, 
and the day of the parametric amplifier 
on 1296 and 2304 MHz, with its at- 
tendant isolators and circulators, i s  gone. 

The success of the Nippon Electronics 
766A as an 1296-MHz rf amplifier,' and 
i t s  published performance specifications 
for 2000 MHz made it an interesting 
candidate for 2304 MHz. The proposed 
2304-MHz pre-amplifier had to be easy to 
build, so it could be duplicated by other 

preamplifier using this concept were un- 
successful, primarily because of problems 
with self oscillation. 

About this time, my attention was 
called to a capacitor being marketed by 
the Johanson Corporation which was 
designed specifically for uhf impedance- 
matching purposes. This capacitor, the 
Johanson model 4991, is a miniature 
dual-variable capacitor with two 0.8- to 
10-pF sections. 

After conversations with Mr. Harvey 
Bruning of the Johanson Corporation 
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C3 JP 

NEC E64 

0.5-2.5 PF piston trimmers 
Johanson Gigatrims JMC 6927 
gimmick feedthrough capacitors (see 
fig. 2) 
0.001 ,UF feedthrough 
miniature 20,000-ohm potentiometer 
brass strip, 0.001" thick, 3/32" wide, 
5/16" long 
brass strip, 0.001" thick, 3/32" wide. 
3/8" long, formed as shown in fig. 2 
miniature coaxial connectors (type 
SMA) 

fig. 2. Schematic diagram of the 2304-MHz 
preamplifier. Transistor Q1 is a Nippon Elec- 
tronics type V766A. 

regarding a T-network arrangement using 
the new dual capacitors, he suggested a 
new device marketed by their company 
called the Gigatrim. These are very small 
concentric air-type capacitors which lend 
themselves to the circuit I wanted to use 
for the 2304-MHz preamplifier. 

Mr. Bruning sent along some Gigatrims 
for experimental use, and with a layout 
suggested by him, the preamplifier 
seemed to work quite well. With the 
Gigatrims I was able to keep the overall 
size small enough so lead inductance did 
not become a limiting factor. Tuning the 
preamplifier is quite easy, and when built 
as described in this article, it shows 
absolutely no signs of instability. 

Construction of the preamplifier 
should be obvious from the drawings and 
photographs, and should present no diffi- 
culties to the experienced uhf worker. 
Although Johanson states that the solder 
used in their products will withstand 
relatively high temperatures, I used TIX 
high-conductivity, low-temperature solder 
which melts at 250" and flows easily." 
When using this type of solder, which 
contains indium, you must be careful 
because the liquid solder flows readily, 
and can get into the threads of the 
capacitor where it doesn't belong. Accord- 
ing to Mr. Bruning, regular 60140 solder 
should work well. 

When you are building the 2304-MHz 
preamplifier, it i s  important that you 
follow directions closely, particularly in 
regard to the dimensions of the holes in 
the center partition which make up the 
feedthrough capacitors (C5 and C6). 
Close f i t  i s  essential for these capacitors 
to work as required. 

Almost any miniature potentiometer 
may be used for R 1. The Cubic potenti- 
ometer shown in the photographs i s  very 
compact and is easily mounted with a 
drop of epoxy. For the fixed resistors, 
use the smallest size that is available, 118 
watt if possible. 

tuning 
The preamplifier is initially tuned up 

by injecting a 2304-MHz signal through a 
suitable attenuator and filter, and tuning 
all capacitors and adjusting the bias con- 
trol (131) for maximum gain. This tech- 
nique is  adequate because the noise figure 

*TI x low-temperature solder is available from 
the Brookstone Company, 5 Brookstone Build- 
ing, Peterborough, New Hampshire 03458. 

, ./--DRILL K16: 5 PLACES 

, , WT TO FIT ' 
I :  TRANSISTOR 

W 

TRPNSISTCR SHIELD 

CHASSIS FWRTITION 

fig. 3. Full-rlze layout drawings of chassis partition and transistor Shield. Material is brass. 
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fig. 4. Full-size drill template for the chassis. 

of the converter with which it will be 
used is probably higher than the gain of 
this single-stage preamplifier. 

A simple, low-level signal source suit- 
able for tuning up the 2304-MHz pre- 
amplifier is shown in fig. 5. This unit is 
quite similar to the design used with the 
1296-MHz preamplifier, except that a 
96-MHz overtone crystal i s  used in the 
oscillator. Also, it's desirable to feed the 
output of the multiplier through another 
resonant trough which serves as a signal 
filter. This is shown in fig. 5. 

Final tuning should be accomplished 
with the preamplifier in the system, with 
the antenna connected. The low-level 
2304-MHz signal is then fed in through 
the antenna. 

I obtained a noise figure of 5.7 dB 
with this circuit, but there is little doubt 
that a selected transistor can improve this 
by at least 1 dB. Gain of 7 to 8 dB is 

m l s  photo show the thickness of the partition 
which is important because i t  determines the 
capacitance of the feed-through capacitorr. C5 
and C6. 

about all that can be expected from this 
transistor a t  2304 MHz. 

However, Nippon Electronics supplied 
a type V578A. This device offers a tre- 
mendous improvement a t  2304 MHz in 
the same preamplifier. Noise figure meas- 
ured a t  3.8dB with the V578A, as opposed 
to 5.7 dB with the V766A - all  with no 
changes except tweaking. At 1296 MHz, 
the noise figure was 2.3 dB for the V578A 
vs 2.8 dB for the V766A. 

Soon after the preamplifier was built, I 
wrote to Fairchild and asked if they 
would be interested in supplying an 
MT4578 transistor which, from the 
published specifications, looked like it 

fig. S. Weak-rlgnal source tor tuning up the 
230CMHz pmamplltler. Small varactor diode or 
I N 9 1 4  Is useful as multiplier, but try anything1 
Although 10-32 screws w n  be used for tunlng 
screws. the Johanson JMC 6928 capacitive 
tuning screw is designed smclfically for this 
purpose, and is virtually noise free. Cavity is 1" 
deep. 

would glve improved performance. After 
waiting some time, I have not heard 
anything from Fairchild, so I haven't 
made any experiments with the MT4578. 

I wish to express my appreciation to 
the Johanson Corporation and Nippon 
Electronics for their cooperation, and 
particularly to Mr. Harvey Bruning of 
Johanson whose suggestions were quite 
helpful. 
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inexpensive 

audio filters 
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0 

Surprisingly effective $ 
0 .- 

audio filters 6 
a .- 
L > are possible s 
% 
'0 using non-critical 
+ 
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c readily available t 
m components a 
2 

Ed Noll's excellent summary of direct 
conversion receivers in the November, 
1971 ham radio, correctly points out the 
common failing of inadequate audio 
selectivity.* In the course of developing 
some simple, inexpensive equipment for 
novices, I have found it possible to obtain 
really excellent selectivity without resort- 
ing to rigorous filter design and without 
careful selection and matching of parts. A 
sufficient number of these filters, and 
variations of them, have been made to 
insure reproducibility. 

basic circuit 
Fig. 1 shows the basic circuit -just 

three constant-K pi sections in cascade. 
For those who are not familiar with 
filters, this filter i s  a low pass filter - it 

fig. 1. The basic circuit of a three sectlon, 
constant-K pi-section low-pass filter. Some ty pi- 
cal practical valuer for filters like this are given 
I n  table 1. 
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passes all frequencies from zero to  some 
desired cutoff frequency. The impedance 
into and out of the filter i s  fixed by the 
chosen values of inductances and capaci- 
tances, and in this case the impedance in 
and out i s  the same value. Table 1 was 
made up to allow choice of easily avail- 
able capacitors. In  all cases the inductors 
are surplus 88-mH toroidal units. Fig. 2 
shows how the leads are connected for 
use. As supplied, all four leads are usually 
brought out individually. 

The curves in figs. 5 and 6 are indica- 

CONNECT BOTH LEADS 

ON ONE 7 

fig. 2. Proper way to connect leads to surplus 
88-mH toroids for use in simple audio filters. 

tive of the results to be expected with off 
the shelf components. Some filters were 
built with used tubular paper capacitors 
pulled from scrap TV sets. Others used 
new components. I f  you purchase new 
components, the Cornell-Dubilier 100 V 
Mylar capacitors in their inexpensive 
WMF series are compact and reliable. In 
no case should you use electrolytics. 

Fig. 3 shows a variation that has been 
successfully duplicated by several fellows. 

table 1. Component values for low pass filters 
with different cutoff frequencies. Component 
values have been roundad off, but are accurate 
enough to produce excellent results in the cir- 
cuit of fig. 1. 

cutoff freq. R C C12 
Hz ohms /.IF /.IF 

fig. 3. Audio filter whose cutoff frequency can 
be switched between two values. 

This filter allows a higher cutoff fre- 
quency for phone reception and a low 
frequency for CW work. A double-pole 
single-throw slide switch i s  adequate for 
this application. The interstage trans- 
former is a low cost import from Radio 
Shack. The detectors used either a 
Motorola MC1550 or RCA CA3028 inte- 
grated circuit. The 500-ohm volume con- 
trol terminated the output of the filter 
and feeds a solid-state amplifier described 
in ham radio, March 1970.2 

construction 

Fig. 4 shows a compact suggested 
layout. For those who have no etching 
facilities, use Instant etch. No chemicals, 
no mess. Draw the layout on the copper, 
and score the copper with a sharp hobby 
knife. Carefully l i f t  a corner of the 

~ . + - k z ~  

a\ FRONT PANEL SWITCH ON 

fig. 4. Suggested compact layout for the audio 
fllter of fig. 3. 
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FREOUENCY ( H Z )  

mT2 fig. shown 5. Performance i n  5C. Curve curve A is of o f  the a f i l ter low-pass similar f i l ter t o  
560 5C. b u t  w i t h  ai l  0.1-mF capacitors increased t o  

W ~ H  1.0 mF, and al l  0.2-mF capacitors increased t o  
2.0 mF. 

0 

undesired copper with a knife edge, and number 22 tinned solid wire for the 

then peel it off with a pair of long-nose various busses. When mounting the 
pliers. If you wind the copper up as if toroids, it i s  best to use flexible washers. 
opening a sardine can the work goes These can be cut from inner tube rubber, 
easier. You can also use thin, unplated Teflon or soft vinyl plastic. The mounting 
board material and substitute pieces of screw should be covered to prevent 

FREOUENCY ( H z )  

fig. 6. Example of a 
f i l ter using off-the- 
s h e l f  components.  
AISO shown is the 
f i l t e r  per formance 
degradation due t o  
improper grounding. 
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damage to the windings. A piece of 
insulating tubing or a wrap of plastic tape 
i s  sufficient. The 2-mF capacitors should 
connect to the switch with not much 
more than their lead lengths. The ground 
return from the switch should not go to 
the nearest chassis ground, but should 
return to the board, as illustrated. The 
interstage transformer and 500-ohm pot 
can be located at some distance from the 
board. In such a situation, it i s  best to use 
a shielded single-conductor cable with an 
outer jacket to prevent the shield from 
touching ground at any point except 
those selected. Miniature coax such as 
RG-174/U is excellent for this purpose. 

ground loops 
The foregoing precautions will help to 

prevent ground loops which can form 
paths around the filter. As a matter of 
fact, if your filter fails to do i t s  job, it 
might be well to investigate this possi- 
bility before condemning the filter. Fig. 6 
is an excellent example of what can 
happen. I plotted curve C using a good 
lab setup. I installed the filter in an 
experimental receiver and it performed 
horribly. Curve D showed that so much 
signal was being fed around the filter that 
i t  was very ineffective. The culprit in this 
case was the low-side lead from the power 
supply. The point where it connected 
into the receiver was such that it formed 
a beautiful ground loop. 

Fig. 7 illustrates a common trouble. 
The resistance marked R in that figure 
represents power supply impedance. For 
these receivers an adequate power supply 
can be the capacity multiplier job de- 
scribed by W6GXN in the February, 1970 
ham radio.3 A poorly regulated supply 
with an inadequate output filter capacitor 
may have an impedance measured in 
ohms. If connected to the receiver with a 
few long number 22 wires, the lead 
resistance will contribute significantly to 
power supply impedance. From fig. 7 you 
can see that this power supply impedance 
is a common series element for both the 
detector and an audio amplifier. A small 
portion of the audio signal from the 
detector is fed around the filter by this 

DETECTDR FILTER 4 F  AMPLIFIER 

+ KLTAGE 

DETECKR S W  PATH 

fig. 7. Example of audio filter Performance 
degradation as a signal bypasses the filter by 
flowing through the common impedance of the 
power supply. 

route, thus dqgrading filter performance. 
How much can be tolerated? If a weak 
signal reaching the first audio stage is  0.1 
mV (not an impossible situation) filter 
degradation will begin to be felt with an 
unfiltered signal 80 dB below this 

DECECmR FILTER AF AMPLIFIER 
n 

CMSYS REYSTWF m c m  SIW now 

fig. 8. Filter performance Is degraded by  un- 
expected chassis resistances providing a signal 
path around a filter. 

level - or 0.01 pV. In all probability, 
you won't notice any appreciable 
degradation at this level, but i t  i s  starting. 
A one microvolt sneak signal will produce 
a fair amount of degradation. 

Fig. 8 shows another common mis- 

fig. 9. High-pass filter section that can be built 
from 88-mH toroids. 
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FREQUENCY (Hz) 

Q 

fig. 10. Extrapolated curve to approxi- 
mate performance to be expected from 
a high-pass section at each end of a 

BBmH threbsection low-pass filter. A typical 
filter of this type is shown in 106. 

0 

take. The chassis here is represented as a 
resistance, which in actuality, it is. Parti- 
cularly with aluminum, pressure con- 
nections (a solder lug bolted to a chassis) 
often show resistance due to the forma- 
tion of oxides. Where dissimilar metals 
contact aluminum, oxidation is often 
accelerated, and aluminum oxide is an 
excellent insulator. Fig. 8 shows that a 
part of the chassis resistance is  common 
to both the detector and first audio stage. 
In this case, it could be that the volume 
control was located close to the detector 
to provide a symmetrical panel arrange- 
ment. Perhaps a person sees a ground 
point at the detector and thinks, "a 
ground is a ground," and fastens the 
volume-control ground wire there. As the 
illustration shows, the ground was merely 
a tap on a resistor. 

Don't throw away that aluminum 
chassis, though! It will still do i t s  job well 
if you follow a few simple rules. Try to 
make a straight-line layout of the stages. 
Avoid a U-shaped layout if possible, be- 
cause that often brings high- and low-level 

ground points close together and leads to 
instability. In this case it can ruin filter 
performance. In a tiny 80- to 10-meter di- 
rect conversion receiver I built, it was nec- 
essary to locate the filter at one remote 
point and the volume control a t  another 
in order to cram the thing together. In a 
case like this, a t  audio frequency, it i s  
possible to carry the ground through by 
using RG-174lU miniature coax. Both the 
hot and the ground leads were carried to 
the detector. No ground was allowed 
below decks on the filter board. The 
output went by coax to the volume 
control. Again, the ground side of the 
control was not physically grounded 
there. The coax led from the control back 
upstairs to the audio board. That is where 
the braid of the coax was allowed to go 
to ground. The result was a receiver with 
remarkable selectivity on CW. No filter 
degradation has been noticed. The last 
suggestion on grounding is  to group the 
ground points associated with each stage 
a t  one point or close together. Don't 
include grounds for another stage at this 

28 august 1972 



same point, i f  possible. 

high-pass filter 
The last item is fig. 9 which shows a 

high-pass filter section that can be built 
from the same 88-mH toroids. This 
section passes all frequencies higher than 
some selected cutoff frequency and can 
be used with the foregoing filters to 
suppress frequencies below about 250 Hz. 
Fig. 10 is  not a measured curve, but is 
extrapolated from other measured curves 
to give a rough idea of what might be 
expected from a high-pass section a t  each 
end of a three section low-pass filter with 
the capacitor values indicated. A fairly 
substantial degree of mismtach has been 
deliberately introduced in the experi- 
mental filters here without much loss in 
usefulness. 

I f  you want to try out a filter on an 
existing receiver having a headphone jack 
fed from a 4-ohm speaker line you could 
get a fallacious picture of expected per- 
formance. In such a case, since you would 
have audio power to spare, I would 
suggest connecting an appropriate termin- 
ating resistor in series with the hot side of 
the filter input to the hot side of the 
receiver phone jack. Similarly, if you are 
using high impedance phones, I would 
connect a resistor across the output of 
the filter to properly terminate it there, 
and then connect the headphones across 
that resistor so the parallel combination of 
the phones and resistor terminate the filter 
in a value roughly similar to that to be used 
a value roughly similar to that to be used 
in the final application. This sort of check 
will give a fair approximation of what to 
expect if it is built into something, and 
can serve as a method of determining if a 
bad feedthrough situation occurs in the 
finished project. 
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n-way power dividers 
and 

3-dB hybrids 

This article describes 

n-way power dividers 

and 3-dB hybrids, 

and shows you 

how to design them 

for hf and vhf 

I Although amateurs who operate on the 
microwave frequencies are familiar with 
3-dB hybrids and n-way power dividers, 
these devices are strangers to amateurs 

$ who operate on the lower bands. How- 
ever, 3-dB hybrids have recently become 

i available for use on vhf and uhf. 
'n 
2 

A 3-dB hybrid splits the input power 

5 equally between two outputs and pro- 
vides more than 20dB isolation between 
the output ports. An n-way divider splits 

*- the power n-ways (up to about 10 ways 
c practically, I imagine) with similar isola- 
g tion between output ports. The outputs - 

of the n-way are in phase, while the 
; outputs of the 3-dB hybrid are 90" out of 
0 
2 phase. 
z Such devices are very useful in parallel- 
% .- ing transistor rf amplifiers, for example, 
L 

or in ssb systems where 90" phase shifts 
E are necessary between two rf signals. By 
LL using lumped constant equivalents to the 

microwave transmission-line circuits, it is 
possible to design these devices for any 
amateur hf or vhf band. Circuit band- 

F 

3 widths are typically 10%. One circuit will, 
therefore, be useful over the full amateur 
band for which it was designed. t 
n-way divider 

V j  

; This is  the most straightforward of the 

5 two devices (fig. 1). Power coming into 
the input port is divided equally between 
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the n output ports. Power coming in an 
output port i s  dissipated in the resistors 
connected to the common node rather 
than being reflected into the other out- 
puts. This is the isolation mechanism that 
makes the circuit so attractive. 

The design i s  accomplished with 
l u mped-constant quarter-wave trans- 
mission lines (fig. 2). L and C values are 
determined by the characteristic imped- 
ance of the line (2,) which, in turn, i s  
determined by the number of output 
ports. That is, 

where R, = characteristic impedance of 
input and output lines and N = number of 
output ports. 

INPUT 
W R T  
o-- 
R.2 

flg. 1. N-way power divider and combiner. 

Fig. 3 shows a three-way divider for 
the 40-meter band (50-ohm transmission 
line). I n  this case, 

2, = d 3  x 50= 86.5 ohms 

Therefore, in fig. 2, L = j86.5 and C = 

-j86.5 ohms. A t  7.2 MHz, L = 1.6pH and 
C = 250 pF. Use a reactance slide rule to 
determine these values (such as the 
ARRL R/L/C Calculator) or use the two 
reactance formulas: 

L = 2nfXL 

The closer you get to the calculated 
values, the more accurate the power 
division and the better the isolation. To 
obtain 30-dB isolation between output 
ports, you will have to be within 1% of 
the calculated values. Five percent com- 

fig. 2. Lumpedconstant quarterwave trans- 
mission line with a characteristic impedance, 
20. 

ponent tolerances are probably the 
highest that can be tolerated without 
completely ruining output port isolation. 
Matching components between the paths 
is more important than obtaining precise 
values, so if you are unsure of your 
component tolerances, choose identical, 
i f  slightly inaccurate, values and sacrifice 
input impedance matching for improved 
isolation. 

Turned around, an identical divider 
would be used to combine amplifier 
outputs. All the same isolation advantages 
apply. Total insertion loss through each 
divider (or combiner) is about 0.3 dB. 
Advantages of the n-way divider include 
equal power division from a straight- 
forward circuit and good isolation 
between parallel amplifiers. Isolation at 
the signal frequency means fewer sneak 
paths to cause oscillation. Also, you can 
lose one paralleled amplifier without los- 
ing all output power. 

hybrid 
The 3-dB hybrid is more complex than 

the n-way power divider, but it is also more 
interesting and versatile. It may be used 
as a divide-by-two power divider in lieu of 
an n-way system and will provide similar 
isolation between the output ports. More 
interestingly, however, it can be used as a 
wideband phase shifter in systems requir- 
ing quadrature signals over a wide fre- 
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quency range. In a hybrid, the two port 3 divides between ports 1 and 2 with 
output signals maintain a 90" phase rela- no output at port 4, and so on. 
tionship over a range of frequencies much I f  equal power is applied to ports 1 
wider than the useful 10% bandwidth and 2, then equal power appears at ports 
which is  determined from power match- 3 and 4 with 90" delay through the 

,865 OUTPUT 
0 6 g H I  WRTS 

ing considerations. Further properties will 
become apparent as we discuss the hybrid 
circuit. 

Fig. 4 defines the basic hybrid proper- 
ties. Power applied to input port 1 divides 
equally between ports 3 and 4. No power 
appears at port 2 (which must be termin- 
ated by a resistor equal to the character- 
istic line impedance). The signal at port 3 
i s  delayed by 135", the signal at port 4, 
by 45", resulting in a 90" phase differ- 
ence between the outputs. 

This four-port network is completely 
symmetrical. Therefore, power applied to 
port 2 divides between ports 3 and 4 
equally, with 135" delay to port 4 and 
45" delay to port 3. Power applied to 

fig. 3. Three-way divider for opera- 
tion at 72 MHz with 50-ohm trans- 
mission lines. 

r-t ' 

F '--.---- 
fig. 4. Basic circuit of the 3 d B  hybrid. 

circuit. However, if the two equal input 
signals are 90" out of phase, then a l l  the 
input power appears a t  either port 3 or 4 
depending on whether the input to port 2 
leads or lags the input to port 1. 

IDENT ICAL  3 - d B  HYBRIDS - 

2 ---- . 2 -- 

R m E R  AMPLIFIERS 

fig. 5. using 3 - d ~  hybrids as power dividers and 
combiners. 

For power division and combining, a 
pair of hybrids is necessary (one at the 
input and one at the output) to maintain 
the proper phase relationships (fig. 5). 
Approximately the same signal frequency 
isolation between power amplifiers is 
obtained from the hybrid as from an 
n-way divider. All the power reflected 
back from amplifier 1 Idue, say, to a 
mismatch) appears at ports 1 and 2 and 
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not at port 4 where it could feed ampli- 
fier 2. Similarly, on the output side none 
of amplifier 1's output appears a t  port 2 
of the output hybrid, all of it drives the 
load. The insertion loss through each 

fig. 6. Basic circuit for a 3 4 6  hybrid for use 
with transmission lines with a characteristic 
impedance. Zo. 

hybrid is 0.3 dB or about the same as the 
n-way divider. 

hybrid design 
Hybrid design proceeds much the same 

as for the n-way divider. Fig. 6 shows the 
circuit and gives component values in 
terms of the characteristic impedance of 
the transmission lines with which it is 
used. 

As a design example, a 3 dB hybrid for 
50-ohm transmission lines will be de- 
veloped for a center frequency of 14.25 
MHz. I used this hybrid in a direct-con- 
version receiver so a good amount of test 
data is already available.' 

From fig. 6 you can see that all 
reactances will be either Z, or 22, (50 
and 100 ohms in this case). These values 
are included in the circuit drawing in fig. 
7. The component tolerances seem to be 
somewhat less critical here than in the 
n-way divider but you must s t i l l  strive to 
obtain values as close as possible to those 
calculated. Component matching plays an 
important part in determining the ulti- 
mate isolation possible, so try to match 
components even if precise values are not 
available. 

The hybrid for the ssb receiver was 
built with 10% inductors and 5% capaci- 

tors. The true center frequency was 
measured to be 14.45 MHz. At 14.25 
MHz, the two output amplitudes were 
wi th in 1 dB. Amplitude variation 
between the outputs around the true 
center frequency was 0.5 dB over k0.3 
MHz, which was acceptable. Over 10.3 
MHz, the change in the 90° output phase 
relationship was not measurable. To pro- 
vide for precise phase adjustment in the 
receiver, C, (fig. 7) was replaced by 150 
pF in parallel with the 100 pF trimmer. 
Amplitude compensation beween the 
outputs was achieved elsewhere in the 
receiver. Power dividing and combining 
applications are not as critical as phase 
shifting and the trimmer might be 
omitted. 

An interesting variation to the &dB 
coupler allows i t s  use in swr measure- 
ments. By changing component values, it 

those days before spark.. . 

"You can't get through a pileup like that . . . 
yuh gotta better chance out here on the edge." 
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1550nHJ 

fig. 7. A 3-46 hybrid designed for 14.25 M H z  
operation with 5 0 o h m  transmission lines. 

is possible to change the coupling from 3 
dB to 20 dB. With Pi, applied to port 1 
of this device, 99% is  transferred through 
to port 3, and 1 % to port 4. Since ports 3 
and 4 are decoupled, the power at port 4 
i s  only 1% of the forward power. Re- 
flected power applied to port 3 is  treated 
in the same fashion. Port 2 output i s  1% 
of the reflected power only. These char- 
acteristics describe a directional coupler. 

Fig. 8 shows the circuit values required 
for a 20-dB hybrid, and fig. 9 shows the 
directional coupler application. Actual . . 
component values are determined from 
the circuit values as for the 3-dB hybrid. 

fiers, it is well to remember that these 
dividers provide isolation at the signal 
frequency only, and additional low-fre- 
quency isolation may be required in the 
power and signal leads to prevent destruc- 
tive low-frequency oscillation. 

Since all ports of these dividers are at 
transmission-line impedances, it is neces- 
sary to include matching networks in 
each amplifier. This is, in fact, an advan- 
tage since each individual amplifier can be 
tuned up in a 50- or 75ohm system 
before you connect them in parallel. 
When they are paralleled, it will be 
necessary to retune each of them slightly 

T R W I l T E R  POdB HYBRID ANTENNA 

REFLECTm 

SAMPLE SLIMPLE 

fig. 9. Using the 20-dB hybrid as a directional 
coupler for measuring swr. 

fig. 8. Reactance values for a 2 0 4 6  hybrid. 
These reactances can be converted into com- 
ponent values for any frequency of interest. 

comments 
Construct all of these devices sym- 

metrically to minimize stray impedance 
differences between the paths. In fact, it 
i s  best to arrange them like the circuit 
diagrams. When paralleling power ampli- 

to match phase shifts throughout the 
system. Choose one path as a reference 
and adjust the others to match it. 

I have used n-way couplers in vhf 
solid-state transmitters to achieve output 
powers of 750 watts at 75 MHz and 650 
watts a t  225 MHz, the latter in a varactor 
tripler. Three-dB hybrids have been used 
in similar transmitter designs to achieve 
1,000 watts at 100 MHz and also as 
quadrature phasing elements in ssb 
systems. 

A computer program was the source of 
the hybrid component values. It was 
written by E. A. Johnston, KlYEY, and 
Bill Higgins of the staff of the MIT Center 
for Space Research in Cambridge, Massa- 
chusetts. 

reference 
1. R. S. Taylor, W1 DAX, "A Direct-Conversion 
SSB Receiver," QST, September, 1969, page 
11. 
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new digital instruments 
see them all in your FREE Heathkit catalog 
See all the gear in the world's leading ham equipment line plus all the instruments 
you need to  make your hobby complete. Over 350 kits are shown including the famous 
Heathkit color TV, stereo, marine, automotive, shortwave, music amps., home appli- 
ances, RIC, portables, and more. Send for your FREE copy today. 

NEW Heathkit &Digit Calculator - $129.95* 
Adds, subtracts, multiplies, div~des, chain or mixed functions, and constant. 
Floating or selectable 7 posit~on decimal point. Has plus, minus, and over- 
flow indicators. Overflow protection of most significant 8 digits. Clear- 
display key erases last entry without losing problem. "Standard" 
keyboard configuration. American made LSI circuitry. Bright Y2" red 
digits. 120 or 240 VAC operated. Desk-top black & white cab, 3Y2" x 6" 
x 10%" d. 
Ki t  IC-2008, 5 Ibs., mailable. . . . . . . . . . . . . . . . . . . . . . .  .$129.95* 

NEW Heathkit 
8-Digit 

120 MHz Counter - " -  ,I# 

Measures from 1 Hz t o  over 120 MHz with 8-digit 
readout plus overrange, gate and two range indica- 
tors. Pre-assembled TCXO time base. 1 megohm FET 
input. Automatic triggering level. Sensitivity 50 mV 
or less to  100 MHz, 125 mV to  120 MHz. Uses latest 
ECL (emitter coupled logic). Assembles in 15 hours. 
All ICs mounted on plug-in connectors. Plug-in fiber- 
glass circuit boards. 1201240 VAC. 

. . . . . . . . . .  Ki t  18-1102, 12 Ibs., mailable .$349.95* 

3% digit readout, quality digital components and 
easy calibration give lab-grade accuracy. Measures 
100 uV to 1000 VDC in 5 ranges; 100 uV to 500 VAC, 
5 ranges; 10 current ranges, 100 nanoamps. to 2 
amps, AC & DC; 6 resistance ranges, 0.1 ohm to  20 
megohms. 1000 megohm input on 2 V range, 10 
megs on others. Overload protection. Automatic 
decimal. Overrange indicator. Calibrator included. 
Kit IM-102, 9 Ibs., mailable.. . . . . . . . . . .  .$229.95* 

NEW Heathkit Solid-State FET VOM - $79.95* 
Dual FET portable multimeter with lab grade accuracy, 10 megohm input and the 
ranges you really need. 9 DCV & ACV ranges, 0.1 to 1000 V., +2% accuracy. 6 DC & 
AC current ranges, 10 microamps. to  1 amp. 7 resistance ranges, x l  (10 ohm center) 
to  x l  Megohm. 9 dB ranges, -40 to  +62. 1% precision dividers. 4%", 100 uA, 
ruggedized taut-band meter, diode & fuse protected. Battery check switch. 

........................... Kit IM-104, less batteries, 4 Ibs., mailable .$79.95* 

See them all at your Heathkit Electronic Center r,,,,-------------- -- ... or fill out the coupon at right I HEATH COMPANY, ~ e p t .  1226 I 
WIITHKIT ~LECTMMIC C L W ~ E R S  - IIIZ: m..n,., 2727 W. lndiln h h o o l  ~d ; CALIF.: ~ n ,  I Benton Harbor, Michigan 49022 I 
h e m  330 1 8.11 Rd € I  Ctrrele 6000 Polrrra A n :  La% A w t l l s  2304 5. flowLr St: is 5 h m d n r .  1555 o r a n r c ' ~ l o r e  nr ti., aeawooa city, 11 ~ ~ a a ~ e ~ t c i d  ~d ; s n  ~ i m  11; . plus shipping. I 
~ ~ ~ 1 ~ , " , 3 ~ ~ ~ ~ ~ , p . ' ~ ~ , ~ , ~ ~ ~ ~ , ~ ~ ; ~ ~ . ~ ~ ~ " , ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ f ~ p ~ ~ ~ " ; ' ~ ~ ~ ~ ~ ~ ~ ~ , "  Please send rnodel(s) I 
ILL .  cml.;~o, 3462 66 w lnrvon ~ v r  . oewners ~ r o r e . ' 2 7 4  ornrn  nir.. UUUS:  ans st; 1 P l e a s e  send FREE 'eat'''' Catalog. I 
City IMtlroonl. 5W10 Lamar br? : MU.. Rorkrllle. 5'142 N8chol5nn Lane: M1SS.: 80110n 1 Name 
(Wclleslryl 165 Y.n!cexlef 9 1 .  MICH.: Detro~l.  18645 P tight Mile Rd 6 I8119 E f lPh f  

I 
~ , i e  nc! MINN.: rnmnrapolnr Inarrnnsl, lo, ..haclr Oak Rd . MO.: St. LOUIS. 'i2r6 Cvavolr I Address I 
A V P  . N.1.. r.4, Lawn. 35 01  B t o a < , r , ~ y  (HIv . I , ,  N.Y : Buffalo I lmherr t l  3416 Sharmclan 
~r . ~ r r  york w 45th TI : lencmo 1.1. 15 larl iho ~ a r n ~ , l k r .  ~ocheher 10nc Rldee I City ~ t a t e ~ l p -  I 
plaza. OHIO, t~nc~nnato  Iwooe l lml .  1 6 1 n ' s ~ r t n ~ f ~ e l a  Plkc. Clewland. 54.i4 Pearl Ril.: I prices & specificstions subject to change without notice. I 
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phase-shif t 

RTTY monitor scope 

L 
m 

By complete analysis 2 
Z 

of received signals, 5 
is 

this unit 5 - .- - - 
W 

can be the answer 
n - 
z to RTTY tuning O 

0, 

in heavy interference 1 
5 

A tuning indicator i s  almost a necessity to 
properly tune an RTTY signal. A cross- 
pattern scope1 or the ST-5 and ST-6 type 
tuning meter2v3 is fine for normal signals; 
however. with heavy interference, a 
phase-shift type s c ~ p e ~ ' ~  is perferable to 
help sort out the proper mark-space 
frequencies. The cross-pattern scope or 
tuning meter uses heavily-filtered des- 
criminator signals from the demodulator 
for indication, thus filtering out much 
information about the received signals. 

This phase shift monitor scope uses 
signals directly from the receiver output 
(or TU input) and displays a rotating line 
on the face of the CRT. The angle of 
rotation is a measure of frequency, while 
the length of trace indicates amplitude; 
thus, most of the CRT face area contains 
useful spectrum information. At a glance, 
you can determine approximate f re 
quency shift of either the received or 
transmitted frequency, can tune the 
signal rapidly to correspond to the TU 
filters and can determine frequency sepa- 
ration of interfering signals. With a little 
practice, the scope pattern will aid in 
making the proper adjustment to produce 
usable copy from marginal signals. 

theory 
b 

The heart of the phaseshift indicator 
5 i s  the simple RLC network shown in fig 
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1. The series LC circuit i s  resonant near 
the mid frequency of interest. Near 
resonance, the impedance of the LC 
circuit is minimum; thus, El approaches 
zero while EL i s  large and exhibits rapidly 
changing phase about the resonant fre- 
quency. Recalling oscilloscope display 
theory, two sine waves applied to the 
deflection plates of a CRT produce a 
pattern dependent upon the phase and 
amplitude relationship between these sine 
waves. With the two sine waves either in 
phase or 180° out of phase, a straight line 
appears whose angle on the CRT face 
depends upon the relative amplitudes of 
the two signals. With 90' phase shift 
between the two deflection plates, an 
ellipse appears with an eccentricity 
dependent upon the relative amplitudes 
between the two signals. 

Referring to fig. 1, the LC circuit i s  
resonant near the center of the frequency 
range of interest (2550 Hz). For a high-Q 
circuit, the phase angle varies from near 
180° to 0' over a narrow frequency 
range, which yields straight lines on the 
oscilloscope tube. Around resonance, an 
ellipse appears since the signals are 
around 90" out of phase; however, the 
width of the ellipse is collapsed to zero 
since the amplitude of the series voltage 
(El) decreases to zero as the phase 
approaches 90°. Thus a straight line will 
appear on the CRT for all frequencies of 
interest and will rotate about the center 
of the tube face as the frequency varies. 

fig. 1. The basic RLC phase-shift network. 

Typical patterns for a complete phase- 
shift monitor scope receiving RTTY 
signals appear in fig. 2. Most people 
prefer a vertical line at mid-frequency and 
clockwise rotation with increasing fre- 
quency. The CRT can be rotated in the 
mount to yield a horizontal or vertical 
pattern, and connections to one pair of 

deflection plates can be reversed to yield 
the desired direction of rotation. 

circuit description 
The complete schematic appears in fig. 

3. The design is straightforward. The 

I L L  0" lm- 
TUN0 

SWFT WIDE 
L lTR lMLL  TUNED1 

fig. 2. Phaw-shift scope Patterns. 
For clarity. only wide shift is  

Ill X h C "  
M ~ E Y  IIIuStrated. 

input stage (Q1) yields a gain of about 20 
(approximately the ratio R4lR5). R2 and 
R3 are bias resistors. 0 2  is  an isolation 
emitter follower which reduces Q1 col- 
lector loading and offers the current drive 
necessary for the LC phase-shift network. 

The series compensating network (C2, 
L1 and R8) could be eliminated; how- 
ever, it offers two advantages. C2-L1 
resonate at approximately 2 kHz to yield 
an increasing impedance over the 2 to 3 
kHz indication range which compensates 
for the increasing voltage across the 
phase-shift inductor (L2) with increasing 
frequency. This maintains the same scope 
trace length at 2125 Hz and 2975 Hz. 
Another advantage of C2-L1 is that 
signals far above and below the 2-3 kHz 
range do not produce a trace on the CRT, 
thus limiting the pattern to the desired 
range of frequencies. 

R9, C3 and L2 comprise the phase- 
shift network described in fig. 1. C3/L2 
resonate at 2550 Hz. Q3 serves as an 
isolating emitter follower to offer a high 
impedance across L2 and maintain high Q 
for the network. Q4 and 0 5  are identical 
amplifier stages with a gain of approxi- 
mately 20 (ratio of collector load to 
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emitter resistor). Resistors R 14/R 16 and 
R 18/R 19 furnish bias for the transistors. 

construction 

Parts layout is not critical. In the 
several prototype units built, I tried 
various construction techniques, all with 
equal success (point-to-point wiring, 
Vector board with push-in terminals, and 

tion of the steel. Of the several prototype 
units I built, no trace hum was experi- 
enced with the exception of an early 
prototype in which the power trans- 
former touched the CRT socket. This 
hum was eliminated with a cut-down 
CRT neck shield (Heathkit 206-180). 

You can use a standard CRT bezel to 
dress up the front panel and for mounting 

fig. 3. Schematic of the transistorized R T T Y  monitor scope. Q1 and 4 2  may be the same as 93 ,  
4 4  and Q5; there are many substitutes for these transistors. I n  choosing V1, try to get a C R T  with 
P I  phosphor. 

Vector board with Circuit-Stik). Prefer- 
ably, the power transformer should be 
mounted to the rear of (and away from) 
the CRT, and the input amplifier (01) 
should be towards the front of the unit. 
The only shielded wire is  from the input 
jack to the gain control (R1 1. 

For the two inch CRTs, a 3 x 5 x 
9%-inch aluminum chassis is adequate to 
house the CRT and circuit board. Use an 
aluminum cover for the hooded top, or 
alternately, build the unit with the 
chassis open side down and use a flat 
aluminum bottom plate. I f  the power 
supply i s  to be built-in, select a chassis 
size to prevent crowding the power- 
supply components around the CRT. 
Otherwise CRT shielding may be required 
to prevent trace hum. Do not use a steel 
chassis or bottom plate, since the center- 
ing would tend to shift with magnetiza- 

the CRT. The unit shown uses an old 
meter case with the movement and glass 
removed and the opening filed round. A 
rubber O-ring slipped into the modified 
meter case provides a shock mount for 
the CRT face. The tube neck is supported 
with an aluminum clamp and spacers. 
Save space and money by omitting a 
special tube socket for the CRT. Push 
pins from a standard old tube socket, 
solder them directly to the leads and push 
spaghetti over the pins for insulation 
(octal socket pins fit the 2BP1, larger pins 
are required for the 3AP1). 

Circuit components are not critical, so 
feel free to use the junk box; however, C2 
and C3 should be high quality (e. g. 
Sprague Orange Drop) to yield high Q 
and to minimize calibration drift. Of 
course, it is an unusual junk box that 
contains 400 V breakdown transistors. C6 

38 august 1972 



and C7 should have low dc leakage so as 
to not affect CRT centering. Although 
not necessary, the gain and Q can be 
optimized by selecting high gain (hFE) 
transistors for Q2 and Q3. The circuit in 
fig. 4 can be used to select the two 
highest gain transistors from a batch for 
those persons using the same type 
throughout. The lower the measured 

-1m 
fig. 4. Test circuit for selecting highqain tran- 
sistom for 42 and 43. The lower the negative 
base voltage, the higher the Q. 

(negative) voltage at the transistor base, 
the higher the gain. You can use a 
20-kilohm-per-volt (or greater) vom in 
place of the vtvm for selection; however, 
the hFE values listed in fig. 4 will be 
inaccurate (lower voltage reading for 
equivalent hFE). For 0 2  and Q3, just 
choose the units with the lowest meas- 
ured base voltage. 

Minimal power is  required and voltages 
are not critical, thus power for the unit 
can be taken from other station equip 
ment. The 300-volt load 6 mA and the 
-150 volt load draws 12 to 14 mA 
(including CRT). For a built in supply, I 
used the smallest transformer on hand, a 
250 V ct unit and the circuit shown in 
fig. 5. 

Almost any small CRT can be used, 
such as the 2BP1, 2AP1, 3BP1, 3AP1 or 
3RP1. This power supply and circuit has 
adequate output swing to drive any of 
them, since the CRT deflection factor i s  
greater w i th  reduced accelerating 
potential (usually 1000 to 1500 volts). 
All are sufficiently bright for a well 
lighted room. 

Be certain to check pin connections 

and heater requirements for your tube 
(3AP1 requires 2.5 volts). Don't worry 
about the spot that finally burns on the 
center of the tube face during un- 
deflected periods; no useful information 
is  contained in the center of the tube 
anyway. Centering controls are dispensed 
with for simplicity. Most CRTs are fairly 
well centered as is; however, a small 
magnet can be glued to the CUT neck for 
centering i f  desired. A small chip from a 
dime store magnet i s  adequate, just slide 
it around the tube neck until the display 
is  centered on the tube face, and a spot of 
epoxy or Q-dope will hold it. Flexible 
black-board magnets are ideal for this 
purpose. 

The phase-shift circuit can be used 
with a standard test oscilloscope for 
RTTY monitoring; however, connect the 
output directly to the deflection plates 
and not through the scope amplifiers. The 
additional amplifier phase shift would 
distort the straight-line pattern. 

initial adjustment 
At first turn-on, defocus the spot until 

after the centering magnet is glued on. 
With power applied and the input sensi- 
tivity control (R 1) turned down, the 
following dc voltages should exist: 

Q l  collector = approximately one half 
of the negative supply 
voltage 

Q2 emitter = within 1 volt of Q1 col- 
lector 

Q3 emitter = -0.5 to -1.0 volts 

Q4 collector = approximately one-half 
Q5 collector the positive supply volt- 

age 

I f  the readings are off more than 20%, 
adjust the operating points by changing 
the value of R2, R14 and R18. Increasing 
R2 reduces the negative voltage at 0 1  
collector and Q2 emitter. lncreasing R 14 
increases Q4 collector voltage, increasing 
R 18 increases Q5 collector voltage. 

Apply a 2 to 3 kHz sine wave at the 
input. A straight line should appear on 
the scope; adjust the amplitude for three- 
quarter screen deflection. Focus the spot 
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Interior view of an early proto- 
type using point to point wirlng 
on Vectorboard. Note the 
power transformer crammed 
against the CRT socket and 
filters mar  the neck of the 
CRT - both necessitated the 
neck shielding shown to elimin- 
ate a slight trace hum. Input 
connector and focus pot are 
visible at the rear, rensltivity pot 
and power switch are on the 
front panel. 

with R24. As the frequency is varied, the 
line should rotate about the center. I f  
you prefer rotation in the other direction, 
reverse the deflection plate connections 
(pins 6 and 7) a t  the CRT (or the 
equivalent pins for your CRT). The line 
should rotate smoothly from 2 to 3 kHz, 
with reduced angular rotation and shrink- 
ing in size below 1 kHz and above 4 kHz. 

Calibration marks are placed on the 
face of the tube by stretching fine black 
threads across the tube face (behind the 
bezel) and adjusting these over the trace 
at desired frequencies (2125, 2295, 2975 
Hz). A spot of Q-dope out of sight at the 
tube edge will hold the threads in place. 
I f  available, a calibrated oscillator or an 
oscillator and counter may be used for 
calibration. 

For those using the ST-5 or ST-6 
demodulator, the calibration threads can 
be easily placed right on the filter fre- 

quencies. Just connect the monitor scope 
to the receiver output, turn on the 
calibrator and bfo and tune for a tone. 
Tune the bfo for maximum on the TU 
tuning meter (or maximum measured 
discriminator test point voltage), and 
repeat for mark and space on the narrow 
and wide shift positions of the TU. 
Adjust the calibration threads over the 
scope pattern when you obtain the peak 
discriminator output. 

parts 
The junkbox should supply most r e  

sistors and capacitors, but few will have 
CRTs and 400-volt breakdown tran- 
sistors. 

The power transformer can be a 
Stancor PA-841 6, $4.66 from Lafayette 
or the Thordarson 22R39, $4.37 from 
Newark. These transformers have a 
6.3volt heater supply which is suitable 

The complete PhasMhift ClrC~it 
without power supply. This unit 
was bullt using Circuit-Stik and 
the transistors uwd were 2N5657 
rather than 2N3439 shown on the 
schematic. 
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for the 2BP1 and other CRTs. For the 
3AP1, you will need a 2.5-volt heater 
supply. Van's (W2DLT) 302 Passaic 
Avenue, Stirling, New Jersey 07980, 
offers unused 3AP1 CRTs in original 
boxes for $4.50, first-class postpaid any- 
where in the United States. Van also has 
8&mH toroids at five for $2.00. 2N3439 
transistors are available for $1.19 each 
from General Radio Supply Company, 
600 Penn Street, Camden, New Jersey 
081 02. M. Weinschenker, K3DPJ, Box 
353 Irwin, Pennsylvania 15642 offers .22 
pF 100-volt mylar capacitors at 16 for 
$1, and .02pF 200-volt dipped capacitors 
a t  20 for $1, postpaid. 

CRT n u w m  

SCOPL 

C"" " 
fig. 5. Sui tab le  p o w e r  supp ly  f o r  t he  m o n i t o r  

I wish to thank Bruce Meyer, WOHZR, 
for his original vacuum-tube phase-shift 
scope design which served as the founda- 
tion for this design. I also want to thank 
Don, WAGPI R, for urging me to write this 
article to share the design with other 
RTTY enthusiasts. 
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PROVEN ON-THE-AIR PERFORMANCE 

MODEL ACA-1 

$49.95 KIT 
ASSEMBLED 

$69.95 
MODEL ACA-1 AUDIO COMPRESSOR features 45 DB 
compression range Flat 20-20,000 Hz response 
Extremely low distortion rn Front panel compression 
meter and inlout switch Accepts both high and 
low-impedance mikes Easily installed i n  mike line 

110-volt a.c. or 12-volt d.c. operation rn Only 5" W 
x 2'h" H x 4%" D. 

MODEL ACP-1 

$24.95 KIT 
ASSEMBLED 

$34.95 

MODEL ACP-1 COMPRESSOR-PREAMP has 30 DB 
compression range Flat 20-20.000 Hz response and 
low distortion rn Designed for high-impedance mikes 
rn Easily installed in mike line 9-volt battery opera- 
tion = Only 4" W x 2%" H x 3Hf r  D. 

lDEAL FOR TAPE RECORDERS! 
Try one of these compressors as an automatic re- 
cording-level control. Used by recording studios. 
schools, and radio-tv stations. Great for p.a. systems. 
too! 

I 1 PCHANNEL WWV RECEIVER 
(5. 10. and 15 MHz) . .  . 

$74.95 KIT 
ASSEMBLED 

$99.95 

0.25 microvolt sensitivity Crystal controlled 110- 
volt a.c. or 12-volt d.c. operation rn Compact size 
only 4%" W x 2%" H x 5Yzfr D. 

Send check or money order, plus $1.50 lor  shipplng 
anywhere i n  U.S.A. California residents add 5% sales 
fax. 

DEALER INQUIRIES INVITED 
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crystal oscillator 

how much adjustment 

can be expected 

frequency 

Because of its inherent stability in oscil- 
lator circuits as a frequency-control com- 
ponent, the quartz crystal finds much use 
in circuits where frequency tolerance and 
stability are important to  proper circuit 
operation. Present transmitter and re- 
ceiver design trends make good use of this 
fine frequency-control element. 

Much has been said about the neces- 
sity for operating the crystal in a circuit 
suitable to produce the required nominal 
operating frequency. Although the crystal 
has an extremely high O factor and good 
stability with temperature changes, the 
circuit in which it is used can, and does, 
have some measure of control of the final 

adjustment 

The frequency of 

crystal oscillators 

is often adjusted 

with a trimmer capacitor - 

- 
.C use of this frequency change is in RTTY 
0 .c applications where the oscillator fre- - = quency is changed for frequency-shift 

keying. = While these frequency adjustments are 
often used, not much i s  usually known in 

f advance as to what magnitude of fre- 
0 quency change can be expected for a 
c 

given change in load capacitance. All too 
little has been published in this area, and 
manufacturers often do not specify this .- 

L sort of data for their crystals. There are, 
8 however, some rather simple relations 

that apply to most crystals common to 
amateur use that can be used to get at 

N least a better idea of the frequency 
changes involved. This is good informa- 

$ tion to  have available, as i t  allows the 
I! selection of a crystal which will produce 
0) 

the desired nominal frequency as well as 
the necessary adjustment range for final 

V, frequency calibration. Also, i t  allows a 
E 

'5 - lesser tolerance crystal to be selected; 
variations are compensated for by trim- 

frequency of the overall oscillator circuit. 
This is because of the ultimate load 
capacitance across the crystal terminals in 
the circuit it is plugged into. For this 
reason, crystal manufacturers specify this 
operating load capacitance to ensure that 
the crystal will control an oscillator 
within their manufacturing tolerances and 
specifications. 

Of course, good use can be made of 
the small effect load capacitance has on 
the operating frequency. You can make 
slight frequency adjustments by changing 
the load capacitance with a small trimmer 
capacitor somewhere in the oscillator 
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ming the frequency. A lower tolerance 
crystal i s  usually much less costly than 
one with tighter specifications. 

crystal equivalent circuit 
In the course of developing crystals 

and associated oscillator circuits, early 
researchers came up with an equivalent 
circuit for the crystal. This familiar cir- 
cuit and i t s  impedance vs frequency curve 
is shown in fig. 1. The circuit consists of 
an inductance, capacitance and resistance 
in series with the entire combination 
shunted by another capacitance, C,. L, 
in fig. 1 is the equivalent inductance of 
the crystal, C, is the equivalent capaci- 
tance, and R, is the effective series 
resistance. C, is a static capacitor formed 
by the crystal electrodes and the stray 
capacitance of the holder leads and 
terminals. 

fig. 1. Crystal equivafent circuit and impedance 
vs frequency curve. 

The thing that makes the crystal so 
stable in an oscillator circuit is that the 
motional inductance, L,, is measured in 
terms of hundreds of millihenries and has 
an equivalent Q of 20,000 to  200,000. 
The coil in an ordinary tuned circuit 
might have an inductance measured in 
microhenries with a Q of only 100 or less 
at the same frequency. 

The motional capacitance, C,, has an 
extremely small equivalent capacitance in 
order to be resonant with L, at the 
crystal frequency. These parameters are 

termed motional inductance and capaci- 
tance because they are equivalent values 
associated with the actual molecular 
vibrations in the quartz. 

Inspection of the circuit in fig. 1 
indicates that the crystal has two points 
of resonance, one of which is the fre- 
quency of L, and C, in series. (This is 
an approximation, close enough for 
amateur purposes.) A t  this series-resonant 
frequency, indicated as f, on the 
impedance curve, the crystal looks like a 
small equivalent resistance, R,, which is 
determined by the mounting and prepara- 
tion of the crystal in its holder. 

As the frequency is  increased above f,, 
the overall series arm of the circuit takes 
on the character of an inductance; at 
some slightly higher frequency the overall 
circuit, consisting of the equivalent in- 
ductive reactance of the series arm and 
the electrodelholder capacitance, C,, in 
parallel, becomes resonant. A t  this point, 
the crystal looks like a parallel tuned 
circuit with a very high Q and resistive 
impedance. This frequency i s  called the 
parallel or anti-resonant frequency and i s  
indicated by fp in fig. 1. 

A few oscillator circuits use the series- 
resonant frequency for operation, but 
they are usually confined to  applications 
at extremely high or low frequencies. 
Most of the oscillator circuits found in 
amateur equipment, Pierce, Colpitts, etc., 
use the crystal in a parallel-resonant 
fashion. Since there is some load capaci- 
tance offered by the oscillator circuit, the 
actual operating frequency, f,, comes out 
at a point that is between the two natural 
crystal frequencies, f, and fp. 

The following discussion deals with 
relations that can be used to determine 
what this operating point will be in terms 
of approximate crystal parameters and 
added oscillator load capacitance. 

capacitance ratio 
An important crystal parameter that i s  

not often mentioned or specified by the 
manufacturer i s  one called the ratio of 
capacitances. This is simply the ratio of 
the crystal holder static capacitance, C,, 
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to the crystal motional capacitance, C,. 
Since the motional capacitance is very, 
very small in terms of "real" capacitors, 
its value for most high-frequency AT-cut 
crystals does not change much over a 
fairly wide frequency range. At least its 
change is  very sma-ll with respect to the 
rather large (in comparison) value of C,. 

The holder capacitance is  usually 5 pF 
or so, while the motional capacitance is  
often measured in thousandths of a pico- 
farad. Thus, the ratio of capacitances is 
relatively constant over a wide range of 
frequencies, and is  primarily a function of 
the type of crystal cut. It would be well 
to repeat that this discussion applies only 
to fundamental-mode AT-cut crystals. 
This i s  the type most common in high- 
frequency amateur equipment. 

The capacitance ratio, as it is often 
called, turns out to have a value between 
two and three hundred. For experimental 
purposes, you might consider it to be 
250. There is a very simple relationship 
between this capacitance ratio and the 
natural bandwidth of the crystal. This 
bandwidth is  defined as the frequency 
spread between the series and parallel 
resonant frequencies. I t  i s  equal to fp-f,, 
and can be expressed as: 

I f  you take the capacitance ratio, r,, 
to be 250, equation 1 shows that to find 
the natural bandwidth for a crystal you 
divide the crystal frequency by 2r, or 
500. It should be noted that this relation- 
ship indicates that, for any crystal, the 
relative bandwidth in terms of percentage 
of the nominal frequency is the same. For 
a capacitance ratio of 250, you can 
expect a bandwidth of the order of 2000 
parts per million for any frequency. As 
you already know, the higher you go in 
frequency, the more you can trim your 
oscillators. Equation 1 gives an indication 
of why this i s  true. 

As an example, you might have an 
eighty-meter, fundamental AT-cut crystal 
at 3.600 MHz. Using equation 1 you find 
that i t s  natural bandwidth comes out to 
be 3,600,000 divided by 500 or about 

7200 Hz. This gives a rough idea of the 
frequency adjustment possible with this 
crystal, although, as you shall see, the 
actual amount of adjustment becomes 
quite a bit less as oscillator load capaci- 
tance is  added to the crystal. 

effects of  load capacitance 
In an oscillator circuit of practical 

design, the crystal becomes loaded with 
additional capacitance which appears in 
shunt with the holder capacitance, C,. If 
this additional capacitance is designated 
C,, the following expression gives the 
amount of frequency spread between the 
crystal's series resonant frequency, f,, and 
the new parallel resonant frequency of 
the oscillator, f,. 

From equation 2 you can see that the 
amount the oscillator frequency is  above 
the series resonant frequency is some 
fraction of the total crystal bandwidth 
given by equation 1. The fractional multi- 
plier is a function of the ratio of the 
added load capacitance to the holder 
capacitance, C,. This relationship indi- 
cates why the actual amount of fre- 
quency adjustment when load capaci- 
tance has been added is  considerably less 
than the overall bandwidth of the crystal. 
To build a practical oscillator circuit, i t  i s  
necessary to add considerable load capaci- 
tance, C,, and the manufacturer's specifi- 
cations often require on the order of 32 
pF for nominal frequency tolerance to 
apply. 

Since the holder capacitance is  about 4 
or 5 pF, the difference between the series 
resonant frequency and the operating 
frequency of the oscillator is somewhere 
around 116 to 118 the total crystal 
bandwidth. For the 3.6-MHz example 
above, the oscillator might be operating 
as l i t t l e  as 1000 Hz above the series- 
resonant frequency. Further investigation 
of equation 2 indicates that even though 
you might add considerable capacitance 
above 32 pF, the actual frequency change 
will be quite small. 
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To use equation 2 it is convenient to 
set up the load capacitance values as 
integral multiples of C,. For HC6/U 
crystals, the holder capacitance i s  usually 
quite close to the 5 pF figure mentioned. 
This i s  due to the fact that the electrodes 
are electro-deposited on the quartz blank 
and are very close to the same size for 
any frequency. Likewise, thickness 
dimensions do not vary too greatly. 

LOAD CAPACI J A N E  (pF) 

fig. 2. Effect of load capacitance upon the 
operating frequency of a 3.6-MHz AT-cut 
crystal. For this graph, Co = 5 PF, capacitance 
ratio = 250. f, = 3.6 MHz. 

For FT-243 pressure-mounted crystals, 
the static holder capacitance can be 
estimated by calculating it from the blank 
dimensions since the crystal is easily 
disassembled. The dielectric constant for 
quartz is about 4.3 and these crystals 
usually have somewhat higher holder 
capacitance - on the order of 8 or 9 pF. 
Thus, it can be seen that they are more 
difficult to shift in frequency than their 
wire-mounted plated-blank counterparts. 
(Their shunt capacitance, and thus, capa- 
citance ratio, i s  higher.) 

practical values 
A graph plotted for equation 2 is 

shown in fig. 2. The frequency changes 
on the vertical axis are for the 3.6-MHz 
crystal used as an example above, and 
values of load capacitance are plotted 
along the horizontal axis. The portion of 
the curve below 10 pF is dotted. This 
area is normally unusable in practical 
oscillator circuits since a minimum load 
must be presented to the crystal to 
establish the circuit parameters suitable 
for oscillation. This is why the oscillator 
frequently quits when you try to turn the 
trimmer too far out in an attempt to get 
it on frequency. 

There is, of course, some limit to the 
maximum capacitance that i s  suitable, 
but by the time this value is  reached, the 
effects of capacitance change on fre- 
quency are practically nil. In fact, by the 
time you get the circuit oxcillating with 
10 pF across the crystal, you are down in 
frequency from fp by roughly 213 the 
crystal's natural bandwidth. Further in- 
creases in load produce less and less 
change in frequency. 

This i s  one of the reasons why 32 pF 
has become somewhat of a standard for 
crystal calibration. This amount of load 
minimizes changes in frequency that 
might occur with unwanted capacitance 
changes vs temperature, shock and the 
like. Nevertheless, a 32-pF load allows a 
nominal range of adjustment for final 
frequency calibration. 

It should be pointed out that fig. 2 is 
plotted for a holder capacitance of 5 pF 
and a capacitance ratio of 250. Actual 
values will be somewhat different for 
different crystals, but these are good 
figures for estimating how much fre- 
quency adjustment can be expected at a 
given nominal operating frequency. 

Going back to the 3.6-MHz crystal as 
an example, you can see from fig. 2 that 
if it i s  going to be on nominal frequency 
at say, 30 pF load capacitance, you might 
expect an adjustment range of about 
1680 Hz. However, in going from 30 pF 
to 50 pF, you would get a change of 
about 360 Hz, while going the other way 
from 30 pF down to 10 pF, would 
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produce a change of some 1320 Hz. This 
indicates quite clearly what amateurs 
have frequently taken advantage of - it 's 
easier to move a crystal up in frequency 
with the trimmer than down. 

For some circuits, it might be well to 
obtain crystals which are a bit low (speci- 
fied at 32 pF) and depend on the trimmer 
to move them up on frequency. The 
equations and fig. 2 can be used to get a 
fair idea of where the nominal frequency 
should be specified. 

Bear in mind Itowever, that the data 
presented here is based on a couple of 
approximations; i. e., assumed values for 
the capacitance ratio and holder capaci- 
tance. The latter can usually be calculated 
or measured to within rather close limits. 
And for "worst case" calculations, a value 
of 300 for the capacitance ratio might be 
a better value to use. This would ensure 
that adequate frequency adjustment 
range would be available for a given 
crystal. 

actual measurements 

As a rough check on some of the 
relations presented here, I set up the 
oscillator circuit shown in fig. 3. The 
equivalent load capacitance offered to  the 
crystal is about 20 to  35 pF as the 30-pF 
trimmer i s  adjusted through i t s  range. To 
simulate the 3.6 MHz example calcula- 
tions above, three HC6/U crystals in the 
80-meter band (3.5 to 3.6 MHz) were 
tested. For a capacitance change of 20 to 
35 pF, the measured frequency changes 
were 360, 455 and 510 Hz, indicating a 
fairly wide spread among different 
crystals at the same approximate fre- 
quency. Equation 2 shows that slightly 
more (about 550 Hz) adjustment should 
be possible, indicating that a value of 300 
for the capacitance ratio would probably 
be a better choice. In addition, it would 
be well to  try to obtain a value for the 
holder capacitance - either from the 
manufacturer or by actual measurement. 
These crystals measured very close to 5 

PF c,. 
conclusions 

Because of i t s  large value of motional 

inductance and extremely high O factor, 
the crystal i s  a good component to use as 
a frequency-control element in oscil- 
lators. I t  i s  interesting to note that the 
impedance vs frequency curve in fig. 1 is 
drawn out of scale. Below the series 

fig. 3. Oscillator test circuit. 

resonant frequency of the crystal the 
capacitive reactance (of the holder capaci- 
tance) is much smaller than the reactance 
values between series resonance and the 
parallel-resonant frequency. 

Likewise, the frequency scale i s  ex- 
panded a great deal around the crystal 
frequency to indicate the crystal's band- 
width. I f  the reactance axis were drawn 
to scale, the inductive reactance ap- 
proaching parallel resonance would go off 
the paper. It is this rapid change in 
reactance with minute frequency changes 
that gives the crystal its ability as an 
excellent frequency controller. 

Although the crystal i s  extremely 
stable, small changes in load capacitance 
in the oscillator circuits can provide for 
slight adjustment of  the oscillator fre- 
quency. Equations 1 and 2 show the 
amount of  adjustment that can be ob- 
tained once some crystal parameters have 
been either measured or estimated. 

While these calculations are not exact, 
they give good approximations for the 
amounts involved for a given frequency 
of operation. The accuracy, of cotlrse, is 
limited by the inability to  establish true 
values for these parameters. With exact 
values, the relations in equations 1 and 2 
are exact. 

ham radio 
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CONSIDERABLY SPECIAL 
CONSIDERING THE SPECS 

* 

2 METER FM TRANSCEIVER Model SRC-146A 

Frequency . . . . . . . . . . . . .  143-149 MHz 
(2MHz spread ) 

Number of channels . . . . . . . . . . . . . .  5 
Suppl~ed w ~ t h  146 94 s~mplex. 

146 34 / 94 (same plug In 
crystals as SR-C826M) 

R F output . . . . . . . . .  2 watt mlnlmum 
Sens~t~v~ty.  . . . . . . . . . . .  .better than 0 4 

uv /20  DB 0 S 
Aud~o output . . . . . . . . . . . . . . . .  500 rnw 
Meter. . . .  rnon~tors battery voltage on 

Tx. S Meter on Rx 
Current dram . . . . . . . . . . .  620 ma Tx, 

15 ma Rx standby 
S~ze.  . .83/sn hlgh x 3" w ~ d e  x l5/aW deep 
We~ght . . . . . . .  24 oz . less batter~es 

Opt Ions Prrvate channel (CTCSS), external mrc, or mrc-speaker, 
stubby tlexrble antenna, desk top charger, leather case 

$28gS!,od Net Price 

NEW 2 METER REPEATER 
SCA-RPT-1 la;- I# A 

All solld state. 2M. 10W. FM @,? P- - 
REPEATER B u ~ l t - ~ n  C 0 R , adjustable & , f ~  4 

carrler delay and tlme out trmer 
rZ1 . 

Wrrte for complete specrl~catrons and cost 

t Standard 
COMMUNICATIONS CORP. 

213 1775-6284.630 North Mar~nc Avenue Wllmlngton, Cal~forn~a 90744 

More Details? CHECK-OFF Page 110 august 1972 • 47 



direct-reading 

capacitance meter 

i, 

Conservative design $ 
w 
rn 

and compact packaging 
C 
m 
c 

are featured ': 
3 

in this 5 
f - 

useful addition 2 
5 - 
U 

to your test bench - 

A direct-reading capacitanm meter i s  a 
particularly useful t es t  instrument. With 
it you can check capacitors whose mark- 
ings have worn off or whose tolerance is 
unknown. Many ceramic capacitors, for 
example, are GMV (guaranteed minimum 
value), and their actual value may be as 
much as ten times the value marked. A 
direct-reading capacitance meter is also 
more convenient to use than a bridge 
when determining capacitance changes 
with temperature. 

The instrument described can measure 
capacitance in five decades, from 100 pF 
through 10 pF, to an accuracy 
determined mainly by the calibration 
standard used and the accuracy of the 
meter movement. Five percent accuracy 
is  easily attainable. The parts cost i s  
under $20. The instrument will operate 
from any unregulated power supply 
reasonably free of ripple and capable of 
delivering 28 volts at 50 mA. 

block diagram 
A reference sawtooth oscillator (fig. 1) 

determines the over-all period of a pulse 
whose width is  linearly proportional to 
the unknown capacitance, Cx. A saw- 
tooth oscillator was chosen because of 

This circuit is reprinted from Electronics, Sept. 
13, 1971; copyright McGraw-Hill, lnc. 1971. 
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the simplicity of switching ranges using 
only one RC time constant. Through an 
emitter follower (to avoid loading the 
reference capacitor, CR 1, the sawtooth 
operates a Schmitt trigger, which changes 
state at a fixed and repeatable voltage 
level part way up on the sawtooth as the 
reference capacitor charges. A shaper- 
driver operates a discharge transistor to 
discharge the unknown capacitor, Cx, 

or the other of the two inputs i s  positive 
and no gate output occurs. As soon as the 
second Schmitt trigger, ST2, fires part 
way up on the charging waveform for CX, 
the NAND gate output again returns to 
zero. 

Thus the time between leading edges 
of the NAND gate output i s  the same as 
the period of the reference oscillator, and 
the width of the NAND gate output i s  

----- 
6. REG 

STI 1-1 I] n 
~n _n n 

, I  I ,  , ,  

NAND fi 
OUT 

T I M I N G  

~ i !~kq  FOLLOWER 

fig. 1. Block diagram 
and waveform timing. 

and also furnishes one input of a NAND linearly proportional to capacitance CX. 
gate. The charging voltage across CX is If this pulse is applied to an average- 

applied through an emitter follower to reading meter, the meter will read a 
another Schmitt trigger, whose output i s  current linearly proportional to the un- 
the second input of the NAND gate. known capacitor, CX. No special scale is  

Cr, i s  the reference capacitor of the required on the meter. 
r1 

sawtooth oscillator. ~ h k n  the first 
Schmitt trigger, ST,, resets at the end of 
the reference period, the unknown capa- 
citor is discharged and clamped by the 
discharge circuit at almost zero volts until 

ST, triggers again part way up on the 
referent? sawtooth (see timing diagram). 
At this time the unknown capacitor, CX, 
charges through a precision resistor of 
value switched by a range switch. During 
this Cx charging period (only) an output 
from the NAND gate occurs since both of 
its inputs are negative. At other times one 

design considerations 
The main reason for using the NAND 

gate over other possibilities was to make 
the meter read zero when Cx is discon- 
nected; the ST2 circuit i s  triggered for 
this condition. 

Fig. 2 i s  the schematic for the capaci- 
tance meter. While this circuit seems to 
have a lot of transistors, it should be 
remembered that the RCA CA3046 IC 
array is used, which has five transistors in 
a single 14-pin dual in-line package. So 
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-6 V BUS 

fig. 2. Circuit  schematic. RCA type CA3046 I C  arrays are used f o r  Q4. Q5. resulting i n  compact 
packaging. Resistors R1 through R l O  are 1% tolerance. R 2 6  is 3.3k nominal (may be 2.7k o r  3.9k). 
Sometlrnes it is necessary t o  change R19  t o  12k t o  make the f irst Schmit t  trigger work. Also, due t o  
variations i n  the components used, changing R 7  to 9720 ohms and R 8  t o  4875 ohms w i l l  probably 
improve accuracy o n  ranges 3 and 4. R19 and R31  may need t o  be increased because of CA3046 
gain. 
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ten of the transistors are simply two 
CA3046s, labeled Q4 and Q5 in fig. 2. 

One o f  the more troublesome 
problems in developing this capacitance 
meter was getting a good unijunction 
sawtooth oscillator without having to 
resort to expensive UJTs such a; the 
2N494. In the ordinary UJT sawtooth 
oscillator circuit, the range of resistance 
values that can be used i s  limited. The 
charging resistor value can't be too low or 
the UJT will sustain conduction at the 
valley current after it has fired once and 
won't oscillate. The charging-resistor 
value can't be too high or leakage will 
cause calibration nonlinearity and, in the 
extreme case, oscillations will cease be- 
cause the voltage across the capacitor 
won't build up to the UJT peak point. In 
the present case i t 's  desirable to use fairly 
large values for the charging capacitor to 
eliminate other problems, and at the same 
time fairly high frequencies are required; 
thus a low value of charging resistor is 
necessary, and the ordinary circuit simply 
will not operate. 

This problem was solved by adding an 
inexpensive high-current transistor to 
help discharge the reference capacitor. In 
fig. 2 the UJT is  Q2, and 01  has been 
added to furnish a more rapid and com- 
plete discharge of C1 or C2. The firing 

0.1 JZF 50 V Mylar (CD WMFO5Pl) 
1.0pF 50 V Mylar (CD WMFO5W1) 
0.005 p F  5% Polystyrene (CRL CPR- 
5000) 
250 p F  25 V (Mallory MTV250DN25) 
250 JZF 10 V (Mallory MTV250CP10) 
700 JZF 3V (Mallory MTV700DJ3) 
I 0 0 0  p F  50 V 
2000pF 50 V 

CR1 GE Z4LX6.2 1-watt zener 6.2 V 
CR2 GE Z4LX9.1 1-watt zener 9.1 V 
CR3 GE Z4LX6.2 1-watt zener 6.2 V 
CR4 (4) Motorola IN4001  

M 1  0-1 mA meter (Simpson Model 524) 

Q1 T I  2N5451 (800 mA) 
Q2 GE D5E43 uniiunction 
Q3 TI 2N5451 (800 mA) 

4 4  RCA CA3046 5-translstor lC  array 

Q5 RCA CA3046 5-transistor I C  array 

S1 Range switch, 2 pole 6-position (Mallory 
3236J) 

52 Toggle switch 

T I  24 V filament transformer 

point of Q2 determines the period of the 
oscillation for a given RC time constant 
and fixed supply voltage. As soon as 02 
triggers it furnishes base drive to 01,  
which then discharges C1 or C2 with a 
peak discharge current of around 400 
mA. Either capacitor i s  discharged in a 
few microseconds to a voltage below the 
valley voltage of 02, so Q2 is forced to 

flg. 3. The capacitance meter power supply. 

cease conducting despite the low value of 
charging resistance. 

The effect of leakage is also reduced in 
the oscillator circuit by returning Base 2 
of Q2 to a regulated voltage less than the 
charging voltage. This lowers the UJT 
peak point; and while the output ampli- 
tude i s  reduced and the waveform has 
a dc level above ground, the sawtooth 
waveform i s  much more linear. Hence the 
effects of leakage shunting C1 or C2 are 
greatly reduced. 

circuit analysis 
The sawtooth generator output 

appears across the emitter load of emitter 
follower 04-3. Voltage divider R13.R 14 
sets the firing point in the reference 
sawtooth waveform at which Schmitt 
trigger Q4-1, Q4-2 changes state. When 
the voltage at pin 2 of 0 4  (junction 
between R13 and R14) is  low Q4-2 
conducts, 04-4 i s  cut off, and 03, the 
discharge transistor for Cx, conducts. 
The voltage across CX is  thus clamped 
during this time to the V,,(,,t) of 03. 
Part way up on the reference sawtooth, 
the voltage at pin 2 of Q4 rises to the 
trigger piint, whereupon Q4-2 swings to 
cutoff, (34-4 conducts, and Q3 i s  cut off. 
CX begins to charge a t  this instant since it 
i s  no longer clamped by 03. 
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As Cx charges toward the regulated 
power supply voltage through a resistance 
determined by the range switch, a point is 
reached where the voltage of Cx is high 
enough to trigger the second Schmitt 
trigger, 05-1,05-2. At this instant 05-2 
cuts off, the voltage applied to the NAND 

Inside the direct-reading 
capacitance meter. The 
printed-circuit board. 
wlth or without reml- 
conductors mounted and 
soldered in place. is avail- 
able from the author. 
Choose value of R42 for 
28-volt ou t~u t .  

control, which is set so that the meter 
reads a value corresponding to a known 
capacitance applied to the Cx terminals. 
The calibration circuit i s  R10,C3, which 
may be switched in at position 6 of the 
range selector. C3 was chosen to give a 
mid-scale reading on the 0-0.01 pF range 

gate again becomes positive, and 05-5 
saturates. Since 0 5 5  and 04-5 share the 
same collector resistor, R34, it is ap- 
parent that both these transistors must be 
simultaneously cut off (base negative) for 
any voltage to appear a t  the common 
collector junction with R34. So only 
during the time when Cx is charging and 
Schmitt trigger 05-1 ,052 has not trig- 
gered, is this condition met. Hence the 
positive pulse that appears at the com- 
mon collectors of 05-5 and 04-5 has a 
width exactly proportional to the value 
of Cx. This voltage, the gate output, 
energizes the meter through emitter fol- 
lower 05-4. Capacitor C6 provides addi- 
tional averaging and was chosen for the 
lowest frequency range (highest capaci- 
tance of Cx) to prevent meter flutter. 

calibration 
Potentiometer R40 is the calibration 

(range 2). The unit must be calibrated 
with no capacitance connected across the 
Cx terminals. C3 is a 5-percent capacitor; 
but if a 1-percent capacitor is used, or 
one whose value has been determined by 
an accurate bridge, the over-all accuracy 
of the meter will be improved. 

range switching 
The range switch uses resistors rather 

than capacitors, except for the lowest 
range, because 1-percent resistors are less 
expensive than 1-percent capacitors. C1 
and C2 are the only capacitors switched 
in the ranging circuit. Their exact value 
isn't important (e.g., their tolerance can 
be 10 or 20 percent; but Cl,C2 must be 
reasonably stable with temperature and 
time and have low leakage). Their ratio 
should be 10:l. Since C1 ,C2 will not, in 
general, have this ratio, it's necessary to 
trim R1 with an additional series or shunt 
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resistor so that a known 0.001-pF capaci- 
tor, say, when set to read 0.1 mA on M1 
when on range 2 will read 1.0 mA when 
on range 1. In the constructed unit, R1 
was trimmed by shunting a 12k '/2 watt 
10 percent resistor across it. 

leaky capacitors 
These components will show a higher 

apparent capacitance than their true 
value. However, the leakage has to be 
pretty bad for this to occur because the 
maximum charging resistance in the Cx 
circuit was kept deliberately low - a 
maximum of 20k on the lowest capaci- 
tance range to I k  on the highest range. I f  
the capacitor to be measured shows less 
than about 10 times the charging resist- 
ance for the range in use, when measured 
with a good ohmmeter, some error will 
occur in the capacitance measurement. 
This much leakage would be unacceptable 
in most circuits anyway, so the capacitor 
should be discarded. 

The five ranges are (in pF): 

Range 1 
Range 2 
Range 3 
Range 4 
Range 5 

In Range 1 the lowest value of capaci- 
tance that can be accurately measured is  
about 100 pF, or about 10 percent of full 
scale on the meter. Stray capacitance in 
the leads to the selector switch, etc., will 
cause the meter to indicate slightly on 
Range 1 with no capacitance connected 
to the Cx terminals. Also on this range, 
the reference frequency sawtooth is  fairly 
high; and even though the discharge time 
of C1 i s  only a few microseconds, it is not 
an altogether negligible percentage of the 
sawtooth period. This, together with 
other effects such as finite rise and fall 
times in the waveforms, limits the mini- 
mum capacitance that can be accurately 
measured. 

power supply 
The power supply schematic shown i s  

'Those interested mav obtain the printed cir- 
cuit with or without all semiconductors in- 
stalled. Write the author for details. 

used in the unit pictured, but it can be 
any unregulated 28-volt supply delivering 
50 mA with reasonably low ripple. Zener 
diodes CR1-CR3, inclusive, compensate 
for line voltage variations to which the 
instrument would otherwise be sensitive. 

construction 
The direct-reading capacitor meter is 

mounted in a Bud C1585HG sloping 
panel cabinet. The unknown-capacitance 
terminals are a pair of binding posts on 
top. The main circuit i s  on a 4% x 6 inch, 
G-10 epoxy etched circuit, with two- 
sided etching and plate-through holes.* 
The power supply is mounted on a piece 
of printed circuit material the same size 
as the main circuit, and bolted to it by 
spacers. The assembly is  then secured 
inside the Bud case by right-angle 
brackets. 

conclusion 
This instrument has been useful in 

checking unknown capacitors from the 
junk box and from surplus equipment. A 
surplus audio filter tuned to 1050 Hz, for 
example, contained many unmarked 
capacitors that had to be measured to 
decrease the filter frequency to around 
400 Hz for more comfortable cw listen- 
ing. Dried-up electrolytics, supposedly 10 
or 8 pF, were found to be less than 1 pF 
when measured. Some ceramics read as 
much as ten times their GMV value. I t  
was also interesting to study the tempera- 
ture drift of various capacitor types by 
watching the meter move as a soldering 
Iron was held near one lead of the 
capacitor or as cold chemical spray was 
applied. 

Finally, if you need a more precise 
measurement than is  possible with the 
Simpson 524 (i.e., when matching two 
capacitors for an equal value or a given 
ratlo), an oscilloscope can be used to 
measure the duration of the NAND gate 
pulse appearing across R39 in the circuit. 
tf you have a burning desire for a digital 
readout, the NAND gate pulse width can 
be read with a time-interval meter and 
Nixie or LED displays. 

ham radio 
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oscilloscope 

voltage calibrator 

I As anybody who regularly uses one will 
agree, the oscilloscope i s  one of the most 

N versatile electronic instruments available 
8 and in many situations is  indispensable. A 
8 scope may be a relatively simple gener- 
m .= al-purpose device or a greatly refined and 

complicated, high-precision, laboratory 

This simple instrument. Its cost may run from consid- 
erably less than one hundred dollars to 

c; r many hundreds of dollars. I t s  most im- "'Itage p portant use, of course, lies in the study of - - 6 alternating-current waveshapes; whether 
i n c r e a ~ e ~  the uti 1 i ty such waveshapes are regular in form, as in 

shine, sawtooth, square, trapezoid or 
pulse-train shapes; or irregular, as in of your scope 2 
speech, clipping, video, integrated sync 

5 pulses, transients or other distorted-type 
with calibrated forms. 

2 
C 

In addition to actual waveshape obser- 

voltage-refC?retlce points vation, a very useful application of the 
o, scope is the measurement of the voltages 
0 
rc of waveshapes for which averaging-type 
r 

meters, such as multimeters and vtvms, 
$ are unsuitable. This usage requires that 
n the scope be calibrated as a voltmeter; 

. this article describes an accessory which 
will make less-expensive scopes more use- 

V) 

ful in this respect. 
E 

LU 
There are many thousands of gener- 

al-purpose scopes in use. Most of them do 
2 not have a voltage calibrator as an integral al 

part of the instrument. I f  a calibrator i s  

; included i t  consists of a single calibration 
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voltage of doubtful accuracy. By the use R7, R8 and R9 do not have to be 
of the simple accessory described here, precision resistors. Ordinary, good quality 
the utility and voltage measuring accura- %- or %-watt carbon composition resist- 
cy of these scopes may be greatly en- ors, 5% tolerance (gold band), will do 
hanced. An accurate square wave i s  ideal very nicely for the voltage divider. The 
for calibration usage. This accessory de- potentiometer, R4, should preferably 
V ~ ~ O P S  such a waveform. have a linear taper although an audio 

circuit taper i s  usable. 
Because a stable dc reference is used, 

The schematic, fig. 1, is straight for- this potentiometer may be mounted in- 
ward. Parts are easily obtainable and no side the box since once it is  set it should 
trick circuitry i s  involved. It works beau- require no further attention. The switch 
tifully and can be assembled in one should be a non-shorting type. Suit your 
evening's time. Parts placement i s  in no personal preference regarding the output 
way critical. A shielded box, such as a jack, but since the lead from the calibrat- 
small LMB box, not only makes a nice or to the scope should be shielded, a BNC 
package, it will also prevent noise pickup or good phono type should be used. The 
from reaching the scope. The switched use of shielded lead (preferably coax) will 
outputs give square-wave voltages of 1,2, prevent hum modulation of the calibrat- 
3,4 and 5 volts peak-to-peak. or's square-wave output. 

The rectifier diode CR1 is  specified a t  
1 amp so that it will handle the charging calibration 
current for the electrolytic capacitor. The The tes t  point TP is  used when adjust- 
zener diode assures a constant and stable ing the calibrator output voltages. Use a 
dc reference voltage for fluctuating line good vtvm on its 3- or 5-volt dc range 
voltages. Nearly any silicon diodes may (positive to chassis, negative to TP). 
be used for CR2, CR3 and CR4 but all Adjust R4 to give -2.65 volts dc, as 
three should be the same type. The accurately as you can, a t  the test  point. 
circuit current i s  normally less than one Your calibrator will then be calibrated for 
m A. a 5-volt peak-to-peak square wave. Switch 

Resistors R1, R2 and R3 may be 10% positions will provide one-volt steps; thus, 
values (silver band). Resistors R5, R6, peak-to-peak outputs will be 1.0, 2.0.3.0. 

4.0 and 5.0 volts. 
On dc-coupled scopes there will be a 

perfectly flat top and bottom to the 
wave. On ac-coupled scopes you will 
notice a very slight slant to this line; on 
such scopes a reduction of the horizontal 
gain will reduce i ts  effect on the visual 
accuracy with which you can read the 
calibrated lines on the scope. 

With the usual X I ,  XI0  and XI00 step 
attenuator positions on most scopes, your 
scope gain control will permit you to set 
a wide range of accurately known voltage 
values for any scope division you may 

fig. 1. Oscilloscope voltage calibrator provides wish; S U C ~  as 1.0 volt, 0.1 volt or 0.01 
outputs of 1. 2. 3. 4 and S volts peak-to-peak. volt. Or perhaps 4.0 volts, 0.4 volt or 0.04 . . 
Resistors RS, R6, R7. RB and R9 should have volt per centimeter or per inch or per any 
5% tolerance. Diode CR1 i s  100 PtV. 1 A. 
Diodes C R ~ ,  c ~ 3 ,  and c ~ 4  are s#licon dlodel other division marking you may desire. 

with I - r n ~  rating (I ~ 4 0 0 s .  1 ~ 9 1 4 ,  etc.). ham radio 
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AMATEUR ELECTRONIC SUPPLY 

* 10 Day Free Trial [Lose only Shipping Charges] * 30 Day Guarantee * Full Credit Within 6 Months on Higher 

Priced New Equipment * EZ Terms-Convenient REVOLVING CHARGE Payment Plan * Order Direct from this Ad ! 
AMECO 
C B 6  114-181 1 19 
CN-50 (14-18) 29  
CN-50 130.5-34.5) 29 
C N ~ l 4 4  (30.5-34.5) 29 
PS-1 AC rupply 9 
CSB Sclectw box 6 
T X 6 2  VHF Xmrr 89 
621 VFO 39 

8 T I  
LK-2WOHD 

table model $595 
console 695 

B L  W 
51008 Xmtr $119 
6 1 W  550 Xmrr 269 
5158 SSB adaptor 109 

CENTRAL ELECT. 
QT I Anto-trlp 1 6 
BC458  VFO ICW 39 
ModelBSl ,ce,  34 

CLEGGl 
SQUIRES-SANDERS 

22 .~1  2m AM Xcrr 1159 
66'er 6m AM Xcvr 149 
99'rr 6m Xcrr  59 
T h a  6 (RF only) 85 
417 AC sup. mod. 65 
418 DC rup.!mod. 59 
Zeus VHF Xmlr 289 
Interceptor Rcce~ver 229 
lntetccpror B Rec. 289 
Allbander HF tuner 75 
22'er Mk I1 2m AM 259 

COLLINS 
75A-2 Recctver $199 
75A-4 (re,. n 2 W )  3% 
75A-4 Irer. u2354) 395 
755-1 Recemvcr 325 
755.3 RFCCIVCI 449 
755-3A Reccwrr  495 
755.38 Receover 549 
R 390 Recenver 995 
325.1 Trnnrmorter 349 
325.3 T ~ a n r m ~ t t c r  5% 
625.1 VHF conv. 5% 
3128-5 PTO cons. 295 
516F-2 AC rupply 115 
t + - 1  mobole mnkc 15 

R. L .  DRAKE 
2A Recelvcr 1159 
2AQ rpkr. 0-mull. 25 
2AC Cnl8brator 9 
2 8  Recetver 189 
2C Recetver 189 
2CQ spkr. 9-mult. 29 
2NB Notre B lnnko  15 
M - 4  Speaker 15 
S C 4  6m convcrrcr 49 
CPS-I supply 12 
SCC-I VHF callb. 19 
D C 4  DC supply 95 
R V 4  Remole VFO 69 
T 4 X  Tranrmntrer 299 
2NTTrsnsml l lcr  109 
L -40  Ltnear 595 
MN-4 Matcher 59 
T C 4  6m Xmot.conv. 179 
F F - I  xtnl cont.adapt. 34 
5-NB Blanker 49 
ML-2 2m FM X c n  225 

ElCO 
730 Modulator S 39 
753 SSB Xcvr I 29  
751 AC supply 49 
752 DC supply 49 
717 Keyer 49 

ELMAC 
AF.67 Transm~tter 1 49 

PMR H ReccGvcr 79 
PSR 612 DC supply 19 

GLOBEIGALAXYIWR L 
L A - I  Lfnrar  Xmtr 1 49 
HI-Bander 62 89 
58.175 SSB Xmtr 59 
VX-I  VOX 9 
Galaxy V Xcvr 239 
Galaxy V Mk 11  259 
GT-556 Xcvr 329 
AC.35 AC rupply 65 
DC-35 DC supply 69 
A C 4 W  AC supply 75 
G-500 DC supply 75 
vx.35 VOX IS 
SC-35 Speaker I 5  
DAC-35 0lx.censole 69 
VX-35C VDX 19 
F-3 3Wcy.  l t l tcr  24 
2000 Lonear/rupply 275 
Economy DC supply 39 
%A43  AC supply 15 
SC.530 rpkr.consolc 19 
SC-550 rpkr.conrole 15 
AC-210 AC supply 25 
CAL-25 callbrator 19 

GONSET 
Comm 1 2m 1 75 
Camm l 6m 59 
Comm I1 6m 79 
Camm 11B6m 89 
Comm Ill 2m 109 
Comm IV 2m 169 
Comm lV 6m 149 
I".. 2. 6m VFO 39 
6m Lonear 11 59 
G-50 Xcvr 169 

Thtn Pak 19 
G-76 DC supply 49 
GZR-100Xmtr 169 

GC 105 2m Xcvr 129 
972A I80*.Camtron 189 

2m Ampltfter 

HALLICRAFTERS 
SX42A Reccwer -1169 

mod. w runlnl eye 
SX42A Rcceaver 219 
5-85 Reccaver 69  
SX-101 Mk 111 Rec. 139 
SX-IOIA Reccover 189 
SX-I I 0  Recetver 99 
SX-1 I1 Recewcr 129 
SX-1 17 Recewcr I 9 9  
5-120 Recrnrer 39 
SX-122 Rccclver 239 
SX-130 Recetver 139 
SX-146 Rccewer 175 
5-200 Recewer 69 
WR-6W Rccenrrr 49 
R 4 7  Speaker 9 
R-50 Speaker 15 
HT-32 Tranrmntler 209 
HT-37 Trnnrmltter 189 
HT-40 Tranrm,lrer 49 
HT-41 Lanear 175 
H T 4 4  Transmttter 199 

NAMMARLUNO 
HQ-IWC Rrcctvcr $109 
HO-IO04C Rec. 149 

HU 1 10 H r c e l v c r  1 19 
HO I IK Rece l ro  129 
H O - I I M C  Rec. 169 
HU-145C Recetver 149 
HQ.17K Rccetver 169 
HO-170A Reccwer 209 
HO.1704C Rece~ver 219 
HQ-I704 VHF 259 
HO-17OAC 'VHF 269 
HO-1704C ~ 4 t h  notre 

~mmtlnlzcr 299 
H Q - I 8 K  Rccetrer 239 
HQ-I80AC Rcc. 339 
HQ-215 Rece~ver 249 
S.2W Speaker 15 

HEATH 
GR-54 Rcceqver 1 59 
GR-78 Recelver 99 
HR-IOB Reccovcr 69 
HR-20 Reccwcr 69 
58-300 Rcceavcr 219 
58-301 Reccovcr 229 
X C 4  6m conv. 25 
SBA-3MW 2m canv. 19 
SBA-3003 6m c o w .  19 
HS-24 Speaker 9 
OF-1 Q mulupljer 9 
HD-I  I Q.mul t~pl~er I 5  
OX.60 Tranrmntter 59 
DX-600 Trnnrmrtter 69  
OX-100 Tranrmtrtcr 89 
TX- I  Trdnsmntter 99 
58.10 SSB adaptor 75 
HX- I0  Tranrm~tter  189 
HA-IOLlncar 175 
HX-20 Trnnrmttter 125 
HX-30 6m Xmtr 149 
HA-20 6m Ltnear 89 
HW-12 75m Xcrr  85 
HW-12A 75m Xcvr 95 
HW.22 40m Xcvr 85 
HW-32 20m Xcvt 85 
HW-32A 20m Xcvr 95 
HW.100Xcvr 249 
58-400 Transmntter 275 
58-401 T,anrm~trcr 249 
58-220 T,nnrmattcr 349 
5 8 4 2 0  Scanalyzer 119 
58-630 corn. 'monitor 7:' 
HW 20 2m AM Xcvr 169 
HW-30 ITwo'er I  39 
VHF I (Seneca) 139 
H P - I 0  DC supply 24 
HP-I3 DC IUPPIY 49 
HP-20 AC supply 24 
HD-20 Calabrstor 12 
HRA-10-1 Callbrator 8 
HM-10' GDO 24 
GD-125 Q-mulllpller 15 
SB.310 SWL Rec. 129 
50-303 Rccetvcr 299 
IG42  Lab Gen. 49 
HWA-17-2 FM xmlt 

adamor 25 

HEWLETT PACKARO 
HP-4IOBR t a c t -  

mount VTVM 1 99 

HUNTER 
22 Sut!on Control 1 79 
I C E  
FDAM-3 6m Xcrr  1 89 
JOHNSON 
Navtgator 1 79 
Ranger I 89 
Ranger I1 139 
Val8ant I1 189 
558 Adaptm 175 
Pacemaker 149 
Invader 2000 495 
Courro Llnear 139 
6 N 2  VHF Xmtr 89 
6 N 2  VFO 29 
KlOOE 0ougl.s.Ruldrll 
Scrubber 1 49 

AMATEUR ELECTRONIC SUPPLY 
4828 West Fond du Lac Ave. Milwaukee. Wis. 53216 

Phone (4  14) 442-4200 
HOURS: Mon & Fri 9-9; Tues. Wed & Thurs 9 - 5 : 3 0 :  Sat 9-3 
C L E V E L A N D  Area Hams may wish t o  v i s i t  our Branch store located at: 
17929 E u c l i d  Avenue. Cleveland. Ohio. Ph. 486-7330. Pe te  Smith. Mgr. 
A L L  Ma i l  Orders and l n q u ~ r i e s  should b e  sent t o  our M ~ l a a u k e c  store. 

KNIGHT 
R 100 Hecetrer S 59 
T 60 Tranrmtcter 34 

LAFAYETTE 
HE 45A 6m AM Xcv 175 
390 Stnrll l te Xmtr 59  
HC-30 Rccelver 49 

MOSLEY 
CH I Recclvcr 1 W 

NATIONAL 
NC.66 Rccetver 1 39 
NC.98 Rccelver 89 
NC-109 Receover 99 
NC-I55 Rrcewer 119 
NC-3W Receovet 125 
NC-303 Recetver 199 
HRO 5011 Receiver 125 
HRO-60 Recearer 199 
HRO SWTS Speaker 25 
NCX 5 Xcvr 329 
NCX-5 Mk I 1  Xcvr 379 
NCXA AC Supply 75 
VX-501 Remote VF0125 
NCL 2000 Llnear 375 

P L H  
LA-4WC Lsnear 1 69 

POLYTRONICS 
PC-2 2m Xcvr $139 
PC42  6-2m Xcvr 225 

R l l E  
4100 Rcct lver  
415OA Rece~vcr 
6900 Recctver 
VHF .I26 Convertel 

REALISTIC 
OX-! 504 Recclver 

REGENCY 
HR 2 2m FM Xcvr 
AR 2 2m Amplnfacr 

S B E  
56-33 X c n  
581 -LA Llnear 
58-34 Xcvr 

SINGER 
PR I Panadaptor 

SWAN 
TCU control "not 
2708 Xcvr 
400 Xcvr and 

420 VFO 
4 4  VFO 
410 VFO 
4 I K  VFO 
508 VFO 
350 Xcvr(ear1y) 
350 Xcvr (late) 
500 X E V ~  
500C Xcvr 

1 1  7XC AC supply 80 
23OXC AC supply 90 
I4C DC modtnlc 49 
1 4 x  DC module 45 
1 1  7X Basac AC sup. 65 
1178 AC rupply 65 
250 6m Xcvr 239 
210 VFO 95 
Mark 6 8  L~near  449 
TV-2 2m Xverter 189 

TEMPO 
DC One DC supply S 75 

TEN.TEC 
Atgonaut Xcvr 1199 
210 I2vdc supply 19 
PM-3A Xcvr 49 
RX- I0  Rece~ver 45 

TRIO 
JR.310 Recetver $129 

UTICA 
650 6m Xcvr,YFD 1 59 
6504 6m Xcvr,YFO 79 

VARITRONICS 
PA-501\ 2m amp. 1 89 
IC -2F2mXcvr  199 
HT 2 Hand, Talkne 159 
FDFM-2SA Xcvr 129 

7/72 

N E W  EQUIPMENT SPECIALS C CLOSEOUTS- 

B T I  (mfgd. hy Haf~nom)  reg. NOW Regency Monitor Receivers reg. NOW 
L K - 2 W D  table-top RF M-40 3050Mc 12" Recelvcr $150 1 49 

rec t#on& PS-3000 supply $916 $732 M-160 152-174- 12" Rec. 150 49 
CLEGG DR-2W HI;LOW Rcc. 110v 2 W  149 
22'cr FM reroes 25 1284 DRS-IA Spkr. f a  above 16 9 

E T O  me. NOW 
AR-136 Aircraft Reccnver 99 89 

reg. NOW PA-7W Linear (Demo) $1775 $1595 ::ADX 38 23 
ElCO 
751 AC Supply KII 

NOw 582-MB Mobile Mtg. Bracket 12 7 
$ 79 49 582-MIC M ~ k e  (dynam~c) 16 12 

751 AC S u ~ ~ l ~  W4red 109 79 SB3.DCP Mob.rup.582-LA 249 149 
752 DC Supply Knt 79 49 W-72 cable for SB3-DCP 8 6 
752 DC S u ~ o l v  Wtred 109 69  
GALAXY re*. NOW SONAR 
PA-210  2m FM A ~ P I D ~ , ~ ,  $149  s 49 25-5OMc Tun*l* FM Racal*err 
AC.210 AC supply booster 49 FR.IOID ( I l O L  12") 1114 $ 5 9  
MMB-210 mtt. bracket 3z  FR-IOIDX plus I xtal ch. 134 69 
SC-550 Speaier console 29 22 150-175Mc Tunable FM Rcceircrs 
G-35A DC supply 99 79 FR-102(110v) S 89 1 69 
GONSET r s g , ~ ~ w  F R - 1 0 2 D ( l l O & 1 2 v )  114 89 
GS8-201 Mk IV Lonear 1525 $389 SWAN reg. NOW 
902A DC rup . fa  9M1A 2m 62 44 TV.2 2m Tranrvrrter $295 1225 
H I -GAIN  reg. NOW 410C VFO 120 95 
203BA 3 el. 20m Beam (~h lpped  228 Adaptor 32 25 

4n error 10 a customol  $1 39 S 99 VARITRONICS 10s. NOW 
HB252 slacked 2m halos 26 14 FDFM-2 and BP-I  1262 115% 
SJ252 2 el.. 2m J-pole 33 19 FM-2On Mobole Amp. I 5 0  5% 
LAFAYETTE NOW FM-ZOBM Bare Amp.!supply 235 8% 
HA-160 2m Ampldaer 12" s 99 s 49 PA-s@A 2m FM Amp. 1 2 ~  129 9% 

RAYTRACK 
FDFM.25 1mod . f~  MARS) 310 18% 

DX-2MX)L 80- lhn Llncar 1699 1599 . w ~ t h  9 M a y  A E S  warranty 

REGENCY HR.212 2m F M  l r ~ ~ ~ s ~ ~ , v c ~  l2vdc. I2 channel, Apjwox. 20 
watts output. Unlgue male rworch allows palred a ~ndcpcndcnt relectien 
of I2 transmll and 12 rcrclre  channels 1144 posl lb l r  rambtnauonr). 
With crystal$ f a  146.94MHr mlc and rnoblle mtg bracket S259 W 

tlTHEH H F L t N C I  i,!i FM PRlX)VCT5 
HR.2A 6 channels. Appoz~matc ly I 5  watts out. I2vdc . . . $229.00 
MR-2MS 6ch  xmlt. 8 c h  RLC wiscanmr feature 12vdc 3 19.00 
HR-25 sans as above. but f w  I l7vrc . . . 349 00 
AR-2 50 watt. 12rdc. Mobile Amplolmer . 119 00 
P-I07 13 6vdc 3 amp. regulated supply . . . 39 95 
Receive r rysta l r  f a  HR->A, MS. 5. HR-212 . . . . .  4 9 5  
Transmit oys ta l s  far HR.2A. MS. 5. HR-212.. . 6.50 
HA- I0  I2vdr cord wi th ctgarctte Iaghtcr p lug. .  . . . . . . . . . . . 2 95 
MA.8 4" Remote Speaks.. an metal cabmet w/mtg. bracket 7 95 
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Versatility 
Performance 

Resale Value 'Ir - 
- . AA-22 Rec/Xmtr Amplif~er 12vdc.. 149.95 .__.:I _ * > I  AT-UN- l  M t - 1  

. . . . . . .  MMK-22 Mobile Mount 9.95 

T R - 1 1  TR-22 Patable 2m FM Transcelrer . . 199.95 ---- -.. -..- I I R  PLAN - Enables you to keep your trade-ins 
unlll  ,,=-  ear arrives- Lose no operating time! 

Extra crystals for ML-2F.. ...... .each 5.00 *PERSONAL SERVICE from fellow hams who understand your 
Extra crystals for TR-22 ......... each 7.50 problems. 

*SAME DAY SERVICE on most Ordws and Inquiries from our 
2C Receiver . . . . . . . . . . . . . . . . . . . . . .  255.00 Centrally Located Modern Facil i t ies 

Top Notch Service Department 

DRS-I Digitally Synthesized Receiver 2195.00 

2AC Calibrator f a  2 C . .  . . . . . . . . . . .  18.75 7 
2CS Speaker f a  2C . . . . . . . . . . . . . . .  22.00 - n 
2CB S'peaker/~-multiplier f a  2C.. . 
2NB Noise Blanker f a  2C . . . . . .  

R-'" " - - - '  -- 
M! 
TR-4 ~ransceiver  80-10 Meters . . . . . .  

. . . .  34PNB Noise Blanker (plug-in). 

*m necenver 
i-4 Speaker f a  TR-4/6. R-40 22.00 

RV-4 Remote VFO for TR-i . . . . . . .  1 10.00 
FF- I  Crystal Control adaota.. . . . .  46.95 ' 

TR-6 Transceiver - with noise blanker 
RV-6 Remote VFO f a  TR-6.. . . . . .  
AM P Iw- in  Filter far TR-6 

*LARGE COMPLETE STOCK means Fast Deliveries. United 
Parcel Service available to most parts of the country. -UPS 
Blue label (AIR) to the West Coast. 

LOW LOW I %  Monthly Service Charge (ONLY 12% per annum) 
on GECC Revolving Charge Plan. Only 10% Down Plus LOW 
Monthly Payments-For Example: $10 a month finances up to 
$300. $20 up to $610. Write f a  complete inlamation and credit 
application. 

1; you purchase any of the new Merchandtse llsted below at 4 ..... - . . . . . .  -. . - . . . . . . . . . . . . .  - - ... 
CW Plug-in Filter la TR-6.. . . . . . . .  35.00 $ the Regular Price and Without a Trade-In, you may take the 
LSB Plug-in Filter for TR-6.. . . . . . .  35.00 'Bonus- Credit indicated below toward the purchase of 

AC-4 AC supply f a  TR+/6. T -4x0 . .  . 99.95 other merchandise (such as power supplies.antennas.towers 
DC-4 12vdc Supply for tR-4/6. .  . . . . . .  125.00 1 microphones, crystals, linears, accessories, etc.) 
MMK-3 Mobile Mountine k i t  f a  TR-4/6. 6.95 2NT Transmitter $10 Bonus TR-4 Transceiver $50 Bonus I $ 2C Receiver $20 Bonus L-40 Linear $80 Bonus 

$ SPR-4 R e c e i v ~  $40 Bonus ML.2 2m FM Xcvr $30 Bonus t 
L R-40 Receiver $40 Bonus TR-22 2rn FM Xcvr $10 Bonus @ 

c i, T 4x0  Transmitter S40Bonus 
MN-4 Antenna Match Netwak.. . . . . . . .  99.00 ~ & ~ ~ . . %  

P 
MN-2000 Antenna Match Network.. . . .  195.00 
11-4 RF Wattmeter (2-30Mc) 61.95 SIX EZ-WAYS TO PURCHASE . . . . . . . . . .  
WV-4 RF Wattmeter (20-200Mc). 73.50 I. CASH . . . . .  
C-4 Station Control Console.. . . . . . . . .  305.00 2. C.O.D. (2Mb DEPOSIT) 

3. MASTER CHARGE 
. . . . .  TC-6 6m Transmitting Converter. 278.00 4. BANK AMERICARD 
. . . .  TC-2 2m Transmitting Converter.. 378.00 5. AMERICAN EXPRESS 
. . . .  SC-2 Receiving Converter la 2m.. 86.00 6. GECC REVOLVING CHARGE 
. . . .  SC-6 Receiving Converter f a  6m.. 71.00 

CPS-I Power Suoply for SC-2. SC-6 . . 19.75 T ~ - 4 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m  

SCC-l VHF ~ry;ta( ~ a l i b r a t a  . . . .  I 
- 1  o t e r  o n s o e  . : Z::: 7+ : TO: AMATEUR ELECTRONIC SUPPLY I 
TV-300HP High-Pass Fil ter . . . . . . . .  5.45 I 4828 W. Fond du Lac Ave. M~lwaukee. Wls. 53216 1 
TV-1000LP Low-Pass Fi l ter . .  . . . . . . .  

Is7' Direct "Om this Ad : I am interested In the following new equipment: LN-4 L ~ n e  Fil ter 120v 5 amp . . . . . .  8.00 . .  
. . . . . . . .  

I 

729SRD Microphorn with plug 19.95 
I 

I I 
SPR-4 Programable Receiver. . . . . . . . .  : I have the following to trade: (what's your deal ?) 

I 
. . . . . . . . . . . .  5NB Noise Blanker 65.00 

DC-PC OC Power C a d . .  5.00 
I 

. . . . . . . . . .  
TA-4 Transceive Adapta 18.00 ' I I 

. . . . . . . . .  
SCC-4 Crystal Calibrator 20.00 

I I 
. . . . . .  

RY-4 Teletype Adaptor 10.00 
I I . . . . . . . .  I Ship me: 

CRYSTAL KITS FOR SPR-4 
I 

Aeronautical Overseas - 7 crystals 32.00 I . . .  I 
Amateur Bands - 6 crystals.. . . . . . . . .  27.00 I wi l l  pay balance ( i f  my): I I I Enclose S 
Citizens Band - one crystal..  . . . . . .  5.00 ,. ;. I DCOD (20% Deposit) C]GECC Revolving Charge Plan I 
Marine Bands - I I crystals . . . . . . . . .  49.00 I DMas te r  Charge* BankAmericard q American Express I 
MARS - 5 crystals.. . . . . . . . . . . . . .  22.00 I 
Teletype Commercial - 4 c r y s ~ l s . .  . 18.00 Account N u m k  I 
Teme & Freq. Std.. WWV - 5 crystals.. 22.00 R.,. G~ ,,,<.,, K ~ K H W  I 
Tropical Broadcast - 3 crystals . . . .  13.50 Mu. Mall Order Sales I ~ , ~ i ~ , ~ i ~ ~  Mastar Chugc 

I 

I DATE 
I 

Interbank nv~nbsr (4 digits) # 

AMATEUR ELECTRONIC SUPPLY :N-: 

I 
I 

4828 West Fond du Lac  Ave. Milwaukee, Wis. 53216 : Address:- 
I 
I 

Phone ( 4  14) 442-4200 I 
HOURS: Mon & Fri 9-9;  Tues. Wed & Thurs  9 - 5 3 0 :  Sat 9-.3 I City I State: I 
CLEVELAND Area Hams may wish to visit  our Branch s t a e  located at: I I 
17929 Euclid Are.. Cleveland, Ohio. Ph. 486-7330. Pete Smith. Mgr. 

I Okd used leu list q Send Drake l i tuature I 
A L L  Mail Orders and Inquiries should be sent to our Milwaukee store. ll-------------~----------I 
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mobile operation 
with the 

touch-tone pad 

C 

Making a clean 
5 

and dependable g 
- 
L +- 

V) 

mobi le fm s 
V) 
N 

installation 
s 

with a touch-tone pad g 

Numerous articles have been written con- 
cerning the utilization of Touch-Tone for 
control functions on vhf and uhf repeater 
systems, even going so far as to include 
partial control of an existing hf system 
via the uhf radio link. However, articles 
that deal with actual construction and 
operation of these Touch-Tone pads are 
few.12 This article hopes to fill the void, 
and help some enterprising amateurs 
build operational Touch-Tone systems. 

The Touch-Tone pad enclosure shown 
in fig. 1 has been in use for over a year 
with great success and much satisfaction. 
My unit i s  being used with the Regency 
H R-2. Both the H R-2 and the H R-2A are 
quite popular in this area, and to date, no 
one has experienced any difficulty with 
this circuit. Over the last year there have 
been some basic design changes, most of 
which are incorporated in this article. 

the pad 
B 
E The Touch-Tone pad I used is the 
2 Western Electric Model 35A3. 1 under- 

stand the Model 35Y3 is basically the 

$ same, only a newer model. The schematic 
-- - diagram shows color coding of each wire 

on the 35A3 and to what point each wire 
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goes. Note that the red lead is not used, 
and is taped or clipped off. The green 
lead is the power and audio take-off 
point. There are two leads left that are 
rather unusual. They are the white and 
the white and blue leads. Both leads 
terminate in the pad at a switch contact 
which is shunted by a 5.lk resistance. 
When any button on the pad i s  depressed, 
the switch contacts open giving this 5.lk 
dc resistance. Both leads are free from 
any other contact or connection within 
the pad, leaving them free for control 
of an external circuit, which, in our case, 
will be push-to-talk keying of the vhf 
transceiver. 

operation 
The keying circuit: The two leads 

(white and white and blue) f rom the pad 
are fed to a transistor switch. One lead 
(white) i s  grounded, and the other (white 
and blue) is tied to the base of Q1 
(2N2222A. 2N718A or other npn). With 
the pad in an idle condition, the base of 
0 1  is  grounded and is cut off. When any 
button on the pad is depressed, the base 
is returned to ground through the 5.lk 
resistance in the pad. This resistance plus 
the external 2.2k resistor form a voltage 
divider, forward biasing the transistor 
switch, Q1. 

The relay: The relay is  a subminiature 
dpdt type with a holding current of about 
30 mA. Both sets of contacts are used, 
one for push-to-talk keying of the vhf 
transceiver, and the other to toggle the 
microphone audio of the transceiver be- 
tween the microphone and the output of 
the Touch-Tone pad. Breaking the micro- 
phone connection insures that no back- 
ground audio can reach the transceiver 
microphone input causing distortion of 
the Touch-Tone tones. 

Across the relay coil i s  a series com- 
bination of R1 and C1 and parallel diode 
CR1. The capacitor C1 sets a delay (relay 
dropout) time of about 1.5 seconds, 
allowing the user time to complete a dial 
sequence without the tranceiver dropping 
out of key. This feature prevents exces- 
sive wear of the transceiver relay con- 
tacts. It also allows completion without 

the chance of missing any tones, in case 
you are a fast dialer. 

Dcpowersource: If you plan to utilize 
this unit with an existing base station 
supply, then no problems should be 
encountered. But, if you are going 
mobile, the combination of zener diode 
CR2 and the 33-ohm resistor should be 
included. This unit likes a stiff dc source. 

I f  your particular installation is noisy, 
it may be wise to include more than 1500 
mF of filtering across the zener. I have 
just purchased a very noisy car. I had to 
add an additional 1500 mF of filtering, 
which has apparently cleaned up the 
system. Installation of a coaxial bypass 
capacitor at the firewall helps the filter- 
ing. All cables should be shielded, even 
from the battery to the firewall bypass 
capacitor. You can even add an inductor 
in series with the coaxial bypass, with as 
much as 2000 mF to ground for that 
extra measure of protection. It has been 
found that it is hard to have too much 
filtering in the automotive system. 

Pad impedance and levels: The 
Touch-Tone pad is a low-impedance unit. 
Variable resistor R2 should be not more 
than 1 k. The specified value of 500 ohms 
is preferable, otherwise you will have to 
be almost at the bottom of the pot to 
keep the tones from distorting. The elec- 
trolytic capacitors (1 mF and 2 mF) 
feeding the audio output line are there to 
preserve the low-frequency characteristics 
of the Touch-Tone pad. The 100k resist- 
or, R3, i s  included to isolate the micro- 
phone input from the pad, and to present 
a high impedance for the microphone 
input of the transceiver. 

Note that there is  also included a 1 M 
resistor from the output of the tone burst 
generator. This value may require some 
experimentation by the user to obtain the 
required deviation of the transceiver. If 
your tone burst generator i s  one of the 
types with a very high output level, this 
resistor may be a value of several 
megohms. I f  your transceiver is equipped 
with any kind of clipping, then pot R2  
should be set for a level that i s  below 
clipping. I f  i t  i s  not, then the receiver 
Touch-Tone decoder will not recognize 
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any of the tones, as they will not be true the box. However, phono connectors 
sine waves. These values (1M) work well would make it easier to connect and 
with the Regency HR-2. If your radio is a disconnect cables if you ever wanted to 
different brand, you may need to juggle work on or modify your pad. 
them to achieve the desired results. But, Cutting holes for the pad is  a matter of 

, - - - - -.O.,2V fig. 1. Schematic of 
the Touch-Tone pad 
installation. K1 is a 

IW 12 Vdc. Subminia- 
ture unit. CR2 and 
the 33 ohm resistor 
are optional, but 

1 
recommended for 

RED~OREEN OREEN mobile operation. 

MODEL 3 5 4 - 3  
TOUCH-7WEPAD I 

I 
m 

I 

M D I O  IN 
(MICROUiONEJ * - - . - - - - - - - . 

PTT t- - - -- 

~MlCRWI((WEI 
I 

-- - 

in no way should these resistors be less 
than 47k. 

construction 
My chassis box is  4 x 6 x 2 inches. The 

pad i s  mounted on the right side of the 
box, and is held in place by two 6-32 
screws. One screw mounts on the right 
hand wall of the box, and the other 
mounts via an angle bracket secured to 
the bottom of the box. The tone burst 
generator is a small pc board (1% x 2% 
inches) mounted on the left wall of the 
box. I have used a matching microphone 
jack, which accepts the HR-2 micro- 
phone. Shielded Teflon cable runs to the 
HR-2. In my case, the Teflon cables are 
soldered directly into the enclosure, and 
routed out via a small hole in the back of 

-. - . - -. - - J 

- - OUT 

personal choice. You can either make one 
large hole to show all of the buttons, or 
get more ambitious and cut individual 
holes for each button. I f  your choice is  
the latter, then using an existing 
Touch-Tone instrument (assuming you 
have Touch-Tone in your home) for exact 
placement of the holes, will leave you 
with a very neat enclosure. A nibbling 
tool i s  very handy for this, but do i t  from 
the inside of the box, or your end result 
will be a disaster area for a front panel. 

In the photograph of my unit, I have 
used individual toggle switches for the 
tone burst frequency selection. A rotary 
switch could have been used, but a 
suitable subminiature type was not avail- 
able. The center toggle switch which i s  
labled BURST-DC-PAD, selects dc power 
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for either the tone burst generator or neighborhood ham population, take a 
Touch-Tone pad. My feeling is  that I will l i t t l e  patience, and do it right the first 
never require power to both a t  the same time. You may need to add some more 
time, so why not toggle the power be- filtering, but really, isn't it worth it? If  
tween them? Also, why have a beep on you are plagued by stray rf floating 

' 'SO 
1% 

The pad and associated circuitry are mounted with a toneburst generator in one box. 

the air i f  you are not using a repeater 
access channel? A clean radio installation 
goes a long way toward making friends, 
and in this age of radiomania, who needs 
enemies? We've got enough now, why add 
to the collection? 

trouble 

Murphy and his laws always get into 
the act. Again, I caution the reader about 
the +12 V supply line. Why? Well, re- 
read the last two sentences of the pre- 
ceding paragraph. If you could hear 
some of the mobile installations around 
here, you would not ask why. Alternator 
whine abounds inside that engine com- 
partment. Even with the installation of 
resistor plugs, radio ignition wiring, and 
the rest of today's modern innovations, it 
is still there. But, to keep peace with the 

around your mobile, then add a couple of 
0.001-mF capacitors across the micro- 
phone audio and push-to-talk lines inside 
the pad enclosure. 

Special thanks are due to Tom Yocom, 
WA0ZHT. whose digital mind dreamed 
up the repeater with which this pad is  
used. Also, thanks are due to Jerry Buck, 
K0YBM.who designed the tone burst 
generator used in this system and who 
also did the photograph for this article. 
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Styleline Telephone," ham radio, December, 
1971, page 18. 
2. R.B. Shreve, W8GRG. "lntegratedcircuit 
Sequential Switching for Touch-Tone Repeater 
Control," ham radio, June, 1972, page 22. 

ham radio 

august 1972 61 



techniques 
e l  noll, W3RJ 

digital IC oscillators 
and dividers 
Modern counters and calibrators feature 
crystal-controlled multivibrators using 
NAND and NOR gates plus digital IC 
divider chains. A popular low cost unit is 
the 7490 decade divider. In i t s  in-line case 
it houses separate 5-to-1 and 240-1 
counters, fig. I. The 5-to-1 counter i s  
actually an inhibited group of three indi- 
vidual 2-to-1 units as described in detail 
in l a s t  month's column. The 5-to-1 and 
2-to-1 combinations have separate input 
and outputs. The output of one is  wired 
externally to the input of the other to 
obtain an overall count of 10-to-1. This 
wiring can be done in two ways; the 
output of the 2-to-1 fed to the input of 
the 5-to-1, or, depending upon the de- 
sired intermediate count, the output of 
the 5-to-1 applied to the input of the 
240-1. The device has great versatility in 
terms of the selection of preferred 
counts. 

Let's consider these possibilities in 
terms of calibration frequencies, assuming 
a 100-kHz drive signal and two decade 
dividers. Note in fig. 2A that calibration 
points would be made available at 100, 
20, 10, 2 and 1 kHz. I f  you take the first 
decade counter and connect the 2 to the 
5 rather than the 5 to the 2, a different 
combination is  set up consisting of loo-, 
50-, 25- and 2.5-kHz points. 

Additional combinations are shown in 
figs. 2C and 2D. There are other possibil- 
ities, too, that can be established using 
interwiring combinations as shown in fig. 
3. 

fig. 1. Basic plan of the 7490 dacada divider. 
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All of the above is  quite understand- 
able. However, to the uninitiated, the 
wiring of an integrated circuit appears to 
be a very complicated thing. Actually it i s  
simple and the major complication is  
usually the printed-circuit board. How- 
ever, this can be avoided by using straight 
wiring techniques as suggested in the first 
experimental procedures in the June 
column. I f  you use binding posts and 
jumpers i t  i s  also possible to change the 
count sequences between the combina- 
tions shown in figs. 2 and 3. 

The pin-out wiring diagrams for the 
7490 are given in figs. 4 and 5. Note 
how very simple it is. There are a number 
of terminals to which no connection is 
made and another group which are all 
tied to common. Of course, there are 
supply voltage as well as input and output 
connections to be made. The diagrams of 
fig. 4 are for using the 2-to-1 and 5-to-1 
counters separate1 y. Both the connections 
of fig. 5 provide the 10-to-I count. 

I 0 0  * H I  
SOURCE EQ m k ~ r  ~ L H I  lokHz 2 b u 1  o iuz  

I 00  hHz 

_J:i;_]l" I 0 0  50 25 J 2 5  

fig. 2. Some of the count possibilities using two 
decade dividers. 

However, in the first example, the first 
count i s  540-1; the second, 2-to-1. The 
second example is the converse, using the 
initial 2-to-1 count and then the 5-to-1. 

fig. 3. Two addittonal count possibilities using 
two decada dividers. 

digital IC oscillators 
Digital ICs of suitable design can also 

be used as high-frequency crystal-control- 
led square-wave generators. The 7400 
NAND gate used initially in this series can 
be operated as a high-frequency oscil- 
lator. Two of the four gates are wired as a 
multivibrator while a third one is used 
as a buffer output. Doug Blakeslee, 
WIKLK,  has used this common IC suc- 
cessfully with the circuit of fig. 6A.1 I t s  
output is followed by two 7490 decade 
dividers. 

Ted Bensinger, W5PCX, uses the 7400 
in the 3-MHz IC oscillator arrangement of 
fig. 66.2 Two of the NAND gates again 
serve as the multivibrator while the two 
other sections are pressed into service as 
buffer and calibrate outputs. Two decade 
dividers provide the countdown to 30 
kHz. W1 KLK operates his circuit at 3 
MHz to get the same 30-kHz output. 
However, he employs a high-frequency 
74H00 NAND gate. Theoretically this IC 
should provide steeper sides and higher 
harmonic output levels. 
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quency is wise because a division of 100 Circuit A is for fundamental crystals over 
results in a 30-kHz output which is  the a frequency range from approximately 1 
standard channel separation on the MHz to 20 MHz. Circuit B has a broadly 
two-meter fm band. The 3-MHz crystal resonant output circuit and works with 
frequency can be adjusted and set on its 
fifth harmonic which falls on the 15-MHz 
WWV frequency. 

An elaboration of the WlKLK cali- 
brator could include a 3-to-1 counter I;IIl 
providing a ?-MHz output, fig. 7. In so 14 13 IZ 1 1  ID 9 B l4 13 I2 I N  to s3 B 

doing, a calibration point would be avail- 
10 m 1 10 10 I 

able on other WWV frequencies, if and 
when the 15-MHz signal i s  not receivable ' ' ' ' 1 2 3 4 5 0 7  

in a given area. Furthermore, the 1-MHz 
output could also be switched into the 
divider chain to obtain the same sequence +5 +5 

of output frequencies made available , , , cONNECT,ON 0 2 X 5 CWNECTION O 
from a 1-MHz crystal source. fig. 5. Dividing by ten i n  5 x 2 or 2 x 5 

The dual binary 7473 J-K flip-flop sequence. 

used in last month's experiments can be 
wired as a 3-to-1 counter as shown in fig. 
8. Typical waveforms are shown in fig. 9. overtone crystals. I have used this latter 
Another 1-MHz circuit using an MRTL circuit successfully with overtone crystals 
NOR gate is shown in fig. 10.3 in the 50- to75-MHz range to produce 

higher-frequency operation 
marks on the 6-, 2-, 1%- i n d  314-meter 
bands. Using a uhf television receiver, 

High-speed digital  ICs permit calibration points have been checked all 
crystal-controlled square-wave generation the way through the uhf band. 

The vhf oscillator can be checked out 
by using a double calibration technique. I 
calibrate a 5-MHz crystal oscillator on the 

CUT highest receivable WWV frequency at the 
moment. I then tune in i t s  tenth harrnon- 

I+ 13 12 11 10 9 B 14 13 12 11 10 s 8 ic a t  50 MHz on my six-meter receiver. A 

2 TO 1 5 TO 1 
50-MHz overtone crystal in the circuit 
can then be zero-beat with this tenth 

1 2 3 4 5 0 1  1 2 3 4 5 6 1  harmonic of the 5-MHz crystal. Numer- 
ous other possibilities exist. 

Nc 
meteor scatter 

Q + "  0 l5 I have written before of R.A. Ham and 
his studies of vhf propagation. Mr. Ham is  

fig. 4. Pin-out Uiagrams for wiring 7490 decade 
dividers. an amateur radio astronomer. Although I 

have never met or corresponded with 
him, I have an exceptional respect for his 

a t  even higher frequencies. The advantage work because of his skill and his in- 
of an output square wave, of course, i s  in dividual interest in basic research. He is  
i t s  high harmonic content. A 5-MHz interested in a phenomenon because it 
oscillator of this type produces strong i s  presently relevant or practical. Our 
discernible calibration points on theama- sently relevant or practical. Our very 
teur vhf and uhf bands. Typical circuits obsession with "now" relevance and our 
for an MECL type are given in fig. 11.4 "so-what" attitudes have become 
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self-destructive to us as individuals and as 
a society. One must realize that those 
things which are non-relevant today 
might well be of dire relevancy a century 
from now or even a decade from now; 
and, furthermore, what we consider rele- 
vant today might be most insignificant 
tomorrow. 

Again the following meteor observa- 
tions of Mr. Ham demonstrate how im- 
portant radiobeacons can be in basic 
propagation research. The following is  a 
quote from his coverage in Electronics 
Weekly (British):5 

"The earth, during i t s  annual orbit of 
the sun, periodically encounters large 
swarms of meteor particles which are 
known to astronomers as meteor showers. 
Reference to the annual handbook of the 

0 
fig. 6. Using the 7400 as a high-frequency 
oscillator. Use a 7400 with a 1-MHz crystal and 

a 74H00 with a 3-MHz crystal. Both the 7400 
and the 74H00 are quadruple NAND gates, but 
only three of the gates are used in these 
oscillators. 

British Astronomical Association will 
show that the major meteor showers are 
the Quadrantids in January, the Lyrids in 
April, the Perseids in August, the Leonids 

DlVlDE BY 3 w OUTPUT 1 MHz lMH2 

lC4UBRATE AGAIMT WWV) 

fig. 7. Calibration plan 
with both 1- and 3-MHz 
bacility. 

in November and the Geminids in Decem- 
ber. 

"The name given to each meteor show- 
er is derived from the constellation of 
stars from which direction the radiant of 
the meteors appears to come. For ex- 
ample, one would look toward the con- 
stellation of Perseus for the radiants of 
the Perseid meteors, and toward Leo for 
the Leonids. 

"The visual astronomer hopes for clear 
skies to enable him to make meteor 
observations and estimate the number of 
meteors within the area of the sky which 
he can see. It is common practice for 
groups of observers to combine their 
efforts during a meteor shower to gain as 
much information as possible. Their re- 
ports describe the color, direction and 
duration of the meteors which they have 
seen. 

"Unfortunately, the visual astronomer 
has two enemies to contend with; the 
moonlight, which can make the sky too 
bright for satisfactory observation, and 
the weather, which can cloud over the 
sky at the vital time and prevent any 
observation at all. 

"The amateur radio astronomer can 
assist his visual colleagues without being 
hampered by moonlight or overcast skies. 
The dying ionized trail left by a meteor 
provides a short-lived passive reflector 
which can bounce radio signals over a 
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fig. 8. The 7473 340-1 divider using two binary 
flip-flops. 

thousand miles. A radio receiving station 
can tune to the frequency of a distant 
transmitter and record the number of 
times that i t s  radio signal i s  deflected by 
ionized meteor trails. 

"During the life of a meteor shower, 
there can be a large amount of temporary 
ionization within the earth's atmosphere, 
and several United Kingdom radio ama- 
teurs have taken advantage of this and 
established communication, on the vhf 
bands, over large distances. This means of 
communication is  known as the meteor 
scatter technique. 

"Many amateur radio operators within 
the past two decades have established 
two-way meteor-trail communication 
with fellow amateur stations a thousand 
miles away. These complicated contacts 
are confirmed by the exchange of QSL 
cards between the two stations con- 
cerned. 

"Attempts to communicate via meteor 
scatter are usually at pre-arranged times 

A MC724P 

fig. 10. MRTL NOR gate as a 1-MHz oscillator. 

and are conducted during a meteor show- 
er when there i s  a high chance of success. 

"Bearing in mind that each meteor 
trail may only survive for a few seconds, 
each operator involved in the contact 
must repeat his call sign and message in 
high-speed Morse code many times. This 
intermittent repetition enables the receiv- 
ing end to piece together tiny bits of the 
transmitted signal. 

"Both operators may have to repeat 
this procedure at regular intervals for over 
an hour before a two-way contact can be 
confirmed. 

"Using their CW skill and extreme 
patience, several United Kingdom ama- 

fig. 9. ~hree-to-one count waveforms. 

teurs have confirmed meteor-trail contact 
with amateur stations in some twenty 
countries. The majority of this work is 
with continental amateurs and carried out 
at the CW end of the two-meter amateur 
band (144.0 to 144.1 MHz). 

"Should a reader hear an amateur 
during a meteor shower, repeating his 
own call sign at high speed, take a listen 
on his frequency when he has finished 
transmitting and minute parts of the 
replay may be heard. 

"Using meteor trail reflection for com- 
munication is a chancy business, but I 

- 
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personally think that it is a sporting produced 'GB3' and over 100 minutes 
method and a great achievement. later a t  2205, another large trail enabled 

"During the 1968 Geminids, the '3GM' to be recorded. The radio signal 
author (at his Sussex home) conducted an from a beacon is a continuous tone, 
experiment using the RSGB beacon at which is  frequently interrupted with the 
Thurso in Scotland as the transmitting beacons identification sent in Morse 
end. The object of the experiment was to code." 

fig. 11. Logic and pin-out schematics of the h+ and vhf oscillators. 

evaluate the possibility of recording the 
beacon's identification (GB3GM) by the 
meteor-scatter technique. 

"On December 13, 1968 at 2000 
GMT, the author directed his four meter 
beam toward the north, carefully tuned 
his receiver to the beacon frequency 
(70.305 MHz), and accompanied by an 
interested witness, monitored this fre- 
quency until 2300 GMT. 

"Throughout the three-hour period, 
'pings' of the beacon's tone could be 
heard bouncing off tiny meteor trails. At 
2049 a deflection from a larger trail 
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I comparison of 

fm receiver 
performance 

FM equipment manufacturers 

use two different methods 

of describing 

receiver performance - 

this article discusses 

the differences between 

adjusted SO the receiver delivers rated 
audio output with an fm generator devi- 
ating 0.67 a t  1000 Hz. 

Curve 1 shows noise quieting, and it i s  
plotted by varying the output of an 
unmodulated rf generator and measuring 
receiver output. The 20-dB quieting point 
occurs at approximately 0.45 pV. This is 
the most simple sensitivity test  which can 
be performed. 

In the SINAD test a modulated rf 
signal generator is used. In this test, 
receiver output initially increases with 
increasing signal level (curve 2). The 
limiters become saturated at approxi- 
mately 0.5 p~ and receiver output levels 
out at +4.5 dB. The actual audio in the 
output signal i s  signal plus noise plus 
distortion (S + N + D). 

m .- Now curve 3 must be plotted, using an 
these two systems b f  signal generator which is modulated 

2 with 1000 Hz. A distortion analyzer is 
0 
0 connected to the output of the receiver 
5 .- and nulled to reject the 1000-Hz signal. 
+ .- Then the remaining noise and distortion 

Many radio amateurs are confused when can be measured. 
2 

they compare the fm sensitivity and g Noise and distortion declines quite 
performance claims of the various manu- rapidly as input signal increases. When the 
facturers. And they have every right to be Z. input signal i s  large, the noise component 

r 
confused because the methods of meas- i s  practically nil, so curve 3 levels out at 
urement are quite different. the inherent distortion level of the re- 

Some manufacturers use the 20-dB ceiver. 
quieting method, while others use the 2 The difference between curve 3 and 
12-dB SlNAD technique. A comparison curve 2 is the SlNAD ratio. The 12-dB 
of these two very different measurements SlNAD sensitivity i s  at approximately 

W 
can be best illustrated with the graph in > 0.25 pV input as shown in fig. 1. The 
fig. 1. In this graph the zero dB receiver & SlNAD ratio is computed from the fol- 
output reference is the output of an 5 lowing formula: 
unsquelched receiver without an input E SlNAD ratio = (S + N + D) - (N + D) 
signal after the volume control has been 3 



I will not discuss the pros and cons of 
each of these systems, but both have their 
place in determining the actual perform- 
ance of an fm receiver. 1 can only hope 
that the individual manufacturers will 
quote both results so amateurs can make 
realistic comparisons. 

Most amateurs talk about receiver 
sensitivity in terms of microvolts. The 
graph in fig. 1 is also calibrated in dB 
relative to 1 watt, or dBW. In a 50-ohm 
system, a 0.5 pV signal is equivalent to 
- 143 dBW. (When doubling the rf input 

RECEIVER INPUT f pV AT 50 OHMS) 
0 1 0 2  05 10 2  5 0 20 I ) D O  

- 8 

- I6 

I- -PO 

RECEIVER INPUT f pV AT 50 OHMS) 
01 02 05 10 2  

-- - --- 

RECEIVER INPUT (dB WI 

flg. 1. Comparison of fm  performance tests. 
2 0 4 6  quieting is Me difference between the 
zero reference level and noise quieting (curve 
1). 1 2 4 s  SINAD is the difference between 
signal plus noise plus distortion (curve 2) and 
noise plus distortion (curve 3). 

signal, remember that you must increase 
dB by six.) Another term which is used 
occasionally is dBm, power in dB relative 
to 1 milliwatt; dBW can be converted to 
dBm by subtracting 30 dB. For example, 
-143 dBW = - 113 dBm. A complete 
nomograph of power, impedance and 
dBm is given in reference 1. 

reference 
1. W. E. Pfiester, Jr., W2TQK. "Power, Voltage 
and Impedance Nomograph," hem radio, April 
1971, page 32. 

ham radio 

All you need are 3 4  mounting screws . . . just 
plug-in components . . . like 'A watt resistors, 
ceramic capacitors, diodes, 1.C.s. transistors 
and more.. .and your circuit's built! No spe- 
cial patch cords needed! Components inter- 
connected with any solid No. 22-26 gauge wire. 

And you can try it with absolutely no risk for 
5 days. If not satisfied, just return your EL 
Socket and receive a full refund. Trying is 
believing. How can you go wrong? Order your 
EL Socket now! 

Nickellsilver plated terminals -very low contact 
resistance 

Low insertion force 
Mounts with #4 screws 
initial contact characteristics beyond 10,000 

insertions 
Vertical, horizontal interconnecting matrices 

Accommodates wide range of wire and 
component leads from .015"-.032 

Send check or M.O. today! . Add 504 for postage and handling . 25% deposit on C.0.D.s 

EL INSTRUMENTS, INC 
61 First St., Derby, Conn. 06418 
Telephone: 2031735-8774 

Call Dick Vuillequez, WlFBS 
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1 tebook 

solid-state vibrator 
replacement 

With the flood of solid state vhf rigs 
on the market, the price of the vibrator 
powered units has dropped to a level 
where almost anyone can afford to go vhf 
mobile. This solid-state switch fits in a 
small minibox and has only two wires 
that connect to the vibrator socket (not 
counting the chassis ground). The only 

transients on their edges. These transients 
are bypassed by an RC combination 
called a buffer circuit. This is a resistor 
and capacitor series combination in 
parallel with the secondary high-voltage 
winding. 

The schematic in fig. 2 shows the 
oscillator. This unit duplicates the electri- 
cal function of the vibrator and thus 
could be likened to a solid-state switch. 
With power applied, the circuit first 
grounds terminal A then terminal B. A 

A 
. -TO m W E R  

RECTIFIERS 

VlBRATOR PRIMARY SECONDARY 

- - . . - - . - 

+IPVDC 

- - CT / CIRCUIT 

I --..__.' 
lU POWER 

rt7 B 
RECTIFIERS fig. 1. The basic vlbrator supply. 

addition to the rig i s  a small spst switch 
mounted on the power-supply chassis. 
Yet this simple unit eliminates the hash 
and mechanical problems common to 
vibrators. 

The schematic, fig. 1, shows a basic 
vibrator primary circuit and a secondary 
winding with buffer. It 's basically a 
mechanical switch with the centertap of 
the primary a t  plus 12  Vdc. The vibrator 
alternately grounds point (A) then (B) 
creating a square wave of dc. This causes 
current to flow in the secondary winding. 
The induced currents always have some 

brief description would indicate the 
toroid (similar in dimensions to an 88-mH 
toroid) i s  the heart of the circuit. I t s  
function is to feed back current to the 
bases, alternately saturating Q1 and Q2. 
CR1 and CR2 are zeners suggested by the 
transformer company to protect the 
power transistors from transients. They 
could be left out but they are inexpensive 
insurance. The R1, R 2  and R3, R4 
combinations are resistive current 
dividers, limiting the base current to a 
saturated but safe level. 

Construction is not critical. The tran- 
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sistors should be heat sinked as they do 
run warm under transmit condition. 
Other components should be mounted 
with care keeping vibration in mind. A 
short barrier strip mounted on the out- 
side of the box would permit quick 
connection and testing without con- 
nection to the rig. The switch can be 
tested without connection to the rig by 
applying plus 12 Vdc to pin four of the 
toroid and providing a ground return. The 

I -" L i l l  

determined from the schematic of your 
rig. Run two heavy leads from terminals 
A and B to the pins that correspond to 
the ends of the primary. A spst switch 
should now be mounted on the power- 
supply chassis, accessible from the top 
side of the chassis. This switch is  wired in 
series with the buffer circuit. Be sure to 
label this switch as buffer in in the on 
position and buffer out in the off posi- 
tion. The buffer out position i s  used with 

switch will oscillate at a low frequency 
(you'll hear a buzz from the toroid); 
however, when a load is  connected, the 
operating frequency of the switch i s  near 
1000 Hz. I f  the load becomes too great, 
the circuit will stop oscillating and save 
the transistors from thermal runaway. 

Since the switch has only two con- 
nections to the rig plus the chassis 
ground, the hookup time is minimal. The 
vibrator is removed from i t s  socket. The 
base of an old vibrator could be used as a 
quick connector to the vibrator socket. 
The two pins to be used should be 

fig. 2. Transistor switch is 
the heart of the solidstate 
vibrator replacement. T1 
is an Osborna 2709, avail- 
able from Osborne Trans- 
former Company. 2823 
Mitchell Avenue. Detroit. 
Michigan 48207. 

the solid-state switch as the reactance of 
the buffer at the new operation fre- 
quency (1000 Hz) i s  much too low and 
the power it would pass would burn out 
the resistor in short order. The rig now is 
ready to operate with the option of 
returning to vibrator with the flick of the 
switch to the buffer in position and 
reinstalling a vibrator. 

This same basic circuit appeared in the 
1970 edition of The Radio Amateur's 
Handbook, page 336, as an integral part 
of a more complex mobile power supply. 

Ray Kashubosky, K8RAY 
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aligning audio filters 
The bandpass characteristics of an 

audio filter may be best displayed and 
adjusted through the utilization of an 
audio sweep system with an oscilloscope. 
However, such systems are expensive and 
appear only in the best-equipped labora- 
tories. Consequently, filters are some- 
times assembled with complete reliance 
for their tuning entrusted in the labeled 
values and tolerances stated on the 
components. 

Af ter  constructing the excellent 
200-Hz filter described by K7UDL in the 
September, 1967 issue of 73, 1 ques- 
tioned whether the four 88-mH toroidal 
coils were accurately labeled. My suspi- 
cions were confirmed when five coils 
were compared and found to exhibit five 
different values of inductance. 

I found a simple method for precisely 
matching capacitors, inductors and L-C 
tank tuning which should be helpful in 
similar applications. I built the two- 
terminal inductor oscillator shown in fig. 
3 and used a high-impedance earphone to 
monitor the output tone. 

Before assembling a filter, all identical 
L-C tanks are switched in individually, to 

UNDER TEST 

cz 01 

3 9k 

form the frequency-determining elements 
of the oscillator. I f  the audio tones 
produced by all tanks are not identical in 
frequency, tank adjustments are neces- 
sary. Select matched inductances by 
switching the coils across one capacitor 
until you find coils producing the same 
tone. 

Unpotted coils are convenient, and 

permit easy adjustment, by removing or 
adding turns. Match capacitors by switch- 
ing various capacitor combinations across 
one toroidal coil until each combination 
produces exactly the same tone in the 
earphone. Note that the tone monitored 
in the earphone does not represent the 
operating frequency of the assembled 
filter. The tes t  oscillator serves purely as a 
comparison device. 

In simple one-section filters, tuning 
may be accomplished by adjustment of 
either inductance or capacitance. How- 
ever, in a symmetrical multi-section filter, 
the Q of equivalent sections should be 
equal. This requires that both inductance 
and capacitance in those sections be 
matched. 

With components known to be 
matched, filters accurate1 y aligned to 
design frequencies may be assembled with 
confidence that optimum performance 
will be enjoyed. 

Gene Brizendine, W4ATE 

overtone crystals 

Do not overtone crystals below 10 
Mhz unless you have a frequency meter. 
The frequency will not be three, five, 
seven or nine times the fundamental. In 
fact, the frequency can be as much as 
three percent low. This i s  shown in fig. 4, 
a graph of the expected amount of error 
of low-frequency crystals working on 
their common overtones. The graph 
shows average figures taken from tests on 
many different crystals. 

In general, smaller crystals, like the 
HC-18/U, have bigger errors than larger 
types, like the HC-61U or FT-243. HOW- 
ever, the older air-mounted types with 
flat plates (like the 10X) will always be 
exact multiples. 

You can use overtone crystals at their 
fundamental frequency and at other over- 
tone frequencies. Here is  how: Crystal 
manufacturers can generally make funda- 
mental crystals up to 20 MHz, and they 
make them for overtones above this. You 
can easily find out what overtone a 
crystal works at by dividing the fre- 
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CW or RTTY, whichever way you go, . 

HAL HAS TOP QUALITY 
YOU CAN AFFORD! 

TOP QUALITY RTTY..  .WITH THE HAL 
MAINLINE ST-6 TU. Only 7 HAL clrcult boards 
(drilled GI0 glass) for all features, plug-In IC sockets, and 
custom Thordarson transformer tor both supplles, 115/ 
230 V. 50-60 Hz. Klt wlthout cablnet,only 5135.00; screened. 
punched caMnet with pre-drllled connector ralls, $35.00; 
boards and complete manual. 519.50; wlred and tested 
unlts, only 5280.00 (with AK-1, $320.00): 

TOP QUALITY.. .WITH THE 
HAL 1550 ELECTRONIC 
KEYER. Designed for easy opera- 
tion; pertectly timed CW with optional 
automatic ID for sending call letters. 
great for DX and RTTY; TTL clrcuitry. 
transistor switching for grid block. 
cathode keying. Handsome rugged 
crackle cabinet with brushed alumi- 

OTRER HAL PRODUCTS INCLUDE: 
ID-1 Rqmater Identlfler (wlred clrcult board). . .  S 75.00° 
ID-1 (completely assembled In 1%" rack 

cablnet) . . . . .  . . . . . . . . . .  S115.00* 

HAL provides a complete line of components. semi-conducton. and IC's to fill practically any con- 
ltruction need. Send 24c to cover postage lor catalog with info and photos on all HAL products 
available. 

*Above prices do not include ahlpplng comb. Please add 75C on parts orden. 52.00 on larger klta. 
Shipping via UPS whmerer possible: therefore. street address required. 

HAL COMMUNICATIONS CORP., BOX 365 H , Urbana, Illinois 61801 

num panel. With ID.only 590.00; with- 
out ID. $65.00: 

HAL ARRLFM Transmitter KI~.  . . . . . . . . . .  s 50.00~ 
W3FFG S S N  Converter KH . . . . . . . . . . . .  5 55.00. 
Malnllne ST-5 TU Klt . . . . . . . . . . . . . . .  S 50.00e 
Malnllne AK-1 AFSK Kit . . . . . . . . . . . . . .  S 27.50. 
HAL RT-1 TUlAFSK Kit . . . . . . . . . . . . . .  $ 51.50. 

.- - 

More Details? CHECK-OFF Page 110 august 1972 73 

TOP QUALITY.. . 
WITH THE HAL 
MKB-1 MORSE KEYBOARD. 
As easy as typing a letter-you get 
automatlc CW with variable speed 
and weight, internal audio oscillator 
with volume and tone controls, in- 
ternal speaker. and audio output jack. 
Smooth operation; completely solid- 
state. TTL circuitry using GI0 glass 
boards, regulated power supplies. 
and high voltage transistor switch. 
Optional automatic ID available. As- 
sembled MKB-1. $275.00; in kit form, 
$1 75.00. 

NEW PROM HAL- TOP QUALITY TOP QUALITY.. .WITH THE HAL RKB-1 
RVD-1002 RTTY VIDEO DISPLAY TTY KEYBOARD. Glves you typewrlter-eaey OP 
UNIT. Revolutionary approach to amateur eratlon wlth automatic letter/nurnber shln at four 
RTTY ... provldes visual dlsplay of recelved speeds (60. 66. 75, and 100 WPM). Use wllh RVD-1002 
RTTY slgnal from any TU, at four speeds (60.66, video dlsplay system, or insert in loop of any tele- 
75, and 100 WPM), uslng a N recelver modlfled prlnter, for fast and easy RTTY. Completely solld state. 
for vldeo monltorlng. Panasonlc solld-state TV TTL clrcuitry uslng GI0 glass boards, regulated power 
recelver/monltor, or monltor only, avallable. supplles, and transistor loop swltch. Optlonal auto- 
Complete. 5525.00; Panasonlc TV recelverl matic ID avallable. RKB-1 assembled, only 5275.00; In 
monltor, 5160.00; monltor only, $140.00: klt form, only S175.00.' 



quency by odd integers (3, 5, 7, 9) until 
you get the highest frequency below 20 
MHz. For example, a 75-MHz crystal can- 
not be a third overtone because 75 MHz 
divided by three is  25 MHz. This is too 

FUNDAMENTAL FREQUENCY (MHz) 

fig. 4. Graph of the projected freguency error 
when overtoning crystals below 10  MHz. 

high, being above 20 MHz. It is a fifth- 
overtone crystal, as 75 MHz divided by 
five is 15 MHz. This same crystal can be 
operated at its third overtone to produce 
45 MHz, or on i t s  fundamental to get 15 
MHz. 

I f  a particular crystal will overtone at 
all (some very old ones will not), the 
Butler circuit will do it. Also use the 
Butler if you want a high overtone like 
the ninth. Otherwise the Pierce circuit is 
fine for good crystals at low overtones. 

Martin Mann, G8ABR 

key and vox clicks 
A casual review of Official Observer 

logs suggests that there are about four 
times as many transmitters with key 
clicks on the make of the contacts, than 
on the break. Often, the amount i s  not 
large, but it can be heard several kilohertz 
to each side of the signal causing unneces- 
sary interference. It may not be noticed 
by a station tuned to receive the signal 
because the beat note may obscure it. 

Recently, a local amateur telephoned 
about his signal, so we worked the matter 
out. He uses a Swan 500C with the 
keying circuit shown in fig. 5 (except for 
the plug and key). You will see that 
capacitor C1507 charges when the key is 
opened, the rate of charge being limited 
by R1608. However, when the key is 

closed, the capacitor discharges abruptly, 
possibly through contact-bounce in the 
key. This would tend to make the click 
mushier. 

We connected a resistor decade box in 
series with the key. When it was set at 
atout 10 kilohms, the scope pattern 
showed a very nice sloping rise which was 
very similar to the sloping fall a t  the 
other end of dots and dashes. The click 
was entirely gone. 

There is  no modification to the tran- 
sceiver. The resistor can be mounted on 
the key or, in many cases, inside of the 
key plug. 

It i s  probable that this same approach 
will apply to other exciters, many of 
which have a filter that i s  adjustable on 
one end of dots and dashes, but not a t  
the other end. 

Some stations have a make click that 
occurs only after a pause, such as in the 
first character of a word. Many of these 
are the result of using a fast vox adjust- 

fig. 5. Simple ad- 
dition of a 10k 

TRINSHlTTER 
M I X E R  resistor in series 

w i t h  the key 
eliminated clicks 
in th is  circuit. 

- 1 I O V  
K E Y  

ment in an attempt to obtain break-in 
operation. However, some exciters do not 
have a key-click filter in the circuit that is 
operated by the vox. This can cause a 
click at the start of each word sent, but 
not within words unless the keying is  very 
slow. Where this occurs, the vox may be 
slowed down, or a suitable filter can be 
inserted in the circuit where the vox turns 
the transmitter on and off. Incidentally, 
this click also occurs in phone operation. 

E. H. Conklin, KGKA 
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Chew the rag all day 
or win the contests... 

the CX7A makes them both easie~ 
There are a couple of different ways to look at It lets you do things no other rig lets you do 
signal/one's CX7A. You might compare it to a car. And do all of them better. Sitting at the console 

For the rag-chewer's convenience and ease of the CX7A you're in command of the amateur 
of operation, it's strictly in the Rolls-Royce radio universe 
cateqorv. whether-you're a Rolls-Royce type or a 

For-the competitive-minded amateur, Ferrari-minded guy. 
it's like driving a Ferrari. See the remarkable CX7A at your signal/one 

That's because the CX7A was designed with dealer's. Or write for a detailed brochure. 
uncompromising quality. With more features For $2,195, you'll be the coolest rag-chewer 
than you can imagine. The rig equals a room in town. 
full of gear, all neatly enclosed in a compact, Or the hottest competitor. desk-top unit. 

More Details? CHECK-OFF Page 110 

4 
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RTTY for the blind 
Dear HR: 

I recently constructed about a dozen 
TTL SELCAL units for amateur RTTY. 
During the course of this activity it has 
become evident that it would not be too 
difficult to use similar techniques to build 
a unit that would make it possible for 
blind people to read a teletype signal 
right off the air. I f  it could be arranged it 
would open up a new field of interest for 
our blind friends. 

Circuitry can readily be arranged 
which will recognize any teletype charac- 
ter or letter and, with suitable processing, 
turn on a light, energize a relay, or as in 
our case, operate a solenoid. The idea we 
are presenting is  to arrange ten such small 
solenoids (for use in the case of 5 level 
teletype) so that 5 of them would be 
continuously operated by the incoming 
characters in the LTRS mode of opera- 
tion while the other five would be oper- 
ated by the FIGS. The receiving operator 
could place his left fingers over one of 
these sets and his right fingers over the 
other. 

It should not take too much practice 
for the receiving operator to be able to 
recognize the characters as they came in 
from the various "highs" and "lows" in 
each character. Initial practicing could be 
done at any slow speed such as five or ten 
words per minute by the simple expedi- 
ent of having a helper punch occasional 
letters on a keyboard connected to the 

nts 

"reader." Possibly 
be played back at 
chose through the 

punched tapes could 
any speed the operator 
use of a dc speed-con- 

trolled motor belted to the standard tape 
reader motor. With a few month's prac- 
tice some operators should be able to 
copy at the full rate of sixty words per 
minute because each character would be 
available both to feel and hear instantly. 
Any necessary combination of characters 
and blank spaces could be utilized to 
assist slower operators. 

There is  a possibility that a whole new 
area of interest might develop from these 
suggestions. Blind people could write 
back and forth to each other on punched 
tapes. Articles and even whole books 
could be made available on punched tape. 
In some cases ordinary magnetic tape 
could used to record the familiar audio 
tones of the RTTY signals and the receiv- 
ing operator (with a demodulator, modi- 
fied SELCAL, and our suggested solenoid 
combination) could "read" the tape. The 
most useful purpose we are thinking of 
for the moment, though, i s  that blind 
hams with the proper equipment could 
communicate with any other ham using 
teletype. 

The diagrams will show briefly the 
techniques we are suggesting. Possibly 
other ideas from interested parties would 
help to realize a satisfactory arrangement. 
While thinking on this subject, it might be 
kept in mind that people who are deaf 
could communicate with each other or 
with blind persons or with anyone else 
through RTTY circuits. Anyone working 
on these ideas would be wise to consider 
the whole concept. 

Larry Walrod, VE7BRK 
Kelowna, 6. C., Canada 
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diode surge protection 
Dear HR: 

In the article "Diode Surge Protec- 
tion" by John Lapham, WA7LUJ. which 
appeared on page 65 of the March, 1972 
issue of ham radio, the author i s  correct 
when he is  talking about high-voltage 
power supplies using modern diodes - 
the transformer's secondary dc resistance 
is usually sufficient to protect the bridge 
diodes against surge current. However, in 
low-voltage supplies it is a critical prob- 
lem which should not be overlooked. 

An example is a power supply I was 
designing for my workbench. I had a 10 
V transformer rated at 4 A. It had a 
secondary dc resistance of 0.33 ohms. 
With the other components on hand - an 
epoxy bridge rectifier and a 2000 mF 
capacitor - I had a 50 A surge current for 
one duty cycle and I needed 0.6 ohms of 
surge resistance to limit the surge current. 
Without the addition of an external resist- 
or, I would be keeping the diode man- 
ufacturers in business. 

It only takes a few seconds to make 
the surge calculations which could save 
lots of headaches and pennies later. I 
recommend it for any design, but espe- 
cially in low-voltage designs. 

Mr. Lapham stated, "Surge protection 
is a needless feature in power supplies." 
This is simply not so in low-voltage 
designs, and I think this distinction 
should be made clear. 

Joseph P. Bremmer, WBGKXF 
Pomona, California 

Canadian promotion 
Dear HR: 

Congratulations on your promotion to 
make Canadian amateurs aware of ham 
radio ! Glad to say I am one of the "in 
crowd" already being a subscriber for 
several years. Good Luck! 

Dud Hatcher, VE7FD 
South Burnaby, British Columbia 

PRE-AMP A___r. 

-/- - 

;7 

HIGH GAIN LOW NOISE 

35dB power gain, 2.5-3.0 dB N.F. at 150 MHz. 
2 stage. R.F. protected, dual-gate MOSFETS. 
Manual gain control and provision for AGC. 

4%" x 1%" x 1%" aluminum case with power 
switch and choice of BNC or RCA phono con- 
nectors (be sure to specify). Available factory 
tuned to the frequency of your choice from 5 

MHz to 350 MHz with approximately 3% band- 

width. Up to 10% B.W. available on special 
order. 

Model 201 prlcm: 1200 MHz $21.95 
201.3% MHz $24.95 

Vanguard 
Labs 196-23 JAMAICA AVE. 

HOLLIS. N.Y. 11423 

MAGNUM SIX 
R F SPEECH PROCESSOR I 

Price for HEATH 
& COLLINS rigs 
$129.95' 
Poslpoid U.S. 

*I.&! I.......... ".*.I 

I . TRUE RF SPEECH CUPFINO 
4 nMEs THE SSB POWER ON 
ALL BANDS p6db) . EXTERNAL CONTROLS - PERMTS 
ADJUSTMENT TO Y W R  RIG 

AlTENTION DRAKE 8 YAESU OWNERS1 
Magnum SIX umls la you eampmenl wl tw 
ava~lablp to. del~very as fdwr5 . T4XA4XR One yde onhl l u m  a lower)..sf39.9~' 

15 Swl Selwtable vdph3nd ........... 5149.95' . TR3AR4 One %deband ................ 5139.95' 
15 Ort Selectable stdeband.. ......... 5149 95' . YAESU F1101 . I Nov ...................... 5139 95' 

............ . YAESU nm 400 560 6 570 5139.95' 
(DATES TO BE ANNWNCED) 

SWAN 8 Others - CWnW xxxl ...................................... 
Send lor FREE Brochure 
Communtcalton Technology Group 
31718 Pacllnc Hoohwav Soulh 
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For Me most powerful antennas under the sun 

N E W ~ ~  
2 Meter Fixed Station 

Designed for the man who demands professional standards in 2 
meter equipment. REPEATER LlNE fixed station antennas are the 2 
meter HAM'S dream come true. With everything you need for top fixed 
station performance ... toughness. efficiency and the gain to gain 
access to distant repeaters with ease. Work many stations, fixed or 
mobile, without access to a repeater. 
The right antennas for the new FM transceivers ... or any 2 meter 
fixed station. 
REPEATER LlNE Fixed Station Antennas 
Tough, high efficiency antennas with a long, low radiation. For the 
top signal and reception you want. ..and the top performance your 
transceiver's ready to deliver. 
267 Standard 1/4 wave ground plane. May be precision tuned to any 

discrete frequency between 108 and 450 MHz. Takes maximum 
legal power. Accepts PL-259. Constructed of heavy gauge seam- 
less aluminum tubing. 

268 For repeater use. Special stacked 4 dipole configuration. 9.5 
db offset gain. 6.1 db omnidirectional gain. Heavy wall com- 
mercial type construction. 144 thru 174 MHz. 1.5:l VSWR over 
15 MHz bandwidth eliminates field tuning. Extreme bandwidth 
great for repeater use. Center fed for best low angle radiation. 
DC ground. Complete with plated steel mounting clamps. 

338 Colinear ground plane. 3.4 db gain omnidirectionally. Vertically 
polarized. 52 ohm match. Radiator of seamless aluminum tub- 
ing; radials of solid aluminum rod. VSWR less than 1.5:l. All 
steel parts iridite treated. Accepts PL-259. 

362 SJ2S4 high performance all-driven stacked array. 4 vertically 
polarized dipoles. 6.2 omnidirectional gain. 52 ohm. May be 
mounted on mast or roof saddle. Unique phasing and matching 
harness for perfect parallel phase relationship. Center fed. 
Broad band response. DC ground. 

340 3 element high performance beam. 9 db gain. Coaxial balun. 
Special VHF Beta Match configuration. Unidirectional pattern. 
VSWR 1.5:l. 52 ohm impedance. Heavy gauge aluminum tubing 
and tough aluminum rod construction. 

341 8 element high performance beam. 14.5 db gain. Coaxial balun. 
VHF Beta Match. Unidirectional. Boom length 14'. VSWR 1.5:l. 
52 ohm feedpoint. Heavy gauge commercial type aluminum 
construction. 

231 15 element high performance beam. 17.8 db gain. Coaxial balun. 
Beta Match. Unidirectional. Boom length 28'. VSWR 1.5:l. 52 
ohm feedpoint. Extra-strength heavy wall commercial alumi- 
num tubing. 
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Antennaswith re8 PUNC 

WRITE FOR DETAILS 
For top fixed station performance on 2 meters ... 

THE REPEATER LINE 
From 

bi HY -GAIN ELECTRONICS CORPORATION 
BOX 5407-WH LINCOLN, NEBRASKA 68505 

More Details? CHECK-OFF Page 110 august 1972 rn 79 



For the most powerful antennas under the sun - 
Go all the way into 

the 
There's nothing half-way about the new Hy-Gain REPEATER LINE. 
Designed for the man who demands professional standards in 2 
meter mobile equipment, the REPEATER LINE is the 2 meter HAM'S 
dream come true. It's got everything you need for top performance.. . 
toughness, efficiency and the muscle to gain access to distant re- 
peaters with ease. Reaches more stations, fixed or mobile, direct, 
without a repeater. 
The right antennas for the new FM transceivers ... or any 2 meter 
mobile rig. 
Rugged, high riding mobiles. Ready to go where you go, take what 
you dish out.. .and deliver every bit of performance your rig is ca- 
pable of. 
261 Commercial duty 1/4 wave, claw mounted roof top whip. Pre- 

cision tunable to any discrete frequency 108 thru 470 MHz. Com- 
plete with 18' of coax and connector. 17-7 ph stainless steel whip. 

260 Same as above. Furnished without coax. 
262 Rugged, magnetic mount whip. 108 thru 470 MHz. Great for 

temporary or semi-permanent no-hole installation. Holds secure 
to 100 mph. Complete with coax and connector. Base matching 
coil for 52 ohm match. 17-7 ph stainless steel whip. 

263 Special no-hole trunk lip mount. 3 db gain. 130 thru 174 MHz. 
5/8 wave. Complete with 16' coax. Operates at DC ground. Base 
matching coil for 52 ohm match. 17-7 ph stainless steel whip. 

264 High efficiency, vertically polarized omnidirectional roof top 
whip. 3 db gain. Perfect 52 ohm match provided by base match- 
ing coil with DC ground. Coax and connector furnished. 

265 Special magnetic mount. 3 db gain. Performance equal to per- 
manent mounts. Holds at 90 mph plus. 12' of coax and con- 
nector. Base matching coil for 52 ohm match. 17-7 ph stainless 
steel whip. DC ground. 

269 Rugged, durable, continuously loaded flexible VHF antenna for 
portables and walkie talkies. Completely insulated with special 
vinyl coating. Bends at all angles without breaking or cracking 
finish. Cannot be accidentally shorted out. Furnished with 5116- 
32 base. Fits Motorola HT; Johnson; RCA Personalfone; Federal 
Sign & Signal; and certain KAAR, Aerotron, Comco and Repco 
units. 
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2 meter mobile! with 

Top performance for 2 meter mobiles 
THE REPEATER LINE 

from 
HY -GAIN ELECTRONICS CORPORATION 

BOX 5407-WH LINCOLN, NEBRASKA 68505 

WRITE FOR DETAILS 
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CRYSTAL FILTERS 
and @ DISCRIMINATORS 

by 
1 27/64" x 1 3/64" x 3/4" 

K.V.G. 

10.7 MHz FILTERS 10.7 MHz DISCRIMINATORS 

XFlO7-A 14kHZ WBFM $30.25 XD107-01 30kHz WBFM $15.95 

XF107-B l6kHz WBFM $30.25 XD107-02 5OkHz WBFM $15.95 

XF107-C 32kHZ WBFM $30.25 

XF107-D 38kHZ WBFM $30.25 

XFl07-SO4 14kHz WBFM (4 pole, In HC6/U crystal can) $15.95 

VHF CONVERTERS UHF 
MM 50 MM 144 MM 220 MM 432 MM 12% 

RF Freq. (MHz) t 50.52 144-146 220-222 432.434 

N.F. (typical) 2.5dB 2.8dB 3.4dB 3.8dB COMING 

Norn. Gain 30dB 30dB 3066 30dB SOON 

$49.95 $49.95 $54.95 $59.95 

Standard I.F. 28-30MHz t 
Power 12v DC 

SPECTRUM 

l l/rn x 2%" x 4%" + connectors. 

k 

INTERNATIONAL 
t Other ranges available on request BOX 1084 CONCORD 

MASSACHUSElTS 01742 

ALL SOLID-S TA TE KO10 AUDIO FILTERS FOR SSB AND CW 
The KOJO aud~o filters can greatly improve reception 

SSB TRANSCEIVER 
on all recetvers, wen the most sophisticated receivers. 
Large amounts of high-frequency hiss, background noise 
and sideband buckshot can be removed. 

The SSB filter i s  of a low pass configuration, designed 
with a sharp cutoff to provide a rejection of better than 
30 decibels at all ham band frequencies above approxi- 
mately 3500 Hz. The filter is specificially designed to be 
placed in a low-impedance line for earphones or speaker. 

The CW filter has a 
spot frequency of 780 Hz 
and a passband of 1100 
Hz wlth a reference 
level, 40 decibels below 
the signal level at the 
design frequency. The 
peak of the passband is 
100 Hz wide at the -3 
decibel reference polnts. 
The CW filter is specifi- . Cornplate single-band SSB transcelvar 4 to 5 cally dw~gned for low- 

watts PEP output 15, 20. 40 or 75 meters. impedance Input and high-impedance output. High-imped- . VFO tuning 3750 to 4000 on 75, full coverage ante crystal earphonn are recommended. However with 
on 40. 20 and 15 meter amateur bands. low impedance earphones a small auxiliary amplifier or 

impedance matching transformer may be used. . Suitable for dry battery operation. KOJO filters are made up of top grade coils and com- . Light weight. small size, makes excellent ponents and are available in easy to assemble kit form 
portable - boat, aircraft, field or mobile. with simplified instructions, or in a deluxe model. The . Contains 15 transistors, 1 rnosfet, 2 Darling. deluxe model is completely built up and ready for use and 
ton amps, 1 1.c. and 17 diodes. ~ ~ ~ ~ . ~ ~ l ~  is enclosed In a Gray cabinet* with convenient IN-OUT 
filter. switch. . Available accessories. AC power supply. MIC. Try a KOJO and see what yw can hear now and could 

headsets, lightweight dipole and 40 watt PEP :~l,$rl{a~,",t cbngcs ta tske place 
linear amplifier. without notice. 

controlled erneaency and net transceiver CW Filter K i t  $8.95 Deluxe CW Fi l ter  $18.95 available. W r ~ t e  for ful l  tnformatlon on trans. 
ceivers and accessories. SSB Fil ter K i t  $1 2.95 Deluxe SSB Fl l ter  $21.95 

All filters shipped postpaid. Arizona residents add 4% 

JUSTIN INC. sales tax. 

2663 LEE STREET 
SOUTH EL MONTE. CALIF. 91733 

THE J. LYNCH CO. 
P. 0. Box 7774, Phoenix. Arizona 85011 

* 
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The CRICKET is here - L 0 OK and it has the jump on all the others in its field! 
This low cost keyer has more features for your dollar than al l  others in  its prlce range. Even some 
in a h~gher  prtce rangel Go ahead - look around - compare the rest1 Then buy the BEST - 
Data Englneer~ng's new CRICKET I. . Jam-proof spacing . "Fulkontrol" weight ratio 

SeWcompletlng d o h  and dash- . Speed, volume and tone controls . Stdetons osc. and spaakn . B u ~ l t - ~ n  key 
. Transmitter tune switch . ~~l~~ keys 300 v at 1 amp Auto/seml-*uto. switch . Keyed t ime base. Instant start . AC powered. Can also OpOr810 . 3.5 t o  50 w.p.m. from 12V battery. 

$49.95 
Why don't you gol the jump on all  the 0 t h ~ .  - too? 

AT LAST - 
A FREQUENCY STANDARD DESIGNED SPECIFICALLY FOR THE FM'ER! 

Now, for the first time, you c a n  b e  exac t  w ~ t h  your channe l  spac ing  and deviat ion. 

This deluxe marker allows you to check our receive and 
transmlt spaclng for channels In the 1 z  6. 2, and I l /r  
meter FM bands. Markers are at 5. 10. 15. 20. 30. 40. 
60 and 120 KHz. Preclslon 12 MHz crystal. Osc and 
output buffered No unwanted markers. R ~ c h  harmon~cs 
beyond 220 MHz. 

$44.50 (Less batteries) \ ri 
b 

MEMORY-MATIC 500 KEYER FREQUENCY MARKER STANDARD 
Today's newest and most advanced keyer. 500 Markers st  5. 10. 25. 50. 100. 200 and 400 kHz. 
brt/40 character Read-Wr~te memory. Stores any 400 kHz c stal No unwanted markers. Latest 
message Instantly Near.Full and overload alarms. low power l r s  Buffered osc and output. 
Includes all Space-Mat~c 21 features. $32.95 (Less Batterres) 

-- - $198.50 
f' 

V 
- 

_.,"c.. ..I I- 
+ - t~ *" '  

I - m 
SPACE-MATIC 21 KEYER ELECTRONIC FEATHER TOUCH KEY 
Instant self.starting, self-completing dots, dashes. The so11d.state des~gn detects the mere touch of 
and assoc~ated dot. dash. character and word your flnger and ellmrnates such problems as 
spactng Adjustable we~ghtlng 3 5.85 wpm. Built. contact bounce. proper adjustments and dirty 
In s~detone and speaker lamblc Dot and dash contacts. Operates w ~ t h  all keyars. We~ghted. 
memorles Su~table for use w ~ t h  all standard keys 

$89.50 
$22.95, $25.95 (wlth SPDT Swl tch  Optlon) 

F" 

6°C- ... K . 
I 

5-year guarantees PPD USA Send for brochures - 
DATA ENGINEERING INC. 
Box 1 2 4 5 . S p r 1 n g f 1 e l d ,  Vo. 2 2 1 5 1  
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I SUPERMatch 4 d  in USA b Canada 
Money back Guarantee 

* E-Z Match Tuner 
* SWR Meter 
w Power Meter 
* Dummy Load 
* Antenna Switch 
* 350 watts PEP 

Clean up the  unstght ly  

tangle of wl res  a round  

the  shack and  y o u r  w ~ f e  

w ~ l l  t h ~ n k  tt's b e a u t ~ f u l  

I U h .  I I  A.(!I~u IC -Ie ,190 
* c - m * r r . n a a  

I- .&*., tnlm Send for FREE Literature 1 

Only 
$32.50 
(less batteries) 
POSTPAID USA 

Precision crystal 

Fully guaranteed 

Markers a t  100, 50, 25, 10 o r  5 kHz se- 
lected b y  front pane l  switch. 
Zero adjust sets to WWV. Exclusive circuit 
suppresses unwanted markers. 
Compact rugged design. Attractive, com- 
pletely self contained. 
Send for free brochure. 

Radio Amateurs 

'WORLD PREFIX MAP- Full color. 40" x 28". shows 
pref1xe5 on each country . . .  DX zones, t lme zones. 

c ~ t l ,  cross referenced tables . postpa id  $1.25 
RADIO AMAr ruRs  GREAT CIRCLE CHART OF THE 
WORLD- from the center of the United States! Full 

color.  30" x 25". l istlng Great Circle bearlngs i n  de- 
grees for six major U.S. ci t~es; Boston. Washington. 
D.C.. Miami. Seattle. San Francisco & Los Angeles. 

. . . . . . . .  postpaid $1.25 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color, 30'' x 25" - includes Central Amer~ca and the 
Car~bbean to  the equator, show~ng call areas. zone 
boundaries, prefixes and t ime zones. FCC frequency 
chart, plus informative tnformat~on on each of the 50 
Un~ ted  States and other Countr~es . .postpaid $1.25 
WORLD ATLAS - Only atlas compiled for radio ama- 
teurs. Packed with world.wide information - Includes 
11 maps, i n  4 colors with zone boundaries and coun: 
try prefixes on  each map. Also includes a polar pro- 
jection map of the world plus a map  of the Antarctica 
- a  complete set of maps of the world. 20 pages. 

. . . . . . . . . . . . . . . . . .  size 8%/," x 12" .postpaid 12.00 

I Complete reference library of maps - set of 4 as listed 
above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  postpaidQ.50 
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Semiconductor Supermart 
MOTOROLA RCA FAlRCHlLD NATIONAL HEP PLESSEY 

PLESSEY SL403D . Digital readout 3.5 W AUDIO AMP IC 
Decoder/driver HI-FI QUALITY . 7490 Decade Counter 

Operates from 5 VDC . 7475 Latch $3.95 . Same as TTL and DTL . Will last 250,000 hours. 
with 12 pages of 
construction data 

Actual Size 

The MiNiTRON readout is 
a miniature direct viewed 
incandescent filament (7. 

LM370 AGC/Squelch 
LM373 AM/FM/SSB I 

POPULAR IC's 
............................. MC1550 Motorola RF amp $ 1.80 

.................................... CA3020 RCA 1/2 W audio $3.07 
.......................................... CA3020A RCA 1 audio $3.92 
.......................................... CA3028A RCA RF amp $1.77 

CA3001 RCA 6.66 
MC1306P Motor I - l o  
MC1350P High gain RF amp/lF amp ........ $1.15 

..... MC1357P FM IF amp Quadrature det $2.25 
.................. MC1496 Hard to find Bal. Mod ...$3.25 

MFC9020 Motorola 2-Watt audio ................ f 2-50 
MFC4010 Multi-purpose wide-band a m ~ . . $ 1 - 2 ~  

............................. MFC8040 Low noise preamp $ 1.50 
MC1303P Dual Stereo preamp $2.75 ................... 
MC1304P FM multiplexer stereo demod $4.95 

FEls 
MPFlO2 JFET 
MPF105/2N5459 
MPF107/2N5486 26 
MPFl2 l  Low- 
MFE3007 Dual 
40673 Dual- 
3N140 Dual. 
3N141 Dual- 

NEW FAIRCHILD ECL 
HIGH SPEED DIGITAL IC'S 

9528 Dual "D" FF toggles beyond 160MHz $4.65 
9582 Multi-function gate & amplifier ............ $3.15 
95H90 300 MHz decade counter ..................... $16.00 
A 95H90 & 9582 makes an excellent prescaler 
to  extend low frequency counters to VHF - 
or use two 9528s for a 160 MHz prescaler. 

SlGNETlCS PHASE LOCKED LOOP 
NE561B Phase Lock Loop 
NE562B Phase Lock Loop 
NE566V Function Gene 
NE567V Tone Decoder 
N5111A FM/IF Demodulator ................................. $1.50 

Silicon voltage variable capacitance diodes in  
TO-92 plastic case like plastic transistors. Both 
standard Motorola and HEP numbers are listed 
devices are same. Capacitance value is  typical 
at -4Vdc. Tuning ratio is  approx. 3:l. 
MV2101/R2500 6.8 pF .................................... Sl.10 
MV2103/R2501 10 pF 
MV2105/R2502 15 pF 
MV2109/R2503 33 pF ........................................... $1.10 
M V Z ~ ~ Z / R Z ~ O ~  56 p~ ....... $1.10 
MV2115/R2505 100 pF .............................................. $1.10 

CORES AND BEADS 
T200.2 ........................................ .. 
KW Balun kit  only $3.50 

....... .............. ......................................... 168.2 3 cores - - $1.00 . 150-2 3 cores 
150-6 3 cores .. 1.00 
T50-10 3 cores 1.00 
144-10 3 cores 1.00 
Ferrite Beads 1 1.00 

MOTOROLA DIGITAL 
MC724 Quad 2-input RTL Gate ................... $1.00 
MC788P Dual Buffer RTL ....................................... $1.00 

................................... MC789P Hex Inverter RTL $1.00 
...................................... MC790P Dual J-K Flip-flop $2.00 

.................................... MC799P Dual Buffer RTL 3 . 0 0  
MC1013P 85 MHZ Flip-flop MECL ..................... $3.25 
MC1027P 120 MHz Flip-flop MECL ..................... $4.50 

MC4024 Dual VCO 

Please add 356 for shipping 

CIRCUIT SPECIALISTS CO. 
Box 3047. Scottsdale. AZ 85257 

FACTORY AUTHORIZED 
HEP-CIRCUIT-STIK 
DISTRIBUTOR 



Regenoy €3 Meter FM-Amerioan made at import prioes 

Get the American ~ a d e - ~ ~ g ~  HR-2A 
2 Meter Mobile FM Transce~ver. 
15 watts minimum output. Only $229.00 EWur 

Specifications 
Power Output: 15 watts at 
13.6 V DC 

Frequency Range: 
144-148 MHz 

Channels: 6 transmit; 
12 receive capability 

Sensitivity: 0.35 pv (nom.) 
20 DB quieting Model HR-ZA 

Spurious Rejection: 60 DB Mobile Unit. Includes microphone, mounting 
Size: 2%" x 5%" x 7%" bracket, tx and rx crystals for 146.94 MHz 

for all your 2 Meter r FM needs 

I Model HR-2MS f7 cli.~nnel TranscanTM NEW! Model HR-212 Model AR-2 Amplafier boosts 
watli 51gnal \(,arch rt,<c3ptaon 12 rhannc.1 L Mt.1c.r I M 2 Meter FM oulput power 
and 15 warts lnanamum oulput. Tranrce~ver LO watt\ output 300%. 
$319.00 Amateur Net. power. $259.00 Amateur Net. $119.00 Amateur Net. 1 e~Tgq Electronics, lnc. 

7900 Pendleton Pike Indianapolis, Indiana 46226 I 
Regenoy Meter FM-Amerioan made at import prioes 

New 
3 Digit Counter 

. The model fm-36 3-digit frequency 
meter has the same features that has made 
the 2 digit model so popular with Hams - low price, small size (smaller than a 
QSL cqrd). 35 Mhz top frequency. simple 
connectton to &our transmatter. +O -0.1 
Khz readout - LUS the added convenience 
of a third digit to provide a 6 digit capa. 
bility. Kit or Assembled. 
Example: 28.649.800 Hz reads 28.6 MHz 
or 49.8 Khz. (Add the 10 Hz module to 
read 9.80.) 

FM-36 KIT $134.50 

NEW . . . . . .  
300 MHz PRESCALER only $45.00 

with fm-36 order 

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

sn vnm r r v m  rwrrnn wrerzlwr mn m mrrs 
01 WRITE 

SOUTHERN NEVADA AMATEUR RADIO CLUB, INC. 
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...... SlGNALlONE Collins 75A-2; Serial No. 2032 w/book $175.00 

Drake SW4-A, xlnt 225.00 

USAlOVERSEAS HQS. Drake 2.c xlnt 175.00 
Hammarlund HQ-215. qood condition ...... $295.00 

(HQ-215 includes or~ginal  speaker) 

.................. Hammarlund HQ.l7O/clock. fair $145.00 

Digipet 160 Frequency Converter. 130.160 
MHz. Sensitivity 2 volts RMS. lnput im- 
pedance 50 ohms. New ...................... .. ..... S 50.00 

Hall icraften FPM-300 transceiver with built in  
universal 110/220 AC and 12 DC power sup- 
ply. Covers 80-10 meters. 250W PEP $595.00 

............................... Drake WV-4 VHF Wattmeter Write 
.50 Lafayette HA-460 6 meter transceiver ...... $ 95.00 (Specify 32s or KWM model) 

.......................... Robot model #80 camera $465.0 LBfayena HA-750 meter mobile $ 85.00 

................................. Robot model #70 monitor $495.00 Ten-Tec PM2B. 80-40-20 CW ............................. 65.95 

............ Robot macro lens, f 1.4 $ 60.00 Ten-Tec PM3A, 40.20 CW. 5 Watts $ 79.95 

............ Robot lens, f 1.9 $ 30.00 Ten-Tec KR40 delux squeeze keyer $ 89.95 

Kilowatt Matchbox, new ............... .................. S 59.g5 

......... .................. Johnson 250 watt Ma new 94.95 Ten-Tec KR5 basic paddle keyer $ 34.95 

................... Hy-Gain BN-86 Balun 14.95 Ten-Tec RXlO receiver, 80.15M ..f 59.95 

AN/SRA-15. 6.18mhz 99.95 Ten-Tec TXlOO transmitter, 80-40-15M $109.95 

Dycomm 10.0 FM Amp. 100 watt output $195.00 We carry most of the Other TenaTec units. 

~ ~ l , j . ~ i ~ ~  RF wattmeter - 1 KW ..................... $ 39.95 Drake TR-22, new ................................................... $199.95 

Boonton 2028 AM/FM signal generator with Drake ML-2. new 
built in  calibrated attenuator. covers 54 to 
216 mhz, excellent condition $275.00 

Hallicraften HT-4 
............ 

............... 
Digipet 60 60 MHz Frequency 

Pearce-Simpson Gladding.25, new $249.95 

Nixie tubes with KHz-MHz switch. Reads DC Voltmeter, 0.25 Volt 3.95 
out to  cycle. Sensitivity .05 volt. lnput 
impedance 1 megohm or 50 ohms, new lcOm IC.21 24 389.95 

f299.00 Kaar CH-25 commercial 6 channel SSB/AM 
............... TS-182B/U audio oscillator. 20hz-200khz with transceiver, FCC type accepted $295.00 

60/400 hz frequency meter (like new) S 75.00 !net power supply model RR 120.25, 32-120 
Tektronix 105 square wave generator $ 90.00 volt dc output. input 208 30. max. output ...... 
Tektronix 545 Scope with 53/54 plug in, good current is  25 amps 275.00 

$775.00 Colllns 75s-3/C, unused .................................... $850.00 

3.95 Collins 30s-I, excellent $1400.00 
Optional Handset for above ............................. -f 5.95 A50-3, meter element beam .................. $ 
PRD Broadband Microwave Oscillator. 7" rack 

mount, less tube and p ~ ,  ~ . 5 . 7 . 5 ~ h ~  $ 19.95 A26-9. 6 & 2 meter beam $ 29.95 

.................. Probescope MD-500 s main A144-7, 2 meter 7 e!ement beam $ 13.95 
unit, good condition 150.00 A144-11. 2 meter 11 element beam ............ $ 17.95 

Sorenson Nobatron pow 
5.36 VDC at  0.30 regulated oR;:6:: AR-2, K wave 2 meter vertical ................... s 13.50 
input 117 VAC at 60hz 10 ....................... S ~ Z ! O ~  14AVQ/WB, 40-10 meter vertical $ 39.95 .................. 

Behlman lnvertron power supply, 30 400hz out. ,,, at vAc. phase IBAVTNB. 80-10 meter vertical $ 59.95 
oltage are regulated. (250 VA max. out.) HAM-M rotato 99.95 

Input is 117 VAC 60hz 10 ......................... $325.00 
Electro-Measurements Comparison Bridge. use- 

TR-44 rotator 63.95 

full to  match inductors. resistors and capa- We carry a lar James 
citors at 1 khz. Oscillator is built in and the Millen parts. 
readout sensitiv phase 
and magnitude 95.00 

TH-3Mk3 tribander. 3 element ........................ $144.95 Come in and look around1 Our hours are 9:00 
TH.2 tribander, 2 element ................................ $ 99.95 till 7:30 weekdays and 10:OO till 3 0 0  on 
Lafayette Stereo 860 tape recorder, four track Saturday. We stock very large quantities of 

unit previously in use for SSTV .............. $ 95.00 tubes. Write for a quote o r  else call us at 
2 Meter magnetic mounted round plane for (212) 925-7000. We are distributors for Eimac, 

mobile use, w/coax L ~ ~ - 2 g 9  .................. $ 9.95 Amperex, Cetron. Westinghouse, etc. 

BA RR Y 512 B ' O O ~ W V ~ ~  NY, NY 10012 

~ ~ ~ - w A - s - ~ o o o  ELECTRONICS 
A 
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A l l  solid-state. " Deal direct with the manufacturer 
Fully assembled and ready to plug-in and save. 
and operate. Phone or mite for wr free illustrated 
Features built-in audio-oscillator1 brochure. 

MARTRONICS 
Post Office Box 4646 

amplifier, monitor, and audio output Send your check or money order for Anaheim, California 92803 
jack 5198.00 (plus Sales Tax for 
Regulated A.C. power supply suits California residents) and we pay 

Telephone (714) 628-7571 
both 115 and 220-240 Volt operation. freinht or order C.O.D. freinht collect 

r CRYSTAL BARGAINS 7 
Depend on . . . 
We supply crystals from 
16 K H z  t o  100 MHz i n  
many types of holders. 
Over 6 mi l l ion  crystals 
i n  stock. We manufac- 
ture crystals fo r  almost 
a l l  model SCANNERS, 
M O N I T O R S ,  2 - W A Y  
RADIO, REPEATERS, ETC. 
I n q u i r e  a b o u t  s p e c i a l  
q u a n t i t y  pr ices.  Order 
d i r e c t  w i t h  check o r  
money order. 
For first class mail add 1st per , crystal ... for airmail add 20C ea. 

DIVISION O F  BOB 
WHAN & SON 

ELECTRONICS, INC. 

2400 Crystal Dr. 
F a t  Myers 

Florida 33901 
(813) 936-2397 

Send 10C for new 
catalog wi th  

oscillator circuits 
and lists of 

thousands of 
freouencies in 

stock. 

SPECIALS1 CRYSTALS FOR: 
Frequency Standards 

100 KH: (HC13IU) 
1000 KHT (HCGIUI 4.50 

Almost All CB Sets. Trans. or Rec. 2.50 
(CB Synthesizer Crystal on request) 

Any Amateur Band in FT-243 1.50 
(Except 80 meters1 4 for 5.00 

80 Meter Range in FT-243 2.50 
Color T V  3579 545 KHz (wire leads) 

AT &ASTm@ 
)4 SPfLCH TOM PRLf5ORw 

REALLY WORKS ! 

RPC.3M MODULE \ 

(ONLY $22.50) 

L O W  D I S T O R T I O N  
C-IKCUI~ RPC-3c CABINET MODEL - I 
F U L L Y  W I R E D  & 
T E S T E D  N0. r  A K I T  
W O R K S  W I T H  
P t i O N  I'ATCH 
I N T E R N A L  U N I T S  
% M 0 I ) U L E S  W O R K  
M O H I L E  
F U L L  W A R R A N T Y  
-ONE Y E A R  
I N T R O D U C T O R Y  I 
LOW PRICES RPC-3.3~ INTE~NAL  UNIT 
(Illino~.; residents add ($24.95) 
5(h Sales TRX)  I 

Wr i te  fo r  specifications 
a n d  informat ion sheets % E I ~ c ~ ~ o ~ ~ c s  I 

(free) I 

Dcmonstration Tape (cas- 
BOX 1201H 

scttc) available ( $ 2 . 0 0  de- CHAMPAIGN* ILL. 
posit) 61820 
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LOWEST PRICES: ON BRAND NEW FUI.LY TESTED & Cl lARANTEED IC'S 
HF-ST SEH\'ICE: 10% DlSCOllNT OY ALL ITEI IS  NOT SIIIPPEII I N  24 l l 0 l l R S  
V 0 S T  (:OY\'EVIENT: OKDEIt IIESK I.HOO.R?5.2595 (T0l.l. FREE) 

S o l i d  S t a t r  Svatrmn, Inc. 
P.O. Ikn 773 

Col t~ rnb ia ,  Ho. 65301 

PIEASE NOTE: 'rn ~ r i f ~  I.,, ~ic ' .  the rhnr mlumn.. v.,u mus~ ~ d e r  m f \ ICT 
IIU~~~I,. 01 r n  ilrm fir "11 ii. ,tPm. on rr,ldr <xllrr. 

An," ~ n l i r r  vlr# rr of 10 
Pw hem ( lk r )  Kr Ern O l i r l  

crt.lnl I. IM limn 100. I I N ~ .  11111nn GI.IW I. IM IOM IN- IIWH). 11m0 w w19 ,,p VVI ~~1011 vumhrr w 9'1'1 VI'I W I ~ I  

7500 .26 .25 .P .22 .?I .20 7474 .SO .&l .&5 .k1 ,411 ..W 
71111 .?h .25 .23 .?? .?I .?I1 7475 ,311 .7h .?? .h8 .<,I .It11 
7 1 2  .2c .?5 .?:I .zr .?I .20 7476 .?A, 5 : s  ,511 .111 ..I; .I? 
7111.1 1 ,  , ~ ~ , ~ ~ , ~ ~ , ~ ~  I ~UIO 71, 7 I I I 7 
7101 .?n ,2; ,? i  .2) ,?? .21 71112 ,CIO ,UI .IIII ,113 ,711 .7:! 

;I15 ,2R ;?7 ,2'J ,?a .?? .?I T4113 1.63 1.55 l.M, 1.38 1.24 1.20 
illh .52 .SO .47 ..$.I .t2 .39 ,W; 1.42 1.35 1.27 1,211 1.12 1.05 
71417 .52 .50 .47 ..I1 .12 .:!'I 71116 .58 .li .5? .$'I ..L . I t  
i la ln .:I2 .:$I1 .TI  . 2 i  .LY, ..'I I .IIII .;I, .:2 .I,II .I,I .I,II 
7 1  I I I . I I :IVI 1.13 1.135 1.211 1.211 1.13 I.II; 

7110 .% .25 .?3 .?2 .?I .20 7102 .R0 .76 .?? .68 .64 ,611 
7111 .28 .25 .?I  2 2  .?I 7 1 1  ,811 .76 .7? .<dl .(,,I .It0 
i l l 3  I . s I , .  1.1 71r1, I 1 . 1  I I 9 3  7 

i:!; 2; 2:; ::; ::: 2; :::I: I:!: 1:;:; ::::I ::::: ::13 
7120 .2h .25 .23 2.2 .?I ,211 71100 L J ? I . + I l . 3 6  1.20 1.20 1.12 
I .?b .25 .?:I .2? .21 ,211 I l l  .9? .,I0 :I7 ..I1 .'. .30 
I .Ill I 2 I . I Ill 71121 .5h .5:1 ,511 ..Ill .45 .4? . .,v , I ,  I I ,.I I :  I I 7.11z2 I I .:I I 5 5 
71~1, .:I' .:I:! .:I] .?#I ,2: ,?I, ill.':\ 1.21 I.IW, I.IIII .a11 .II~ .":I 
I 2 4  .25 .23 .z2 .21 .20 7.1111 1.63 1.5s I.% 1.38 1.29 1.20 
I .56 .5J .sR .,W .U ..I? 7,1145 1.11 1.03 1.26 1.111 1.1 1 1.111 
7.11 51, 5, ,511 41, ,15 I" 711, I,,, 1.55 1.1, I:lU 1.2. l?,l 
~ ~ I I I  .:I, .25 .2:1 .?2 ..'I ,411 :II;I 1.211 1.13 1.11: l.111 .05 .IIII 
71  11 l.7,'l l . l v l  1.5.; 1 . u ~  1.:17 1.27 7lI5:l l.lt:l 1.55 l.U# I :ill 1.2'1 I 211 

7.1.12 1.27 1.21 1.11 1.0: 1.01 .9,I ;.I154 2.41 2.30 2.16 2115 I n 9  1.76 
711:1 1.?71.?1 1.1.1 1.117 1.111 .91 7115,; I..u,I.:I'I 1.81 1.23 1.11, I.IIII 
7111 1.2: 1.21 1.1 I 1.117 1.111 .91 7115h 1.40 I.:I'I 1.31 I.?:$ 1.16 1.1111 
711; 1.71 1.1~2 1.53 I, &I I.:I? 1.21, :I!;: 1.s6 I. 18 I.:I~I I..II 1.2:l 1.1: 
7111, 1.2.1 1.1; 1.11 I 111 .~IR 91 I 1.56 I..UI I.:W I.:II I.?:$ 1.1 , 
7117 1.16 1.10 1.04 .98 .02 .85 l l l h l  1.89 1.70 I.hR 1.58 1.47 1.37 
7118 1.44 1.57 1.1'1 I.?:! 1.11 1.11 4 l h 4  1.89 1.70 1.1,11 1.511 1.47 1.37 
 it:^^ .a, .25 .?B .:n .?I ,211 7111~6 I?III 1.117 I.~I, I,I,; 1.5.1 I.M 
:I;I I 2.; I 2 I 2 1  7111111 1.211 I.]:! 1.1): 1111 .CIS .IIH 
I I 2 .  2 2 I I 71IIII 5 . 2  I I .  I I I 

- F  ,.1.,.1 .?h .25 .?3 .2? .?I .?O I4182 1.W 1.13 1.117 l.llI .Q5 .RR 
i l b l l  .2h .ZS .?:I .?? .?I ;,!I) 1 J 1 . 7  1 . 7  5 1 . 1  : 
71711 .JY .Jn .JR ..u, .st .J:! 711413 I.WI 1-87 1 . x  1.185 1.5% I..$:! 
I .:IN .:I(, .:I1 .:I? .:Ill .L"l 711'18 2.111 2.16 2.511 2.31 2.18 2.11.1 
I .511 ..I11 ..I5 .I:\ ..Ill .:I11 711"') 2 111 2 195 2.511 2 3 I ?.In 2 11.1 

TRAYSISTOUS AN11 I)IOI)ES 

1 ~ 2 7 0  .IS .14 .13 .12 .[I .IO 1 ~ 4 0 0 3  .I; .12 .I] . ~ n  .m .MI 
IY75LA .3fI .?R .% .21 .?2 .20 lN.11~6 .I, .I$ .13 .I? .I I ,111 
I I I I I I I I I S  4 I : : I 
l \ l lU l l  ,111 .ll*l .lllI ,117 . I l l 8  ,115 ?\:llll~ll .? i  .23 .,!I 
l\llMV2 .ll ,111 .llal .Ill1 ,117 .lll~ 

-1s 

SllPER F4ST SCIIOITKY TI. 

Type 74SM. 7fSOI. 75SO3. 742M. 71WO. 7.ISIO. 7SS15. ( T h w  in u l  AND wilh wm mllrrlar). 
7D?ll. 7lS2.l. . 1S50. hq5l. 1.h!61. 7ISb4. 11-2.+2 tnpul r \ V l l - ~ l f . ~ ~ \ ' h l l ~  p l? ) .  7,hShG l o p n  
col l r~~lor , 1Sh.I). >our mix roltnmn p c r n  

1 . 1  1.M 1.02 0.W 0.911 0.RJ 

Types 74.4. 74$05. 7&MO. 7k$I.UI (Dual l-inpul NAND linr Driver); your six cnlurnn pnre. err: 

1.3; 1.30 1.22 1.15 1.m 1.01 

P h o n e  314443.3673 
TWX 910-760-1453 

LED 
MEGIIENT 

1)ISPI.AY 

S4.- &rh 

5 n w  
' IW-wMl 

U.75 

100lL7O 
11.5R 
$1.25 

1.w 5" 7 - m l  I.ED redoul i m d u  l o  Ihc poprlu MAN.1 
with lmp.ov*d h.*htwn 11.1 * I t - l~nd  &enml pnmnl. Fmlr m 

a IIlP m k r l .  K*IW~I~CI lifc. l l v ~ r  I~MI Yre. UpyIariv SlZcj5 tn 

~ m r l -  I.olr. Tlvrr am RHANIJ NEW n t h  f~oI drla rl~rrl and 
'IWW *fIILTII'I.t:\IN(; Applteal~o~~ Ntrtr. hwd. a i t h i  for 
d r w r  utld IIYE l ~ l ' l l R ~ ~ X ' ~ . l . l \ l l T l ~ f ~  llt:SlSTl>ll PF:ll 
,'l'l;\fENl. W F  Cant mpl!h t 8 M d  w l h  a ~ t s ?  cm k t >  l i~~"#mmd FRll\l 
h l l l l 'K .  \I*, avn~labh.. 'I I l \  PRI.'I.llU dl,gitr~ llmr amr  I B ~ ~ . .  
\ I ' \ w * f  I im l la rd  I IV~~~CBW~I IKI I  .II~,w~I. 

.......................  pack^ d 8. %'.W I.imillly R's .# 
i" ' ."~I '~.r"~ I j ln.  311 7r.mnrnl <Ia*gli\. W81h 
ndsl lhand ~lrrmrn.,l MII~I IIAIP~I I I ~ A  .A, \,'~(11 1 11 a -8yph #!I Zt'. 1 1 ~ ~ ~ ~ ~  lhfc 8bf 5 1 ~ ; 1 $ ~ ~ ~  

117 a. a dnwr 111 111IB I S 3 ~ k u L ~ .  t , ~ h  
$.IE5 I 

!I !I>\IIf: 1~18l:I:r~P\l:ITORS. T,lu, 5l;A-IOOllHWVlX:. 
~ . ~ . ~ . ~ ~ ~ . 1 2 . I 5 . ? l l . : 2 2 : . 2 7 . : 1 1 1 ' 1 ' 1 ~ o , s 1 1 ~ 5 f ~ . i ~ , 7 ~ . 8 2 .  
1110. 1211. Isn. 1110. rcH1. zro. 2511. ~.i~i,': ioi~. J:III. ROO. am. 4711, 
.;lMl. 5ldI. l~llll. 7711, 11211. I I~ I ,  ILYIII, ~;IIII. Inno, 2wm. 221~1. 
2511n. x i m ,  .II~I, :I:IIHI, 3~Jlnl. 171M1, ~IIIIII~F, 
I \ I ' l l  . . . . . . . . . . . . .  IIIC 
1IIllpl'.EACII . . . . . . .  IIC. ~ , O ~ F . E A C H  ....... 12C 

I.OW VOI.TACE DISCS.Typr llK. 
I.OpF.3V .......... ?St  22,@.3V .......... WC 
I'npF'InV """"'12C R2fJF'10 .......... 21'C 

......... ......... 11."7WF."V 2" 0.OIP. I6V l l le  

ELECTROLYTIC CAPACITORS: 
111 rslun .r.il.blr in both, .,i,l a u p r ~ l  (PC -) ma,nl, 
IbI.EABE INI)II:AI'E YO1111 CIIOICE. 

........ "'P"Sv..........lnc 1mn,@.3sv s O ~  ........... .......... :In~F. 1sV I I lC  I P . 5 0 V  IIIC 
i I lpF.I5V I0C 2W.511V IIIC .......... ........... 

...... .......... IIWIW. ISV..  .IOC 3pF. 50V .ll lC 
~?11IJF.I5V ......... 15C 5pF.5IIV ........... 1 1 1 ~  
5lMlpF. 1 5 ~  ........ . m ~  IIIP,~IIV ......... .I$$ 
IIYlllpF. ISV ....... .31lC ZllpF. 5lIV ......... .mC 
2ll!.~F. 2SV ........ ..15C 511~.511v.. ....... .?oC 
tllp~. 3 5 ~  , , , , , , , , . ;211 c ....... llWlZ.5OV. .2OC 
~ O M F ,  3 5 ~  ......... ,211 c ?IMIW. SOY.. ...... .MI* 
IIMIPF. 35V.. ...... .%I$ SlMlpF.50V.. ...... . l i e  

....... s tn~  W. :I~v. ..III c 

TERMS: RATE11 FlRhlS NET 30 DAYS. I l lbrrr  l:IIE(:K ur 11.1 I..\-IIII \ I l I . I . l  \lll..i;I1Allk (Lbuv8d) RESISTOHS. Anvof 
MIIhEY OHIIEII wilh adcr. \dd :I5 lo,,rd~rst#ndrr %.5.IIIlL,r 1113. Iil 41 t \ l l \ l l l l  IIPG vnltbr. irurnl 2.711 I c ,  22hllL '4 & ', 
" I  & i l l .  F IPS r I r  l : I . \s I I I f \& 11.1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4111 \iAll, add ( ~ 5  It, votsr o n l ~ r ,  wv av the l~aI.tmbw I1 \ < s t #  arc 
w n n l  b) I 'Pr III your arc... ur #In*ng!t rrrc;tuvnvtwl ;his r.n*c-v 
xnl l~ 11. 1st#t11 111 $1011 in\?#rnnrt.. I:lJII urdrr. rn, I.III1 1:oltmmltm. 
 ti, 1,; I:IIII rrr addi~,8,,,a~. (:anadtan W.WIC~IU 1 ~ 1 ~ ~ ~  S~I,I .;#I 
fa,, lh.%llR4\l:t.. 

MISSIIIIHI UF-SIDENTS: Was add 4% Sllrs Tax. 1.00 lOn-24? 25099- I I ~ o c w r 4 9 ~ ~  SKAlP- 
WRITE OR C1UCI.E REAIIEU SERVICE CAl ln FOR OllR 
(:~T.\I.OI; OF I'.twrs& Z'FI<\'ICES. ITS FRE~.. 

Type i.LS73.74.$74.7~lS7h.7.4R711.7&"107.74Sl12.7.lsll3. 74'1 14; your sir r d u m  pr im .re: I I I V f \ . . . . . . . . . . . . . . . . . . . . . . . . .  $2.85 
I.RR 1.87 1.76 1.65 I .  1.43 ........................... !.\I :XIII. I2V. .;IHI?!1 \ 

I.\!.I:li. 15V. -1illrnA ............................ 
11.1. I(:'S am mpplCd in R. 14. 16.. ~r ?&fin DIP(l)u.l-in-Linr) pla.(#r pwkapr. 

lhs1 rtnl nrr I r t l  Inltvlny. 
Wr nrr FREE dr lr  xlnrrl* uptm rrqtrnl. rn a*k L r  I h w  dala rhrrl* 11111 v,a Y11;.fl.rvrn for l h c r  l i w d  IC 

1111..11 (111 t t ~ .  * n I i ~  I.!! *.~,FI. Eaclt . . . . . . . . . . . . . . . . . . .  
-I. 
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ADD A LINEAR* TO MY 2M FM RIG? WHY NOT? 
YOU DID IT ON 80-40-20-15-& lo!  
And you did it for a good reason! 

You wanted to put out a signal that others could hear - without noise, fade, 
fatigue, or interference. 
A DYCOMM BOOSTER* can do for you what it has for over 3,000 amateurs: 

Provide up to 50 times increase in power. 
Reduce the cost over a higher power rig. 
Is fully transistorized - no tubes to ever replace. 
Provide mobile rig with more variety - car-car, car-base plus more repeaters 
you can work through. 
Is fully guaranteed to perform with an outstanding warranty program. 

A model for virtually EVERY 2M rig! 
Model Line Up: 

104 10 W input 100 W output $195.00 
D 10 W input 40 W output 99.95 
ES 1 W input 40 W output 99.95 

Write for a brochure or call your nearest amateur dealer - you hear! 
*A common t m  for addon 8mpliRws. 

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

305-844-1323 

NEW CT-1 From 
Will allow you 
to Dynamically test all 
types of capacitors. 

The Model CT-I featum a built-in electronic 
Fwer  supply providing. BOTH AC and DC 

est Voltages In a spec~al clrcuit with high- 
ly sensitive NEON type leakage indicator. 

Only $16.95 postpaid 
Capacitor Range: .OW25 - 1000 mfd. 
Sensitivity: Over 200 MEGOHMS 

30 DAY MONEY-BACK GUARANTEE 

LEE ELECTRONIC LABS, INC. 
88 Evans St., Watertown, MA 02172 

Duler  Inquiries Invited. 
1 
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FACTORY 
I 
\ 

\ CLOSEOUT! 
- 

I .  -L- a+-? POWERFUL 

AMPLIFIER 

el *FREE FRElGHTi f  you 
ACT NO WI  (see below) 

BTI LK-2000 HD Fully Guaranteed 
LINEAR AMPLIFIER and Warranteed 

All the quality features you 
demand. . .  and then some! 
FULL 1000 WATTS plote dissipation with rugged, low 
cost 3-10002 triode by Eimoc. 

CONVENIENT bond switching, control and metering. 

FULL LOADING on all amateur bonds 80-10 meters. 

MORE AND CLEANER TALK POWER without flat top- 
ping with adjustable ALC on RF panel. 

EASY to load and tune all bonds. 

EFFICIENT grounded grid, zero bias lineor circuit. 

INSTANT transmit - no warm up wait with solid state 
power supply. 

HANDY desk-high size for easy operation. rolls easily on 
casters. 

COMPATIBLE with most modern transceiver exciters. 

BROADBAND tuned cathode inouts for all bonds 

Parts maintained for your convenience 
for a full year. Most parts standard, 
and all domestic, no imports. 

*FREE Freight! Buy now and save freight 
cost! I f  your check or Money Order accompa- 
nies your order now, we will send it to you 
prepaid! 

I f  you're not quite ready t o  buy then send for  

the complete lnstruction Manua l  fo r  only $1. 
------------ 1 r~ Please send Instruction Manuol on the BTI LK- 

1 2000 HD Linear Amplifier. Enclosed find $1. I 
I Send me the Real Thing1 Send the BTI LK- I 
1 2000 HD Linear Amplifier NOW1 I 

.............................................. I Enclosed find $ ' 
I Name .................................................................. I 
I Address ................................. I , city ............................ state ................ zip . . .  I 

(in California odd 5 % soles tax to net purchase 1 
I price) 

All prices F.O.B. Indio, Calif. I I [unless order is accompanied by payment in full) I 
Check, Money Order or Master Charge 

L - - - - - -, - - - - - , - J 
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ELECTRONICS FOR lo, 15 AND 20 METERS 
8123 PAGE AVENUE " A two element fibre 

ST. LOUIS. MISSOURI 63130 
314-427-61 16 
- 

glass quad antenna 
designed for better 

8298/6146~. N ~ W .  54.50 signal discrimination 
6 1 4 6 ~ .  New. & directivity on 10, 
8421. "Nixie" Tube. New. 

THUMBWHEEL SWITCHES - Min. size 0 .312~  
15 & 20 meters! 

1.3x1.3. .10 pas. decimal - $2.00. 10 as. BCD 
& compl~ment - 12.75, end plates .&J pr. 

STANDARD SIZE - 0.5~2.125~1.78 - 10 pas. 

NEW 
decimal - $2.75. 10 pos. BCD & compliment 

Stronger Arms 
- $3.75, end plates $1.00 pr. Shipp~ng wt. 
lh Ib. 

(closer wound). 
PRINTED C~RCUIT BOARD ASSORT. 2 I ~ S .  52.50 Strong alloy RF wire. 
ZENER DIODES 1 watt 5% .75 each Improved quality 
3.9ve4.7v, 5.lv, 5.6~. 6 .2~ .  6.8~. 9.1~. 12v. 24v 

10 for 57.00 

IC SOCKETS. 14 pin .SO, 10/$4.50. 16 PIN 
.55, 10/$5.00. 

115 V.A.C. TIME O E U Y  RELAYS Normally o en 
$ f50 30 sec.. 75 sec. 

TEFLON WIRE ASSORTMENT. 100' 5 assorted 
colors. 20-24 gauge. $1.50 

- 
$5.00 Minimum Order 

Visit us when in St. Louis 

ctrm.nl r . w  clement 
0u.n ,.,,,. ,., ., ,..,.-, nylon straps. 

ln?tvo-f Out* or Canadman 
rmr.., 5.I.. T.. 

<hlpp.d Ca l l r r l  
PC.., ,nrl"d. Ch... or 

UV resistant. 
mo.,.* ornrl *,,h .our Old.. 

LOW wind resistance 
INQUIRIES INVITED . 5 C .  u . (2.4 Sq- fi-1 

Send for literature 
'patented STRUCTURAL 

GLASS LIMITED 
2 0  Burnett Ave.. Winnipeg 16. Manltoba 



ARC-5 VWF RECENER, TRANSMIllR. MOWLATOR W-156  Mhz 
R-28 RKENER with hksr and cryatol, 
~xc.llent ~ e d  $19.50 

~ R L ' ' ; ~  BC-645 TRANSCEIVER ................. 
1-23 TRANSMITTER ~ i t h  tuba ~ ~ a ~ l s .  EASILY CONVERTED FOR 420 MC. OPERATION 

b o d  Na i n  Original Corton ....$23,50 
MD-7 MODULATOR with tubn, 
kcel lant  ~ s d  ................. $10.50 
b t  of Plugs far MD-7 ............. $ 8.50 

AN/ART-13 TRANSMlnER 
M o k a  tine Ham honvnitta f a  80, 40, 20 and 
10 meten. Power output 100 watts on AM, CW, 
MCW. 10 paret chonnelr, Caq le te  with a l l  
tubes, cfy*ol. 
E~C.LM. .. .s49.% LIKE NEW. J59.50 
Accg lo r i a  Available: R i c u  Upon Rcquat 

2" DC VOLTMETER a BRAND NEW, cslrp1.h ~ s n ~ o b l l l  
HE:D ~ i r n  15 hksr, 1.r d y r  TWO W.1 

Mounh In 2-1/8" hole. Flang. dlonwta 2-5/0. 
T m  u o l n :  0-15 a d  0600. Colibotod f a  vie ~OBILE - d occ-im. 

ust In  a i p l m l  fa tory ca)on 
$1 6 95 cO~;s 

on stw l  pawl .  S t o d d  band. SPECIAL 
NEW, boxed.. ..... Eoch 51-75 2 for 13.06 -- FREQMNCY RANGE: Abwc 435 to 500 k. 
HEADSET LOW impdonca. With lag. chamois ear cufhions. TRANSMITTER h a  4 tubn: WE-JIM, 2dF6, 7F? 
4-ft cord and plug. Reg. $12.50. Our Special Rice $2.95 RECEIVER hm l l tubn: 2-955, 4-7H7, 2-7E6, 3-TI7 
~ s u  wr cdioru. .  ................ $1.95 RECEIVER I.F.: 40 Me. 
nigh i&nca&ptor f a a h . . .  1 -69 SIZE: 101/2" x 131/2" r 41/2". O l p ~  Wt 25 Ib. 

*H. 
SCR-274-W* ARC-5 COMMIIWD SET 

-am Svprb capmnk ad circuitry, id.ol fa Ih. hchn lc lm  C I C .  "*Id LI.. 
..nm T m  
n r c c ~ v m s .  c m m l m  mnn T- 

*" " . x p a i m n t r .  Many fobulorn o c p u l m ,  fa nampl.: yar c m  . ... ...... .... 1W . M Kc 8&1:W. $16.95 $23 50.. 27 M ~ ~ m h u c t  Y-I ontenno b the 420 MC bad that wi l l  produce .. 6 -9.5 Mc .... ....... ..a a - 2 2 : ~  p i n  of 10 db and yet f i t  p v r  opaoting d r k l  
... .... ....... 1.5-3Mc R-25 - $19.50...$21.50 

V ~ ~ ~ S W ~ T T C ~ S .  C - ~ I O ~ S  11m T.W 
4 - 5 . 3 ~ ~  .... K-457 ....... $8.95... - ... 111.95 ACCESSORIES FOR BC-645 ... ... .... ....... ......... 5.3-7Mc BC-458 $8.95 - $11.95 MOUNTING f a  K - 6 4 5  Trmlcaira.. .$1.56 

T G U A  COO€ KEIER, mlf-blmd, automtlc, PE-1OlC DYNAMOTOR, 12-24 Volh, ................. r&ucn soda pmctic. 11p11 kom POW tOP. ( .o~i ly  cwatd to 6 ro lh)  7-95 
........... 5 to 12 WPM bi l t - in  +a. bond n w  wiIh 1.sh ... 

M O U M I N G  fw PE-1OlC Dy~no)or  1.00 
--I. ,&.L.* .3 .& Ac 18- d. . . .$24~0 UHF ANTENNA ASSEMBLIES(mt of 2). pr u t  2.95 

.......... bd. pmctice f a  obore P.U.R. COMPLETE SET OF 11 CONNECTORS 5.95 
...................... 

BC-1206-C RECENER Aircmft Emcon Re- 
CONTROL BOX M-546 2.95 ........... MOUNTING f a  ~ - 5 4 6  ~ o n h o l  BOX 1.00 

Continuous hming, MI conhol, on-off w i t c h  a d  
phone iock. Vary mmitive. Compact. ............. Canp~ete with tubes, NEW 92-50 SPECIAL PACKAGE OFFER: 

BC-545 Tromcaiver, Dynamotor and 
DUAL AMPLIFIER h a  two lnpn eimulh .ash 

.. 
oll occeuoria obove, COMPLETE, 

f r d i n g  a ~ i n g l e  6SN7GT k l n  triode amplifir. BRAND NEW, While Yocks Lost.. 
Canpleh with 1 1 N  60 sy. pow- s w l y  
wing 6XSGT roct i f i r .  NEW.. ........ $5.95 C A T H O D E  RAY T m E S  - STANDARD M A K E  

A l l  N e w  i n  O r i g i n a l  Car ton 
BC-603 FM RECENER 

Converted for 35-50 Mhz. 10 p a e t  pdbuWon 
5MP1 2.75 

channels or m m w l  hming. Cap le te  3FP7*.. .98 sa. 1 3JP7'.. 1.75 eo. . i , , I - $39.50 .98 eo. 3 A P l  1 0 .  ............ AC bwa %ply, N ~ W  $14.95 *Sold i n  L o b  o f  3 o n l y  9GP7 4.25 

DM-34 IN Paws Supply, New..... 1 4.45 
DM-36 24V P w a  Supply,Exc.W..$ 2.25 N E W  S H I E L D  ................ T O C ~ ~ ~ C . ~  Monuol $ 2.50 for 3'' C a t h o d e  Ray T u b  1.29 
b t  of 10 tuba for BC-603 Roceiva.. $ 5.95 

N E W  S H I E L D  
BC-604 F M  TRANSMITTER m to 27.9 Mc. ................... ........ 
Output approx 30 m m .  10 cryttol mnhollod for 5" C a t h o d e  Ray T u b e  ... $2.25 
channels. -1st~ with tubm. EE-8 S I G N A L  CORPS FIELD P H O N E S  
NEW. .......................... R2.50 Checked out, per fect  work ing  order. C m p l e t e  

MC-Ul lA Umdun Q-5 R r e i v r  190 - 550 Khz ............. $10.95 w i t h  batteries. . MC-RZ2 YO 1600 K k  R r e i v r  w l ~ h  hniw d ........ $15.95 ~ ~ ~ ~ l l ~ ~ ~  &ed .................. 96-95 
R4/ARR-2 I r o l v r  234-258M)u. 11 kha, NEW .......... $8.95 5 

APN-1 F M  TRANSCEIVER 400-450 Mc. Frsq. 
K -605  INTERPH~NE AMPUFIER, NEW 13.45EXC.USED.. $1 -95 rnodulotd by moving coil handuca. Emily 
TELEPHONE HANDSET, W.E. typ.. .LIKE NEW $2.95 .,s,td f,,, radio conkol 70 complete with 

.. .... ......... 
SCR-522 TRANSMITTER-RECEIVER wllh 18 W b a .  LIKE NEWJ32.M 14 ,,,h, dyne ..................... H A N D M I K E  BRAND NW.. $9.95 
ftugged, heay-duty cobon handmike with pass- WILLARD 2-VOLT STORAGE BAl lERY 
to-talk witch. Equipped with 441 c a d  4 phone Rot& ot ?O Anp.-Han. Model 20-2. Rwb+e. 
plug. SPECIAL Compact -ill cwrhuction. Liphtwei&t plply- 
NEW, b a d .  ...... E a h  $1.88 2 for $3.25 r u u  contain-, k4x5  1/2'. Shippd dry, ua stondmf ............. - .~.ctro~~n. s,ippiw w.i+t 3 ~ b .  NEW, -ch $2.79 
L M  FREQUENCY METER 
Fine g s m ~ ~  pnpols ~ a v y  unit 125 to m,000 1 s  F.0.B. NVC. 25% d.pait wilh a h ,  bol-* COD a rmiltoncc. 
HZ. opar0ta on 12 or 24 vM. Complete with in full. MINIMUM ORDER 15.m. SIlbiect to w i a  role ad p ice  c h o w  

tuba, cryrtol, calibotion book. 
~ h a k e d  out, bcel lent  W .... $5930 
As above, l eu  book $22.50 45-47 W a r n  St. (2nd FI) kr Yo&, N.Y. WaOl h. 2 1 2 - 2 6 7 - M  ................ 
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the 
lncom~arable C X 7 A Dagniz//.nP ' 

Features: 
S ~ l f l c a t l o n s :  

RELIABILITY I S  NOW 
s t a n d a r d  eq,y ipmen?;  
Every CX7A burnt - i n  

It's Perfection SENSITIVIN: Better than 

and cycled more than 48 for $21 95 l O d b  signal-plus-nolse-to- 
hours. noise rat io fo r  .25 micro- . QUALITY-PLUS. Every 

volts a t  28MHZ. 

corn onent is instrument 
grage,  Amer ican-made.  SELECTIVITY: 2.4 KHz @ 
and individually tested. -6db 1.8:l (6:60db) shape . ALL MODES 10 thru 160 

factor. (16 pole crystal lat- 

meters ~n fu l l  1 MHz  tice filterr) optional: CW- 
bands with overlaps. 400 and 250 HZ. FSK-1200 . BROAD - BAND TUNING. 

HZ. 

I n s t a n t  b a n d  changes  
without tuning. CARRIER a n d  unwan ted  

sideband suppression: Min. . TRUE BREAK-IN CW with 
T/R switching. If you want to move up to  the 60db. 

BEST, give DON PAYNE, K41D. IMAGE and IF REJECTION: 
IF - QRM a call for personalized sewice, a more than 6odb. slicer. . PRE-IF NOISE-BLANKER 

brochure, and a KING-SIZE trade- 
that really works. in  on any gear you have - one LEVEL: 300 500 

piece - or the whole station. watts P.e.P. plus. continu- . RF ENVELOPE CLIPPING ous duty cycle. - sounds like a Kw. 
POWER AMPLIFIER: 8072 . TWO PIUS receiver. ~ ~ 0 ' s .  ~ ransce ive r  PAY N E R A D [ O f i n a l  comp le te l y  b road-  

Box 525 banded driver and final. . BUILT-IN- Spotter FSK Springfield. Tenn. 37172 150 watt continuous dis- 
sh t f t ,  t;ansmit d f fset ,  sipation rating. 

Nites - Sundays 

USE A MATRIC KEYER & PADDLE 
SELF COMPLETING BATTERY OPERATED 

SCORES - MONTHLY PROPAGATION PRE- 
DICTIONS - DX HONOR ROLLS - and a very 

RELAY OUTPUT MODEL 10 SPECIAL "FLASH CARD" SERVICE TO both 
SUBSCRIBERS and NON-SUBSCRIBERS - 10C 
PER CARD FOR SUBSCRIBERS & 25 t  PER 
card from NON-SUBSCRIBERS. YOU FUR- 

WIRED (LESS BATTI ......... 526.50 NISH STAMPED AND SELF ADDRESSED 

SIDETONE KIT SI.SS*WIRED 56.95 
CARD (CAN BE EITHER AIR MAIL OR 
REGULAR FIRST CLASS POST CARD. JUST 

1... ..- -.-1 111 1. . 1. 111 011 PUT PREFIX ON LOWER LEFT, BOTTOM ON 
FRONT OF YOUR CARD (WE ONLY FILE 
BY PREFIXES) ANY GOOD DX NEWS FROM 
THE PREFIXES ON YOUR CARDS SENT 
TO YOU IMMEDIATELY ! DXING EASY !! * ADJUSTABLE TRAVEL DX NEWS IS OUR BUSINESS * NON-SKID WEIGHTED BASE ONLY THE DX'ERS MAGAZINE * FULLY ASSEMBLED (Gus M. Browning, W4BPD) 

SEE Y O U R  D E A L E R  Drawer "DX" 
OR ORDER DIRECT. PRICES F.O.B. SENECA, PA. CORDOVA, S. C. 29039 

WE ALSO PRINT QSL CARDS - FREE SAMPLES 
BOX 235 SENKA, PA. 16346 & PRICE LIST UPON REQUEST- WE PRINT 

ALMOST ANYTHING ELSE YOU NEED TOO - 
PHONE: AREA CODE (8141 648-5122 PRICES RIGHT 
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DIGITAL 
CLOCK 

l LED Display 

42-24 Hr Switch 
Selectable 

l Easily Set 

Compact Size 

The Model 8800 Digital Clock has versatility 
unmatched by similar units at more than twice 
the price. Ideal for electronics enthusiasts, 
hams, radio and television studios and event 
timing. Solid State LED displays end display 
rcplaccment problems. Foolproof presetting 
controls combined in  a conservative reliable 
dcsign assure long term accuracy. The 8 8 0  
may be used with its own intcrnal time stan- 
dard or external standards can be used. BCD 
outputs arc available. Thc unit is shipped fully 
assembled and calibrated. 

XXOO Digital ('lock $94.95 

K E Y B O A R D S  - 
At last! A low cost keyhoard with touch-tone coding built into the 
switches. Grcat for repeater and relay applications. The KB-3 will 
interface directly with all popular logic typesand can program the 566 
VOC for the standard frcqucncics. The KB-3 measures 3" x 2%" and 
has a total dcpfh of W'. Keyboard legends will not chip or wear off. 
Contacts ratcd at 25 V and 40 mA. Bought straight from the manu- 
facturcr. 

KB-3  Touch-Tone Kcyhoi~rd . . . . . . . . . . . . . . . . . . . . . $7.95 

Get your 48-page. 1972 catalog immediately! Send 30# for First Class, 
40d fur Air Mail delivery. 

ENVIRONMENTAL PRODUCTS- 
BOX lOl4 Gknwood Spings,CO 81601 
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Valid until October 15,1972 

HANDBOOKS 
ONL Y HAM RADIO OFFERS ALL THREE 

Radio Handbook, 
18th Edition 

by Willlam I Orr. W6SAl 
Lat~,t ~npddted etlmlton 01 th. famous commu 
n o c ~ t ~ o n s  t,,r~~booh whach 0% the clectmnlcs 
~"~s;~"a;~e;d~;;!,a;~;,s=n~,n$a~;5 ;rha;;;o;,3 

tat8ve dctacl how to derngn and b v ~ l d  all types 
01 radm ~ ~ m m t ~ n ~ c a t ~ ~ n s  sguopment. RTTY cbr 
CUI~I. late11 1em#ConduCt0r and computer clr 
cuotry 896 pages. hardbound 

Regularly $13.50 

RSGB: 
Radio Communication 
Hand book 
Ani.+lwrt Radoo r m o l t  ~ ~ m p l e t e  tschna.1 refar. 
= r u e  I h l 5  pace seltlng b w k  coven vlnually 
every ,?hale 01 ,ad10 theory and practlre an 
YCIY ~( l rnple le and urelu l  dctanl Whathrr you 
use H F  or VHF. SSB or RTTY you need tho* 
handbook 

Regularly 512.95 

POPULAR RADIO PUBLIC 
Latest 2nd Edition . Rrvarsd gain figurer l o r  Quads 

. Improv*?l 1.1 Gemma match leads tr8 band 
~ u r d  .nnciently wrth one lono 

KHIIJ. WIAM 6 V S A Z  and other h m w s  DX'en recommend 
i t  h~ghly. 

Regular $3.95 

:ATIONS 
4th Edition 
I-.".._.-, 8 E i  

Recommended by s 
W910P 6. W4KFC. 

The Radio Amateur's 
Handbook 

ARRL Staff 
The standard ralerence for the r sdm am.1eur 
Latest 117: r d # l m n  sontams 4 7  add8t~onal agar 
and nrr  750 new c#rcuots and charts Avers  
;yr~;l;~;~~;wt;~,~;$s ph~ya;g;$w*~;;~; 

tcchnmcal book ever publ8rh.d 

702 pages. loftbound 

Only $4.50 

HANDBOOKS 
For many years the "BESTSELLER" on beam 
anlcnnar. Ih-s handbook covers al l  areas of the 
sublect. both theory and pracllcs 
Thts new lour th cdlttan has been updalcd l o  
~nsure thal  the render ha% the very l a l o l  
~nlormatnon avablablc 
I t  ~ncludes many spsci.1 features sus'l as: . Correct d#mcn.nons . 6 thru 40 meters . Are 40 meter compact beams worth the 

enon'  . E.rlus8v. 25 year bibliography 01 Impor 
tan1 beam antenna artlclor 

Whether you p lan to  butld or buy - OX or r r s  
chew - YOU need thnr book. 

uch famous DX'ers as W4BPD. 5Z4ERR. 

Regular $4.95 

IMPORTANT E & E AMATEUR BOOKS H 
Solid-state QRP Projects The Radio Amateur's @."? 

I .... 
by Edward M. Noll. W3FQJ F-M Repeater Handbook i / For the most part QRP projects. The unlts covered have power r.l#ng. by K~~ ~ ~ ~ ~ i ~ ~ ~ ,  Jr., WBMVH from less Ihan 100 mollwslts u p  ID about 20 ws t t l .  Emphasnier s o l d  

stale, and r vaenety of rolad r t a la  osc8llstan. bath crystal controlled Thnr 15 the d*lln#tlve wosh on the challsnp#ng I 
and v lo Deals an dclall wlth bopolar transistors. t~cld-atlcct t,anslrlo*s. .ubject of nn>aleur 1.m rrnralct.. a ~11.1 new 
and lnlcprnlcd ctrcunls Some QRP test *Qunumcnt Dr covered 00th development rrhtch has been vtnually undacu- 
a m  and sodeband clrcullr arc presented 128 pager. 5 ' .  x 8':. rnenlcd Chapters tnclude Prcparong and Ob. ! 
soltbound. taonlng Sates tor Repeater%. How to Bueld a I 

, "~~d 'd~dbl~ '~b"?k~P.~~""2"7 'B  dzd: faS2% , 

Regularly 56.95 ' 

- 
M m ) k ? A  
and 

f i n d b M  

73 Dipole and 

Bind your HAM RADIO'S with our handsome Ham Radio Binders 
then f~nd the articles you want wtth our new 1968.71 Cumulative 
lndex covenng every article published in HAM RADIO from our 
f in t  issue through December 1971. 

Long-Wire Antennas 
by Edward M. Noll. W3FQJ 

Thls tr the Ilrst col lcc l~on af r l nua l l y  every lyp. or 
wire antenna used by ama l ruo .  Includer d~mcnsnon%. 

Of course. ~f your shack is like ours you may have to flnd'em. 
bind'em and find it, but that's what this IS all about. Get 
organized. Get maximum use from your HAM RADIO collection. 

3' 
; -5- 73 Vertical, Beam, and Triangle Antennas 

, 
by Howard M. Noll. W3FQJ 

D e ~ c r t b C ~  the de l l sn  and conrtruct#on 01 73 dlffarsnt antsnnar ulso 

Binders $: 
$1.00 eacl 
$18.90 val 

cont#~ural#ons.  and deta#lcd conslructoon data for 73 by 8mateUrr Each dcslgn tr the :esult 01 the author's own czpcro 
donerent antenna types A p ~ e n d ~ c e s  describe the msntr  wnth warlour antcnna conlagurataonr: each has actually been 
COnslruCltOn 01 no l r r  b tdgo r ,  lane luners. and data bull1 and anr.tcrtcd Include% appond#ccr coverang lhe conrt ruc l#on of 
on mcdSu?lng resonant frequency. velocnty factor. and noore brtdgcl  and anlcnnn 18"s tuners. a% well ar mcthodr lor  mcasur 
SWR 160 pals. ~ n g  resonant frequency, vcloca!y factor. and r tandmgwave rntoor. 

I60 pager 

Only $4.95 

1.95 each or 3 for $10.00 - Cumulative lndex 
h - Super Package - 5 Binders plus lndex An 
lue only $17.00. 
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RADIO AMATEUR CALLBOOK 
1972  U.S. Radio Amateur Callbook 1972  Foreign Radio Amateur Callbook 
ihll u n l t w  S~a te r  CALLBOO* !t\!r I H 5 . M O  r r l l l c r  am.1.un an ~h,. F~~~~~~ CAIL~~OOII llstr w e .  175.000 radm rmnlcurr  on all 
lhC 50 Un~ ted  Slnles. 11% Porrcrrlonr ~ n d  perrunn.l ,n 1orco.n coun. cotjntr#cs imncluding Hawall) oulstdc the Unoted Staler l h a u s a n d ~  01 
t r~cs.  Over 30.000 changes. tnclvd8ng many thousand new I I C ~ ~ S C S .  n e w  I8ccnses and hang*%. gathered l rom cver)r C o u n l r ~  of the -orld 

Ess~ntraI  ICI~ICI~LC for DX'ers 

Only $8.95 Only $6.95 

Radlo Amateur's DX Guide Radlo Amateur's Preflx Map 
A handy rsrrrcnca conls~nang such valuable onformalmn .I a World the World 
~ a p  Showing Rndm Amateur Prsllxr,. Crcnl Carcle Maps. ARRL MT,C~,O, pro~ecltnn of the world wl th prCfox shown on each CountrY 
Sart+on Ma.. Crrrvl Cmrle Besrang 1 , ~ h l c ~ .  Tame Conversoon Table. Aor plus r.rpolnl% and malor c!tlcs Also OX Ionel  and contlnentsl 
~ a n e  ~ t r t a n r a s  ~n th. un4t.d slatas. ~ o r t a l  ~ n f o , ~ . ~ , ~ ~ ,  ARRL count,,cr h ~ u n d ~ * ~ e s .  lmm= zones I ~ ~ O Y R ~ O Y I  In* world. D~CI~~OI and counl"er 

L + S ~  and much mar. V11.l for any OX'er 
lb11ed . ~ l ~ h a b c t ~ c a l ~ y  10, quoch cross III~~CIICC walh cont~ncnt  and DX 
zones ills 40" r 28". four color* 

Only $2.50 Only $1.25 

HOWARD W. SAMS 
First-class Radiotelephone Second-Class Radiotelephone 
License Handbook - 3rd Edition License Handbook - 4th Edition 

by Edward M. Noll. W3FQJ by Howard M. Noll, W3FQJ 
Prov,drr all the ~ n l o r n ~ n t ~ o n  needed to  progress f rom 2nd l o  r 1st P ro~ tdcs  ~nform,~tn,~n nscded l o  par*  l h t  2nd class FCC rad la  

rcc ~ a d ~ o l e ~ e n h o n r  tcenrc In addllson. an e.cellrnt rc lsrsnrc telrnnonc ~ ~ r n s r  qusstlunr and an3w.r~ tascd on the FCC esam lor  
hanr~hooh for  thosr ~ h o  nave ~ ~ c r a d y  ohta,ncd theor 1st E I ~ ~ S  IICC~IC r ~ ~ ~ ~ ~ ~ ? ~  I 11. ..nrl $ 4 1  arrangrd to  .IIOW the madsr l o  progrers 
W ~ , I C  <nntaonsny qwhttonr  and a a s r e l r  karcd on Clcrnen! IV 01 the ~ o ~ f r r t t y  l r om t o ~ n c  to  !opnc Prnvlder ~ h r  thoroug, bnchground and 
ICC e x a m ,  thnr vnlurnr IS lar  n - ~ w  than jusl a querlmonand answer ro~r~prrl tcnrtrs  know lcdg~  01 t'lrory ar.14 practtcc needed to  fully 
hook ,I  a t o n l p t ~ t ~ e n s w e  temtbooh on btoadcar# ~ o m m u n ~ c a l ~ n n .  urllf4.1r!.,nr( the rub,ect complete nlscurrlon o l  the ~ a t c r t  soltd.sta~s 
anr, resents a thornvgh undcr%l.~ndon6: a l  the l h ~ o r y  and ba%lc I e m  Covers rCC Ruler ond Rcgu la l~on~ ,  operatlog 
I)~~C:ICS n e ~ e % s l r y  10 hold a re,uons#ble la%tlon a,. a Communr PI.I-II<CI and D I O T * ~ U J ~ C % .  DIYI us?% 01 tesl COIIIPIII??I~ and tranr 
r a t ~ o n l  cngancw 400 pay03 nlmttcr tuntng and rrllur!tnent 336 pager 

Only. $6.50 Only $6.50 
FROM RSGB Amateur Radio circuits Radio Data Reference 

Book 
Amateur Radio by G. R. Jessop. G6JP Book 
Techniques go,elg Hare you thloug~ eve, .I1 .panl hinds ha l l  01 an handboahr hour or and SO 

by G. '. JessoPs 

~nny.nt tncs Ioohlng lor  n good h a r x  Ampll 
Rqularly 8.00 

by J. Pat Hawker. G3VA 
O. ,,, I~,,. ,I,.. I. ...,.I .II I~. L;8;:uc'1;:1yh;: ':!&:?;:;e:lE::: Special Just $2.50 
dozens 01 a r ~ l d 1 r . u ~  nncl commcrr ls l  mlDn yo, .,,,I, ~ , " n  .cve.a~ s.anlp~e. cus,ng l,oth 
l lne5 w h l ~ h  are b l ~ ~ ~ h l  OYI *,3Lfi "lOnlh r e m ~ ~ o ~ d u c l o r s  an0 varuuin lubes) ol each 
10 rollect the I,-%, ol tnc*r many &:no l new syD.  ,,$ .,,,,,t m,gt,t 
#dear T y p 1 ~ 1 1  nraa,ngr ~ n c l u d r  Antenna Malch8n8. 
Here 11 has already been done for YOU In 1 R S~alcncs.  ~'r..smpl~lnerr. Converters. I t 
~h,. very CO~WICIC cnllectnon 01 m.>terml D~I~~I.,,. L,,~,I.~,  tank. 
tdken f rom a rn~rnber at p e r ~ o d ~ ~ l l l  I1 a =  c,,, POIF~ ~ n l p l a f ~ n r ~ .  ~ t n c n r  Ampltl~ers. 
GICSCIIICII ~n a n m r l  us r l u l  and wall organ. ~ a l a n c c d  ~ o d u l n ~ n r s .  ~ u d ~ o  Amp l l l #e~ r .  Kc*. 
#zed m.lnncr r r s .  ort .+~~ators.  ~ o w c r  su~p l , c r .  ~ c r t  ~ q u a p  --.C'. . 
C.~.~~ICI headmgs Include Sam#-conductolr, r-srnl and many more. 
~ec r , r c r s .  Trrnrrnotlcrs. 0sc~llalo.r. An1.n. AII .I thSs offered on a rupged 1,111. b w h  

POWCI SYPDIS.\ and l es t  r q u o ~ n a m l  wntcn dcrlgned to ~ ~ t h s t a n d  the 

Rqularly $3.75 ftgor. Of the work bench and wh?Ch has a 
spo!aI blndang p ~ r m ~ l l l n ~  $1 l o  11. flat whlla 

Special Only $1.87 b""g ~ q u ~ a r l y  $2.50 

(save 5O0/o) Special Only $2.00 

TO: HAM RADIO, GREENVILLE, N. H. 03048 

(See b l o w  for Mastercharge and BankAmericard Orden) O E z  dr!:3&4 5%. E:: !I3d lox. 

Here is my Check or Money Order for the following Items 

Please send the following baoks: 
All About Cublcal Quad Antennas . . S 3.95 

I : Bean1 Antenna Handbook 1 4.95 NAME 
[J Radlo Handbook (Edltors & Eng~neen) $ 13.50 
11 Radto Commun~cat~ons Handbook (RSGB) $12.95 CALL 
,_1 Radlo Amateur's Handbook (ARRL) $ 4.50 
1-: 3 Handbook Package $24.95 * STREET 
1: Soltd State QRP Prolects $ 4.25 CITY 
L] FM Repeater Handbook $ 695 
[7 73 Dopole & Long W~re Antennas $ 4.50 STATE 
U 73 Vertical. Beam & Tr~angle Antennas $ 4.95 
[I Farst Class L ~ c e n s e  Handbook $ 6.50 Pleaw charge my 

17 Second Class License Handbook $ 6.50 Mastercharge Account No. 

[J 1972 U.S. Callbook $ 8.95 
S 6.95 Bank No. 

[ : 1972 Foreign Callbook 
[J Radfo Amateur's DX Gulde 1 2.50 Expiration Date 
12 Preflx Map of the World $ 1.25 
[I Amateur Radto Techniques $ 1.87 *  elst st^ charge my 
n Amateur Radlo C~rcu~ ts  Book S 2.00 BankAmericard Account No. 
D Radlo Data Reference Book $ 2.50 
[_1 Ham Rad~o Cumulative Index $ 1.00 Bank No. 

Ham Radlo B~nders Exdration Date 

ZIP 

One for $ 395 
Three lor $10 00 

f F~ve B~nders & Cumulative Index , $1700 
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flea t- market 
RATES Commercial Ads 25$ per 

word; non-commercial ads 10$ per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

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 
Radio can not check out each advertiser 
a n d  thus cannot be h e l d  responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Dead l ine  is 15th of 
second preceding month. 
I SEND MATERIAL TO: Flea Market ,  
Ham Radio, Greenville, N. H. 03048. 

RITY PICTURE TAPES. Stamp for list. John Sheetz. 
5 Hansell, New Providence. NJ 07974. - 
POWER SUPPLIES: 117vac, input. Transformer 
isolated. 2.5 Watts output. Model 104A 2 5 V d c  a t  
50ma. Model 1048 25Vdc at 100ma. Modular con- 
struction. Solid potting. $15.00 plus postage. Others 
to  choose from. Manchester Electronics, 20 Meadow 
St.. Manchester, N. H. 03103. - 
2 METER FM Brand New, lnoue IC-20. 1&10 watts, 
12 channels, 'w/mike cable mobile mount $259.50, 
Bob Brunkow. 1511: s.E.' 44th. Bellevue, Wash. 
98006. Phone 206-747-8421. - 
WE BUY ELECTRON TUBES. diodes, transistors. 
integrated circuits semiconductors. ASTRAL ELEC. 
TRONICS. 150 ~ i l i e r  Street. Elizabeth, N. J. 07207. 
(201) 354-2420. - 
TECH MANUALS for Govt. surplus gear only $6.50 
each: R-388/URR, R.390/URR. R-390A/URR. R.2201 
URR, R-274/FRR, TT-63A/FGC, TS-497B/URR, OS-8C 
/U. Hundreds more. Send 504 (coin) for 20-page 
list. W31HD, 4905 Roanne Drive, Washington. DC 
20021. - 
PREPARE FOR HAM EXAMS! Use POSI-CHECK. 
Original expertly devised, multiple-choice questions 
and diagrams covering all areas tested in FCC 
exams. Keyed answers, explanations, IBM sheets 
for self-testing. All newly revised and up-dated. 
General Class $4.25. Advanced Class $4.50. Extra 
Class $4.75. Each applies to its own class only. 
Add 256 per copy for air mail. Send check or 
Money Order to Posi-Check, Dept. H.R., P. 0. Box 
3564, Urbandale. Des Moines, lowa 50322. - 
SURPLUS MILITARY RADIOS. Electronics. Radar 
Parts tons of material for the ham, free catalogue 
available. Sabre Industries. 1370 Sargent Avenue. 
Winnipeg 21, Manitoba, Canada. - 
PRINTED CIRCUIT DRILL BITS. Trumbull, 833 
Balra Drive, El Cerrito, California 94530. - 
QSL'S - BROWNIE W3CJl - 31110 Lehigh, Allen- 
town, Pa. 18103. Samples 106. Cut catalogue 256. 

FIRST C U S S  COMMERCIAL FCC TEST answers 
for  quick and proven method t o  pass test $4.00 
for complete set. CRD Associates, P. 0. Box 291, 
Weston Springs, Illinois 60558. - 
NO QRM-QRN -Wyoming ranch Imd, Wild Horses 
Antelope. Deer. 10 level acres $20 down, $20 mo: 
Owner Mike Gauthier. K61CS. 9418 East Florence. 
Downey. CA 90240. - 
TONE BURST . . . lnoue Reaencv owners. now 
available. 4 frequency. internally -mounted- tone 
burst oscillator . . . $29.50. NHE Communications, 
15112 S.E. 4th. Bellevue. Wash. 98006. Phone 
206 747-8421. - 
N 6. RADIO TUBES 364. FREE CATALOG. Cornell. 
4219 N. University. San Diego. California 92105. - 
TELETYPERS - Toroids, tools. supplies. parts. 
equipment. SASE (164) for  list. Typetronics, Box 
8873, Ft. Lauderdale, FI. 33310. W4NYF. - 
NEW &lM0/8166 with fil-xmfr. sacket S75. Plate 
~wr-s"p);r;-k40ov@sdd mi, co i l t i nuo i i  Gi th  .ipa;e 
3B28's, i n  19 inch panel $35. (4) 10 uf 2000vdc 
CornelCDubilier Cap @ $9.95 each. (1) 2 uf  4000 
vdc Car, $10. Variac I 2 0  vac @ 20 A ~ D S  $13.50. 
Call o i  write K4AVQ/3. At. 20 Lepore Drive, 
Lancaster. Pa. 17602. Area Code 717 dav 393-3313. - - 

nife 392-4237. - 
CV-253/ALR FREQUENCY CONVEREU. 38-1000 
MHz. Continuous tuning. 30 MHz out. New, un. 
opened carton. $165.00. K4EPW. 1230 Briar Hills, 
Atlanta, Georgia 30306. 

WANTED: COLLINS 31255. K2 DE S Martln. 
2011 Ocean Ave.. Bklyn, N. Y. 1x280. i12:998.20;9. 

OMEGA-T NOISE BRIDGE HEADQUARTERS- 1-100 
MHz $29.95. 1-300 MHz $39.95 ppd. Miss. add 
5% tax. MPQ Industries. P. 0. Box 217. Hernando. 
Miss. 38632. - 

TOROIDS. IRON POWDF'E". 80-10 meters. O.D. 
,500" - 8/$1.00. 0.0. ,940" - 4/$1.00. 0.0. 1.437 
.75 or 3/S2.00. O.D. 2.310 - $1.50 or  3/S4.00. Please 
include .50 postage. Fred, Barken, WAPBLE. 274 
East Mt. Pleasant Ave.. Llvinnston. N. J. 07039. - 
RACKED VHF-UHF STATION, all mode, 86-303 + 
accessories. L. M. Gessin. 446 Cedarwood Ter., 
Rochester, N. Y. 14609. "WAZZNC". - 
WARREN OHIO ARA's FAMILY HAMFEST. Aug. 20. 
Giant fl& market, swimming, picnicking, a l l  free. 
Displays mobile check-in. Camping available. 
Yankee iake.  Rt. 7 near 1-80. Light plane accom. 
modations 1 mi. away at Obermeyer Airport. No 
fees. Free transport to Hamfest. Detalls QSL 
WBVTO. - 
COPY MORSE CODE automatically, (Ham Radio 
November 1971) detailed construction plans $14.95. 
VMG Electronics, 2138 West Sunnyside, Phoenix, 
Arizona 85029. 

WANTED: tubes, transistors, equipment what have 
you? Bernard Goldstein, W2MNP. Box 257, Canal 
Station. New York. N. Y. 10013. 

WORLD QSL - See ad page 108. - 
THE ANNUAL IOWA 75 meter phone net picnic 
will be held on August 20, 1972 - at Riverview 
Park in MarshaI!town, lowa. All amateurs and 
families are cord~al ly invited. or anyone interested 
in amateur radio. Each should bring a ,  covered 
dish and his own service. Festivities will begln 
around noon. Prizes will be offered and a swap 
table will be available. Nearby camplng f a c ~ l l t ~ e s  
are available. - 
TONE ENCODERS AND DECODERS - New line of 
solid state encoders and decoders compatible with 
any sub.audible continuous tone system. Small 
in size, usable from 67-250 Hz. $8.95 to  $14.95. 
Send for I~terature. Comrnunlcat~ons Spec~al~sts, 
Box 153. Brea, Calif. 92621. 

COMPLETE PHONE PATCH, dial telephone, headset, 
separate speaker. Plug into equipment and phone 
lines All $45.00. AC operated autokeyer and 
~ i b r o ~ l e x  $25.00. Equipment late WB6CQI. Cashiers 
check. Postpaid USA. Brooks, 5141 Lincoln Ave., 
Los Angeles. CA 90042. - 
TELL YOUR FRIENDS about Ham Radio Magazine. 
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1 1 THE K2-KEYER I 1 
Now a Keyer with every feature of the most 
expensive units without the unnecessary frills. 
Woerner Enterprises has designed a complete 
ready to use Keyer on a slngle printed circuit 
board. Use your own Paddle and incorporate 
the Keyer in your station console or power 
supply. Built.in regulated ower supply operates 
from 6.3 VAC or 7 %  V ~ C  and only requires 
100 Ma. 

-Self completing Dots & Dashes. 
-Dot & Dash Memory. 
-Automatic Character Spacing. 
-1ambimatic Output. 
-Dot or Dash Injection. 
-Built-in Variable Pitch Side Tone. 
-6 to 80 WPM. ~- - -  

-Reed Relay Output for Compatability With 
any Rig. 

-Only 2 x 6 inches. 
$34.95 

ALSO AVAILABLE: 
K2-12/24 HOUR CLOCK 

K2-AGC AMPLIFIER 

WOERNER ENTERPRISES, INC. 
170 Chestnut St. Ridgewood, N. J. 

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

It includes numerous technical 
and construction articles in addi- 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 
We can now offer this fine maga- 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out- 
going QSL Bureau) for $9.95 a 
year. 

cornF- 
Greenville, New Hampshire 03048 
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THE RADIO CLUB OF TACOMA HAM-FAIR wil l  be 
August 19th and 20th at the Sportsmen's Chateau, 
164th and Canyon Road, south of Tacoma. Contests. 
transmitter hunts, technical talks and displays, 
manufacturer's displays, auctlon. country store. 
beauty contest, and door prizes. Grand prlze a 
solid-state 2 meter transceiver. Talk.in frequencies . 146.76 and 3965. Camping - $1.50 per night 
with electrccal hookuo. Advance reglstratlon wcll 
cost 15 00 and lncludes Saturda erencng dinner. 
or $3.00 without d~nner. Contact Zmal Koth. K7GPK. 
13616 10th Ave. East. Tacoma, Washcngton 98445. 

NEW ELECTRONIC PARTS.. Buy-Sell. Free Flyer. 
Large catalog $1.00 depos~t. Bigelow Electronics. 
Dept. HR, Bluffton. Ohio 45817. - 
QSLS. Second to none. Same day service. 
Samples 25C. Ray, K7HLR. Box 331. Clearfield, 
Utah. 84015. - 
RECIPROCATING DETECTOR PARTS KIT. Write Peter 
Meacham Associates. 19 Loretta Road. Waltham. 
Mass. 02154. - 
ClNCY STAG HAMFEST: The 35th Annual STAG 
Hamfest w ~ l l  be held on Sunday. September 24. 
1972 at the ALL NEW Stricker's Grove. on State 
Route 128; one mile west of Ross (Venice), Ohio 
Check local area map for new location. Door 
prlzes eac.1 hour. raffle, lots of food, flea market, 
model aircraft flying, and contests. Identify Mr. 
Hamfest and win prize. $5.03 cost covers every- 
thing. For further info. contact: John B.runing. 
WBDSR, 6307 Fairhurst Avenue. Cincinnatl. Ohlo 
45213. - 
WRL carries a complete line of new gear: Galaxy. 
Drake. Regency. Hy-Gain. and you can use Bank. 
Americard & Mastercharge, or spec~al prlces on 
cash deals. Ask us to quote your needs or  for a 
catalog. Box 919. Council Bluffs. Iowa 51501. - 
MECHANICAL FILTERS: 455Khz. 2.1 Khz $18.95 
300Hz $22.95. J. A. Fredrlcks, 314 South 13th 
Avenue. Yakima. Washington 98-02. - - 
SAVE MONEY on parts and transrnittlng.receivlng 
tubes. Foreign-Domestic. Send 25C for glant 
catalog. Refunded first order. United Radio 
Company, 56.HR Ferry Street. Newark. N.J. 07105. - 
NEW JERSEY QSO PARTY August 19-20. Full details 
from Englewood Amateur Radio Assoc.. 303 Tena- 
fly Road. Englewood. NJ 07631. - 
AUDIO FILTERS: Knock down that background 
noise. KOJO SSB. AM and CW filters do the job. 
Write for free brochure and see how serious DX 
boys hear them. KOJO, Box 7774. 741 E. Hig!l- 
land Ave.. Phoenix. Arlzona 85011. - 
OPERATING ACHIEVEMENT AWARD CERTIFICATE 
signed by Governor Daniel J. Evans for contacts 
made during Washington State Amateur Radio 
Week September 9th through 17th. Out-of-state 
ham; must contact 10 Washington hams and in. 
state hams 20 other Washington hams during this 
week. Send your list of stations worked. their 
locations, dates worked, and your name, call, and 
address, along with a legal size SASE to: The 
Puget Sound Council of Amateur Radio Clubs. 
12306 80th Ave. East. Puyallup. Washington 98371. 

NEW! PORTABLE ox gen unit breathing aid. 12 
minutes oxygen, refiEable. $34.95. GUARANTEED. 
Write Fire Safety Equipment. 232b Windsor Park- 
way. Hempstead. N. Y. 11550. - 
THE TEXAS VHF-FM SOCIETY wil l  hold its annual 
Summer Convention August 11, 12, and 13 at  the 
Villa C a ~ r i  Motor Hotel in Austin. Texas. Technical 
sessions. manufacturers' displays, door prizes. 
ladies activities. Call-in will be throuah the Austin 
34-94 repeater. For more inforamtion write Larry 
Higgins, W5QMU. 2522 Old Hickory Trail, San 
Antonio. Texas 78230. or  Gene Chapline. K5YFL. 
2206 La Casa, Austin, Texas 78704. 

GONSET IV - 2 meter transceiver - $135.00: 
Gonset Ill - $75.00. Gonset II . $55.00 Poly Cornm 
IV - 9130.00; ~ l e g i  22er - $135.00: donset Ill . 6 
meter - $80.00. WB2GKF. Stan Nazimek. Jr.. 506 
Mount Prospect Avenue. Cl~fton, N. J. 07012. 

WANTED: HQ215. SPR4, Cygnet.. SELL: KWM.2, 
Lafayette Hi/Lo Mon~to r  Rececver Darr l L. 
Dippel. WASAAO, Box 335, ~ a ~ r a n g e ;  Tax. r8945. 
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PIV 
50 
100 
200 
400 
600 
800 
1000 

TOP-HAT EPOXY 
1.5 AMP 1.5 AMP - 

.04 .06 
.06 .08 
.08 .lo 
.12 .14 
.14 .16 

.20 

.24 

STUD 
EPOXY MOUNT 
3 AMP 6 AMP_ -- 

.12 .15 
-16 .20 
.20 .25 
.28 .50 
.32 .58 
.40 .65 
.48 .75 

Z E N E R S  
Al l  Units Tested And Guaranteed 
- - - . 

500 MILLIWAlT UNITS - 3 3.3 3.6 3.9 4.3, 
4.7, 5.6, 6.2, 6.8, 7.5, 8.2, 9:1, i 8 ,  25, 24, 27, 
V n t h  . -..-. 
1 WATT UNITS - 10. 11, 12, 13, 15, 16, 18. 
20 22 27 30 33 39 43 47 51  56 62 68, 
75: 82: 91: 106. lie, i20,*13d. ih, i60.'180, 
Volts. ALL UNITS 10% - 4 for $1.00 ppd. 

5% - 3 for $1.00 ppd. 

1%" S q w r a  Speaker. 8 ohm VC 
4 Mounting Holes i n  Frame. 

504 ea. ppd. 

NEW NEW NEW 

18" Patch Cord. Has 
molded RCA type p lug 
on each end. Very nice. 

3 for $1.00 ppd. 

6 Foot Gray Line Cord. 
U L  Approved. 7 Amp 
Rating. 406 ea. ppd. 

NEW NEW 
High Quality American Made Pilot L l g M  % 
inch Dla. RED. Has built-in Resistor. Works 
directly from 115 V AC. Made to  push f i t  

No hardware noodd.  50C ea. ppd. 

NEW NEW NEW 
Low Voltage Transformer. Amer- 
ican made. 115 VAC Primary 12- 
0-12 Volt 1 Amp Secondary. Ver 
Nice. $2.40 ea. ppd: 

6.3 Volt 1 Amp Transformer. Fully Shlelded. 
$1.60 Each ppd. 

Rectan ular 0 to 1 M11. Meter. 
Panel 8ize A roximately 1%" 
x Movement x 0-1 I@) ma?%slly Basic Ad- @ 
lusted For 0 Center With In- 
structions supplied. Ideal meter 
For RITY Use, Etc. American 
Made. Price: $1.00 Each ppd. 

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

ALL ITEMS PPD. USA 

Qm. weinnhenkec 
$9 K 3DPJ BOX 3 5 3  IRWIN, PA. 15642 
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communication/ navigation electronics 
MAGAZINE 

This monthly technical magazine fills a "communication gap" within the electronic communication 
and navigation equipment industry. Its function is to provide comprehensive and authentic information 
not available in any other single publrcation. The types ot teature articles include the tollowing: 

SYSTEM DESIGN SERVICING 
The planning of rMio communication and The latest techniques for maintaining equip- 
electronic navigation systems. as well as ment-troubleshooting-analysis and use of 
CCTV and electronic secur~ty systems. test equipment. 

EQUIPMENT DESIGN INSTALLATION 
State-of-the-art des~gn techniques- analysis Solut~ons to unique installation problems- 
of newly developed equipment. local and national codes-interference and 

interface aroblems. 
TECHNOLOGY 
Reports on technical developments-looking 
into the future-measurement techniques. 

FCC REPORTS 
Comprehensive reports on FCC petitions. 
proposed rulemaking and n6wly adopted rules 
changes-long before they are published In 
FCC Rules and Regulations. 

- - ~ - ~ - -  - 

APPLICATIONS 
Utllirat~on of system components-scope of 
equipment applications - interface require- 
ments. 

CASE HISTORIES 
Economic and operational aspects of unique 
systems-examples of how problems were 
solved. 

Subscription rate $12 per year, $20 for two years. When Check or Money 
Order accompanies subscription request, special rate is $10 for one year 
or $16 for two years. Advertising rate card sent on request. 

C O M M U N I C A T I O N  A N D  NAVIGATION,  INC. 
250 PARK AVE., N E W  YORK, N Y  10017 

Ootions: external mlc. or mlc-weaker. stubbv 

250 MHz! 6 DIGITS! 
FREQ. RANGE: 10 hz to 250 rnhz. LEVEL: 1 mw 
to 50 watts. ACCURACY: .0005%. Write for 
specs. MODEL BVHF-A $350 fob 

PAGEL ELECTRONICS 
h7d2-C TAUPA AVFNUE 

12 METER PREAMP 
I More Gain, Less Noise For The Money! 

20 DB GAIN 
NOISE FIGURE 2.5 

12 VDC OPERATION 
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NEW1 MONEY SAVING catalog. Alarms, Fire 
Extinguishers, Marine. Residential, Industrial Life 
Saving and Protection Equipment. 25e refundable. 
Fire Safety Equipment. 232c Windsor Parkway, 
Hempslead, N. Y. 11550. 

AM SIGNAL GENERATOR: AN/URM-25D, 20khz to  
50mhz. .5% accuracy, 400 and lOOOhz modulation 
to 50%, crystal callbrator, compact, modern. 
Restored to orlginal specifications, book included. 
Signal Generator only, $150. With al l  accessories, 
$200. Other equipment available. SASE for list. 
James Walter, 2697 Nickel St., San Pablo. Ca. 
94806. - 
COLLINS 7552. clean. $270 air mail, H,P 425.A 
Mrcrovolt Ammeter, book, probe $80 arr marl. 
Maj. Don Bohart, Det. 6, 1141 SAS, Box 8895. 
APO NY 09012. - 
WANTED - M I 5  and'M32 TELEPRINTERS in  any 
quantlty i n  good c o n d ~ t ~ o n  for use by deaf people 
. . . w ~ l l  accept donations or for fair prices . . . 
can be picked up anywhere . . . wrlte Lee Brody, 
New York.New Jersey Phone-TTY for the Deaf, 
15.06 Radburn Rd.. Fair Lawn, New Jersey 07410 
or call 201.796.5414 evenings. 

DISCOUNTS! Standard. Sonar. Clegg. Robyn. 
Mosley. Cush Craft. Others. Also Marine Gear. 
Write stating needs. Arena Communicat~ons. Dept. 
H. 1169 N. Military Hwy., Norfolk, Va. 23502. - 
COLLINS 75s-1. 325.1. 3128-4. 136A-1, 516F-4, 
30s-1. SM-1. TA-36 beam. Crystal boards are full. 
$2250 FOB Dallas, Texas, R. J. Reuss. RFD 2. 
Po~nt. Texas' 75472. - 
FOR SALE - Drake 2 8  w/Q-mutt $165. HQIBOAC 
w/blanker $335. Alden 319EA 3-speed fax w/paper 
$550. Wanted 51j or R390. WAZDVU, 609-465-5363. 

FIGHT NI with the RSO Low Pass Filter - 115 
March 73 - write for brochure - Taylor &m- 
munications Manufacturing Company, Box 126, 
Ag~ncourt. Ontario. Canada. - 
GLASS EPOXY P.C. BOARD. Ty e GI0  1/16 in. 
Single sided 1 02.. Double s ide8 1 oz, or  2 oz. 
Your cholce $2 sq/ft. P.P.D. WAOTXV. 5331 Cherry. 
view, St. Louis. Mo. 63128. 

GOLOEN JUBILEE HAMFEST beginning Sept. 15 
at Silver Slipper Saloon. Klondike Days Exhibition. 
Full details Box 5986. Station L. tdmonton, Alberta, 
Canada. - 
FOR SALE: TR-44A rotor $50.00. NO SHIPPING. 
W7H7 - . . . . - . 
LINEAR BUILDERS - Motorola HEPI70 diodes 
2.'JA/lOOOPIV 30e each: Plate Choke 90uh.. 5KV/2A 
$6.45: Shielded 30A Dual Filament Choke 56.95: 
i2.00OPIV/2.5~ Diode board with RC transient 
suppressors $9.95; Diode board unfilled $2.50. All 
Postpaid. K.E. Electronics, Box 1279. Tustin. Cal. 
.. . . -. 

TELETYPE: 11/16" perforator tape. 10 ro11s/$3.00.40 
roll case $10.95; M28 RO base $12; M14 T.D. $35: 
FACSIMILE Converter CV-ZA, very clean. $49; 
Facs~m~le  Recorder TXC-1. $110 (as a set. $145 for 
both): UHF Receiver (200.400MHz tuneable), R-266A/ 
URR.13, $60: Newer model with same tuning. 
R-482C/URR.35, $75. J im Cooper, POB 73H. 
Paramus. NJ 07652. 

COLLINS. MECHANICAL FILTERS. NEW. F300Z-4 
F300Z.5. 300X-68. Make offer. Need 455 KHZ/Z.I 
KHz filter. WB2QFB. 55 Howard Ave., Copiague. 
N. Y. 11726. (516.842-9284). - 
SAVE MONEY servicing your own fire extinguishers. 
New Valuable guide, only $1.00 satisfaction guar- 
anteed. Fire Safety Equipment, 2324 Windsor 
Parkway. Hempstead, N. Y. 11550. - 
AMATEUR SALES & SERVICE. Start with discount 
prlces and get service after the sale. We stock 
such leading names as Clegg. Drake, Kenwood. 
Regency, SBE, Signal/One, Tempo One. Antennas 
by Cush Craft and Mosley. Towers by Rohn. 
Write or call toda Amateur Sales and Service. 
111 Rand Mil l  ~ o a d :  Garner. North Carolina 27529, 
Tel. 1.919.772.6044. 

FCC ANSWER BOOKLETS. 1st and 2nd class tests 
$4.00. General/Technician Class tests $2.00. More. 
Send 25c for catalog. CRD Associates. P. 0. Box 
291, Western Springs; Illinois 60558. 
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COMPUTER KEYBOARD ,W/ENCODER $35 
Another sh~pment just received. Alpha.numerics 
keyboard excellent condit~on. Once again we 
expect an early sellout. Price of $35 ~nclude; 
prepaid shipment in the US and shipment made 
w i t h ~ n  24 hours of receipt of order. 

COMPUTER KEYSWITCHES 
Another fantastic bargain for the builder. We 
have brand new bounce-less micro switch keys. 
spares from the above units, less key-tops. 
Make u p  your own keyboards. Made for PC 
mount. Package of 48 brand new key-swltches 
only $12.00 postpaid. 

We stil l have a few Panor?,mic Adapters BC 
1031 excellent condition. IF" 450-470 Kc. 
operate from standard 115 volt 60 cycle. $45 

Mass. (60 Ibs.) 

POWER TUNEABLE VARACTOR $ 5.00 
Similar to MA.4060, used In doublers, 
triplers, amplifiers, etc. Fully guaran- 
teed, with specs and some circuits. 
$5 each or  6 for $25 pp. 

DIGITAL READOUTS 

$3 ea. 10/$25 
GE Y 4075 25V Miniature 

GE Y 1938 24V Standard 
$3 ma. 10/$25 

RAY CK 1905 Standard 
$3 ea. 10/$25 

MAN-3 1.7V Miniature 
$3.50 an. 10/$30 

GIANT ALPHA NUMERIC 
$3 ma. 10/$25 

CORE STACK 
w memory core stack 

U S E R  DIODE 3 WATT 
RCA TA-2628 w/specs. $5 

ROPE MEMORY MODULE 
From APOLLO project $25 - 
All material f.0.b. Lynn. Mass. Send self. 
addressed envelope for complete list. 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 
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I 
I MOTOROLA 2 METER POWER AMPLIFIER I 

I 

Up To 1,000 Watts (1KW) Out! I 
I 

Brand New In Original Factory Cartons! 
I 
I 
I 

This Is a completely self-contained power amplifier designed ape- I 
cifically t o  increase the power output of low power transmitters. 
Ready to go! No modifications requiredl Rated 250 watts out, 

I 
CONTINUOUS D U N 1  Can be easily modified for up to 1.000 watts I 
output! (Details supplied with each unit.) Fully metered, with I 
antenna change over relay, blower motor. No external keying I 
circuits required. Amplifier keys automatically. Just hook a piece I 
of co-ax from your low power base or handi talkie and push the I 

I * mike button! Unit measures only 26r' H. 20" W. 16" D. Original I 
, 1 cos t  S2.IO0.00. our price, brand new i n  original factory sealed I 

cartons with manual is  only $350.00 FOB Trenton. Michigan. 1 
I Limited quantity, don't miss out! I 
I 
I NEWSOME ELECTRONICS P. 0. Box 176-H Trenton, Michigan 48183 1 
I (our store hours are by appointment only) I 
I I 

EK.404 DELUXE KEVER $12495 I .ALL PEATuREs vowvt AsK 

(1 
OWERS 6 MASTS 

CZ series towen, cranks up, installs 
w i thou t  guy wires. New lacing design 
creates greater strength. 
M i n i  and Magna rotat ing masts. . . high 
strength galvanized tubing, self support 
i n g  crank-up. 

For  complete details and  prices pleare 
check your  local dealer o r  wr i te  

k 
RISTAO TOWER CO. 
. Box 115. Hanford. California 93230 

Central New York Specialty Headquarters 

FM by STANDARD COMMUNICATIONS 
and CLEGG 

ANTENNAS by HY-GAIN 
Quality-Selected Used Ham Gear 

Write for listing, updated twice monthly 

CFP ENTERPRISES 
866 Ridge Road 

Ludlowllle, N. Y. 14862 

6. P A G E I C I L L L D  W I T H  130 m Y R G L A R  
A N D  F I R E  A L A R M  P R O D U C T S  F O R  
I N S T A L L L I I S  A N D  E L E C T R O N I C  

I N F R A R E D .  C O N T R O L S .  H A R D - T O -  
F l N D  P A R T S ,  A N D  L C A G E S  O F  
A P P L I C A T I O N  N O T E S  

mountain west alarm ' 
421 5 n. 16th st., phoenix, ---- az. 850 16 1 

BROADBAND AMPLIFIERS at a price YOU can afford 
The BBA.1 series offers h~gh 
galn over the HF to UHF reglon 
w~th low nolse f~gures. BBA-IPA, 
a remotelv   we red unit for I I -  .- \ 
mounting Gar 'the antenna, covers 
30 to 400 MHz with a 20+ldB 
gain dropping to 17 dB at 500 
MHz. Maximum NF IS 3.5dB. 
BBA-1PB has the same specs as 
the BBA-1PA but i s  locally 
powered. BBA-1P covers 3 to . 4 .  , 

500 MHz. w~th gain between 15 and 3048. Maximum NF 
IS 3.0dB. For less critical use order BBA-1 with same 
coverage as the BBA-lP, but reduced UHF gain and higher 
NF. BBA-1PA - $50.00. Adapter Kit KT-1 - $5.00 

BBA-lPB, B B A - ~ ~  - $45.00; $ B A - ~  - $30.00 
Please include 51.00 for shipping. 

RADIATION DEVICES CO. 
P. 0. Box 8450. Baltimore, Md. 21234 
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I 1 NEW! HANDY-TALKY 
STANDARD SRC-146 

5 Channels - .94/.94 and 
.34/.94 supplied 

.3 pV Receiver 

1.5 W Transmitter 

Compact - 8x3x11hn 

F u l l  l i n e  o f  o p t i o n a l  a c c e s s o r i e s  
i n c l u d e s  e x t e r n a l  s p e a k e r - m i k e .  
d e s k t o p  c h a r g e r ,  " s t ubby "  an ten .  
n a  - a n d  m o r e  

Available NOW . . . Only $279.00 
-' I Send OSL o r  c l r c I e  number  for  de ta l l ed  b,OChUre I 

E ERICKSON 
COMMUNICATIONS 
4 6 5 9  N o r t h  R a v e n s w o o d  A v e n u e  
C h i c a g o .  111. 6 0 6 4 0  (312) 3 3 4 - 3 2 0 0  

9 

FOCUS COIL 
FOR 1 inch VIDICON 

$12.95 each ppd. USA except Alaska & 
Hawaii. Mfg. quantity 10 for $100.00 
CWO - transp. collect. 

Brand new Syntronic Focus Coils (360 
ohm) made for Fairchild TC-175 cameras 
with camera schematic. 

Matching Deflection Yoke only $19.95. 
Either Tube or Solid-state type (specify). 

Free Flyers 972#3M & 972#6 now avail- 
able. Loads of Bargains in  CCTV Cameras, 
Lenses, etc. 

- 
THE DENSON ELECTRONICS CORP. 

P. 0. B o x  85. L o n g v i e w  St. 

Rockv i l l a ,  Conn .  06066 

Tel. (203) 875-5198 

MINIATURE 
. SUB-AUDIBLE 

. Compatible wi th  a l l  sub-aud~ble lone ryrlemr such as 
Pr~vate Line, Channel Guard, Quiet Channel, ctc. . Glass Epoxy PCB silicon transistors, and tantalum 
e l e ~ t r o l y t ! ~ ~  used throughout . Any miniature dual coil contactless reed may be used 
(Motorola TLN6824A, TLN6709.B - Bramco RF-20) . Powered by l2vdc B 3ma . Use on any tone frequency 67Hz t o  250H2 . M~niature  i n  size 2.5 x .75 x 1.5" high . Complete less reed (Available i n  3 3  {reps. for $17.50 ea) . Output 3v RMS sinewave, low d is tor l~on 
Postpaid - Calif. residents add 5% sales lax  

COMMUNICATIONS SPECIALISTS 
P. 0. B o x  153, B rea ,  C A  9 2 6 2 1  

Also, trunk lid mount! Installs quickly 
with only a screw driver. Surprising signal 
results are received using a small spring 
and resonator only mounted on the %-24 
stud - no mast section is required. $7.95 
. . . (Sp r i ng ,  r e s o n a t o r  a n d  c o a x  n o t  i nc l uded . )  

REJSA ENGINEERING CO. 
7632 P l y m o u t h  Ave. N.. M i n n e a p o l i s .  Mlnn. 55427 

h- -? 
Mobile Antenna 
Gutter Mount - 

READOUTS $3.00 
7-SEGMENT 5 VDC 

L o n g  l i f e  i n c a n d e s c e n t  t u b e  '/z i n c h  high 
1-1 c h a r a c t e r .  D r i v e  w i t h  7 4 4 7  IC. W r i t e  f o r  C c o m p l e t e  l i s t  i n c l u d ~ n g  p o l a r i z i n g  f i l t e r s ,  

c o m p l e t e  c o u n t e r  m o d u l e s ,  m a n y  m o r e  
i t e m s .  

Display Electronics ,Pik,Bg&y& 80120 

and fu l l  description. 

C L E M E N S  MFG. CO. 
630 S. Berry Rd., St. Louis, Mo. 63122 

GET TOP ENGINE PERFORMANCE 
Only .n .I.ctronls Cop.sllor DISC 
Ionltlon System dellrmre hloh 
noark .n.rgy .I .I1 8pe.de. 

.NO 0v.r 80 pore, 1.d. 

.lno....d pas mll..0. 

.ln.t.nt cold starl* 

.Long potnt and olup Ill. 

INSTALL CAPACITRON I1 rnE ULTIMATE IGNITION! 

Compl.1. sys1.m S44.04 ppd. S.llsl.cllon pu.ranl..d or money 
back. Drw urn Card lor free dl.Crlpllv~ brocIIu1.. 
General Analog Box 5 8 9  Tustin. Ca.  92680 
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YHF NOISE BUNKER - See Westcom ad i n  Dec. 
70 and Mar. '71 Ham Radio. - 
FOR SALE: Delco car radios, 12 volts, transistor. 
Speaker knobs included. New $14.50 postpaid. 
W~RSN,'  1826 Cypress. Irving, Texas 75061. 

PROTEST! Picket! Write your congressmanl Let 
nothing prevent you from attendin the ARRL Hud- 
son Dlvision Convention, Oct. 21-32. Hilton Motor 
Inn. Tarrytown, N. Y. Exhibits. 2meter  FM. RTTY, 
lectures, contests, abfests, banquet. N. Y. City 

ree gifts for early registrants. sightseeing. Fun! ? 
Plenty of free arking. Write Dave Popkin. 
WAZCCF, 303 ~ e n a g y  Road, Englewood. N.J. 07631. - 
INDIANAPOLIS HAMFEST - Sept. 17, 1972. Gas 
Co. Recreational area on Thompson Road. East 
of Five Points Road and west of Franklin Road. 
Easy access from 1-465 & 1.74.. Vendors FREE. 
Plcnic faciilties. 12 lndianapol~s Radio Clubs 
participating. QSL- P. 0. Box 19449. 

NORTH A U .  HAMFEST August 20, Huntsville. Ala. 
Air conditioned Mail. Prizes, games, contests. 
Plenty parking for Swap-Sell. More info. contact 
K4EHT. - 
NOSTALGIA. A handsome series of books to  bring 
back yesteryear. Reprints of old Sears. Montgomery 
Ward & Marshall Field catalogs. Books on old 
t ime autos, toys, and ladies fashions. Write today 
for ful l  details. Comtec. Greenville. NH 03048. 

VAC. VARIABLE CAP, Eimac 6-50 W. $15.00. Three 
new 572A Tubes. $4.00 ea. Two new 8236 Tubes 
and one new 6146, $2.50 ea. W2BNY/6, Moe Joffe. 
7259 Willoughby Ave., Los Angeles, Ca. 90046. 

TELETYPE 28ASR Excellent Condition. 6 manuals. 
TT/L-2 TU. $1100 for lot. Pick-up only. Hen 
Rainville. 106 i. Cornwall Ave.. Ventnor. NJ 0840r  
609.822.0098. 

LOW OVERHEAD - LOW PRICES. Most popular 
TWO METER rigs. Send for quote sheet. L. M. 
Communications, 516 Chapman Pkwy. Hamburg, 
N. Y. 14075. 

F.C.C. TYPE Exams guaranteed to  prepare ou fo r  
F.C.C. 3rd. ($7.00). 2nd. ($12.00), and 1st. (g16.00), 
phone exams; Complete package. $25.00 Research 
Company, Rt 2. Box 448, Calera. Alabama 35040. - 
BE SURE to  take advantage of Ham Radio's 
Summer Sale. Details were sent to  you, but i f  you 
want another copy of this offer write: Summer 
Sale. Ham Radio, Greenville. NH 03048. 

ELECTRIC BUG KILLER. Rugged, highly efficient 
black light design will solve your summer insect 
problems. Model G-15 Rid.0-Ray covers lh acre 
for $79.95. model D-15 covers 3h acre for just 
$99.95. Prices include shipping in 48 states. Send 
check. M.O. or Mastercharge or  BankAmericard 
number. Comtec. Greenville. NH 03048. 

STOLEN - from motel in Kansas City, Kansas. 
June 4. 1972, Variotronics IC-2F with Cali (WOFWY) 
and social Security number (515-05.9029) en- 
graved on back of chassis and mike. Vinton G. 
Johnson. WOFWY, P. 0. Box 151. Farmington. 
Mo. 63640. 

NATIONAL TOWN AND COUNTRY FESTIVAL 
GBSTCF wii l l  be operat~onal on 25, 26 and 27 
August. There will be four stations operating on 
1910 kHz. 3.7.3.8 MHz. 14.150.14.300 MHz and 
21.375,. Ten meters-28.5 MHz will be worked ~f 
condit~ons ermit. Operations will cease at 2400 
GMT 27th fugust. Skeds will be welcomed on any 
band and time, please contact G300Q at  14 
Townsend Rd., Tiddington, Stratford-upon-Avon. 
England. - 
YOUR AD belongs here too. Commercial ads 256 
per word. Non-commercial ads 10C per word. 
Commercial advertisers wrlte for special discounts 
for standing ads not changed each month. 

r- A, A O h .  

rnU7.L CLOcKl "<, , . < .  

CALL-IDENT 

Mode In U.S.A. 

10-minute repeating timer buzzes worning lo-ur 
call letters. Wolnuf or ebony plostic cose. 4"H. 7 3 h " W ,  

4"D. 110V. 60 cy. One Year Guorontee. Made in U.S.A. 

A t  Your Deolmr, o r  DIRECT FROM 

ULTRA-BAL 2000 
A*v=mr 1 11 qn .hh r&,bt,on f rnn  <ml mar* P D U P ~  to sntenna 

IIALUN. . ~ r s  m,sr nn mre rr 
- F u l l  P v w - 3 r o M M e s  1 l o r 1  4 nrbos 

M I LIP 7KV Trllon ~nsulattm Over snlver platad 
1.- 1-r "ILP* to* loss 

S m 8 l v  ra lm dsetrsd $ 8.95 ppd. 

K.E.Eleclronlts nor 1179, Tustin Calif.91680 

Jus t  Pr in ted  ! 
*@* Application Rules FOR L Q* 0 

TTL INTEGRATED CIRCUITS ~ ~ $ 0  

lNcLuol~G Operating Cb 03(~*+ 5' 

Instructions FOR A L L  ,@ 4%. 4~* 
POPULAR MOOf LS kc? 6' " 

Digital Clock 
MlNlTRON -/-SEGMENT Semi-kit 

READOUT $3.70 15 lc s 6 MINI~RONS ~ONLVI 
120 VAC 1 3 5  00 

SEND 25 0 FOR CATALOG 

PO BOX 112 
@rimno Semiconductor GWOYEAR ARIZONA 

85338 

WE PAY HIGHEST 
PRICES FOR ELECTRON 

TUBES AND SEMICONDUCTORS 
- 

H & L ASSOCIATES 
ELIZABETHPORT INDUSTRIAL PARK 

ELIZABETH. NEW JERSEY 07206 
(201) 3514200 
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original box w ~ t h  instruc. book & cord, fob Marlposa, Cal. 
Min. s ~ g ~ l  heeded: 15 mv. Shpg w t  110  Ibs. ... 49.50 

. SPECTRUM STUDIES 
38.1000 MHz AN/ALR-5: Consists of brand new tuner/ 
converter CV-253/ALR in origlnal factory pack and an exc. 
used checked OK & grtd maln receiver R-444 modified for 
1 2 0 ' ~ .  50/60 hz. The tuner covers the range in 4 bands; 
each band has i ts own Type N Ant. Input. Packed wi th  each 
tuner is the factory inspector's checkout sheet. The one we 
opened showed SENSITIVITY: 1.1 uv a t  38.4 mhz 0.9 a t  
133 mhz, 5 a t  538 mhz, 4l/2 a t  778 m k ,  7 a t  l 'ghz. The 
receiver is actually a 3 0  mhz I F  ampl. w i th  a l l  that follows, 
includi- a diode meter for re la i~ve signal strengths; an 
auen. Calibrated i n  6 db steps to -74 db, followed by an 
AVC position. Pan Video & AF out puts^ switch select pass 
of 2 2 0 0  kh; or ' k 2  mhz. and S E L E C ~  AM or FM! Wi th  
Handbook & pwr. input PI&, a l l  only ................... 375.00 
CV-253 Converter only, good used, w/book. ................... 99.58 
We have SP-600-JX, R390, WRR-2 Receivers. Ask! 

REGUL. PWR SPLY FOR COMMAND, LM, ETC. 

I ' . a .  * 

r W O R L D  LlSL B U R E A U 1  
THE ONLY QSL BUREAU t o  h a n d l e  a l l  

I of y o u r  Q S L S ' ~ ~  a n y w h e r e ;  n e x t  doo r .  t h e  
n e x t  s t a te ,  t h e  n e x t  c o u n t r y ,  t h e  w h o l e  
wo r l d .  J u s t  b u n d l e  t h e m  up (p lease  a r r a n g e  
a l ~ h a b e t i c a l l y )  a n d  s e n d  t h e m  t o  u s  w i t h  I 
p a y m e n t  o f  54 each.  

5200 Panama Ave., R i c h m o n d .  C A  USA 94804 

Headset.Microphone H-63 U 55.95. Chest Set ANIGSA.6 
$3 .95  Victoreen I n s t  l o .  Padlation Survey Meter 7408 
57.95. Field Telephone 7A43/PT $24.95 ea. Modification 

; K t t  #1 Transistors Diodes Caps Resistors Relay Wlre, 
Tie Wraps, nardwar;, etc. &. co l t  589.00 Special $2.95. 
Modification K I ~  # 2  2 .05-400V cap. solderless crlmp 
Terminals Hardware etc. 2 5 ~  ea. 5/81.00. ARC R19 
(R508) re;. 1 1 8 . 1 4 8 ~ ~ ~  w/schematic $14.95. Cataiogue .lo. 

FRANK ELECTRONICS 
407 Ritter Road, Harr~sburg, Pa. 17109 
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5 V O L T ,  1 AMP P O W E R  S U P P L Y  

on a plug - in P C  c o r d  

P E R F E C T  F O R  D I G I T A L  I C ' S  

INPUT 1 15 VAC 6 0  HZ 
OUTPUT 5V I A M P  DC 
LOAD REGULATION 100 mv ( N L  to F L )  
LINE REGULATION 50 mv 1105-125VAC) 
SHORT CIRCUIT PROTECTED I sc  = 750 m a .  typ. 
SIZE 3. 6" x 3 .  2" x I .  7" 
MATING CONNECTOR 22 p i n  on . I56  c t r s .  

PRICE: $14. 90 ppd. U. S . A .  
M a s s .  res idents  add 3% s a l e s  tax  

ELCOM Z&ES: znc.  
ClV lLW T E I W I N 4 L  H- lOLO 
OCDTDPD. M A S S .  OI7SO 
UT- lT* -M% 

S13EE(:11 (:OIIlPRESSOR 
I N C R E A S E D  TALK P O W E R  

w 8' 

Pmvidrs > 30dh \ nlnnar (:ompm.ion 
(:lippine For  War i rn t~m 4rrr.w~ Powrr Price 
Optimum RandwiPth (:nmprr*.mion 
Plugs Ineb Prrmrnl Wir Jark 

$19.95 
'I,. 1 - 1 . w  

.Aurillmry Input Fnr I'honr Pn l rh  4. Y v.. 

T m  H d r B  - Phnno Or [) in. In4)u l  Switch 

KSINDUSTRIES Rnx 271. Yrlhnurnr. FIm. 34901 

. 

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

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

Audio Construction Projects 

Receiver Construction Projects 

Transmitter Construction Projects 

Test Equipment Projects 

Radio Control Projects 
... and much more 

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

ONE YEAR SUBSCRIPTION - $7.00 

RADIO CONSTRUCTOR 



1 6 and 2 Meter WHIP 0 
I 

1 MODEL LA 150 
I 
I 
I 
I 
I 

Sale 1 5 7 7  
Priced 

I 
I 
I 
I Gain (2 Meters) 3db 
I Ga~n (6 Meters) Un~ty I VSWR (At resonance) 1.5: 1 
1 Marlmum Power 100 Watts 

9@@@@@@@@9@@@@@@@@ I Nominal Impedance 52  ohms 
10 Y.IVl.,A, .,, ,,,, .,, . Amlllc.U C.ll I Overall Length 55 ~ n .  - I 

LlMlTEO 
I 
I 
I 
I 

$ 5 5  00 V A L U E  I 
I 

LOW PASS 
I 3-30 Mc w/80  dB Atten. 

I 
CLEAN DRAKE GEAR 1 c4a I 

..,, 

REWARD FOR NEW PRICE \ I 
$195.00 2B or 2C R4B $475.00 1 ' 

$220.00 R4 R4B $475.00 1 
J 

$275.00 R4A R4B $475.00 1 
I STOP THAT T.V.I. 

$200.00 T4 T4XB $495.00 , Power 2 KW D.C. 
$125.00 2NT T4XB $495.00 1 

I 3-30 Mc. 
$285.00 T4X T4XB $495.00 1 80 dB Down 42 Mc. 
$ 60.00 AC3 AC4 $ 99.95 1 INTRODUCTORY $14.95 
$ 70.00 DC3 DC4 $125.00 1 OFFER 

I 
-hc.p. 

I - ,  - .  

r o n i x  z l e  
~ N C E ,  CALIF. wsrr 
13) 534-4402 

XED SUNDA Y & MONDA Y- 

CRENSHl 
Phone: (2  

., TORRC 
,456 or (2 
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AQerTisers l/ 
check-off 
. . .  for literature, in a hurry - 

we'll rush your name to the companies 
whose names you "check-off" 

INDEX 

-Arizona --Jane1 
-Barry -Justin 

-Bauman -KE 
-CFP -KS 

-CNE -KW 
-C. T. G. Bltci l  -L. A. 

-Caringella -Lee 
-Circuit Specialists -Lynch 

-Clemens -Martronics 
-Command -Matric 

-Communications -Meshna 
Specialists -Micro-Z 

-Comtec -Mission 
-Crystek -Mountain West 
-Curtis -Newsome 

-DXer -Pagel 
-Dale -Palomar 

-Data -Pennwood 
-Denson -Poly Paks 

-Display -Radiation 
-Drake -Callbook 

-Dycomm -Regency 
-Eimac -Rejsa 

-El -Robot 
-Elcorn -SAROC 

-Environmental -Savoy 
-Erickson -Signal/One 

-Frank -Solid State 
-Gateway -Spectronics 

-General Analog -Spectrum 
-Gray -Standard 

-H & L -Structural Glass 
-HAL -Tristao 

-Hamtronics -Van's 
-Heath -Vanguard 

-Henry -Weinschenker 
-HyGain -Woerner 

-International Crystal -Wolf 
-Jan -World 

August 1972 
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THE BEST ANTENNA 

O P T I M U M  PERFORMANCE 
GUARANTEED SAVINGS 

Local Bank Flnancln - 15% 
Down or ~ r a d e - ~ n  gown - 
Good Reconditioned Equlp- 
rnent. Nearly a l l  makes and 
models. Our recond~t~oned 
equipment carrles a 30 day 
warranty ana may be traded 
back wlthln 90days for fu l l  
credlt  toward the purchase 
of NEW equ~pment. In- 

proved by L.A. Ctty  

W 5 1  S H O W N  

'WEST COAST'S FASTEST GROWING 

LAE MW35 "STANDARD" Package 
(Free Standing Crank-Up Tower 
9.5 Sq. Ft. - 50 MPH) (35 FT.) 
CDR AR-22R Rotator* 
IOO ft. RG-581~ Coax & Control Cable 
Substitute 50 ft. free standing, add $100 
Complete w ~ t h  one of the following 
antennas: 
HY-GAIN TH2MK3 $275 
HY-GAIN TH3JR $275 
HY-GAIN DB10-15A $285 
HY-GAIN HY QUAD $285 
HY-GAIN TH3MK3 $295 
*TR-44 rotor wlcable add: $ 35 
HAM-M rotor wlcable add: $ 65 

LAE W51 "DELUXE" Package (51 Ft.) 
(Free Standing, 9 Sq. Ft. - 50 MPH) 
CDR TR-44 rotor* 
100 ft. RG58lU Coax & Control Cable 
Substitute 67 ft. free standing, add $400 
Complete with one of the following 
antennas: 
HY-GAIN DB 10-15A $590 
HY-GAIN HY QUAD $599 
HY-GAIN 204BA $625 
HY-GAIN TH3MK3 $625 
HY-GAIN TH6DXX $645 
Free stdg. base ~ncld. NOICHARGE 
*HAM-M rotor wlRG81U add: $ 45 
LAE LM354 "SUPER" Package (54Ft.1 
(16 Sq. Ft. - 60 MPH) 
CDR HAM-M Rotor 
100 ft. RG8lU Coax & Control Cable 
Substitute 70 ft. free standing, add $650 
Complete with one of the following 
antennas: 
HY-GAIN TH3MK3 $750 
HY-GAIN 204BA $76 5 
HY-GAIN TH6DXX $785 
Freight PREPAID to your door in the 
Cont~nental USA west of the Rockies. 
For shipment east of the Rockies, add 
$15.00. Substitutions may be made .... 
write for prices. 

AMATEUR RADIO DISTRIBUTOR" 
"WE SELL ONLY THE BEST" 

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

Phone: (213) 534-4456 or (213) 534-4402 
HOME o f  LA AMATEUR RADIO SALES 



for the EXPERI MENTER! 
INTERNATIONAL EX CRYSTAL & EX KITS 
OSCILLATOR RF MIXER RF AMPLIFIER POWER AMPLIFIER 

1. MXX-1 TRANSISTOR 
RF MIXER 
A slngle tuned clrcuit Intended for 
signal conversion in the 3 to 170 
MHz range. Harmonics of the OX 
oscillator are used for injection in 
the 60 to 170 MHz range. Lo Kit 3 
to 20 MHz. HI KII 20 to 170 MHz 

4. BAX-1 BROADBAND 
AMP 
General purpose unit which may 
be used as a tuned or untuned 
amplifier in RF and audio appli- 
cations 20 Hz to 150 MHz. Pro- 
vides 6 to 30 db gain. Ideal for 
SWL. Experimenter or 
Amateur ................................... $3.75 . 
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............................ to 30,000 KHz $3.75 

rn I < 

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

3. PAX-1 TRANSISTOR 
RF POWER AMP 
A slngle tuned output amplifier 
designed to follow the OX oscil- 
lator.  Outputs up  to 200 mw. 
depending on the frequency and 
voltage. Amplifier can be ampli- 
tude modulated. Frequency 3.000 

5. OX OSCILLATOR 
Crystal controlled transistor type. 
LO Kit 3,000 to 19.999 KHz. Hi Kit 
20.000 to 60.000 KHz. (Specify 

...................... when ordering) $2.95 

write for 
C A T A L O G  

AC@h 
INTERNATIONAL 

Y M V '  
CRVBTAL MFO. CO, INC. 
10 NO LEF O L L A  ( 11" OKU. 73102 

for the COMMERCIAL user ... 
INTERNATIONAL 
PRECISION RADIO CRYSTALS 

lnternatlonal Crystals are available from 70 KHz 
to 160 MHz In a w ~ d e  variety of holders. 
Crystals for use In military equipment can be 
suppl~ed to meet spec~f lcat~ons MIL-C-3098E. 

6. TYPE EX CRYSTAL 
Available from 3.000 to 60.000 KHz. 
Supplied only in HC 6 / b  holder. 
Calibration is 2 .02% when oper- 
ated in international OX circuit 
o r  I t s  equ i va len t .  ( S p e c i f y  
frequency) ................................ $3.95 

CRYSTAL 
TYPES: 

(GP) for "General Purpose" 
applications 

(CS) for "Commercial Standard" 
(HA) for "Hlgh Accuracy" close tem- 

perature tolerance requirements 



The Kenwood R-599 Receiver 

- - . .  . 

MOST AMATEURS HAVE NEVER OWNED A RECEIVER AS GOOD AS THE R-599 

4 st The R-599 is all Solid-state . . . n o  The R-599 is part  o f  a system. When 
tubes t o  wear o u t  and be replaced. operated w i t h  its companion T-599 
Less heat so i t  is more stable and more transmitter y o u  get fu l l  transceive 
reliable. Most owners report service operation. rn free performance m o n t h  after month,  
year after year. 

The R-599 is more versatile. I t  copies 
SSB, CW, A M  and FM. A n d  i t  copies 
them well. One half microvol t  sensitiv- = i t y  o n  SSB means y o u  hear any signal 
audible o n  any other receiver regardless 
o f  price. 

The R-599 has greater frequency range. 
A l l  amateur bands 1 6 0  through 1 0  
meters as supplied and including 6 and 

a 2 meters w i t h  accessorv self-contained 
converters. 

The 1.599 Transmitter: Clear. stable. rs- 
lectable sideband. AM and CW 4.m~ 
VFO flex~b~l#ly plus Receiver Incmmental 
Tvn~ng (RIT) when used w~th the R-599 . 
Amplllied ALC . Built-ln VOX Full metar. 
Ing, ~ncludvng cathode current, plate volt. 
ape. ALC and relative Power Output 
Bu~lt.~n CW Sodetone monllor and semi- 
automatic break-~n CW * Built-ln power 
supply Max~mum T V I  protecteon Em. 
ploys only 3 vacuum tubs 
The pr ice.  . . $395.00 

The R-599 literally screams value. 
Dollar fo r  dollar you  can't b u y  another 
receiver anywhere that w i l l  match the 
R-599. 

The R-599 can be operated direct ly of f  
your  12V battery . . . w i t h  very l o w  
drain. I t  is also an ideal novice receiv- 
e r .  . . having standard provisions fo r  
cryr ta l  control l ing the T-599. 

The Price . . . $349.00 

Another Kenwood value leader. .  . 
the superb TS-511 S Transceiver 

Flve bands, SSB and CW trensceive. 
Bui l t - in VOX. crystal calibrator. 
noise blanker, receiver incremental 
tuning, 1 KHz frequency readout, 8 
pole filter, stable F E T  VFO, dual 
convanion end accessory CW filter. 
The pr ice.  . . $415.00. 

11240 W Olymp~c Blvd ,Los Angeles. Cald 90064 2131477 6701 
931 N Eucl~d. Anahelm. Cahf 92801 7141172 9200 
Butler. M~ssour~ 64730 8161679 3127 



Longer Life 
for an Old Timer 

Introduced in 1947, the EIMAC 4-400A quickly became the mainstay 
for the majority of broadcast, shortwave and FM transmitters. Still 
popular today, this power tetrode design is now available as the im- 
proved long-life 4-400C. 

Get an EIMAC 4-400C - the new generation tetrode specifically 
designed for long-life, high-performance broadcast and FM service. 
This premium quality tetrode isdirectly interchangeable with the 4-400A 
in existing equipment and is recommended for new equipment design. 

The EIMAC 4-400C features a low temperature filament structure 
which retains its initial high level of electron emission for an extended 
period of time, greatly reducing frequency of tube replacement. This 
improved filament structure, plus strict processing and quality control, 
combines with improved current division and low drive requirements 
to provide a high-quality, long-life product. 

Reduce down-time and replacement cost with the EIMAC 4-400C 
when you re-tube. And use this improved tetrode in your new equip- 
ment design. With a maximum plate dissipation of 400 watts, the 
EIMAC 4-400C provides long-life and consistent performance as an 
amplifier, oscillator or modulator. Another example of EIMAC's con- 
tinuing program of quality, reliability and service. 

For further information, contact EIMAC, Division 
of Varian, 301 Industrial Way, San Carlos, Calif. 
94070. Or any of the more than 30 VarianIEIMAC 
Electron Tube and Device Group Sales Offices 

@ 
throughout the world. varlan 
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