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The surs//orme CX7

CENTER OF ATTENTION at twenty major ham conventions this year ...

Maybe you saw it ... even operated it. But if the crowd kept you from getting a really
good look, here are highlights of the inside story of ...

| the "DELUXE INTEGRATED STATION" ...

PERFORMANCE ... built in COVERAGE... built in
® Dual-gate MOSFET receiver e All ham bands 10 thru 760 meters
® Ultra-sharp selectivity ® Full 7 MHZz bands cover WWV, MARS
@ |F Shift (to slice off QRM) @ All popular modes ... SSB, CW, FSK.
® 300 watts input a// modes
@ RF clipping (for maximum punch) QUALITY ... builtin
@ Pre-|F noise blanker @ GlBSS‘EDDKV etched circuit boards
e Instrument-grade components
CONVENIENCE ... built in ® Continuous duty at full ratings
® Instant band change without tune-up ® Modularized construction
| ® Frequency readout direct to 700 Hz
® Transceive p/us auxiliary receive TO GET THE FULL STORY ...
e Dual VFQ's (for split operation) write for an illustrated brochure.

® True break-in CW, silent VOX
@ Integral AC supply and CW keyer

Now distributed in the Pacific Northwest by It Speaks for Itself”
HCJ Electronics, E. 8214 Sprague Avenue,
Spokane, Washington 99206. 57;'/75// L7

A Division of ECI (An NCR Subsidiary )

2200 Anvil Street N. +* St. Petersburg, Florida 33710
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The Cover

As I believe 1 have mentioned in the past, We
are always on the lookout for an interesting cover
illustration, whether it be a good color photo, a
drawing, a painting, or whatever. The September
VHF contest brought the old WIMHL group to the
top of Pack Monadnock in New Hampshire using
the call KIDC/1 and Roger Block, our Art Direc-
tor, braved the swinging arrays with his sketchpad
with the result you see on our cover.

Activity was down a bit this year, but still they
did well on all VHF bands, running a small dish on
1296, 196 elements on 432, 32 elements on 220,
32 elements on 144, and a six element yagi plus a
16 element colinear on 6 meters. They all had a lot
of fun, and that is the important part of it.

Advanced Class License Exams

Late in September I received a call from a
distraught amateur who had just finished a com-
mercial study course for the Advanced Class exam.
He thought he was prepared, then he found that
the new exams dwell heavily on transistors and
sideband! He flunked, as did nine of the eleven
that were there with him. He was bewildered and
frustrated. His course and the text he used had
failed him.

The 73 Advanced Class Study Course book ($3)
seems to be the only study book on the market
that covers the questions being used on the present
day Advanced Class exams. Be prepared not to see
one single tube on the new exams. Be prepared to
draw transistor schematics for the Hartley, etc.

..de W2NSDV/1

Wayne Green

Let me say again that I think it is one hell of a
note when amateurs who have been licensed and
active for many years must go down to an FCC
office and take a tough exam like this in order to
continue to use the frequencies they have been
using all these years. It is all the worse when the
exam is so completely different from the older
tests that it results in a high percentage of failures.
Don’t forget to let your QST director know what
you think of this, pro or con.

November QST Board Meeting

QST is upset over the reaction to their In-
centive Licensing rules and has called a meeting of
the Directors for early November to see what can
be done to keep the situation from deteriorating
further. The FCC schedule, you remember, calls
for the second and final re-arrangement of our
bands to take place on November 22nd. Presum-
ably then, QST expects the FCC to withhold its
decision until it hears from the QST Board.

[f all goes according to the original FCC
timetable, we will see the Extra Class Only CW
bands expand to cover 3500-355-, 7000-7050,
14000-14050, and 21.000-21.050. These are, need-
less to say, by far the best DX frequencies on these
bands and their removal from the Advanced and
General Class licenses will just about eliminate any
further pursuit of DX as a hobby for all but a very
small handful of amateurs in the U. S.

How about the phone bands? According to the
schedule the Extras will have exclusive use (in-
cluding CW too, apparently) of 3800-3825 and
21250-21275 khz. The Advanced will be able to
use 3825-3900, 7200-7250, 14200-14275, and
21275-21350. Generals and Conditionals will be all
stuffed into 39004000, 7250-7300, 14275-14350,
and 21350-21450. That will be quite a stuffing job.
You think you've had QRM before? Add to the
General those Extras and Advanced that are
obstinate enough to want to talk with their old
friends and refuse to sit out there all alone in the
big wide and frequently empty new bands.

Please pardon me if I don’t even try and discuss
the ridiculous mess on six meters. This makes little
sense to anyone and I hate to dignify the alloca-
tions by even mentioning them.

If anyone is in favor of the second stage band
continued on page 126
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International BAX-1 Broadband Amplifier
is a general purpose unit which may be used
as a tuned or untuned amplifier in RF and
audio application. For example: when used
as untuned RF pre-amplifier connect between
antenna and receiver antenna posts. Ideal for
SWL, Experimenter or Amateur applications.

Easy to build. Complete Kit = ¥ 4
SPECIFICATIONS:
1. Power ... ... . o .....91015v0Oltsdc @ 10 ma
2. Frequency Range .. .. 20 Hz to 150 MHz
3. Gainat 1 MHz...................30db
Gain at 150 MHz....._____.__6db
4. Response ref 1 mhz.._ .. . down 6 db at 50 hz .

+3 db 100 hz to 10 mhz
down 15 db at 100 mhz
down 24 db at 150 mhz

5. Operational Impedance........ 50 to 500 chms

SR T T 0 e D el e e less than 10 microvolts rf
across 50 ohms: audio
less than .0005 volts

%l A
7. Maximum Input Level . . 01 volts ac — ‘“‘!,1_
8. Outpul at Maximum Input .. 50 ohms — .1 volt &
(at 1mhz).........................500 ohms — .5 volt 'NTEHNATI nNAI—
Sizednchen.... ... . . . IRTXIV=x1” T |
Mounting ... . ... 4holes with spacers
Write for complete catalog. CRYSTAL MEG. CO. INC
- l. L]

10 NO. LEE ® OKLA. CITY. OKLA. 73102
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According to forecast,
1970 should be another great year
for h. f. propagation conditions.
Make the most of the DX openings on
10 or 15 meters with one of Two

New Single-Band beams from Mosley.
VALUE - QUALITY - RELIABILITY
is yours with The Classic 10

(Model CL-10) or The Classic 15
(Model CL=15), These beams offer

optimum spacing, possible only
on single-band arrays,

Even more advantageous is their
famous
Classic feed
System

(Pat. No.3419872). This

‘““Balanced Capacitive Matching’’
provides maximum gain,

increased bandwidth and more
efficient performance because of its
better electrical balance and
weather proof construction.

See these DX chasers at your
nearest Mosley dealer. For complete
specifications and performance data,
write factory direct for free brochure,
Mosley Electronics, Inc. - Dept, 197
4610 N. Lindbergh Boulevard,
Bridgeton, Missouri. 63042
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An editorial in a recent issue of QST re-
quests us fo express our ideas, pro or con,
to the Directors, concerning the first year of
Incentive Licensing. We have been asked to put in
our two cents worth, at long last. Why? There are
good reasons for this sudden display of unaccus-
tomed solicitude for our opinions.

Newington is finally commencing to realize the
full implications of the coming implementation of
the second phase of the restructuring program. If this
goes through this November, as originally pro-
jected, thousands of hams, already disenchanted
with the League, will surely drop from the rolls
completely. We have already lost members in
droves, are still losing them to this day, and will
probably continue to lose them in the future, so
long as the League persists in its refusal to admit
that the original promotion of Incentive Licensing
was, if not an outright mistake, at least an ill-timed
miscalculation.

There can be no doubt that ARRL understood
that most hams would object to the whole idea.
That is why there were so many pep talks about
individual responsibility, our debt to society, pub-
lic service, state of the art, and so forth. Of the
docket itself, however, we heard precious little,
until after it had been broached to FCC without
anything approaching public discussion. Oh, to be
sure, we were assured that we could express our
views to the Commission. Just send in 14 (or was it
114) copies of our comments to FCC, and they
would take all views into consideration before
making up their minds. Sounds good, doesn’t it?

Evidently the Commission received very little in
the way of cogent or valid objections. Or did they?
We shall never know, probably. The Commission,
most probably, believed that ARRL is the spokes-
man for all hams, a fond little palliative, adminis-
tered in periodic doses to all League members, in
order to dull their wits to the stark reality. . .about
715% of the ham population are not members!

The League, smarting a bit from the stream of
invective that poured in, sought ways by which its
unilateral action without preliminary discussion
might be justified. We were bombarded with a
craftily-tailored rationale. We were reminded that
our image was badly tarnished ... needed a
Simoniz job. We were told that an international
frequency allocating treaty conference was in the
offing, and that certain nations were out to get our
bands away from us, at least in part. We were
assured that the only way in which this painful
exigency might be circumvented would be to
upgrade our skills ... engage in more and more
public service communications activity ... dispel
the commonly held belief amongst non-hams that
we are merely indulging in a meaningless pastime

(continued on page 114)
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CENSUS OF AMATEUR RADIO LICENSES* in the U. S.A.

by classes, within states and call areas

YL's
(I ncluded
Call Tech- Con- State in state
Area State Novice nician ditional General Advanced Extra Club Military totals totals)
#1  Conn. 221 741 801 1,827 B24 202 77 8 4,701 141
Maine 53 115 592 388 276 72 15 7 1,518 60
Mass. 433 3,086 626 L,324 1,832 420 114 23 10,858 405
N.H. 73 397 204 593 253 55 23 3 1,601 77
RiL. 33 h?ﬁ 112 521 223 5é 23 5 1,529 57
Vermont 23 169 102 1 10 650 6
E%i ETE&E 2,573 7,902 3,610 818 262 E% 20,857 Z%E
#2 H.#. I 645 E.EES ;éﬂ 5.352 2,356 333 156 ig 12,839 313
N.Y. .325 i %,323 2 2 660
2,060 9,5%2 1,297 15,30 329 1:53% %%E 61 36,401 973
#3  Del. L8 | Ok 42 296 101 24 8 2 625 15
Md. 316 879 316 2,271 1,108 282 65 28 5,265 129
Pa. 934 3,795 877 6.290 2,321 526 208 32 14,983 427
D.C. 0 8 2 261 14 E%g_ 20, 6 616 12
TTE%E ETHE% 2 9.118 673 :153: 303 68 21 L89 c83
#4  Ala. 254 654 790 1,284 480 103 22 16 3,603 127
Fla. 432 1,684 1,900 3,803 2 173 397 100 25 10,514 385
Ga. 202 565 869 1,436 633 133 L7 17 3,902 102
Ky. 159 439 520 796 394 75 28 9 2,420 69
N.C. 232 599 997 1,446 662 120 L5 17 L,118 140
S.€. 89 149 985 471 235 50 16 16 2,011 53
Tenn. 282 1.366 gaz 1,456 690 IBE 4 5 4,325 126
Va. 2 21 72 2,22 1,101 27 40 666 121
1,930 5,977 7.575 12,91 6,368 1,291 3%% 145 ?%TEEE 1,123
#5 Ark. 166 272 L16 523 294 54 25 9 1,759 78
La. 214 377 720 1,134 522 100 36 17 3,120 79
Miss. 82 136 L 98 513 242 36 7 4 1,518 34
N.M. 98 144 601 376 328 76 15 15 1,653 72
Okla. gIE Esg 519 I,u?g EZE i33 Eg ZD i.zag ézs
Texas ] 2 | | 1 2.562 0 I | 1 3
1,592 E‘,"n's:'g is ,'3"'23:5 6‘,'3'3“9 L,632 Bhg 264 148 26,230 1,02
#6. At 52,231 | B,212 3,842 15,212 8,263 1,449 482 125 39,816 1,321
#7°  Ariz. 258 631 606 1,083 633 110 35 37 3,393 150
Idaho 84 41 481 170 176 29 10 2 993 48
Mont. 101 L9 636 149 150 48 15 7 1,155 62
Nev. 33 89 430 165 136 21 10 9 893 47
Oreg. 369 552 864 1,534 794 127 51 16 4,307 206
Utah 191 237 182 L 95 223 40 14 11 1,393 L2
Wash. 610 . ).023 1,316 2,639 1,266 235 69 22 7,080 3136
Wyo. b 238 101 61 16 12 ] 518 24
1,600 . 27665 4 - Hiped L o65as6. o G900 6T 18 07 SIS EET 915
#8 Mich. 812 2,796 1,066 4,195 1,618 249 128 19 10,883 360
Ohio |,u3g 5,321 669 5,956 2,341 361 203 20 l?,sng Sﬂz
W. Va, l 0 1 1 22 ] Lk
708k 00 507 1,92 o870 5,180 ﬁ ﬁ ?I_.E 28,546 T 951
#9: E 1,076 3,338 1,80k 5,886 2,415 392 216 22 15,149 485
Ind. 462 1,979 533 f,g91 g?g ;65 114 ]? E'6$i f?i
Wisc. 0 635
I,ggﬂ 5,522 3,29 9,912 L.172 E%% Eﬁ% Lh EET%EE 853
#10 Colo. 257 431 666 1,222 642 124 43 15 3,400 128
| owa 363 565 597 1,672 737 120 57 10 4,121 138
Kas. 303 360 972 1,118 539 127 38 27 3,484 150
Minn, 395 517 873 1,774 815 176 60 11 L,621 126
Mo. 22 1,038 896 2,060 979 189 73 10 5,667 205
Nebr. 173 290 492 724 361 50 32 6 2,128 86
N.D. 36 11 LL0 62 93 21 8 7 653 EB
S0, 68 45 259 23 13 2] ki 2 Lo
2,017 3.257 2,195 8,870 +,307 828 323 E% ZEI&EEﬁ 901
Grand total,
48 states and
D.C. only 17,467 57,958 37,668 105,182 48,873 9,520 3,452 880 281,000 9,419
*Reprinted with permission of Radio Amateur Callbook Magazine, from the Fall 1969 issue.
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An Approach to Six-Meter

SSB  Transcewver

Having spent some time getting my feet
wet on six meter AM, I developed an urge to
join the “sidewinders” down on the low end.
According to my way of thinking, a com-
mercial six meter SSB transceiver was out
because I did not care to spend so much on
one band. The transverter approach was also
discarded since I did not want to disturb my
low band set-up. By some stroke of luck, 1
was given the opportunity to acquire an
NCX-3 transceiver at about a third of the
cost of a well-kknown commercial six meter
SSB transceiver. I know, an NCX-3’s output
is far removed from 50 mhz, but a few
weeks of spare-time work changed all that.
The result was a SSB transceiver with the
conveniences of built-in VOX or PTT,
S-Meter, AM, CW, or SSB transceive opera-
tion, and all the other goodies which
characterize low band operation. Power
input to the final is 200 watts pep SSB, 200
watts CW, and 100 watts AM. Frequency
coverage is 49.9 to 50.4 mhz.

With some effort applied to searching in
classified ads, a ham should be able to come

up with one of the older models of single or
tri-band transceivers for less than $150. It

doesn’t even have to be in working condi-

Andrew J. Borsa, WAI1FRJ
43 Burtt Street
Lowell, Massachusetts 01851

tion, which would mean a lower price. The
desirability depends upon your ability with a
vtvm, grid-dip meter, and soldering iron. The
cost of building a unit like this from scratch
would be about the same with more, much
more, work involved. If the job is done
carefully it will have more resale value. Most
of the added parts should be available in
many junk boxes since they are all standard.
As much use as possible was made of the
original components in the transceiver.
Looking at the block diagram, Fig. 1, the
14 mhz output from the original transmit
mixer is fed to the grid of the 6KES8
mixer/oscillator where it is combined with
the 36 mhz signal from the triode section.
The output of the pentode section is now 50
mhz SSB which is fed to the grid of the
6GK6 driver. A broadband tank circuit is
used to couple from the driver to the grids
of the parallel 6JB6’s. The output matching
circuit for the final is a conventional pi-net-
work utilizing the original tuning and
loading capacitors and ceramic coil form.
The layout of the NCX-3 final amplifier
compartment was well-suited to six meter
operation. Do not attempt to use a mixer/
oscillator combination other than the 6KES,

50 - MHZ
6826 FILTER 8J6A FILTER I2BES
(SEE NOTE)
NOTE :
|4=-MHZ MIXERS
PART OF ORIGINAL
TRANSCEIVER 36~ MHZ =
XTAL OSC ! -
112 BKES JB6
1 50—
MHZ
14 -MHZ
MIXER S9-init DRIVER FINAL 498
MIXER -
12BE6 Pogssion® 8GKSE 6J8 6
(SEE NOTE)

Fig. 1. Block diagram.
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since this is the only tube I have found to
possess enough transconductance to develop
the required voltage at the grid of the driver.
The mixer and driver plate coils are tapped
to arrive at a better L/C ratio and improve
efficiency. Tube input capacities are too
large at these frequencies to permit coupling
directly across a tank circuit and still main-
tain good voltage gain. For example, the
total input capacity to the final amplifier is
60 pf. Figure the size of the tank coil to
resonate with that, and you will see why an
effective increase in voltage gain of about
two can be realized by increasing the induct-
ance by a factor of four and tapping
half-way down.

The receiving section uses a 6BZ6
pentode in the rf amplifier which feeds a
bandpass circuit coupled to one grid of the
6J6A mixer. The mixer output is fed
through a 14 mhz bandpass filter into the
grid of the original 12BE6 mixer. Someone
will invariably ask why [ didn’t use a
nuvistor front-end. There are a number of
reasons why certain pentodes make better rf
stages for six meters than nuvistors. Number
one is that a pentode has an inherently
higher signal-handling capability than a
triode. With the amount of activity in this
area, including a number of kilowatt side-
band stations, the worth of a large dynamic
range becomes immediately apparent, espe-
cially during band openings. I picked the
6BZ6 because it was especially designed to
have low distortion characteristics. A 6EH7
frame-grid pentode would have been even
better. Another reason is that agc control of
a pentode is much easier than in a triode.
The 6BZ6 is a semi-remote cutoff type, well
suited to agc control.

The last argument for the nuvistor would
be its lower noise figure. Here I contend that
the noise figure of the pentode is higher;

however, just how good a noise figure is
needed at 50 mhz? Most authoritative

sources will agree that noise figure is not of
utmost importance below about 100 mhz. A
good discussion of this subject is presented
in Rheinfelder’s book, Design of Low-Noise
Transistor Input Circuits. If you can hear the
noise coming from your antenna, a reduc-
tion in receiver noise will be of no benefit.

NOVEMBER 1969

Bottom view of the chassis. The driver
and its plate coil are in the upper right cor-
ner to the left of the exciter-type capacitor,
The 6KE8 mixer is just to the left of the
loading capacitor shaft (note the crystal
can). The 6J6A mixer is to the left of the
6KES8, Below it are L6 , L7 and the rf stage.
LS5 can be seen to the left of the power plug.

The performance of this front-end indicates
that atmospheric noise is a good deal larger
than the rf stage noise (even at 3:00 in the
morning). The above considerations indicate,
at least to me, that at 50 mhz a pentode is
still a better performer than a triode.

The modification details will vary de-
pending on the particular unit involved but
the added circuitry should remain about the
same. The layout 1 finally decided on
seemed about optimum for the NCX-3. The
added tube and coil locations are shown in
Fig. 3. The original 12BA6 rf stage and its
associated circuitry was removed and in its
place went the 6J6A mixer. An OA2 voltage
regulator occupied a socket a couple of
inches from the 12BA6 at the rear of the
chassis. This was moved to a cranny next to
the audio output tube and in its place went
the 6BZ6. The bandpass circuits are
mounted just about in between the stages.
The rf input coil is mounted on a plate
covering the hole from the accessory socket
which was removed. A BNC receiver rf input
connector is mounted next to the original
uhf connector for the transmitter. I use an
external antenna relay for switching between
the two lines. An internal relay can be
mounted under the final tune capacitor if
desired. The original NCX-3 used a method
similar to that found in electronic ftr
switches, but I found this added too much
shunt capacity to the final tank coil and
reduced efficiency.
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RF AMPLIFIER

AGC LINE @#—AAA- B

NOTES:

| UNLESS INDICATED:
RESISTANCE. VALUES ARE IN OHMS
DECIMAL VALUES OF CAPACITANCE
ARE MICROFARADS (UF), OTHER-

WISE IN PICOFARADS. v

2. 21822 ARE ORIGINAL PARASITIC To
CHOKES. RE GAIN
3. Yl IS WIRE LEAD TYPE CONTROL

SOLDERED DIRECTLY TO
CIRCUIT UNDER CHASSI5.

4. INDICATES CONTROL
VOLTAGES: TOP=RECEIVE
BOTTOM= TRANSMIT,

Fig. 2.

\ 36 MHZ

FROM OSCILLATOR

0.25 PF

50-MHZ MIXER

OUTPUT TO
12BE6 PIN 7
RECEIVER

14 MHZ MIXER

i L
= o

Schematic diagram.

Coil Table

L1: 4% turns no. 14, 2% inches long on 1
inch dia. form.

L2: 8 turns no. 20, 5/8 inch long on Cam-
bion 3/8 inch dia. form (white slug) tapped
at 4 turns.

L3: 8 turns no. 26E, close-wound at top of
Cambion 3/8 inch dia. form (white slug)
tapped at 4 turns.

L4: 18 turns no. 26E, close-wound on %
inch dia. form (white slug).

L5: 8 turns no. 22E, spaced one wire di-
ameter on Cambion 3/8 inch dia. form, tap
1% turns from ground end.

L6, L7: 12 turns no. 28E, close-wound on %
inch dia. form (white slug).

L8, L9: 22 turns no. 26E, close-wound on
Cambion 3/8 inch dia. form (red slug).
Mount the coils in line with "a center-to-
center spacing of 13/16 inch.
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All the original 80, 40, and 20 meter
tuned circuits were removed with the excep-
tion of the 20 meter mixer plate coil and
oscillator coil. The bandswitch is likewise
removed., This leaves room to put the new
6GK6 driver closer to the final, and allows
the 6KE8 to be put in the original driver
socket. This also puts the 36 mhz crystal
oscillator section of the 6KE8 in close
proximity to the 6J6A. The original exciter
tune capacitor is still used to tune the plate
tank of the 12BE6 mixer. The final tank coil
is wound on the original ceramic form and is
conventional. The original final amplifier
layout is quite satisfactory for six meter
operation and no drastic changes were made
here, other than parts values. The plate
tuning and loading capacitors have their
ranges decreased by the addition of series
capacitors. The original .01 uf bypass capaci-
tors were changed to .001 uf and the rf
chokes were changed to ones more com-
patible with the frequency involved, an
important point for anybody contemplating
this type of conversion. Little things like this
have a way of showing up as insufficient

REAR ouT

drive and instability if not considered in the
beginning.

Upon completion of the rebuilding phase,
the next step was to debug the circuits. The
only problems encountered were some in-
stability in the rf stage and a lack of drive
for the final. The rf stage was stabilized by a
little more isolation between- plate and grid
circuits, which is why the input coil is
mounted on the rear wall of the chassis.
This places the coil at right angles to the
output coils and aids decoupling. A worth-
while idea might be the inclusion of a shield
across the socket, but I did not find this
necessary. A combination of the right tubes
and experimentally determined bias condi
tions led to the correction of the drive
problem. There is sufficient drive available
to load the finals to about 300 mils of plate
current. This gives about 200 watts input
and 120 watts output into a 50 ohm load as
measured on a Bird Termaline Wattmeter.
The finals run class AB1 on SSB, AM, or
CW. AM input is 100 watts with about 30
watts of carrier output. The tubes are
overloaded under this condition, but the

RF RF
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Fig. 3. Simplified drawing of the chassis top, showing the locations of the major added parts.
L2, L4, L5, L6, and L7 are mounted under the chassis. L3, L8 and L9 are mounted on top.
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Top view of the chassis. This photo
should be compared with Fig.3 to get an
idea of the layout,

assumption involved here is that since PTT
or VOX operation is involved, the carrier
will be applied with modulation in which
case (100% modulation) the efficiency will
be about the same as with SSB. There is
something to be said for these low cost TV
sweep tubes in ABl1 linear operation.
6146B’s could have been used, but this
would have required a socket change.

A word is in order about the efficiency of
an AB1 linear. I have found that efficient
operation requires enough driving voltage to
swing the grid up to zero volts with the load
resistance adjusted for maximum plate
voltage swing. Under these conditions, an
efficiency of 60 to 65% should be readily
attainable. For the 6JB6 this means at least
70 or 80 volts peak-to-peak should be
available at the grids. I would not recom-
mend the use of speech compression with
these finals since this would raise the average
plate dissipation and the tubes are already
running near the hairy edge. This would be
allowable with 6146B’s running at the same
input.

The receiver alignment consists of
peaking all the tuned circuits at 50.2 mhz
which gives a uniform response from 50.0 to
50.4 mhz. Likewise, the 14 mhz bandpass
filter between the 6J6A and the 12BE6
should be peaked at 14.2 mhz. The easiest
way to peak the bandpass circuits is to first
short one coil and grid-dip the other to the
proper frequency. Next short the one you
have just dipped, and dip the one which was
previously shorted. The short should then be
removed and the coils peaked up on an
incoming signal in the middle of the tuning

12

range. The short can be a piece of heavy bus
wire tack-soldered onto the coil terminals. It
is not necessary to use a signal for peaking.
This can be done with atmospheric noise and
the performance will be just as good. This is
about all there is to the receiver section
alignment.

For the initial trapsmitter alignment the
final tubes should not be in their sockets. In
all the following procedures the tuning
indicator used is an rf probe coupled to the
tank circuit through a small capacitor of .5
to 1 pf. A grid-dip meter operating as a
wavemeter can also be used, but it is more
cumbersome. The 20 meter 12BE6 mixer
plate coil slug should be peaked with the
tuning dial at 14.4 mhz and the exciter tune
capacitor almost at minimum capacity. The
crystal oscillator tank coil and the mixer and
driver plate coils should be grid-dipped to 50
mhz to bring them into the right ballpark.
The crystal oscillator tank circuit is peaked
for maximum transmit mixer output which
should be measured by the above method.

The driver plate tank should be dipped
with a capacitor of about 60 pf temporarily
connected from the tap to ground to simu-
late the final’s input capacity. This will be
removed when the finals are installed. The
tuning dial should now be set at 14.2 mhz.
The 6KE8 mixer and driver plate coils
should now be peaked for maximum output.
The 60 pf capacitor should now be removed
and the final tubes placed in their sockets.

Some sort of dummy load at about 50
ohms is required for the final touch-up of
the transmitter eircuits. The final should be
neutralized by any of the standard methods
found in the handbooks. The final touching
up is accomplished by turning on the trans
mitter for short periods of time (not more
than 30 seconds at a time) and peaking the
tuned circuits for maximum power out.
Keep the prnetwork tuned for maximum
power output but don’t exceed 300 mils of
plate current. The 36 mhz oscillator plate
tank should also be peaked again. If you
have a wattmeter for this frequency it
should indicate at least 100 watts output. It
should also be noted that when the final is
properly neutralized, maximum power will
occur at the plate current dip. Adjust the
neutralizing capacitor until this condition is
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Overall angle view of the chassis. The dri-
ver, 6KE8 mixer and final amplifier com-
partment are more clearly identifiable.

attained. Resting current for the 6JB6’s is
about 50 mils. Once the unit has been
adjusted, the tune-up procedure for normal
operating is exactly the same as given in the
manual for the low bands.

One question remains: What to do about
the hole in the front panel where the
bandswitch used to be? I solved the problem
by mounting a BNC jack in the hole and
running the 14 mhz if out to my 80 thru 10
meter receiver. This gives independent trans-
mit-receive capability which is a great aid
when working AM stations. The 14 mhz
pickup is two turns of wire wound around
the ground end of L9 and brought to the
front panel by means of a length of minia-
ture SO ohm coax. This gives quite adequate
injection for the external receiver. I suggest
an external if receiver if much work is to be
done on AM since the SSB selectivity of the
crystal filter is a little too sharp for good AM
reception.

On the air reports have been gratifying.
The single sideband emission is clean, and
the audio is crisp and clear. The AM mode
also has produced good reports. 30 watts of
carrier output is a good competitive signal
on six meters. With this unit I am not afraid
to try other circuits and improvements in it,
since the purchase price was far below any
similar commercial unit. In my estimation it
performs as well as, if not better than, the

comparable commercial unit.
... WAIFRJ
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You can't buy a more potent package than the
new NRCI NCX-500 transceiver. This versatile
5-bander is packed with the performance extras
that give you the sharpest signal on the band,
plus an enviable collection of QSL’s. Check it out!

500-Watt PEP input on SSB, grid-block keying
on CW and compatible AM operation.

Receive vernier, with tuning range greater
than = 3kHz.

Rugged heavy-duty 6LQ6's.

Crystal-controlled pre-mixing with single VFO
for effective frequency stability, plus identical
calibration rate on all bands.

Crystal lattice filter for high sideband suppres-
sion on transmit, and rejection of adjacent-

channel QRM on receive . . . plus solid-state
balanced modulator for ‘“‘set-and-forget’ carrier

suppression.

® Universal mobile mount included.

AC-500 power supply available. Great things are
happening at NRCI.

i
il

AMATEUR NET PRICE: $425.00

For complete details and specifications, write:

NATIONAL RADIO COMPANY, INC.

NRC’ 37 Washington 5t., Melrose, Mass, 02176
Telephone: (617) 662-7700 TWX: 617-665-5032

international Marketing through:
Ad. Auriema, Inc. B5 Broad Street, New York, New York

© 1969, National Radio Company, Inc.
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John J. Schultz W2EEY/1
40 Rossie St.
Mystic, CT 06355

IF Notch Filter

IF notch filters represent one of the last selectivily
refinements possible in many SSB receivers. Found in many
expensive receivers, they can be incorporated into most
recetvers or transceivers as an accessory.

Notch filters in the if amplifier chain of a
receiver are not a new idea. The popular Q
Multiplier could be made to function as
either a peaking or notching filter simply by
altering its feedback arrangement. However,
in the days when the Q multiplier first
became popular, the notch function was
generally overshadowed by the peaking func-
tion since it was desired to mainly improve
the selectivity of a receiver. As even less
expensive receivers tended to use better
selectivity devices, particularly crystal filters
which provided good shape factors, the Q

INPUT ;' I )I OUTPUT
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O
(Aa)

TO IF PLATE

b
-
; _T_ FINE
0033 rpansis- | # TUNE
A s00 TOR nr{ﬁﬂ
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imh
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multiplier decreased in popularity. The
bandwidth and steep skirts of the filters
reached an optimum point for SSB reception
and use of a peaking Q multiplier simply
introduced distortion in selectivity. It was at
this point that at least some operators
discovered the very useful and somewhat
forgotten notch function of a Q multiplier.
Although it was no longer possible to elim-
inate QRM on SSB by reducing the if
bandwidth in a receiver without severely
losing voice identity and intelligibility, it was
possible to eliminate narrow f{requency
bands where QRM was present without
affecting voice intelligibility to any great
degree. The situation is very similar to
various combined voice/teletype transmis-
sion systems where a 80 to 150 cycle slot is
placed in the 300 to 3000 cycle total
bandwidth for teletype transmission.

The usefulness of a notching device across

+ 9V

: 4

PART
1803-01-00111 455

r— * t-?-' I:;:z
T° $ 33 '

2N3564

47K
2N3693

Fig. 1. Bridged-T network (A) is basis of most notch filters. Q multiplier in notch function
uses network in feedback circuit. (C) varies notch frequency approximately *6 khz from 455

khz center frequency.
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the if bandwidth is indicated by the fact that
many of the better and more costly receivers
which already incorporate optimized if SSB
filters also incorporate notch filters, since it
is the only means left to eliminate QRM
without causing distortion. Notch filters
have been improved and simplified consider-
ably in recent years. They can be a very
useful accessory to add to a receiver or
transceiver which already has a good if filter.
They are a particularly appealing accessory
to add to a transceiver which is used on both
SSB and CW but which has only a SSB filter
since they provide that extra bit of QRM
rejection so necessary when a SSB trans-

ceiver is used on a crowded CW band.
This article surveys various notch filter

configurations used in amateur receivers.
The reader who wishes to should be able to
adopt the various circuits to his own needs.
The parts needed can all be purchased or
fabricated. In place of the-latter, some of the
more critical components might be available
direct from receiver manufacturers.

Basic Notch Circuits

Most notch filters are based upon the
Bridged-T network shown in Fig. 1(A). The
network is balanced at the frequency at
which it resonates and theoretically offers
infinite attenuation between input and out-
put terminals. At other frequencies, it 1s
unbalanced and these frequencies pass
through. The degree of attenuation at the
notch frequency depends, in practice, upon
the Q of the components used but can
approach as high as 60 db.

The old Q multiplier notching amplifier
(Fig. 1B) made use of a network In a
feedback arrangement in order to enhance

the Q of relatively simple components. At
the resonant frequency of the network a
high negative feedback occurs to the first
section of the 12Ax7. The feedback drops
its plate resistance to a very low value and,
in effect, at the one frequency it shunts the
if line to ground. It acts similarly to a
frequency selective switch. Although the
general tendency in notch filters has been to
eliminate the need for active networks by
using passive components of sufficiently
high Q, the single point connection of the
old Q multiplier circuit to the if circuit still
gives it an unique advantage.

Notch filters can be built for any if
frequency within the limits of achieving
frequency stable circuits. With care they can
probably be used up to frequencies of a few
megacycles, although most designs have been
made for frequencies below 1 megacycle.
Fig. 1(C) is a good example of a transistor-
ized notch filter design in a recent receiver
design.

Typical Circuits

Fig. 2 shows three notch filter circuits
which utilize only passive components. The
filters may be placed at almost anyplace in
the if chain but after the main selectivity
(crystal or mechanical filter). The loss they
introduce (at other than the selected notch
frequency) is usually low enough so that no
additional amplification need be provided as
compensation.

Fig. 2(A) shows a tightly coupled if
transformer used between the filter terminal.
Instead of the common point of the trans-
former going to ground, however, it 1is
coupled to the bridged-T network in shightly
modified form. The impedance transfer is

BIFILAR COIL
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Fig. 2. Most receivers now use notch filters having only passive components. Basic circuits
shown are from Davco DR-30 (A), Hammarlund HQ180 (B), and national HRO-500 (C).
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Fig. 3. Notch filter using a feedback amplifier to increase Q of series bridged-T network. Instead
of air variable capacitor, varactor diode can be used (B) controlled by potentiometer.

low except at the frequency to which the
filter is resonant. The sharpness of the notch
depends a great deal on the Q of the coil
used, which is. wound on a ferrite core.
Figs. 2(B) and 2(C) are similar circuits ex-
cept that they utilize bifilar wound coils to
achieve close coupling. The tuning capacitors
are chosen such that the notch frequency
can be varied several kilocycles either side of
the if center frequency. The resonant circuit
presents an impedance to the center of the
bifilar coil so that zero coupling occurs at
the notch frequency. The resistors provide a
resistive balance to the bridge network and
can be varied for notch depth (usually set at
maximum depth and left as a chassis adjust-
ment). The value of the bypass and coupling
capacitors at the input and output of each
network provide a proper impedance termin-
ation.

Fig. 3 shows two notch circuits which
have been used in Collins equipment. Only
the basic circuit features are shown. The
circuit of Fig. 3(A) is basically a simple Q
multiplier feedback arrangement as ex-
plained previously. The feedback circuit
from the output side of the bridged-T
network (which is in series with the if signal
flow) going to the grid of the second half of
the 12A x 7 enhances the circuit Q by a
factor of 2500. A mechanical arrangement
on the filter tuning capacitor shorts out the
380 ph coil when the capacitor is fully
rotated in one direction (for filter ‘“‘out™
control).

Fig. 3(B) shows a very nice use of a
varactor diode in a notch filter which can be
applied to other circuits as well. When the
100 K potentiometer is turned such that the
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switch is in its “off”” position, the IN950 is
forward-biased by the plus 150 volt supply.
Effectively, its low forward resistance shorts
out the notch filter. When the potentiometer
is turned “‘on’’ reverse bias is applied to the
IN950 and it functions as a capacity diode
to tune the notch filter frequency.

Summary

A notch filter can be one of the most
useful selectivity devices which can be added
and still improve the receiving ability of even
a good piece of equipment, especially a SSB
transceiver with no CW filter option. By
combining some of the ideas presented, it
should be possible to come up with a

solution for almost any situation. The use of
a varactor diode to remotely tune (by means

of a panel-mounted potentiometer) a filter
should alleviate any component location
problems.

A great deal of the effectiveness of the
filter depends upon the Q of the resonant
circuit used. The use of inexpensive tran-
sistor radio ferrite antennas (Miller 2000
series, for instance) solves many needs for
low-frequency if’s. Those having Q’s of 250
or less are suitable for use in circuits having a
feedback arrangement to enhance the Q.
Those having Q’s of 400 or more can be used
similarly or even alone in passive circuits
with moderate success. However, for com-
pletely passive circuits, it would be better to
use higher Q inductors. Such inductors can
be built using litz wire on such forms as
Indiana General Corp. ferramic cup-core
assemblies which can provide Q’s of 850 up
to 500 kc. For higher frequencies, ferramic
toroids can be used.

... W2EEY/]
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To take advantage of this free offer, simply fill in coupon
below selecting either Package ‘A’ or Package ‘B’ with one
or more pair of resonators and forward this entire page to
your favorite amateur supply house. Mail copy of sales slip
to New-Tronics and we will ship immediately, FREE of any
cost, the entire phasing harness to complete your installation.

User proved and tested—guaranteed performance over a
single antenna installation. More consistent communication
with virtually no fading or blind spots when changing direction
in travel. The only true advancement in mobile communica-
tionsin the last decade. Hurry—offer expires January 15, 1970.

PACKAGE ““A'"—Double-Talk mobile package (less resonators) for
deck or fender mounting as illustrated includes two famous Hustler
heavy duty, foldover masts, two stainless steel ball mounts, plus
FREE complete phasing harness . . . $38.50.

PACKAGE ‘‘B""—Double-Talk mobile package (less resonators) for
bumper mounting includes two famous Hustler heavy duty, foldover
masts, two bumper mounts with swivel balls, plus FREE complete
phasing harness . . . $36.90.

OFFER EXPIRES JANUARY15, 1970

| For DOUBLE-TALK Package ‘A’ [] or Package ‘B’

| plus cost of one or more resonators as checked

| below, | enclose $

l Name ] PR. 10 Meter
| Address ] PR. 15 Meter
W ] PR. 20 Meter
I =] PR. 40 Meter
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@USTLER) DOUBLE-TALK “sVstem
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are amazing!

Constant com-
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blind spots
when chang-
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in travel.

Turn the cor-
nerand you
could get lost
with a single
antenna.

STANDARD RESONATORS

1 PR. 10 Meter Resonators— $15.90
1 PR. 15 Meter Resonators— $17.90
1 PR. 20 Meter Resonators — $19.90
1 PR. 40 Meter Resonators — $23.90
1 PR. 75 Meter Resonators — $27.90
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Calibrate
That

Homebrew Dial

Glen Zook K9STH/5
818 Brentwood Lane
Richardson TX 75080

Whenever a new piece of homebrew gear is
finished, it is often necessary to give a degree
of reliability and resettability. However, the
necessary laboratory equipment is not avail-
able to the majority of amateurs. Thus,
makeshift methods are often attempted with
a makeshift result. Although a simple
method of achieving reliable calibration is
available, many amateurs are not aware of it,
or have forgotten how to use the method.

Older amateurs who are familiar with the
old HRO series of receivers and various older
pieces of test equipment will recognize the
technique that I am going to outline. What is
it? The use of a frequency versus logscale
graph. The older HRO receivers had such a
graph on each of the plug-in coil units.
Reading of frequency consisted of reading
the log scale on the receiver and referencing
this to the graph. Such techniques may be
used to create a graph for a piece of gear
that has been recently constructed. This
graph then can be used to accurately cali-
brate the final dial or retained for use with
the log scale per the old HRO’s. By the way,
this technique does not apply just to recei-
vers. It applies to any tuneable oscillator
using any combination of L-C arrangements
including permability tuned coils as well as
the conventional fixed inductance variable
capacitance oscillator tuned circuit.

The technique consists of using a series of
known points such as crystal frequency,
broadcast stations, etc. plotted on graph
paper. The plot then can be used to create a
dial with direct calibration points marked on
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Fig. 1. Dial with 0-100 log scale,

it. Of course the more known points, the
more accurate the final graph, but a small
number is better than none.

How to do it? First of all construct a dial
with some type of linear log scale on it. Such
things as protractors may be used. A pro-
tractor will give 360 equally spaced log
points on a circular dial. Or a 0-100 log scale
similar to Fig. 1 may be used. These types of
log scales apply to both circular or semi-
circular dials. A slide-rule dial is much easier
to achieve a log scale on. This is accomp-
lished by use of the simple ruler. Each
division on the ruler may be used as a log
point on the dial.

The next step consists of locating the
position of known frequency points on the
log scale. In the case of a receiver various
crystals, stations, etc. may be recorded. In

the case of a VFO, GDO, Signal Generator,
etc., it is necessary to use some type of

receiver which will receive the known fre-
quency and the output of the unit being
calibrated. All that must be done is to beat
the known frequency and the output of the
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unit until zero-beat. The log position on the
dial is recorded and the next frequency
checked. Don’t forget that harmonics can be
used. Their accuracy is usually quite suffi-
cient.

The third step consists of laying out the
frequency versus log-scale graph. Any form
of quadrilled paper may be used. The graph
paper appearing in the back of the log book
is fine (now you know what this is for!!!). I
prefer the K & E 358-12 8% inch x 11 inch
paper, but any type of paper should be
sufficient. First label the bottom of the
sheet in equal divisions with the log-scale in
use. Next label the vertical axis with the
frequency range. Make sure that the fre-
quency divisions are equal, e.g., 100 khz per
division, 1 mhz per division, etc.

The fourth step consists of plotting the
known points on this set of axis. For
example, if 7035 khz were at 79 on the
log-scale, it should be placed at the intersec-
tion of the lines from 7035 khz and 79 on
the respective chart axis. The remaining
points should also be plotted.

The fifth step is to connect these points
with a smooth curve that fits the points
plotted. A draftsman’s French Curve is best
for this. This instrument is available for less
than $1 from many sources. The sixth step is
the actual calibration of the final dial. The
usual points, e.g., every 10 khz, 100 khz,
etc., may be found by following the line
from that point of the vertical axis until it
crosses the curve. At the point where it
crosses the curve, the line coming from the
horizontal log-scale axis will give the correct
position of this frequency on the log scale of
the final dial. This can then be marked and
successive points laid out.

In the case of seldom used pieces of gear,
especially those using the inexpensive vernier
dials, the graph can be retained and the dial
not directly calibrated. In fact, this i1s about
the only way with the dials which have the
metal circular dial calibrated in a 0-100 log
scale. When a certain frequency 1s desired, it
is checked on the graph and set on the log
scale on the unit. In fact, this i1s the way that
the good old BC-221, LM, and other surplus

units work.
As an example of calibration, the actual

points used in the calibration of a home-
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Fig. 2. Graph showing plotted calibration
curve.

brew, all-band communications receiver used
at K9STH will be listed. For simplicity only
one band, the standard broadcast band, will
be listed.

First the following stations were logged at
the respective log positions on the dial:

Station Frequency Log Scale
WIND 560 khz 11.0
WMAQ 670 khz 30.0
WBBM 780 khz 42.0
WLS 890 khz 50.0
WSBT 960 khz 55.0
WHEFB 1060 khz 61.0
WI1JD 1160 khz 67.0
WOWO 1190 khz 69.0
WNIL 1290 khz 75.0
WIMS 1420 khz 82.0
WLOI 1540 khz 86.5

Next these positions were plotted on the
graph paper per Fig. 2. The points were then
connected with a smooth curve.

It will be noticed that a portion of the
graph appears to be a straight line. This is
what is referred to as the linear portion of
the graph. By using only this portion of the
tuning range, it is possible to achieve even
marks on a dial such as in the Collins
equipment, the new Heathkit equipment,
and other pieces of amateur radio gear.

The only thing remaining is the final
preparation and lettering of the dial. Some
homebrewers type the figures in, others use
decals or dry transfers; still others hand-
letter. This I leave to the discretion of the
individual amateur, for everyone has his own
pet method which is just as good as the next.

Good luck!
.« » KOSTH/S
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A Procedure for the Reception

of Slow Scan Color Pictures
Using Additive Synthests

Ralph E. Taggart, WAZ2EMC
1109K University Village
East Lansing, Michigan 48823

The subtractive synthesis approach out-
lined by Cohen and Tarr (to be published)
provides one method for producing slow-
scan color pictures. At the same time
these authors were experimenting with their
process, 1 was investigating the use of addi-
tive synthesis and was fortunate enough to
achieve results within a few days of their
pioneering effort. Since Cohen and Tarr
present an excellent analysis of both sub-
tractive and additive color theory, I am
confining this article to a simple description
of the methods employed in my own exper-
iments.

The camera used to produce the original
color recording is similar to the one des-
cribed by MacDonald (1965) except that it
employs a conventional vidicon instead of
the special slow scan type originally speci-
fied (Taggart 1968, Hutton 1969). Despite
the fact that the 6326 vidicon used has a
better spectral response than many other
types, it was still found to be rather difficult

A B C D E F G H

p ] ||~

L !

Fig. 1. Apparatus used at WA2EMC for final
color picture synthesis. A—Polaroid camera
with Polarcolor film. B-—close-up Ilens.
C—support frame for positive transparency.
D—straight pin. E—positive transparency.
F—ground glass screen to diffuse light,
G—lucite cell for appropriate filter solution.
H—tensor lamp. A and C should be mounted
rigidly in relationship to one another so
they do not shift between or during the
multiple exposures. The distance between

them will depend on the focal length of lens
B.

20

to get good color separation when direct
analysis was used. To bypass this problem, a
conventional 35mm camera with Plus-X film
was used in conjunction with the red, green
and blue primary color filters to produce
three color separation prints. One print
represented the color pattern as seen
through the red filter, another as seen
through the green filter, and the last as seen
through the blue filter. These black and
white photos were then used with the slow
scan camera to produce the analysis tape.
Approximately ten frames of each print
were recorded. The resulting tape now con-
tains all of the information required to
synthesize the picture and may be mailed,
sent via landline, or transmitted over the air.
The actual synthesis of the picture involves
several discrete steps:

(1) The tape is played back through the
monitor and a photograph is made of a red,
a green, and a blue frame. A 35mm camera
with Plus-X film is most convenient.

(2) The three negatives of the red, green,
and blue frames are then used to make
4” x 57 positive transparencies. If Polaroid
positive transparency film is available, these
positives may be made directly from the
monitor display.

(3) The positive transparencies are care-
fully superimposed and two pins thrust
through the negative stack at points along
the upper margin. These are the “key”
points which will be used to assure exact
registration of the finished image.

(4) The Polaroid camera is loaded with
Polacolor film and securely mounted in
relation to the negative frame (see Fig. 1).
The “red’ transparancy is then hung in place
on the frame using straight pins in the key
holes. The red filter is put in place and a
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single exposure is made on the film. Moving
neither camera nor film, the red trans-
parency and filter are removed and the green
substituted. If the same pinholes on the
frame are used to hang the green trans-

parency, exact superposition is assured. The
green exposure is then made and the entire
process repeated for the blue transparency

and filter.

(5) The Polacolor frame, now containing
a three color triple exposure is then pro-
cessed as directed. Small shifts in color
balance may be achieved by varying develop-
ment time — slightly short development
emphasizes reds, while developing slightly
longer then directed brings out the blues and
greens.

Using the above procedure, no effort
need be made to control the exposure time
for each of the color exposures since this is
done automatically by the camera electric
eye. Large shifts in color intensity may be
made by changing the density of the appro-
priate filter. I used the same filters for both
analysis and synthesis. The filters consisted
of lucite cells containing solutions of
ordinary household food colors. The use of
dye solutions allows ready manipulation of
filter density.

NOVEMBER 1969

Dept. H, 196-23 Jamaica Ave.,
Hollis, N.Y. 11423

All in all, the additive procedure provides
a flexible method of picture synthesis with a
minimum of darkroom equipment. The use
of Polacolor film in the final stage allows the
results to be seen i1mmediately and an
acceptable print is usually possible after only
a few test exposures. If Polaroid film is used
throughout, the total time from picture
readout to a finished color print can be as
little as a few minutes. This additive pro-
cedure and the subtractive synthesis of
Cohen and Tarr provide a relatively broad
base for further experimentation with this

interesting mode.
... WA2EMC
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A Remote VIO

Mohammed Rafiq Khan AP2MR
Village Pandik
Haripur Hazara, West Pakistan

for the HW32A4

If you have an HW32A trans

ceiver and wish to make a

versatile remote vfo for it with minimum expense, read on!

Some time ago | was fortunate enough
to acquire an HW32A transceiver. This was

my first introduction to SSB. The fre-
quency range of the transceiver was
changed so that the transceiver covered
14.10 to 14.25 mhz. After spending a
number of enjoyable months on SSB, it
was felt that a remote vfo for the
transceiver would be very desireable spec-
ially for working split-frequency into the
American phone band.

My friend, HB9TL, had already made
some changes in the HW32A for me, for
crystal-control of transmit frequency. But

AN

R74

- R203

RELAY o
c

T /77

RTS
R

RTE

M RT7

Fig. 1. Modifications to the circuit of

22

this mode of operation was not very
flexible and the receive and transmit
frequencies had to be close together.
Nevertheless the changes done by HB9TL
provided the ground-work.

After some experimentation the trans-
cetver circuit was changed as shown and an
external vfo was constructed as shown in
Fig. 2. The circuit of the external vfo is
straight-forward and as a matter of fact,
any stable (tube) vfo giving enough output
and being tuneable over 1.62 to 1.92 mhz
may be used.

A 9-pin socket should be installed on
the back apron of the transceiver and wired
up as shown in Fig. 1. Modifications are
shown i1n bold line. The changes in the
transceiver circuit board involve:

1. Interchanging the physical position of

R142 with C134.

2. Cutting of the printed circuit at a point
between C134 and R142. This can be
done with a sharp knife and care must

be taken not to damage the circuit
board.

FIL FILAMENT
2.6V COMMON

B A

NEW 9 PIN SOCKET
ON BACK APRON

the HW32A (shown in bold lines).
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Fig. 2. External vfo and.interconnecting cable,

3. Bridging the gap in the circuit board
between C134 and R142 with a 100 pf

mica condenser.
These changes are shown in Fig.3.

The 4 position switch in the remote vfo
provides the following modes of operation:
1. Receive on HW32A vfo and transmit on

remote vfo.

2. Transceive on remote vio.

3. Transceive on HW32A vio.
4. Receive on remote vfo and transmit on

HW32A vio.
The remote vfo has been tried out with

the HW32A with a frequency differential
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BEFORE MODIFICATIONS

AFTER MODIFICATIONS

Fig. 3. Circuit board modifications.

of 150 khz without any noticeabje degrad-
ation in the signal strength. Apart from the
flexibility of being able to work split
frequency or transceive, the remote vfo
makes it possible to use the whole band
from 14.00 to 14.35 mhz as against the
150 khz allowed by the HW32A.

It might be necessary to re-calibrate the
HW32A vfo by decreasing the vfo trimmer
(C1318) capacitance a little. Even if it is
not done, the capacitance introduced by
the remote vfo does not change the
calibration appreciably.

Unfortunately no photos of the inside
of the remote vfo can be given as it has
already been dismantled and is being
converted into a companion remote vfo for
the HW100, the new station rig. A photo
of the outside is given showing the
home-brew dial and the position of the
mode switch.

Operation of the
follows:

1) Mode switch in position 1.

a) While receiving approx. -50v, cut off

bias is applied through relay C and S1A

to the grid of the external vfo tube,
6AHG6, and at the same time the cut
off bias on the HW32A vfo tube,

6AU6, is removed through relay C and
S1B.

b) While

remote vfo is as

transmitting cut-off bias is
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applied to 6AU6 and the cut-off bias is
removed from 6AHG6.

Consequently the HW32A vfo deter-
mines the receiving frequency while the
external vfo determines the transmitting
frequency.

2) Mode switch in position 2.

Cut off bias is applied through the 50K

resistor and S1B directly from the -125v

line to the grid of 6AU6, while the
bottom end of the 6AH6 grid leak is
grounded through SI1A, and so the
remote vfo determines both receive and
transmit frequencies (remote transceive
operation).

3) Mode switch in position 3.

Cut off bias is now applied through the

SOK resistor and S1A directly from the

-125v line to the grid of 6 AH6 while

6AU6 oscillates for HW32A transceive

operation.
4) Mode switch in position 4.

a) While receiving cut-off bias is applied
through relay C and S1IB to 6AU6
grid and the external vfo (6AH6) is
operating.

b) While transmitting the cut-off bias is
applied to 6AH6 through relay C and
SIA and the HW32A vfo (6AU6) is
operating. That way HW32A vfo
takes over while transmitting and
external vfo while receiving.

From the above description it can be
seen that all switching is done by the
already existing vox relay of the HW32A.
No switching of the circuits carrying rf is
involved. The four position switch in the
remote vfo merely selects the mode of
operation,

. . . AP2MR

713 MAGAZINE



Clifford Klinert WB6BIH
520 Division Street
National City, CA 92050

Cheap and Simple for Six

Here is a six-meter converter that has
been designed for maximum simplicity and
low cost. It uses three vhf bipolar silicon
transistors in the common rf amplifier-
mixer-oscillator arrangement. Surplus
switching transistors were used to provide
low cost, but if parts are bought new,
transistors designed for use in FM broadcast
receivers can be used. If the parts are bought
new, it should be possible to build this
converter for $12 or $13. Since the crystal
makes up almost half of this price, a surplus
crystal can cut costs considerably.

The Circuit

50 mhz signals from J1 are coupled to the
base of Q1 by L1 in Fig. 1. D1 and D2 help
to prevent burnout of Q1 when the voltage
across L1 exceeds about 0.2 volts. Q1 is a
neutralized common emitter amplifier. The
10 pf capacitor from L2 to the base of QI

LI SOMHz

- £

and the 560 pf bypass on L2 provide
neutralization. These values are determined
by experimentation. L2 couples the collec-
tor of Q1 to the base of Q2, the mixer. Q3 is
a Peirce overtone oscillator which is also
coupled to the base of Q2 through Cx. The
50 mhz input signal and the 49 mhz oscil-
lator signal are mixed in the mixer to
produce the difference frequency of 1 mhz
in the output at J2. The rf choke in the
collector of Q2 is used to avoid using
another tuned circuit here. The gain is ample
without any effort to match impedances. If
a crystal other than 49 mhz is used, only L3
need be changed to provide for the different
output frequency.

Construction

Fig. 2 shows the printed circuit board
layout and parts placement. If you have
done a lot of PC board work, you will

Ol J2 I000KH2

RFC
2.5mh

"h
4 18K

49 MH:z

18K

Fig. 1. Six meter converter schematic. Refer to the text for unmarked components.
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Fig. 2. Printed circuit board and layout.
Refer to Fig. 1 and text for parts values.

probably want to use a printed circuit board
for your converter. Once the layout is
determined, making the board and soldering
the components is easy. However, the initial
cost of a good printed circuit board kit is
high, and would probably not be desired for
just one project. Perforated board is avail-
able if you decide not to use a printed
circuit board.

The next thing to worry about is winding
the coils. The wire is enamel covered and
about No. 21 in size. The coils are wound on
a pencil which is removed after winding. L1
is thirteen turns tapped at three and four
turns from the bottom. J1 connects at the
third turn from the bottom. L2 is ten turns
tapped at three and four turns from the
bottom. The fourth turn goes to the collec-
tor of Q1. L3 is nine turns.

Diodes D1 and D2 are I1N34A’s. Some
type of high speed switching diode would
probably be better, but the 1N34A was
available at the time. In the original version a
2N708 was used for Q1, and 2N917’s were
used for Q2 and Q3. They were randomly
selected from the junk box, but if transistors
are bought new, I suggest the 40242, 40243,
40244 series. The 2N3478, 2N4259,
2N706A, or almost any other vhf silicon
NPN transistor could also be used. The
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stable bias circuit will allow for changes in
transistor characteristics.

X1 is a 49 mhz overtone crystal. Other
crystals in the 40 to 50 mhz range were tried
with equal results. If the 49 mhz frequency
is used, output from the converter will be in
the AM broadcast band, making the con-
verter usable as a mobile receiver with a car
radio. Cx is the coupling capacitor from the
crystal to the mixer. It consists of two pieces
of hookup wire twisted together to form a
gimmick capacitor, and it is soldered on
under the printed circuit board. The wires
can be about one inch long.

The board is mounted in a 4 by 3 by 2
inch aluminum box. A shielded box is
recommended to help prevent if signals from
going through the converter directly to
receiver. The board is mounted with solder
lugs soldered to the grounded outer foil of
the PC board. The other end of the solder
lug is bolted to the side of the box. A total
of four solder lugs is used for this.

S1 is a d. p. d. t. slide switch. Any small
switch will work here so long as it will fit
into the box. If the switch were mounted
differently, or a different switch were used,
the cut out in the circuit board might not
have been necessary. The battery mounting
problem is the next segment of the construc-
tion. There almost wasn’t enough room for
the battery. The battery is of the standard
nine volt transistor radio type, and was
mounted with a small dab of glue on the
inside of the aluminum box. Battery holders
are available, but are expensive and take up
space. A connection between the battery
and the circuit board is still necessary,
however. For about 13 cents you can buy a
connector which will fit the battery. Be sure
you check the polarity of the leads coming
from the plug; the color of the leads is
sometimes confusing.

The last things to be mounted after the
board is in the box are the input and output
connectors. I used a phono jack for the
output and a BNC connector for the input.
These items happened to be available and
they fit well in the small space. After the
connectors are mounted it may be difficult
to get the board in and out.

Alignment
A grid dip meter is required for tuning
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the converter. First check for output from
the oscillator coil, L3 at the crystal fre-
quency. If output is not detected, the coils
can be tuned by a process called “knifing.”
The knife is made of a non-metallic tuning
wand or other kind of insulated shaft. A
small brass slug is attached to one end and
an iron ferrite slug is attached to the other
end. The brass slug can be obtained from a
brass bolt, and the iron slug can be removed
from a slug tuned coil form. When the brass
end is inserted in a coil the inductance of the
coil will decrease and the resonant frequency
will be higher. The iron slug will lower the
resonant frequency of the tuned circuit. By
using this method and watching the output,
you can determine whether the coil should
be compressed to lower the frequency, or
expanded to raise the frequency. Be sure to
use a weak signal for final tuning. The tuned
circuits should be close enough to the proper
frequency for the converter to work before
any tuning is done. The tuning should be
rather broad and noncritical.

Results

When used with a good receiver the
sensitivity of the converter is very good, and
the leakage from a Heathkit signal generator
with the output at zero almost pins the S
meter of the receiver. The main disadvantage
of using bipolar transistors is cross modula-
tion. A nearby FM broadcast station can be
heard at spots on the dial. There is also some
feedthrough into the converter if frequency.
In this case, however, six meter signals,
ignition noise, and power line noise have
usually been stronger than the spurious
signals. Changing the if output frequency by
changing the crystal frequency might relieve
the problem of BC feedthrough, but it is
mainly a problem of shielding the leads from
the receiver to the converter. Using an FET
for Q2 would improve the cross modulation
characteristics of the converter, but would
increase the cost.

This converter was built with the idea of
saving money. If you have a well stocked
junk box and an afternoon or two, it
shouldn’t cost more than a few dollars to
throw it together. Considering the cost and
the time spent on this project, 1 feel that it

has given more than adequate results.
... WB6BIH

NOVEMBER 1969

DX-ARRAY

NEW 20 ELEMENT
ANTENNAS

TN

142 db GAIN BENSNEY
o -..T"i"‘h‘l .ﬂ.NC‘LE

\WIA“GN
:"H.

SN LQ

B

2

h‘l

BROADBAMD
COVERAGE

s~

OPTIMUM FRONT LOBE

/i

B

i

[/

DIRECT 52 OHM FEED

GREATER
CAPTURE AREA

STACKABILITY

| ‘."‘
q\\ﬁ{ e S
— T —

FOR I e e
144 mhz 220 mhz 432 mhz

A breakthrough in VHF/UHF Amateur antennasl
The new Cush Craft DX-Arrays combine the best
yagi and colinear features into the World’s most
advanced amateur communication antennas.
Realizing that the antenna is the most important
part of your station, Cush Craft engineers have
devoted two years of intensive development and
testing to perfect DX-Array. DX-Arrays have al-
ready established new records in Dx-ing and moon-
bounce programs.

Whatever your interest may be, ragchewing, con-
tests, DX, or moonbounce, get in on the excitement
of VHF hamming today with DX-Array.

e

DX-120 — 144 mhz $29.50
DX-220 — 220 mhz 22.50
DX-420 — 432 mhz 17.50

See your local distributer or write for complete
specifications on these exciting new antennas from
the world’s leading manufacturer of UHF/VHF
Communication Antennas.

Uus 521 HAYWARD STREET
dl MANCHESTER, N.H. 03103

27




The Mismatched

Carl C. Drumeller, W5JJ
5824 N.W. 58th Street
Oklahoma City, Oklahoma 73122

rf Transmission Line

The matter of just how well a transmis-
sion line transfers power from a radio
transmitter to a load, when that load is not
matched to the transmission line, has been
debated for many years. Few people feel
certain that they know just what occurs. The
amazing part of it is that very few radio
amateurs have taken the trouble to set up a
carefully controlled experiment to deter-
mine empirically the facts of the situation.

To settle this question, I built a setup to
determine just what happens to radio
frequency power sent over an unmatched
transmission line. What I wanted to find out
from this experiment was what happens to
the power that leaves a transmitter and flows
along a transmission line to a load that was
not matched to that transmission line. How
much power actually reached the load? What
is the effect of this mismatched line on the
tank circuit of the transmitter? And what is
its effect upon the vacuum tube in the final
amplifier of the transmitter?

To determine just what happened, I first
built a source of 25 mhz power, carefully
designing it to minimize harmonic output. It
started out with an oscillator-tripler driving
an amplifier on 25 mhz; this was link-
coupled to another amplifier on 25 mhz.
The second amplifier had a pi network in its
output, which matched it to a 52-ohm
transmission line going to a tuned grid tank
circuit in the final amplifier. This final
amplifier was grid-neutralized so that
another pi network could be used in its
output circuit. It used a triode tube, an
Hk-254. 1 selected this tube because it is
designed to run a shade of red during normal
operation. Any overload will cause it to
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blush up to white-hot in a matter of seconds,
yet it can stand this overload for quite some
period of time. In other words, it is a very
rugged tube that can stand a heavy overload
yet still show visual evidence of even a slight
overload. To keep harmonic generation at a
minimum, only 1000 ohms of grid leak bias
was used. The remaining bias was taken from
an adjustable supply and was set for
operation in the Class AB, region. With a
harmonic-free source of 25 mhz power avail-

able, I was ready to conduct the experiment.
The first portion of this experiment was

with a 300-ohm open-wire transmission line.
I selected a length that was not a multiple of
quarter waves. The purpose of this, of
course, was to avoid introducing any
repetitive or inverting phenomena. To
measure 7/ power at the end of the 300-ohm
transmission line, I used a termination
consisting of two 150-ohm non-inductive
resistors and a O to 1 radio frequency
ammeter. (See Fig. 1 for the layout.) These

50 150
3 300 OHM LINE ®
3 A
300 OHM LINE 150
B A
150
8
[ oRAKE | po.g0 WATERS
] wa 334
A
DRAKE | RG-8/U { WATERS
] w4 334
\E

ADDITIONAL M/B SECTIONS ADDED HERE

Fig. 1. Layout of lines and meters for the
experiment.
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two resistors could either be connected in
series for a matched 300-ohm termination or
could be connected in parallel for a 4 to 1
mismatch (75 ohms). This mismatch, of
course, would result in a voltage standing
wave ratio of 4 to 1.

With this done, I took a series of readings.
First I loaded the transmitter to 165 watts
input (125 milliamperes at 1325 volts). With
the 300-ohm termination I measured 0.4275
A current which, by IR, indicated approxi-
mately 68 watts rf load. Note this was a
matched load. I made note of the color of
the plate of the HK-254. Next, I connected
the two 150-ohm resistors in parallel,
resulting in a 4 to 1 mismatch, and returned
and reloaded the transmitter to exactly the
same power input. Under this condition, I
measured the current as 0.96 a. This also
gave 68 watts rf power delivered to the load.
The HK-254 showed the same color as with
the matched load. The results show beyond
doubt that the actual radio frequency power
delivered to the termination is precisely the
same even though there is a mismatch of 4
to 1 (a voltage standing ratio of 4 to 1) on
an open-wire transmissiaon line!

After having demonstrated this to my
own satisfaction, I repeated the demon-
stration at a hamfest held at Lake Texoma
(between Oklahoma and Texas) in fall of
1968. This demonstration aroused consider-
able curiosity and also raised the question of
what would happen if one were using coaxial
transmission line. That suggested the next
segment of the experiment, which was
presented as a demonstration before the
Aeronautical Center Amateur Radio Club
early in 1969.

The second portion of the experiment,
involving a 52-ohm coaxial line, used a
Waters 52-ohm wattmeter as the termination
and a Drake rf forward and reflected power
meter to measure power and VSWR at the
transmitter’s output. (Fig. 1 shows the set
up.) Again I selected a length of transmission
line that was not a multiple of quarter
waves. In the initial tune up, I adjusted the
transmitter to deliver 80 watts to the load,
which required 150 ma plate current. This
80 watts was shown both by the Waters
wattmeter and by the Drake forward and
reflected power meter. (No reflected power,
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of course.) For the next portion of the
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