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never say die

Africa?

Dxing is insidious. Back last spring, when
I got on twenty meters, Europe was pouring
through all day long. After a few weeks of
this I was ready to go and I went. Now the
band is open to Africa every afternoon right
on into the evening. As I talk to more and
more African stations I find that the old mem-
ories of Jungle movies are coming back. About
thirty years ago they had a passel of them and
I used to sneak downtown after high school
to see them. And I read the Osa Johnson books
avidly. I'd polished off the Tarzan books some
five years earlier.

Now, as I find myself creaking well into
middle-age, 1 get to thinking how much fun
it would be to take a drive through Africa in
a Land-Rover or to perhaps shoot a lion. If
I'm going to do anything like this it has to be
pretty soon . . . while I can still do things

. and while Africa is still relatively unex-
plored.

Are there, perchance, among the readers,
any who are thinking along similar lines?
Would any of you be interested in driving
around Africa this coming summer . . . August
and September? We'd take along a ham sta-
tion, of course, and operate from as many rare
countries as possible. We'd work in a safari
and shoot a lion or so, and perhaps even a
leopard. It may not be long at all before a trip
like this will be impossible . . . any takers?
[t]] cost guite a bit, but it will be something
you'll never forget.

2

Too much hamming?

Impossible, you say? Well, I got to mulling
over how much time I've been putting in on
twenty meters recently and came to the con-
clusion that I was close to being hooked by
the DX bug and that I'd better ease off before
it was too late. I found myself turning on the
rig when 1 got up in the morning, again dur-
ing the 10 a.m. coffee break . . . then at lunch,
mid-afternoon, late afternoon . . . evening . . .
and then there was that marvelous DX on 80
meters from sundown until two or three.

With all that activity T haven’t missed much
that has been going on. Oh, T lost one or two
while I was away for a few days on trips here
and there, but that was about all.

Working 100 of what the League quaintly
calls countries during a two week blast back
in April got me started. It has been difficult
to stop. I am still finding a new one every day
or so. As this is written I am at 173 worked.
Probably the best bet is for me to keep at it
for 27 more and then “retire” at 200. Then I
can devote my energies to getting up to 100
on 80 meters, which should be a little more
difficult.

There are so many interesting and enjoy-
able things to do in amateur radio that I
really shouldn’t spend all my time on just one
aspect of it like this.

No, vou won't find me listed in QST in the
DXCC lists. My fun is in working them, not
in seeing my call is QST. It gets there all too
much already.

Possibly others will join me in my retire-
ment when QST stops printing the honor roll
each month and cuts back to twice a year. I
hope so. The DX ops would have a much bet-
ter time of it is they weren’t harassed by QSL
hunters.

FCC pronouncements

The Commission has announced that hence-
forth it will conduct operator examinations
semiannually in Las Vegas. Say . . . can we
cut double or nothing for the fee?

Time to fight?

The intruders in our amateur bands are get-
ting worse and worse. CW, RTTY, multiplex,
broadcast and other unidentifiables are grad-
ually pushing us right out of our bands. Our
feeble attempts to complain about this have
fallen on deaf ears and for every signal that is
eventually removed from our bands there
seems to be ten to take its place.

The worst offenses are on 40 meters, of
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i sets the
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CRANK-UP

TOWERS

TWO CATEGORIES TO CHOOSE FROM

Standard Duty Guyed in
Heights of 37 - 54 - 88 - 105
and 122 feet

Heavy Duty Self Supporting
and Guyed in Heights of

37 — 54 feet (55)

71 — 88 feet (guyed)

ROHN has these 6 IMPORTANT POINTS:

Ease of Operation—roller guides between sections assure
easy, safe, friction-free raising and lowering. Strength—
welded tubular steel sections overlap 3 feet at maxi-
mum height for extra sturdiness and strength. Unique
ROHN raising procedure raises all sections together—uni-
formly with an equal section overlap at all heights!
Versatility—designed to support the largest antennae
with complete safety and assurance at any height desired!
Simple Installation—install it yourself—use either flat
base or special tilting base (illustrated above) depend-
ing on your needs. Rated and Tested—entire line engi-
neered so you can get exactly the right size and properly
rated tower for your antenna. The ROHN line of towers
is complete. Zine Galvanized—hot dipped galvanizing a
standard—not an extra—with all ROHN towers! Prices
start at less than $100.

course, Here we not only have to contend
with foreign broadcast stations, but our own
umpteen kilowatted VOA are staked out every
few ke through a good part of the band as 1
reported in detail a couple months ago. Add
this to a few hundred 40-over nine RTTY sta-
tions and a few other services that have set-
tled in our happy hunting ground and you
have the bedlam that faces the 40 meter oper-
ator.

Or have you tried 80 recently. If you've
been off the band for a couple years I guar-
antee you won't even recognize the band to-
day. The 100 ke expansion of the phone band
from 3900 to 3800 (thanks NARC) has
largely been taken away from us again, this
time by commercial RTTY. And you should
hear the stuff the Canadian phones have to
brave between 3750 and 3800!

So, what should we do? Shall we just move
over and grumble about it? Should we send
in an intruder report to the FCC? Or can we
fight back with a little more backbone?

Vigilantes?

Obviously we are getting nowhere fast in
our present unorganized state. I'd like to see a
group on each of our ham bands which would
meet as a net and pinpoint these intruders.
Then 1 think that everv means within our
grasp should be used to force these stations
out of our amateur bands. Just a handful of
amateurs working together could, 1 believe,
clean our bands up in short order.

Vigilante net members should have a direc-
tion finder at the very least. RTTY equipment
will be needed to identify many of the sta-
tions. Some of the high speed CW can be
taped and identified. The FCC and ITU will
help locate the sources if we can get the call
letters. Then we can get the FCC and ITU to
pursue a complaint against the station with
the government involved. We can also make it
our business to use the intruder frequencies,
thus showing them that these channels are
indeed needed by the amateurs.

Wouldn’t it be nice if some of the fellows
who spend their amateur lives making things
as miserable as possible for the rest of us
could channel some of their energy toward

SEND FOR ROHN TOWER HANDBOOK e =
—$1.25 Value )
—ONLY $100 postpaid (special to readers

of this magazine). Nearest

source of supply sent on request. Repre-
sentatives world-wide to serve vou. Write

today to: T ' makmg tlﬁﬂgﬁ unpleasant for intruders. Down
= - | on 80 it is almost impossible to work a real

ROHN MﬂnUfﬂCfUrlng CO- DX phone station without a very loud CW
P. O. Box 2000 Pecria, illinois station calling a long halting CQ on the chan-

nel. That CW signal would raise hob with an
RTTY station.
For that matter I am sure that some of our
(Continued on page 120)

“"World's Largest EXCLUSIVE Manufacturer
of Towers; designers, engineers, and installers
of complete communication tower systems,”
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ALL NEW from NEW-TRONICS

SUPER

HUSFLER,

unbelievable mobile performance i

q

The Super Hustler has...
High Power Capability—Capable of maximum legal limit on SSB.

Widest Bandwidth — Better than ever ... maintains minimum
SWR over phone portion of 40, 20, 15, and 10, — 60 KC wide
at2to 1 SWR on 75 meters.

Low SWR —1.1 to 1 or better at resonance... no special match-
Ing required.

Proper Base Impedance — Nominal 52 ohms at resonance —no
magic lengths of feed line or matching devices required.

Low Frequency Drift — Frequency drift from heat held to abso-
lute minimum.

|
Here's 413 reasons for exceptional performance. |

Coil wire contains 413 individual conductors Iinsu-
lated from each other for top performance value.

See the new Super Hustler at your
distributor NOW . . . get the facts.

SWR chart and com-
parative information
supplied on request.

X vew-tRONICS
L L Original”

NEW-TRONICS CORP.

3455 Vega Avenue - Cleveland, Ohio 44113

v

......
L T
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An 8163

Paul Zukin W&60OVW

Linear

For 2000 watts PEP on 80 through 10

In recent years many designs for single side
band linear amplifiers have been offered the
amateur interested in constructing his own
equipment. This amplifier is neither original
nor unique but does have several features
which the author believes most desirable. A
pair of modern relatively inexpensive 8163
high mu triodes are used. They have a com-
bined plate dissipation of 800 watts and the
ability to handle 2000 watts PEP with ease.
The tubes are manufactured by Amperex and
are specifically designed for grounded grid
service. They need little cooling; a low velocity
air flow provided by a small fan is plenty.
This obviates the need for special sockets,
chimneys, blowers or an air tight chassis. The
elimination of these accessories permits a con-
siderable saving in cost, and allows a physi-
cally smaller unit and one which is much
quieter in operation.

This linear has been in service for the past
six months and has proved extremely reliable
and efficient. The total cost excluding high
voltage power supply was under $150. It has

6

replaced an amplifier using vacuum variable
capacitors and relays and a 3-1000Z tube cost-
ing more than twice as much and nearly three
times as large. The larger amplifier required
considerable more drive but put out 5% less
power with the same voltage and current in-
put.

The circuit is standard. A band switching
L network is used in the input to provide an
optimum match for the exciter and to reduce
intermodulation distortion. The filament choke
is home made. A rotor coil was used as the in-
ductor in the pi network but a band switching
arrangement would serve as well. The counter
dial is a readily obtained item on the surplus
market. A surplus antenna relay operating on
110 volts de was chosen since my 32S-1 pro-
vides 285 volts when the exciter is operative.
This voltage is easily dropped to 100 volts
with a 20 watt, 12,000 ohm series resistor. An
alternative antenna relay system may be sub-
stituted for other exciters.

Since the high voltage supply is remote
from the amplifier, interconnecting cables are

73 MAGAZINE



required. A touch plate relay has been em-
ployed to switch the primary off and on. This
bargain ($4) is a standard item used in low
voltage house wiring circuitry. It features a
built-in 24 volt dc source and will switch 20
imps ac without difficulty. The advantage in
its use is that control of primary switching is
by three small wires carrying only low current
24 volt dc rather than a large cable carrving
the entire primary power. Information regard-
ing these relays may be obtained from any
wholesale electric supplier.

The meter circuit monitors grid current,
plate current, relative output (by means of a
rectified sample of the rf and plate voltage.
A 1 ma meter movement forms the basic unit
with the necessary shunts and series resistors
switched to perform the desired functions.
The meter is shielded from rf. The author’s
power supply uses a 60 second time delay
relay in series with the relay activating the
primary of the high voltage transformer and
the meter illumination pilot turns on automati-
cally when the time relay closes. The details
of the high voltage supply have been omitted
since the amateur radio handbooks describe
several excellent circuits.

Top view of the 8163
linear amplifier. Note the
small blower in the right
corner. |he massive an-
odes of the Amperex
8163 explain why more
cooling isn‘t required.

The small size of the amplifier actually per-
mits its construction in many of the enclosures
used for commercial exciters and transceivers.
The amplifier described here is housed in a
cabinet obtainer from Master Mobile, Inc. and
measures 7 x 13 x 13 inches and harmonizes
well with the S line.

A few notes regarding construction detail
may be of value. All the coils in the input cir-
cuit are wound on % inch slug tuned National
XR-50 forms. The capacitors are 1000 v silver
micas and the input circuitry is housed in a
4 x 4 x 2 inch aluminum case with small coax
connectors for leads in and out. The tube
sockets are Johnson “Giant 5 Pin.” In ground-
ing pins 2, 3 and 4 it is advisable to use %
inch copper strap keeping the leads as short
as possible. The components in the rf sampling
circuit must be shielded and may be conven-
iently mounted in an old can with the sensitiv-
ity control coming through the top hole.

The relay circuit emploved automatically
bvpasses the amplifier with S:; in the oft posi-
tion. With S: in the on position output from
the exciter feeds into the amplifier (instead
of the antenna) and the output of the ampli-
fier goes to the antenna. The extra set of con-
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Fig. 1. Qchemutlc of the linear amplifier
for BD 10 using Amperex 8163's.

tracts on the relay are used to short out a
50,000 ohm resistor in series with the center
tap of the filament transformer. In “receive”
condition this resistor provides self bias for the
tubes and they draw no current. In “transmit”
shorting out this resistor permits the tubes to
operate normally, A 25 ohm resistor is used
between the chassis (ground) and the high
voltage negative lead, keeping the meter es-
sentially at ground potential. The meter shunts
used wiil have to be chosen for the internal
resistance of the meler movement. For the
sake of simplicity both grid and plate current
are measured on a 0 to 1 amp scale and the
high voltage on a 0 to 10,000 volt scale. The

F

A view of the amplifier out of its case.

a’}ﬂ * *POWER SOURCE
FOR RYl 15

®— .006 CONTROLLED BY
BKV ) RYI EXCITER
' i l 1

RELAY GND

+ 2500
HY SUPPLY

meter used in the author’s unit is particularly
nice since all shunts are external and the
translucent scales chosen simply slide behind
a plastic compartment protecting the pointer.

The tune-up procedure should be well
known to all amateurs and needs no explana-
tion here. Adjusting the input network is
simple. Feed a small amount of power from
the exciter to the amplifier with the filament
voltage on and the high voltage off, and with
an swr bridge connected between the exciter
and the amplifier. The slugs are tuned to pro-
vide a minimum of reflected power. In prac-
tice a 1 to 1 ratio is not difficult to obtain on
bands. W60VW

Component List

1 Johnson, 154-9

Fi1 Cooling Fan, Lafavette AYFA-403

L1 5T %" copper tubing, 1'4", 3* long

[2 18 microhenry. Johnson 2201202

A 0-1 ma meter unit with 0-1 amp scale, (Phaostron Prestige
1)

RFC1 28 double turns, number 10 Formvar or Nvclad close-
wound on 4 inch diameter 7% inch long ferrite rod (La-
fayette Radio, NYC MS-333)

Ri, & meter shunts for O to 1 amp full scale with 0 to 1 Ma
movement.

RFCz s 14" copper strapping wound to form 3 turns, 1"
diameter, 1%2" long, around 3 220 ohm 2 watt carbon re-
sistors in parallel.

RFCs B and W WS00

RY:r DPDT antenna changeover relay with extra set of con-
tacts. ( Hiway Electronics, 114 Venice Blvd., Los Angeles,
Calilornia)

S1 2 pole 6 position (5 used) ceramic rotary switch (Centra-
lab, PA-2003).

S¢ 2 pole 4 position rotary

S3 SPST toggle

T Thordarson 21F33
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owners of SBE, SB2-LA linears have money in the bank . ..

¥ ’ (This 1000-watt p.e.p

input beauty costs only

G AL _ 24.95 cents-per-watt, half

Sl 1 the cost of other 1 KW

<t Pt . p.e.p. linear amplifiers.)

N
'l-. 1
wives of owners of SBE linears are often pleased . ..

-a--c s | = S = | : = § ] .
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(at the small equipment size and uncluttered appearance . . particularly
so this winter when the OM moves the shack into her nice living room.)

and car
., (Very comforting when
rear trunks are 4 you take your KW
- mobiling along with a
IJI'ECtICEH}’ lot of luggage.)
empty

249.50 buys you about 10 db worth of power gain in an exceptionally small, convenient
package, 5% high, 11%” wide and 11%" deep— and this includes A.C. power supply.

SB-2LA linear amplifier matches SB-34 in appear- power supply is all-solid-state. Linear operates at
ance, operates perfectly with it but will boost the low plate voltage (800V), high plate current. Easier
output of any SSB exciter to a full KW. Drive: 60 on capacitors, rectifiers and power transformers.
watts or more depending upon amplifier output, Safer under environmental extremes. Built-in an-
passive grid input for resistive load to driver. tenna relays (2). Internal blocking bias.

4 bands: 80-40-20-15. Pi-network. Band switching. SB-3-DCP inverter is available for 12V DC opera-
Uses 6, parallel-connected 6JE6's. Built-in AC  tion, Suggested price: 249.50

Write for new 4-page brochure describing SBE line.

RAYTHEON COMPANY
213 E. Grand Ayenue, So. San Francisco, California S4080

Export sales: Raytheon International Sales & Services, Lexington 73, Massachusetts U.S.A,
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Ron Gunn WAG6KLL

358 Albatross Ave.
Livermore, California

And Then There’'s Phasing SSB

Home brew phasing type generation of SSB
signals has numerous advantages over filtering.
First, the frequency is determined by the
builder, not the manufacturer of some filter.
Second, it is cheaper to build. Third, sidebands
are selectable without changing carrier oscil-
lator frequency. The method seems limited by
a combination of apparent complexity and in-
convenience in using. This article will attempt
to explain the complex in simple terms as this
is all the writer understands about it.

It is inconvenient when the generator op-
erates on the output frequency and must be
retuned completely to QSY. Modern practice,
however, is to generate the SSB signal on some
fixed frequency and then mix with a VFO sig-
nal to get to the ham bands. 9 mc has grown
to be an accepted frequency for this sideband
generator to operate on. When mixed with a
5 me VFO the difference frequency is on 75
meters and the sum is on 20. Two meters is
available by mixing the 137 mc from a string
of multipliers with the exciter output and so
on.

This article is different from the many ex-
cellent articles in the literature in that the pur-
pose is to explain those things about building
and operating these phasing rigs that recent

articles have left out. Nothing new is con-
tained here, but some of the simple things have
not appeared in print for years as they are
“well known”. A person without a good refer-
ence library is therefore left out.

Fig. 1 shows a more or less typical 9 mc
phasing exciter built using a Barker and Wil-
liamson audio phase shift network (B & W
350-2Q4). In principle this and other phasing
exciters have three parts: The audio processing
section, the rf phasing section and the bal-
anced modulator. In the sample schematic this
takes three tubes and a regulator.

The basic idea is to get two audio signals
that differ from one another by 90°, and to
combine these signals in a pair of balanced
modulators connected to a common rf output
transformer tuned to the rf (carrier) frequency.
The result is a single sideband suppressed
carrier output which is then mixed to get to
the desired frequency and amplified to obtain
the desired output power.

Audio circuits

The circuit shown is that recommended by
B & W. Others tried have not worked as well.
The purpose here is to split a single audio

LN

3

B
Hi

1N

TIO
00 BALANCED

BALANCE RF PHASE OUTPUT

N‘N\%_’

X

.

o

DOl
ol &

SIDEBAND

; IK D05 g;'

00
g; CARRIER BAL.

Fig. 1. Typical phasing transmitter. This is the schematic of the transmitter described in this article,
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input into two separate outputs differing in
phase by 90°. These two outputs are as indi-
vidual as the two channels of a good stereo
system. B & W rates their unit at 90° *+=1.5°
over the audio range of 300 to 3000 cycles per
second. The 500 ohm AUDIO PHASING pot
across the input to the network will end up
adjusted off center by a ratio of 5 to 7. Don’t
worry, this is the way it is designed to operate.
The two outputs must not only differ in phase
by 90° but must be equal in amplitude for
proper unwanted sideband cancellation. The
500 ohm BALANCE pot in the cathode cir-
cuits of the audio section output amplifiers is
provided to set this, and need be touched up
only occasionally as the components age.
Design of the preamp driving the phasing
network must take into account the frequency
range of the network. The high turns ratio of
the transformer into the network is intentional
and tends to shunt frequencies above the
communications range. This turns ratio is 10:1
for an impedance ratio of 100:1. Smaller

Front view of the phasing
SSB exciter. The audio
balance control is on the
rear. Note that mic gain
is a screwdriver adjusted
control.
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Fig. 2. Balanced modulator as used in this exciter.

coupling capacitors and cathode bypasses tend
to hold down the lows. The low pass filter
network in the secondary of T1 insures that
there is adequate rejection of the higher fre-
quencies which will show up as chatter on the
unwanted sideband if allowed into the phasing
network.,

The effect of excessive lows will be in-
creased difficulty in tuning your signal at the
receiving end, because most energy below

300 cps will appear in both sidebands. The
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effect of excessive highs will be a chatter 3
ke and more away from vour carrier fre-
quency on the unwanted sideband side. These
are design, not tuning problems.

~ To sum it up, the output of the audio sec-
tion consists of two individual audio outputs
which are confined in range to the upper and
lower limits of the phasing network and which
are quite precisely 90° out of phase with each
other and equal in amplitude. We can call
them A and B and will pick them up later.

RF circuits

An electron-coupled, crystal controlled car-
rier oscillator at 9 mc is used as the rf source.
T10 is tuned to the output frequency of this
oscillator. T11 also tunes to the same frequen-
cy and is driven by T10. The oscillations in
the two tuned circuits are 90° out of phase
when properly tuned. The amplitudes of these
oscillations should be fairly equal. Large in-
equality between these two outputs as meas-

L ix S s e
| ialatmmr e B g e
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ured at the swinger of the CARRIER BAL-
ANCE pots will show up in the form of less
unwanted sideband cancellation (suppression).
Adjustment of this amplitude may be accom-
plished by varying the distance between the
two coils or by installing a small capacitance
(gimmick) between the two.

Tuning adjustment for TIl (and inciden-
tally T10) should be readily accessible to the
operator (not a screwdriver adjust function)
as T11 will have to be touched up if the un-
wanted sideband cancellation seems to be
drifting up. The Q of these transformers should
be about that obtained by using 70 pf to tune
the inductors to the required 9 mec.

Wiring from the rf transformers thru the
output should be symmetrical. Balance be-
comes more difficult when there is, for in-
stance, more capacity from one set of diodes
to ground than the other. The link output on
T12 must be on the center of the coil. and it
must present a balanced load. Otherwise,
carrier balance will be impossible and, in

Top view showing parts
layout. 9 mc tune is the
adjustment for the out-
put control.
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Side view of the exciter
showing parts layout. The
audio section is nearest.
Note the output trans-
former on the right.

short, it won’t work.

The two outputs from the rf phase trans-
formers are obtained by winding a couple of
turns of hookup wire around the cold or
grounded end of the coils. The audio outputs
A and B are connected to one end of these
links while the other end goes to the swingers
of the CARRIER BALANCE pots. The .001
bypass in each audio circuit should be installed
right at the rf link if the wire run is long. The
swinger of each pot ends up with pure audio
and pure rf signals on it, unmixed. Mixing
takes place in the balanced modulator.

Balanced modulator

The two CARRIER BALANCE pots are
carbon as they must pass rf. The amplitude of
the rf signal should be at least three times the
audio. This rf signal is used to switch the mix-
ing diodes on and off while the audio signal
determines the maximum value to which the
mixed signal can go. The rf must therefore be
much greater than the peak of the audio.

Many types of signal diodes can be used,
though all should be selected for compatability
if practical. This consists of checking the for-
ward resistance of a number of units and
taking the four that are most alike.

Looking at Fig. 2 now, let’s imagine that
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the tuned circuit on the right is set at 9 mec.
When a positive cycle is generated, it goes
thru the upper diode and pulses the tuned
circuit, driving point U positive, A half cycle
later, point U is negative and point L. has be-
come positive. At this same time the source
is applying a negative cycle thru the lower
diode, also to point L. The positive and nega-
tive at point L cancel, and there is no out-
put. This is true as long as the upper and
lower diodes are conducting the same, any
small variations being compensated for by the
CARRIER BALANCE pot.

When audio appears, it tends to turn one
of the modulator diodes on while turning the
other one off. This allows unequal positive
and negative cycles thru to the tuned circuit
and they do not cancel, thus producing an out-
put whose amplitude varies at an audio rate
while superimposed on a radio frequency sig-
nal, This output is not distinguishable from a
set of sidebands with no carrier. When two of
these are properly phased in relation to one
another and are connected to a common rf
transformer, one sideband adds while the other
neatly cancels out.

Note that each of the two balanced modu-
lators produces both upper and lower sideband
output while removing the carrier. The actual
elimination of one of these sidebands is done

13




Bottom view. The terminal strip on the upper left is for all power connections to the rig.

by cancellation in the tuned circuit to which
both are connected.

The 500 ph choke connected to the center
of T12 is an absolute necessity. An attempt
to build a simple SSB rig from a schematic
where this choke was omitted resulted in a
frustrating week spent seeking the answer.
This choke is the return path for the audio
signal fed into the balanced modulator, but
must hold the whole tuned circuit away from
RF ground or the very important 180° differ-
ence across the circuit will not be maintained.

Tuning up

Once the SSB exciter is tuned up and oper-
ating into a mixer stage there is no need to do
more than touch it up occasionally. It will be
desirable to null the CARRIER BALANCE
pots as in any kind of SSB exciter, but the
only other attention it will need is an occasion-
al check of the unwanted sideband rejection.
Start by injecting a 2 ke signal into the MIC
input. Tune the tone in with a sharp receiver
on the unselected sideband and null it out
with the RF PHASE and AUDIO PHASING
controls. Switch sidebands a couple of times,
nulling the unwanted sideband each time, and

14

the job is complete.

A little bonus here for those who are not
too familiar with phasing rigs and have read
this far: S1 is the sideband reversing switch.
To go from one sideband to the other in a
phasing rig it is necessary only to reverse one
of the two audio outputs. This question is in
practically every FCC Technician and General
Class exam issued.

An oscilloscope is very handy when one of
these rigs is being tuned up for the first time
though with patience it can be done like the
touch up in the next to last paragraph. For
the complete tune up: put a 2 ke sine wave
tone into the MIC input and advance the
GAIN control a little. Referring to Fig. 1, con-
nect the horizontal and vertical inputs of the
scope on audio output A. Adjust the gain on
both inputs for a perfectly diagonal line (same
number of divisions across as up). Now put the
horizontal on the other audio output B. Adjust
AUDIO PHASE and BALANCE to get as
good a circle as is possible. Advance the MIC
GAIN until the circle is as large as practical
before it distorts. Remove the tone. Talk into
the rig with the microphone that will be used.
Adjust the MIC GAIN so that the hash on the
screen is not larger than the circle that was

73 MAGAZINE



there. Do not operate with more MIC GAIN
than this as all kinds of distortion can result.
Instead, look for power gain elsewhere.

Now turn on the 9 mc oscillator. Put the
antenna lead from a selective receiver near the
output of the rig as a sensitive output meter.
Tweak the capacitor in the oscillator grid for
maximum out. Tune T10 and T12 for max out.
Tune T11 to as close to resonance as is possi-
ble at this time. Go back and forth adjusting
the CARRIER BALANCE pots for minimum
output until a null is obtained. Unbalance one
of the pots and make sure T10 and T12 are
at maximum, then renull.

Introduce the 2 ke tone, being careful not
to overdrive the audio system as mentioned
before. Using the selective receiver, find the
weakest sideband (if there is one). Flip it from
upper to lower (using S1) to check. When the
weakest is found, tune on it and adjust the
AUDIO PHASING, BALANCE and RF
PHASE (T11) to null it out. Be careful to go
from upper to lower and back repeatedly, al-
ways nulling the unwanted sideband, until
either is at full null when selected by the side-
band selector switch S1. The rig is now on
SSB, only one of the tones being present at any
given time.

It is possible to null out one sideband, say
the lower, without having the upper nulled out
when sideband selector switch S1 is flipped.
This is why it is necessary to go to the trouble
of going from one sideband to the other to get
a genuine switchable null. Both sidebands have
the same carrier oscillator frequency and, once
adjusted, are selectable at will using S1.

The exciter shown in the photos was built
from the typical schematic (just to be sure)
and works FB. The intention here has been to
foster understanding of these rigs. Since many
excellent construction articles exist there seems
to be little need for more specific information
of that type.

The following bibliography contains a few
construction articles for those interested, plus

the sources from which this article was lifted.
. . . WAGBKLL

Photographs by Alan Pemberton WAGSLEU

1. “SSB Jr.,”” G E Ham News, November 1950.

2. Radio Amateur’s Handbook, ARRL.

3. Orr W6SAI Radio Handbook, Sixteenth Ed.

4. “Cheap & Easy SSB,” March 1956 QST or ARRL Mobile
Manual 3rd Ed. 1962.

5. “Another Phasing Type Exciter,” September 1962 QST.

6. “A Mobile Phasing Transmitter,” CQ Mobile Manual 2nd
Ed. 1956.

7. “A Simple SSB Exciter,” October 1961 CQ (remember choke
on I 12 1).
8. “Diode Modulators,”
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Ralph Roanhaus
780 Forest Loop Drive
Port Hueneme, California

Better Selectivity for
Your Transceiver

Use a crystal filter for better CW performance

The recent trend towards transceivers in
amateur communication equipment has given
the owner a very fine piece of equipment for
either mobile or fixed SSB work. It has, how-
ever, also given him a very inadequate re-
ceiver when he desires to use the unit for
fixed station CW work; the 3 ke selectivity
characteristic being far to broad for good
code communications. It would seem that a
narrow passband for CW would be a very
desirable feature to have built in, but, since
it almost universally is not, some external unit
to accomplish this is very much in order.

Over the past year numerous, and in some
cases quite effective, devices have been de-
signed to improve the overall selectivity of
such receivers, Usually however they suffer
from the common deficiency of insufficient
skirt selectivity which leaves the receiver open
to strong adjacent channel interference and,
since “adjacent channel” usually means six or
seven signals, this can and does wash out many
contacts which would otherwise be com-
pleted. The device to be described here im-
proves this skirt selectivity and when used
with an outboard audio filter such as de-
scribed in the July 1962 issue of 73 does just
about all that is possible to do to insure good

contacts under the present conditions.

A glance at the schematic (Fig. 1) shows
the unit to be an outboard 455 ke, two sec-
tion, half lattice crystal filter with a product
detector and an audio amplifier. A small
built-in power supply furnishes the unit with
heater and plate voltages, however, it might
be possible in some cases to extract these volt-
ages from your receiver as the requirements
are not large.

The selectivity curve for this amplifier
(Fig. 2) is approximately 200 cycles wide at
the —6 db point and fans out to approxi-
mately 700 cycles at the —30 db point. The
overall width of the response curve for a filter
such as this can be changed by the proper
choice of crystal sets. Crystals spaced farther
apart in frequency will broaden out the top
of the curve and still leave the skirt charac-
teristics substantially the same. Careful align-
ment of a filter of this type is necessary, es-
pecially so when you use wide spaced crystals,
otherwise you will have a response something
like that of Fig. 3—the chances are this is
what you will get when you finish your first
rough alignment anyway. You can however,
by carefully setting the rf generator to the
center frequency between the two crystals,
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Fig. 1. Schematic of the outboard crystal filter CW adapter for SSB transceivers.
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TEST EQUIPMENT USED

HEWLETT PACKARD
606A RF GENERATOR

HEWLETT PACKARD
524C HI-FREQ. COUNTER

TEKTRONICS
54SA SCOPE 10

CURVE STRAIGHT-SIDED .8
T0-30 db, FLARING OUT ¥

GRADUALLY BELOW =
-30 db (SEE TEXT) pei
=
-zn .
-29
-30
500 250 O 250 %0

BANDPASS IN CYZLES

Fig. 2. Response curve for two section filter using
crystals for channels 41 and 321.

fill in the center dip as you bring the if trans-
formers into resonance, and increase the gain
at that frequency. In case you do use wider
spaced crystals you probably will need to
stagger tune the if transformers to get a flat
top to the response curve. This is no problem
at all if you happen to have a sweep genera-
tor and not a very difficult one with only a 1t
generator and an output voltmeter.

Just in case vou do have a sweep generator
and happen to be a perfectionist you can also
improve the skirt selectivity in the —30 to
—50 db range by carefully balancing the ca-
pacity between the two halves of your lattice
filter. The flaring out of the otherwise quite
straight sided response characteristic is largely
caused by capacity unbalance. An improve-
ment in the skirt selectivity can also be ob-
tained by the addition of more crystal sec-
tions. This complicates the alignment how-
ever, so is not particularly recommended un-
less a sweep generator is available.

The coupling from the receiver to the unit
can be accomplished in several ways. The
method shown in Fig. 4 uses a small (10 pf)
coupling condenser connected to the last if
stage of the receiver, right at the point where
it enters the detector stage. This will detune
the last if transformer a little and will require
a small adjustment of it's slug, but this can
be left until last when it is easily accomplished
by watching the S meter of your receiver.
Just in case you do not wish to solder any-
thing in vour new receiver it is possible to
get enough signal to operate the unit by sim-
ply making a few tight wraps of insulated
wire around the lead coming from the last if
can instead of installing the condenser. Five
or six turns should be sufficient but put on
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more than that if possible. The if voltage from
this coupling capacity is then brought out,
preferably through a small BNC or an RCA
jack on the rear of the chassis, to a short piece
of co-ax going to the input of the outboard
unit. Keep this co-ax lead as short as possible
to avoid undue losses and the detuning of the
if coils at each end.

The input if transformer used (Fig. 1) is
one of the 4.5 mc type tuned, in this case, to
the receiver’s if of 3 mc. In case the receiver
vou have uses an if of a different frequency
this transformer must match what you have
of course. With the loading effect of the co-ax
the input of this 4.5 mc transformer should
resonate at the desired 3 mc with no trouble,
if not it may then be necessary to shunt the
input coil with a small condenser of 10 to 20
pf, a little cut and try may be necessary here
as your co-ax lead length has a definite influ-
ence. The output coil of this transformer will
require a small shunting condenser to bring
it down to the 3 mc frequency also—again
some cut and try may be necessary.

The first converter uses a 6BE6 tube in a
standard mixer circuit with the oscillator oper-
ating on a frequency of 2545 ke, which, when
beating with the incoming frequency of 3 mc,
gives the proper if frequency for the unit. In
case you have a different if frequency which
will require a different oscillator frequency,
care must be exercised to insure that the os-
cillator will not have harmonics which fall
inside the ham bands. These can be picked
up by the receiver and can be very annoying.

The output transformer for the 6BEG6 is a
standard 455 ke job with the secondary split
by two 100 pf condensers. In the remote case
that this secondary cannot be brought into
resonance it will be necessary to change the

500 250 ) 250 500
BANDPASS IN CYCLES

Fig. 3. Typical untuned response curve for two sec-
tion filter,
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value of these two condensers slightly. This
probably will not be necessary however.

The four crystals are rather common on
the surplus market and are obtainable for a
very modest price. They come in FT241 type
holders and are marked in channel numbers.
The ones used for this filter are marked chan-
nel 41 and 321 (two each) which are for the
narrow passband.

The second if transformer between the two
crystal filters is identical with the first. Here
again it may be necessary to pad the windings
with a small condenser of 20 to 30 pf on the
input and perhaps larger than the specified
100 ptf on the output. This is not a difficult
job as you can see as vou tune up the coils
that you can’t quite reach resonance with the
slug and you can also see with a trouble
which way you must go to reach resonance.

The second 6BE6 is a product detector
which is an excellent detector for CW as well
as SSB. The oscillator section of this tube
beats with the 455 ke signal to form the beat
note for CW and the carrier insertion for
SSB (it's understood that you must use a
wider passband for SSB than the one de-
scribed here of course). The tuning condenser
is used to select either upper or lower side-
band and can also be used for fine tuning of
SSB. To adjust this oscillator simply set the
condenser half wav in and adjust the coil slug
for zero beat with the 455 ke signal, the two
sidebands, upper and lower, will then be on
one side or the other of this zero beat.

The output of this stage then goes through
a small filter to take out the rf and on through
a gain control into the 6C4 amplifier stage.
The output of this stage can be reinserted into
the receiver’s audio syvstem or amplified by a
power stage of af and used directly with it’s
own speaker. In the case of this unit it is am-
plified by the 6C4 and used only with head-
fones.

Probably the best way to “tune up” the unit
is to set a rf signal generator to 455 ke and
insert a fairly strong signal into the grid (G2)

nf the pmduct dEtE‘Ltm (the secnnd GBEG)
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Top view of the outboard CW adapter.
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Fig. 4. Connecting the adapter to a transceiver.

then tune up the BFO and check your audio
circuits. If these operate properly, go back to
the input of the second if transformer (T2)
and, after inserting the two following crystals,
tune up the if transformer. You can then set
your oscillator to the exact center frequency
between the two crystals and touch up your
BFO coil slug. Now move the generator back
to the input grid (G2) of the first 6BE6 and,
after disabling the oscillator section by short-
ing the coil T5 and inserting the remaining
two crystals, tune up the first if transformer.
For the last adjustment retune the generator
to the receiver’s if and insert this into the in-
put of the unit and adjust the conversion os-
cillator to the proper frequency to give the
455 ke beat. Don't forget to remove the short
from T5.

Now if you have installed the input if trans-
former T4 tune it up and vou are finished ex-
cept that vou probably will need to touch up
the slug in T5 when you tune in a signal with
vour receiver in order to get it right on fre-
quency. All these adjustments sound difficult
but can be accomplished with a simple rf gen-
erator and a reasonable good ac voltmeter.

The unit is built in a 5 by 9% inch alumi-
num chassis with the input and output jacks
on the rear apron. The two controls on the
front are the audio gain. which also has the
power ON-OFF switch and the bfo oscillator
condenser. This condenser, as called out on
the parts list is a 35 pf job which might be a
little larger than you will like—making the
adjustment a little critical—so vou may, if you
wish, reduce its value a small amount and
increase C7TB by a like amount. No special
care or skill is required to build or ﬂ{hmt this
unit, anvone who has done any receiver work
at all should encounter no difficulty—it is even
possible to align the unit using nothing but a
signal generator and vour ear, optimum per-
formance would be an accident in that case
however.
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One or two general comments—care must
be taken with the first conversion oscillator
construction. If this oscillator drifts, your con-
verted frequency will drift right through the
narrow filter passhand. In this case when vou
first turn the unit on there will be no output,
then as the drift builds up the output will in-
crease to a maximum and then go back to
zero as the oscillator drifts the frequency on
by. It depends, of course, on just where in the
drift time you originally set up the tuning,
but in any event a drift can play hob with
your results. The oscillator could well be crys-
tal controlled but vou probably will need to
spot the crystal yourself so if vou like to grind
crystals to spot frequencies by all means try it.

The only reason for the first if transformer
in the unit is to isolate the conversion oscil-
lator from the receiver, as any oscillator volt-
age getting back into the receiver’s avc cir-
cuits will give a constant S meter reading
with no signal input. The isolation of the
6BE6 is quite good however, so if you wish
to cut corners you probably could omit this
transformer with small consequences. It might
be well to leave a blank spot on the chassis
and first try the unit with the input running
directly into G2 of the first 6BE6 then, it it
turns out to be necessary vou can go ahead
and mount the transformer.

The performance of an outboard if and de-
tection unit such as this will make a world of
difference when try'ng to use a transceiver
with a 3 ke passband for CW communication
or, for that matter, with any of the cheaper
receivers which could use a little better selec-
tivity.

In case you are one who takes your ham
work at all seriously it will certainly pay you
to construct a unit such as this. You should
have no serious problems getting it to operate
and it really makes a lot of difference when
vou need that extra selectivity—and when
don’t vou? As stated earlier, when you use
this unit with an audio filter vou have just
about done all that the home builder can do
to solve the interference problem. Besides
that, building things like this is fun—try it.

. . Roanhaus

Parts List
C4. 47 pi negative coefficient capacitor. Sprague 10TCU-
NT750-0047.
C7A. 35 pf variable.
C7B. 120 pf silver mica.
(C20-23. 100 pf mica.
T1, T2. 455 kc if transformers.
T3. 750-1400 ph ri coil. Miller 4413
T4. 4.5 mc if transformer.
T5. 30-69 pgh ri coil. Miller 4408.
T6. Power transformer with 130 volt secondary.
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Norm Gignac K1QIM/2
wick Stanis WB2CEE
Navy Recruiting Station
P.O. Building

Albany, N.Y.

Put your old preselector to work again

A Crystal Controlled

Have you taken a look lately at that ‘once-
prized” broadband pre-amplifier you had such
high hopes for. . . . You had hoped it would
make your receiver ‘hottern’-a-firecracker,” but
it turned out that you found your receiver was
too ‘broadband’ to handle the added rf with the
pre-selector hooked in . . . you had hoped that
it would help vou pull in the ‘DX on the
higher frequencies, but it only makes the noise
as well as the signals louder. How would you
like to put it back in operation? . . . and with-
out too much difficulty? . . . and with little
expense’

This unit to be described here came into
existence when it was realized that my own
DB-22A, HF 10-20 and DB-23 pre-amplifiers
were sitting under the bench . . . and that I
had a sizeable investment in this equipment
which was going to ‘waste.” I'd like to add
here that the Crystall-controlled front end de-
scribed in this article will work equally well
with the old-timer DB-22, the R-9er and the
Amecco P-CL pre-selectors . . . (pre-selectors
and pre-amplifiers meaning the same thing in
the text of this article).

So, if you'd like to put into use some of
those fine, but very little used pre-selectors,
read on. If voure only interested in knowing
how it's done . . . that in itself is worth the
time to read the article. 1'll say this much
about the unit described here . . . it perks up
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Front End

the stability of the low-to-medium priced re-
ceivers . . . and it's a good way to start copying
CW like voud like to.

Circuit principle

The function for the erystal-controlled front-
end (CCFE) rig is basically an rf oscillator,
feeding a mixer (hetrodyning all signals down
to the 3.5—4.0 mc range), then through a
cathode-follower stage to the front end of the
receiver.

What it does for the Receiver

[t is a known fact, that the stability of the
low-cost and medium-priced receivers is ‘best’
on 80 and 75 meters . . . and is usually “pretty
good’ on 40 meters, but when you tune 20 m
and especially 15 and 10 m, the stability and
sensitivity of the receiver drops off in leaps
and bounds. This little gem will make vour
receiver think all signals, be they on 20, 15
or 10, are really 3.500 ke to 4,000 ke signals
. . . this is the principle of the ‘tuned if’ cir-
cuitry. Therefore, you could say the crystal-
controlled front-end takes all signals and
heterodynes them ‘down’ to the range of your
80-75 meter-band on the receiver dial. Why
the pre-selector, vou ask? You need the pre-
selector to build up the rt signal coming from
the antenna, to a level which would put the
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band-selected CCFE into action . . . and too,
the pre-selector tends to keep the strength of
the signal, although broadband through the
pre-selector, at an even keel . . . the preselector
acts as the ‘tuning’ element of the signal,

How do you do it?

Set the pre-selector for the strongest signal,
by tuning in the normal fashion. Switch the
proper crystal stage into play on the CCFE . ..
and tune the signals on the receiver’s 80-75
meter band. Therefore, if the preselector were
tuned for 15 m CW, and the crystal-controlled
front-end crystal was switched to the ‘15’
meter position, the receiver would effectively
be receiving 80-75 meter signals . . . e.g. Pre-
selector at 21.100 m, CCFE switched to ‘15
(with the 17,500 kc crystal in place within the
socket), the oscillator, (6AB4), mixer (6AHB6),
and amplifier (6AB4) would introduce a “3.600
me signal to the rf amplifier (or if there is no
such stage, to the mixer of the receiver).

The signals entering the receiver’s rf ampli-
fier stage (at the antenna input) are stable,
selective, and strengthened rf notes which have
been through pre-selection, heterodyning and
slightly re-amplified. You will find the receiver
is operating with greater effectiveness as you
“bandspread” your signals across the band.
There are no further adjustments to make to
the CCFE; there may need minor re-tuning of
the pre-selector tuning knob should you swing
from, say the low end to the top end of the

+105 63V

Fig. 1. Schematic of the CCFE.

FEBRUARY 1966

band. In most cases, the RME Pre-Selectors
are fairly broadband, and depending on the
‘built-in’ selectivity of your receiver, may or
may not require much attention, other than to
make initial band selection and placing the
tuning knob in the general portion of the band
which you desire to operate.

Construction hints

As the schematic, Fig. 1 depicts, the layout
is fairly simple and normal construction pre-
cautions should be observed. Leads are not
critical, but as with any component connected
with 1f oscillations and amplification, as well
as mixing, the tradition of keeping the leads
short is recommended . . . especially those
leads from the crystal sockets to the band-
switch. Current carryving leads should be lead
along the chassis and the signal carrying wir-
ing should be traced about %” above chassis.

Coil L1 is a CTC 1 me coil with 180 turns
removed. Any other coil that will tune to 3.75
me (the center of the band) will do very well.

The photo shows a general scheme for com-
ponent layout. The cable uses an octal plug
which leads to the receiver's power source
feeding the filaments, B+ and common ground
and the rf source from the pre-selector. The
shaft and crystal-selection switch are left ex-
tremely long in this case, because it allows the
constructor to place the unit inside the re-
ceiver in an appropriately suited location and
with either an extension shaft, or as is (depend-
ing on location within the receiver) the shaft
affords the extension needed to come through
the front panel of the receiver (after drilling or
punching the appropriate size hole and placing
a dial plate behind the knob to indicate the
band/crystal selected. If it is desired to leave
the unit outside the receiver, the shaft may
be hacksawed down to size and would work
equally as well . this arrangement is a
matter of personal choice.

Adjustment is simple. Apply power and tune
coils L2 through L5 in sequence for maximum
output consistent with reliable starting. A
diode detector or dip meter may be used for
this. Then peak L1 and youre in business.
Nothing more to do, youre receiving.

... WB2CEE, K1QIM/2

COIL. TABLE
L1. Tunes to 3.75 mec. CTC 1 mc coil with 180 turns removed.

L2. Tunes to 10.5 mc. Miller 4407, 15 to 31 ph,
L.3. Tunes to 17.5 mc. Miller 4405, 3 to 7 ph.
L4. Tunes to 24.5 mc. Miller 4404, 1.5 to 3.2 puh.
L5. Tunes to 25 mc. Miller 4404.

All coils have variable iron cores
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Ken Sessions K6MVH
4861 Ramona Place
Ontario, California

Drawing by K3SUK

The Key to Peaceful Coexistence

Between 6 meters and channel 2

Probably the most important task a 6-meter
man will encounter is that of convincing irate
neighbors that channel 2 interference is due
to inadequacies in his TV set.

When faced with a TVI problem, the ama-
teur must convey a considerable amount of
information to his neighbor in a fairly short
time. For this communication to be effective
(and understood), the facts must be pre-
sented in an orderly, logical sequence. The
usual setting for ham-neighbor TVI confer-
ences is not an ideal one for cooperative oral
exchange. The relationship between the two
individuals is strained at best. The neighbor
is bothered by the fact that his program has
already been disrupted to the point where he
finds it necessary to make an appeal (or a
demand) to the ham to knock it off. And the
amateur knows that within minutes the band
may be closing and his DX for the evening
will be over.

I have noticed a certain clumsiness in my
own oral explanations to neighbors. I skip
over important details and neglect thorough
explanations of the TV receiver’s problems.
Consequently, disturbed televiewers have de-
parted without satisfaction, only partially un-
derstanding the situation.

It was such a lack of effective communica-
tion that prompted me to write a letter ex-
plaining my side of the story. The results have
been so successful that I feel others might
benefit from adopting the same practice.

After writing the letter, I distributed copies
to all my close neighbors. Two days later, four
high-pass filters were installed in the area,
eliminating four TVI problems. When others
in adjacent neighborhoods came to complain,
I simply gave them a copy of the letter, allow-
ing them to read it on the spot if they desired.

Its nice to be an accepted part of the
neighborhood again. We actually get friendly
visits from even those ‘hard’ cases now. And
I don’t get that queasy feeling in my stomach
anymore when I crank up the kw on 50.5 in
the evening.
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Here is the letter, for those who might want
to copy it for their own use:

To my neighbor:

The purpose of this letter is to assist me in
determining the extent of television interfer-
ence occurring in this neighborhood from my
amateur radio transmitting equipment. With
your cooperation, all such interference can be
removed and your television viewing need
never be disturbed.

If you are experiencing serious television in-
terference (TVI), you can help me to deter-
mine the best method of eliminating the prob-
lem.

The radio frequency spectrum has been al-
located to commercial broadcasters, private in-
dustry, special institutions, and amateur op-
erators. Although this spectrum is crowded,
there is room for all. The Federal Communi-
cations Commission has assigned me an ama-
teur operator license (K6MVH) and a se-
lected range of frequencies in which to
operate. To obtain my license, I was required
to pass a very rigid examination to prove my
technical ability and knowledge of radio the-
ory. I am not authorized to transmit on fre-
quencies assigned to television stations. The
FCC has taken great pains to assure that I do
not.

The fact that I can be heard on a television
receiver does not indicate that I am transmit-
ting illegally. It is usually an indication that
a television receiver lacks the selectivity re-
quired to reject signals near the frequency of
the TV channel. The type of TVI you have
can help me to determine the cause and to
help you effect a cure.

I operate on frequencies between 50 and 51
megacycles, as directed by the FCC. Chan-
nel 2 covers a 6-megacycle spread from 54 to
60 megacycles. Thus, interference in your re-
ception of channel 2 is a definite indication of
an inadequacy—although by no means incur-
able—in the television receiver.

Channel 2 interference is the most common
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type of TVI a 50-megacycle amateur experi-
ences. No amount of filtering or regulation at
the amateur transmitter can reduce this type
of interference because it is a receiver prob-
lem and the cure can only be effected at the
TV set. The degree of interference will deter-
mine the prevention measures.

If the picture is affected seriously, or re-
placed by a series of horizontal bars that vary
with the sound of the amateur station’s signal,
the problem is serious enough to warrant in-
stallation of a simple high-pass filter in the
television antenna line. This will remove all
channe] 2 interference in 95% of the cases. (A
high-pass filter costs a minimum of 75¢ and
not more than $4.00. The price depends upon
the degree of filtering required.) High-pass
filters are easily installed in minutes. While
the FCC has cautioned me against installing
filters for neighbors, I will gladly guide you in
such installation.

A letter to the FCC will quickly bring vou
assurance that the installation of filters in TV
sets experiencing channel 2 interference is not
the responsibility of the amateur but a joint
responsibility of the set owner and the TV
manufacturer. (TV manufacturers are now re-
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quired to furnish such filters on request for
sets manufactured after 1961. This is in recog-
nition of the cause of the fault: the lack ‘ﬂf
rejection selectivity in TV receivers.) To in-
stall a filter. the 300-ohm antenna wire must
be cut between the TV tuner and the TV set’s
antenna terminals. The “antenna terminal”
side of the cut wire connects to one side of
the filter: the “tuner” side connects to the
other. This finishes the operation.

I can furnish soldering equipment, wire cut-
ters, screwdrivers, and technical advice. T will
also recommend the type of filter you need
and the place where the filters may be ob-
tained.

Another type of TVI attributable to the
television receiver’s inadequacies is the pickup
of an amateur’s audio signal although the pic-
ture may be undisturbed. This type of inter-
ference is not restricted to a particular chan-
nel, and frequently occurs in hi-fi and stereo
systems, radios, and fm receivers. Generally,
the cure is very simple—but again, it can only
be accomplished at the place where the inter-
ference occurs. The principal sources of sig-
nal pickup are the ac line and speaker wires.
First, make sure your amplifier is well
grounded to a good earth ground (such as a
cold water pipe). If this doesn’t do it, the ac
line must be bypassed to the amplifier chassis.
This is merely a matter of soldering a .0I-
microfarad capacitor from each of the 110-
volt wires to the chassis at the ac input to the
amplifier.

If the interference is on channel 11 or 13,
the problem may be attributable to harmonic
radiation. If this occurs, I can help it at my
transmitter by installing a low-pass filter in
my own transmitting antenna line or by taking
more extreme measures in shielding. This will
not affect channel 2 interference.

Whatever the interference or cause, I want
to cooperate with you. There is no reason why
you can’t enjoy your evening hours with tele-
vision while T indulge my chosen hobby. Ham
radio and TV reception are compatible, but
only through reasonable interference precau-
tions cooperatively administered. My wife is
probably more critical than any neighbor, and
she enjoys color TV nightly, watching anv
channel without interference. I eliminated
problems at my own set by installation of a
75¢ filter.

My name is Ken Sessions. I operate a 6-
meter amateur radio station at 4861 Ramona
Place. Please feel free to stop by at any time
for any reason. We can just get acquainted.
discuss TVI, or talk about the world crisis.

The coffee pot is always on.
. . . KEMVH
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Breadboard of the if am-
plifier in Fig. 2.

James Ashe W2DXH
R.D. 1
Freeville, N.Y.

Breadboarding

Do you breadboard everything you build?
Maybe I should have asked, do you bread-
board anything you build? 1 suppose bread-
boarding each circuit would be too much, but
it seems to me that in general most ama-
teur electronics builders do not do as much
breadboarding as they should.

I think T ought to mention for the beginners
that the term “breadboard” stems from the
days when real, actual breadboards, obtained
sometimes from the kitchen, were used for
building circuits. In a way that seems like a
long time ago, but as recently as the late
thirties people were still writing up projects
built on breadboards. In fact, I remember
seeing such projects in the now defunct elec-
tronics sections of Popular Mechanics and
Popular Science after WW2!

But enough of that. Why do you bread-
board? What is breadboarding, if circuits are
no longer built on pieces of wood? And how
about stray capacitances, and having the cir-
cuits right out in the open? What about shock
hazards? These are some of the questions vou
might ask about breadboarding.

I might begin answering them by giving
an example. Fig. 1 is a schematic of a crystal-
coupled if circuit, copied out of an amateur
publication. This isn't the entire if section. It

24

is a single basic circuit unit,

Now let's look at this in a hardheaded,
skeptical sort of way, like the farmer who saw
a purple cow. The first thing to do is to de-
cide on a plausible explanation of how it
works. I'll skip over that point since it will do
vou good to work it out for vourself and I'm
aiming for a different target anyway, The
next thing to do is to decide on reasonable
values of voltage and current. This is a very
good exercise because these operating values
are rarely given, and are useful in dealing
with a circuit that doesn’t work. Besides, it
helps clear up some residual doubts about
how the circuit works. Now when we look at
this schematic we see some interesting things.

Namely, if the supply voltage is 150 volts
and the rated class A (from tube handbook)
circuit is going down through the tube, then
the drop across the load resistor puts the
anode voltage at minus 700 volts. We must
conclude that the tube is carrying far less
than its rated current. Is the resistor ten
times too big? This could happen as a result
of a misplaced decimal point. If it were 4700
instead of 47.000 ohms, at ten ma, there
might be about 50 volts across the resistor an!
100 wvolts across the tube, This certainly
seems better.
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Secondly, how about those 2200 ohm re-
sistors at cathode and anode of the phase
splitter? This triode has the same ratings as
the other one. Again, 10 ma thru 2200 ohms
gives 22 volts. This drop in each resistor leaves
100 volts for the tube. But wait! How about
the grid voltage? If the grid is at ground and
the cathode at plus 22 volts, this particular
tube is cut off, carrying no current at all.
Obviously this triode, also, is carrying a cur-
rent far different from the handbook listing,
unless we can find another possible error.
What might it be? Well, anode and cathode
resistors have to be equal, and they can’t be
too large, and the grid-cathode voltage has to
suit the anode voltage and current. There’s
only one way to do it. We have to bring the
grid voltage above ground.

If the 10 ma is flowing, and the cathode is
at plus 22 volts, the grid has to be at a little
lower voltage than that. About one volt should
do it. Current to a positive grid? No, not when
the grid is negative with respect to the cath-
ode. We want the grid to be at about 20 or
21 volts—the cathode will follow it by the
required amount positive because of the fairly
large cathode resistor. If we add a resistor—
it might have been left out of the drawing—
just large enough to pass enough current
through the grid-to-ground resistor to bring
the grid to the required voltage, it should
work.

That would account for it—one incorrect
parts value, and a copying error. We might
want to change a 47k to a 4.7k resistor and
add a 560k resistor.

Now before we go off and celebrate, there
is another possibility to consider. Somebody
built this circuit and if worked. But we have
just decided it can’t work, or at least that it
can't work very well. How are we going to
resolve this? But a good idea to have an an-
swer before going to the time and expense of
building the finished product, wouldn’t it?

This is where the breadboard comes in. The
old practice of building things on bread-
boards was gradually transmitted to the proc-
ess of trying things out on breadboards. But
what with the natural shapes of components,
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Fig. 1. Original schematic of a crystal-coupled if
amplifier. This circuit has ¢ number of problems
as discussed in the text.
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the convenience of working on a metal sheet,
and the fact that chassis seemed to be more
available than breadboards, the metal type
breadboard came into use. It is still called
breadboarding, but I have seen and adopted

the term “universal chassis.”
So let’s suppose you have a universal

chassis handy (I'll come back to this later,
meanwhile see the photograph). You have a
heater voltage transformer and a power supply
providing a few reasonable voltages such as
75, 90, 108, 150, and 258, stabilized by volt-
age regulator tubes, also some instruments
and a clear place to work.

So. Those voltage regulator tubes I men-
tioned. If vou use a series dropping resistor,
or a tapped resistor, to get the correct voltage,
every time the current changes the voltage
will change too. Also, while these regulator
tubes are not very accurate, they may be bet-
ter than your meter. And the current the sim-
ple breadboard circuits use will rarely exceed
the capabilities of a single tube to regulate—
20 ma or so.

Now we can start breadboarding the circuit.
Look at the universal chassis again. This is
the circuit T am writing about, after bread-
boarding. There are a lot of parts aren’t there?
This is what the permanent ones do: The
posts at the corners enable vou to set the
chassis with any surface down and expect it
to stay that way while you work on it. Supply
voltages are brought in through the tip jacks
in the chassis, left hand end. Signal voltages
go in where required, sometimes through a
jack in the front of the chassis, often to a
wire projecting out of the circuit, or through
a jack in one of the posts. There are some
clearly identifiable ground jacks for circuit
and particularly and most emphatically for
safety reasons. When making connections the
ground is made first; when removing wires
the ground goes, definitely, last.

The holes across the front of the chassis are
for controls. Additional holes are drilled if and
where needed. Transformers are mounted by
one end or corner, and we try to get along
without meters and such in the chassis. In nor-
mal usage the tubes or transistors project
downwards, out of the way of the work.

Fig. 2. Revised schematic of the if amplifier.




We work mostly on the upper, flat surface.
You can see the tube sockets projecting up-
wards, some miscellaneous wiring, and two
sets of three wires each across the chassis.
These wires are the supply lines, permanently
connected to labeled jacks at the end of the
chassis. I labeled the jacks plus-plus, plus,
chassis, minus, heater, and heater. The plus-
plus and plus lines go across the side of the
chassis away from you, with the center one
being well connected to the chassis. One of
the three on the side toward you is also con-
nected to the chassis, the other two being a
minus and a no-connection. Two lug strips
mounted inside the chassis carry the heater
voltage, and I run wires for this as needed.
When stripping the chassis, I leave the heater
wiring in because it rarely needs to be
changed.

Now we have things pretty well explained
and are ready to start. Having collected the
parts we start putting them in. There are two
extremes here which you would like to get
fairly in between. You aren’t trying to build
an electronic masterpiece, but on the other
hand if things don’t go well you might be
working on it for quite a while. I try to put
parts in neatly with enough room around
each one for another and without putting too
many into networks floating in the sky (ha!).
But I don’t let this interfere with getting the
circuit finished so I can answer my questions.

So now the thing is put together. I connect
it to the power supply—ground lead first! And
I turn on the heater voltage only. One min-
ute later I turn on the high voltage and if 1
have any idea that a particular component
might be expected to sizzle, I'm watching it.
(smoke test) Usually everything goes well
and we are ready to make measurements,

This brings us to a Major Problem. That is,
how can you get the most from your time?
Which measurement will supply the best an-
swers? If the measurement doesnt tell you
anything, you are wasting your time. And the
only way to avoid this is to have some idea
a) what you should find and b) why you
might not find it.

With this in mind we approach the bread-
board—which has passed its smoke test—with
a good voltmeter, Measurements verify our
conclusions about the tube currents being
small. But what is the circuit gain? It seems
to be about unity! At this point we need to
stop and think very clearly because rf meas-
urements tend to be hard to make with sim-
ple gear. Now the bigger the signal we put in,
the bigger the output will be, and both will
be easier to measure than very small signals.
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But if we put in too large a signal, we will
upset the tube biasing, spoiling our results.

Back to the tube manual. The 6BK7 entry
doesn’t show any plate characteristics but it
does say 18 ma per section thru 56 ohms
cathode resistor, which will yield a grid to
cathode bias of slightly over 1 volt. That means
the absolute maximum rf signal on the grid
ought not to exceed 2 volts peak to peak. At
best we would like to have a signal a tenth
of this amplitude, peak to peak. Lets settle
for about half. The frequency of the signal is
determined by the crystal we are using—let’s
say we have a 6.9 me crystal in the socket.

You must make these measurements with
something that won’t disturb the circuit too
much, and a proper rf probe attached to a
vacuum tube voltmeter is one way to do it
Another good tool is a Tektronix scope and
probe—then you can compare input and out-
put to check for non-linearity. Or go to a lower
frequency and use a Heathkit oscilloscope.
The important thing is to have an instrument
—something that will at least suggest to you
what’s happening in the circuit.

Well. Now the circuit is assembled—I won't
say built because we want to have it around
the least possible amount of time. It has
passed its smoke test, a gain check shows that
something is getting through. We start to
measure voltages. The grid of the first triode
is negativel The cathode voltage indicates a
current of 2.2 ma is flowing, and the anode
voltage is about 36 volts. Now why is the
grid negative. . . . Having reasoned that out,
we see about the gain. With a transconduct-
ance of 9300 micromhos we would expect a
fairly high gain—we get a result something
like 4! Seems we could use more current. So
in goes a smaller anode resistor and we see
the gain increase, but as we continue in this
line we find that the gain does not get up to
the figures we might think possible. Well, we
won’t worry about that—come back to it later.

After disconnecting the signal source we
go on to see what the second stage bias volt-
ages are. Well, here’s the cathode at 3.4 volts
and the anode at 139 volts. That is 135 out of
150 volts across the tube. Seems like there
should be more across the resistors. Also the
grid voltage is going to tend to overshoot the
cathode voltage if the signal is large enough.
That’s another thing to keep in mind.

Taking a signal voltage measurement at the
grid of the second triode, we reduce the gen-
erator voltage until we have the same voltage
out that we formerly had in—a volt or less,
depending on our instruments. This is to avoid
overloading the second stage.
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Reconnecting the signal generator we make
a gain measurement. The gain, expected to
be near unity, turns out much poorer than
that. Since the tube current is small, it seems
that a good move is to increase it. Adding a
560k resistor from plus 150 to the grid brings
up the current—mow the output signal is better.

Why didn't we start at the second stage
and work backwards? In an audio amplifier
this would be a good idea, since we could use
the finished part to operate a loudspeaker,
and we could listen to the results. But this
circuit is an rf circuit containing a quite ac-
tive tube and a crystal whose properties near
resonance are very, very abrupt. This way we
can put the signal into the relatively tame
first stage and if there is anv reaction from
the second stage back to the first( there is),
the circuit will be seeing this in the way most
similar to normal operation when finished.

A measurement now shows that there is a
much larger signal at the second stage anode
than at the cathode. How can this be? The
same current is passing through both 2200
ohm resistors, there simply has to be the same
signal voltage at both points. But these meas-
urements show otherwise. . . . Ha! This is a
reactive circuit. We have different reactances
at anode and cathode though the resistances
are the same. The reactance is probably ca-
pacitive, and there is more of it at the cathode
than at the anode—we should probably add a
trimmer, anode to ground. We'll come back to
that—we go on to the output and think about
the 100 pf capacitor which is taking the place
of the next triode’s input characteristics.
What’s the reactance of that capacitor at 6.9
mc? About 200 ohms. Then why use a great
big grid resistor of 100k? The phase splitter
should be able to drive a heavy load. Let’s
put in a smaller mne and see what happens.
47k . . - 18k;, %k ... 2.2k ... how long
can this go on? Flnnﬂ}r we stop at 470 but
this obvinusly is not the end of the line. The
output is down a little, just enough to detect
the change. Having gotten some results in
this line, we put it off till later.

The sharp tuning is beginning to be a pain

. well, let’s solder in the anode to ground
capacitor and see what happens to the gain.
Why, it appears that the gain increases as the
anode capacitance is increased! The more

capacitance from anode to ground, the higher

the gain! An the anode and cathode signal
voltages are nearly aqual. Now that’s an in-
teresting result, and a useful one too. The
schematic now looks like Fig. 2.

At this point the apparent circuit gain has
increased from about one to around five, the
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tuning seems to be sharper, and we feel like
stopping. I did some things that aren’t listed
here, mostly checks to get the clearer idea of
what was happening. The greatest problem is
the signal generator which tunes too fast.
Let’s see, if I had another universal chassis, 1
could put together a simple circuit with a
cathode follower into a gain control, with
good bandspread, about a mil of plate current
. . . let’s see now. . . . And I leave the subject
at this point. It isn’t finished. That bandspread
signal generator will be needed, and we ought
to look into the actual characteristics of that
diode pump probe at these frequencies (mine
is off to half at 200 mv PP input, reads 0.8
times input at 4 volts PP, etc.) and we should
read up on some vacuum tube and rf meas-
urements theory before trying again.

So that’s an example of the application of
the universal chassis to breadboarding a sin-
gle circuit. Can you see how much better this
is than wrestling with a semifinished product?
A good hard look at any circuit can pay big
dividends. But human nature and other prob-
lems being what they are, the hard look is
likelv to be deferred if vou can’t do it fairly
easily and efficiently—hence the universal
chassis and its associated power supplies.

That seems to introduce the idea quite
thoroughlv. T think that only one or two points
remain. The first is circuit capacitances, to
chassis, and to other wiring. Now how large
are those capacitances, really? Are they very
large compared to the other capacitances you
put in yourself? In general, they are not. And
in cases where they are vou can try to mini-
mize them. or at least allow for their effect.

The other point is safety. Those high volt-
ages, out in the open. Anybody who works
with high voltages is going to get bitten. But
the frequency with which this happens can
be made verv close to zero. The first thing
vou do ahnut this is decide on a sequence for
turning things on and off—high voltages last
and first, respectnelv Then vou learn to fo'-
low this seanence. invariablv—or at least al-
most invariablv. Then you keep in mind
that though vou remember turning the thing
off just now, vou are going to act as if it were
still hot. And finally, vou try not to have such
a cluttered and crowded bench that you lose
control of what vou are doing. T think that to
the extent that these precautions are fudged
—and thev will be fudged—accidents are more
likely. But vou will learn verv quickly, prob-
ably have alreadv. that the greater the volt-
age the more religiously vou will follow the

safety procedures you have decided upon.
. W2DXH
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Donald Nelson WB2EGZ
9 Green Ridge Road
Ashland, N.J.

Noise Considerations
in a Preamplifier

Many pages of text have been devoted to
the classic subject of noise, but few hams in-
volve themselves with this information. Un-
fortunately, most noise concepts are explained
at an engineering level that is difficult for the
amateur to comprehend. Noise in an amplifier
is the primary criterion of merit at frequencies
above 100 mec. The basics covered by this
article should be known by all VHF-UHF en-
thusiasts and will be useful to every ham.

Tube Noise

The predominant sources of noise in tubes
are described briefly as follows:1
Shot Noise is caused by random emission of
electrons. It is found throughout the useful
range of operation and is somewhat greater
at high current levels.
Induced grid noise is due to fluctuations mn
the space charge which induce voltage in the
grid circuit. This is a predominant source of
noise above 30 megacycles.

o

NOISE FIGURE (db)
(a )]

600 1000 3000
FREQUENCY (MEGACYCLES)

Fig. 1. Typical noise figure vs. frequency for UHF
tubes and transistors. Note that curves are intended
to show shape and only represent typical transistors
and tubes. Modern transistors may have very low
noise figures and much higher corner frequencies
so that they are superior to tubes for all practical
purposes.

28

Partition noise is caused by the division of
current to several positive electrodes. It is
this noise which makes tetrodes and pentodes
more noisy than triodes.

Gas noise occurs when gas particles in the
tube become ionized. Gas noise is not usually
a problem above 10 Mec.

Flicker noise is another low frequency effect
caused by variations in cathode emission.
The total noise output of a tube increases pro-
portionally to the square root of temperature
(°K). the tube resistance, and band width.
Mathematically, this is expressed as

Enoise = \/4k T R Af
where Enoise is noise voltage output

K is Boltzmann’s Constant = 1.372 x

102 joule/°K

T is the absolute temperature (°K)

R is resistance (ohms)

Af is the bandwidth

Usually a triode amplifier will have lower

noise if it has a high transconductance (Gm).
(From the formula, Gm may be considered

as Rl.) Because several other factors, such as

construction, enter into the picture, this gen-
erality is not used to show the merit of a tube
in the VHF-UHF frequency band. A new
term, noise figure, is introduced to cover the
situation in a more practical manner.

NF, =S¢
So/N,
In this formula, it is seen that Noise Figure
(NF) is a ratio of the input signal-to-noise
ratio (S;/N;) and the output signal-to-noise
ratio (S,/N,). Pretty confusing? Not really,
if one considers that a high signal-to-noise
ratio is what is most wanted. In an ideal am-
plifier with no noise, the input signal and
noise would be amplified the same amount,
and the signal-to-noise ratios would be the
same. (S¢/N; = SJ/N,).

The noise figure would be 1 (0 db not 1
db). Because the amplifier is not noiseless,

1. Ryder, J. D., Electronic Fundamentals and Applicatsons,
Prentice-Hall Inc., Englewood Clifis, N.J., 1959, PP 211-
213
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the output signal-to-noise ratio is always lower
than that of the input. Noise figures of ampli-
fiers are therefore always greater than 1. It is
convenient to speak of noise figures in terms
of decibels (db) because of certain mathemat-
]:C‘dl relationships. The noise figure in decibels
15 a power relationship equalling 10 log,, NF.
A perfect noise figure of 1 is equal to 0 db.
Let us now consider adding a preamplifier to
a receiving system. Using the information
from the last paragraph, we know that the
noise will be greater, but the factor of gain
also enters the relationship.

NF overall = NF, 4 NFE; .
NF; = Noise figure of the nrigi;al system
in db.
NF, = Noise figure of the preamplifier in
db.
Cs :Pm{rirgr gain of the preamplifier in
If NF, =11 db
NF,=35 db
Gﬂ — 10 db
NF overall = 5 + Wi 6 db

The preamplifier has thus improved the
system noise figure by 5 db. It can be seen
that the preamplifier will generally improve
the system if its noise figure is lower than that
of the system and the preamplifier has reason-
able gain.

Semiconductor noise

Transistors and semiconductor diodes have
noise generated in the junction (S). Random
electrons, whether excited by temperature or
the flow current, are the sources of this noise.
Semiconductor noise depends greatly on the
type of junction and the various geometries
(shapes) of junction.

Excess noise is the term used for the low fre-
quency noise in semiconductors which is in-
versely proportional to frequency. The graphs
showing transistor noise do not include excess
noise because low frequencies are not con-
sidered.

Shot noise in transistors is approximately the
same as that for tubes.

Thermal noise is generated by temperature
changes and relates directly to the resistance
of the element. The same mathematical rela-
tionships hold for semiconductors as for tubes.

Tubes vs. transistors

If curves are available for noise figure and
power gain of various tubes and transistors,
the amateur would be wise to compare before
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Fig. 2. Typical power gain vs. frequency for UHF
tubes and transistors, The same considerations ap-
plying to the tubes and transistors in Fig. 1 apply

here.

selecting a specific device. Noise figure curves
have been sketched in Fig. 1 for a comparison
of shape. Note that the transistor has a mini-
mum noise plateau which extends from below
VHF to the transistor’s upper frequency limit.
This plateau is in the 2 db to 5 db NF region.
From the upper limit of the plateau, the noise
figure increases rapidly to a maximum slope
of 6 db/octave. (An octave is the range in
which the frequency doubles.)

Tube noise figure is seen to have a some-
what different curve which may cross that of
transistor noise figure. Assuming the curves
shown were accurate for a particular tube and
transistor, it may be seen that this transistor
takes preference on the 432 mc band while
the tube would be better on 220 mc and 1296.

The gain curve of a transistor (Fig. 2) is
the inverse of the noise figure curve, dropping
sharply from the maximum gain level to zero.
Tube power gain declines more gradually
which makes the tube useful at frequencies
where the transistor is not. A distinct advan-
tage of tubes which is not obvious from these
curves or calculations is their comparative
ruggedness and resistance to transients.

The question of whether or not to add a
preamplifier is best answered by determining
just how much performance is gained for the
expenditure of time and money. The author
feels that nothing is accomplished if the noise
figure is compromised. A few simple calcula-
tions can tell you if the preamplifier project
is worthwhile. Assuming the calculations rec-
ommend the project, it should be emphasized
that optimum noise figures are achieved only
with careful construction. Good Luck!

. . WB2EGZ
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Ben Raju VUZNR
B-22 Nanak Pur
New Delhi, India

A Transistor Receiver — VU Style

We, in India, have no manufactured ama-
teur equipment in the market of the quality
required for SSB operation. Our Government
does not allow import of non-productive ma-
chinery, which covers most of our ham gear.
Besides most of us do not have necessary
finances to buy it off the market either.

Yet our ambitions are high. We want to
keep up with guys in the other parts of the
world. The only way to do it, is the hard way.
We home-brew our equipment. Since econ-
omy and performance are the basic considera-
tions, our designs eliminate sophisticated
gadgets; we do not bother about good ap-
pearance either.

I started thinking about building a receiver
when I got a packet of transistors from
DL3IR. I was a novice in transistors, as I
had hardly seen one before. Being in proud
possession of these tiny gadgets I sought sim-
ple literature on transistors and their applica-
tions. Soon I acquired enough information to
kick off.

A review of my ham gear collection re-
vealed a lot of possibilities in the use of com-
ponents of command receiver BC 455. 1
stripped one of all the components except the
ganged condenser, antenna trimmer, rf coil
pack assembly. Relocating the if transformers,
octal bases, and terminal strips, I kept on
tinkering till I built for myself a 12 transistor,
plug in coil, ham-band receiver, which is de-
scribed below.

Circuit description

First is a grounded base rf amplifier using
a AF114(T,). The grounded base application
is expected to provide greater stability and a
better noise figure, similar to the grounded
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gridd electron tube application. The original
coil pack assembly and the plug-in system is
adopted for use in this receiver but the coils
are rewound and connections suitably altered.
The receiver is protected against damage due
to reception of strong signals by a reverse
biased diode OA72 across the antenna coil.
The output is coupled to the base of the mixer
stage transistor AF114(T,). The heterodyne
oscillations are fed to the emitter of the same.
The components of this stage are particularly
chosen for best mixing efficiency. The mixer
collector is connected to the if transformer
where a low impedance tap is provided on the
coil to match the crystal filter that follows it.

The oscillator is a colpitts type with a
grounded base transistor AF114(T;). The ca-
pacitive tap is provided by 50 pf and 170 pf
condensers for connection to the emitter of
T,. Since the band required to be covered is
only 350 ke in the 14 mc band, no difficulty
is experienced in tracking.

The stability of the oscillator is excellent,
but the frequency is very sensitive to supply
voltage variations. A 1.5 volt change in the
supply voltage varies the oscillator frequency
by 10 Kc. This might be a very good feature
for use in FM, but presents a great problem
in SSB work. I could not lay my hands on a
stable supply source hence I decided to run
the oscillator exclusively from a string of five
1.5 v torch light cells. Since the drain on the
supply is only 1.2 ma, the cells may last their
shelt life. I run the receiver off a supply which
by no means is stable.

The selection of the intermediate frequency
of my receiver was determined by the fre-
quency of the FT 243 type crystals available
to me. The intermediate frequency in this case
is 7540 ke. Since the if is high, there is hardly
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any chance of image frequency appearing in
the if section.

The filter is similar to that described by
W3HEA (in QST Oct. 1960). X; and X, are
toroid coils, the formers of which have an
interesting origin. Commercial transistorized
portable receivers come with miniature if
transformers of the size % inch cube. They
have ferrite cups which surround the coils.
Such cups are salvaged from these trans-
formers, When the base of the cup is carefully
sawn off it leaves a ring with a flat wall about
% inch diameter. It takes about 25 turns of
36SWG bifilar winding to resonate around 5.5
mc with a parallel condenser of 15 pf. In ac-
tual circuit these toroid coils are shunted by
trimmers 3-15 pf and tuned to maximum and
the best if response. The first full section filter
is independently terminated by 600 ohm re-
sistance and coupled to the following half sec-
tion by a 400 ohm resistance. I found that the
independent termination of the first section is
necessary to get a Hlat if response.

The second section is also terminated by
600 ohm resistance and coupled to the base
of the 1st if stage. There are a couple of
spurious response points in the filter. Since
they are around 25 and 50 kc away on the
high frequency side, they were allowed to pass
on to audio section where they are filtered
out.

The if strip consists of a 3 stage amplifier
using AF114(T,T;Ts;) in grounded emitter
configuration. The coils are wound on the
original if forms of BC 455. The coils are
grounded in the middle and opposite ends
brought to the terminals. This was done, an-
ticipating the requirement of neutralisation.
In fact the stages proved to be so stable neu-
traling was not called for. Each coil is coupled
to the next stage base by a 3 turn tap located
adjacent to the ground point. The final if
transformer has an eight turn link which
feeds into the emitter of a product detector
which is housed in the can itself.

The normal practice is to use a diode de-
tector in the transistor receivers, and I did
the same. But this was unsatisfactory as it
caused distortion on strong signals. After a lot
of worry and tinkering, I hit upon the idea of
using a transistor OC170(T.) without DC po-
tentials as a product detector. It worked sur-
prisingly well. The signal is given to the emit-
ter. The bfo voltage is given to the base. The
rf in the collector filtered out and terminated
on af volume control. A condenser of high
value of .02 uf was used across the potmeter
to eliminate high frequency audio signals in
the af strip that crept in due to the spurious
response of the crystal filter.
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Coil Table

Form Turns
dia No
L, Original 10
forms m the coil
L. pack of 10
B 455
L, 10
Ly Lo Original 42
and L, if cans of
BC455
L, —fo— 42
Lg bifo can 35
of BC 455
IR, & TR,

Gauge of Tap point Purpose
wire
22 1 Antenna and emitter of T,
22 by Collector of 11
1 Base of Tz
22 8 Collector of T,
1 Link to emitter of L,
20 18 For ground
15 For coupling to next stage.
36 18 For ground
8 turn link to emitter of T.
38 3 Link to base of T.

Input and output transiormers for OC128

Note: Terminal blocks, coil assemble and several components come out of BC4355.

The bfo is crystal controlled. The frequency
can be moved slightly by varying the capaci-
tance across the crystal. The coil, the transis-
tor T¢(OC170) and the crystal are all housed
inside the original bfo can of the BC455. The
crystal holder pins are shortened to allow
tight packing in the can. The output is taken
through a three turn link to the base of T-,
the product detector.

The af section consists of a stage of audio
amplification, the driver and a class B push/
pull output. Slight negative feed back is used
in the early audio stages. The output stage
can deliver an output of 500 mw on a signal
of 10 pv. The output stage is protected by
deriving its base bias through a low resistance
network across supply voltage. Two thermis-
ters type B2B are provided for stabilisation
during hot weather. The output transistors T,
and Tys (TF 66) are housed in a heat sink
and clamped to the side of the receiver chassis.
This stage idles at 2 ma and goes up to 150-
200 ma on signal peaks.

Avc is not provided as it was not consid-
ered an essential requirement of a ham re-

ceiver, Provision is made for band hopping by
changing the coil packs. At the moment a coil
pack for 20 meter band is made as there is no
activity on other bands around this part of
the world.

The receiver is put into operation on the
20 meter band and minor adjustments, as
found desirable, are made. Later it is given a
check to satisfy a ham in any part of the
world. The sensitivity is .7 microvolts for a
signal to noise ratio 10 db and gives 50 mw
output for 2.5 microvolts of signal input ap-
proximately. This level is good enough for a
comfortable copy. The selectivity check indi-
cates a 2.1 ke filter response. The response is
flat except for a 2 db pop up adjacent to
sheer drop on the high frequency side and,
with bfo adjusted to 400 cps at 6 db point on
filter characteristic, the fidelity is good for
SSB operation. The stability can be considered
excellent as SSB copy is not lost by knocking
the receiver on the table. The appearance,
however, is poor, but the owner has no reason
to grumble about it.

. . YU2NR

by WZINSD/I1

WAEWM J
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HAM RTTY

RTTY is growing very fast. Even the ARRL has
accepted it and is now broadcasting bulletins
in teletype. This book is the most complete one
on the subject. It's written for the beginner as
well as the expert and contains pictures and
descriptions of all the popular machines, where
to get them, how much, etc. $2.00

Peterborough, N. H. 03458
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W2EYY demands

a lot in a mobile
~ 1110111 - PO

His m
AUTO-MATCH

gives it to him!

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

e -

The nautically nice Robinsons are blue water sailors. From Penobscot Bay in summer to the

Bahamas in winter, Robbie (W2EYY) and XYL Elsa cruise the Atlantic in their 56-foot ketch
“Lodestar” . . . virtually always afloat and literally always in contact on 20 meters and 75.
Robbie demands a lot in a mobile antenna. He has to! So high on the “Lodestar's’” mizzen
mast a stock model Waters AUTO-MATCH stands up under the salt-weather beating only year
'round exposure on the Atlantic can give it. And Robbie’s AUTO-MATCH (with the mast stays
bonded) gives him a signal afloat many hams would welcome ashore. We take such per-
formance in stride at Waters, because we built a plus in AUTO-MATCH for just such severe
i service. Radiator tip of stainless steel . . . interchangeable coils permanently sealed in low-
loss Epoxy . . . mast of aircraft aluminum. If you've mobile antenna problems asea or
ashore, could be you'll find the permanent solution in Waters AUTO-MATCH. Costs a mere

$38.85 complete on 75—even less on the other bands. And that includes the stronger

WATERS

MANUFACTURING INC.
WAYLAND, MASSACHUSETTS

WATERS PRODUCTS ARE SOLD ONLY THROUGH WATERS QUALIFIED DISTRIBUTORS
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Allan Schechner W3YZC
Ellis Hersh W3IXL

2466 77th Avenue
Philadelphia, Pa.

Heres a ten meter mobile transceiver that
is small, efficient, inexpensive and rather easy
to build. Spare evenings over a three week
period were all it took to get it going. Its one
watt power level has been sufficient to enable
the authors to hold QSO’s around the Phila-
delphia area. The design approach was to
make the rig as simple as possible so that the
average ham could get involved with RF
transistor circuitry. Let’s face it—equipment is
all going transistorized and not everything
you might want will be available commer-
cially. There’s always that certain type of rig
vou wish vou had but nobody’s selling, so
hack to the workbench.

Theory of operation

The transmitter portion (see Fig. 1) con-
sists of crystal controlled oscillator Q; (a
2N697) driving an amplifier Q./Q.. Either
third overtone crystals on ten meters or fun-
damental crystals from 9500 ke to 9900 ke
may be used in the oscillator. The final ampli-
fier approximately matches 50 ohms, so no
additional matching network was included.
Inexpensive transistors were used in the final
and no heat sinks are needed.
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The modulator Q- is a straightforward class
A “"Heising™ type using a filament transtormer
as a modulation transformer. Stage Q, serves
as a microphone preamp. Emitter negative
feedback was included both to improve bias
stability and linearity and to prevent acciden-
tal burnout of the modulator.

Reception is accomplished by the tried and
true method of using a commercial frequency
converter with its output on the broadcast
band, which then goes to the existing car ra-
dio. Power switching for the converter and
transmitter circuits is all solid state, a feature
found in only the most modern equipment and
providing simplicity and reliability at low cost.

Construction

The transmitter is built on a printed circuit
board for ease of cutting and drilling and to
be able to make soldered ground connections.
The preamp is also built on a printed circuit
type board but the modulator transistor is
mounted on the case for good heat dissipa-
tion. Laminated copper printed circuit boards
are commonly available from large electronic
parts dealers.

The completed circuit boards, modulation
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Schematic of the Astro Ten. Q1 is a 2N697. Refer to text for details on construction and circuits.

transformer, antenna relay and converter are
mounted by means of standoffs and home-
made brackets in a 3x5x7 aluminum Minibox.
Layout and parts placement may be judged
from the photographs. The only critical wiring
is on the transmitter board and the guideline
here is to keep the leads short. The board is
mounted so that Q, is close to the crystal
socket, which is mounted on the front panel.
The oscillator is coupled to the final by a link
which feeds through a hole in the copper
shield, which is soldered to the printed board.
Use solid insulated hookup wire, about #22
for this link.

A word about the modulator transistor: the
case is isolated from chassis ground by the
mica washer and bushing supplied with the
transistor. De-burr the mounting hole and
base and emitter lead holes. Make sure there
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is clearance for these leads. Check continu-
ity from the transistor case to chassis before
wiring the modulator to be sure there isn't a
short circuit.

The remaining parts were drawn from the
junkbox. These include the antenna relay,
Motorola antenna connectors, fuse holder,
rotary ceramic function selector switch, con-
verter in-out switch and pilot light. Hole
sizes and spacings shown are for the author’s
components and should be revised by the
builder if substitutions are made. These are
non-critical items and will not affect perform-
ance of this rig. Wiring between circuit boards
and controls was done with solid insulated
hookup wire except for some RF lines. These
are shielded, stranded hookup wire, shields
grounded at each end. Subminiature coax
will also do.

Top view of the Astro
Ten. In the lower center
is the commercially
made converter with the
modulator (hard to see)
just above it to the left
and the transmitter at
the upper right.
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Bottom view of the transmitter section of the Astro
Ten.

Tuneup

With Q,, Qs and Q, removed, and a milli-
ammeter in series with the collector of Q- (see
schematic) apply power and press the transmit
button. Q- should draw between 200 ma and
350 ma. If it is far outside this range check
Q, and Q.. Now interrupt power (go back
to receive), replace Q,, Q, and Q;, apply the
milliameter as shown to monitor final collector
current and reapply power. Tune the oscilla-
tor for maximum final current. The final will
not draw current if the oscillator is not work-
ing. A receiver serves as a good monitor to
check the oscillator. Final current, when the
final tank is dipped, and a dummy antenna
(50 ohm one watt carbon resistor) is con-
nected should be about 100 ma. Do not let
the final current exceed 150 ma for any length
of time, or the transistor’'s dissipation will be
exceeded.

Now check operation of the rig across the
band by substituting difterent crystals (ob-
tained from surplus stores). The oscillator
tank might have to be returned to cover the
full range properly. Once tuned up, the milli-
ameter may be removed and the rig will con-
tinue to run reliably without any retuning.
The authors monitor output from time to
time with a field strength meter (73, April
‘62, p.9) but have noted no changes. The
transmitter board, bv the way, is obviously
larger than needed. When higher power RF
transistors become much cheaper, a higher
powered final will fll up the empty space.
The modulator, by design, has sufficient re-
serve power to handle a more powerful final.

Instructions come with the converter, so
nothing more need be added. If trouble is
experienced here, recheck your wiring. Then
there’s nothing to do but put it in the car
and enjoy it. . o WoYZe, "W3IXL:
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Don Wiggins W4EHU
7110 Cane Hills Circle
Orlando, Florido

Improving RTTY Reception

It's a big thrill to watch your printer pound-
ing out perfect copy from a distant RTTY
station—but it is far from thrilling when bursts
of interference suddenly cause the copy to
look like a cartoonist’s idea of profanity! But
don’t give up. . . . There are several things
we can do to improve this situation.

Most RTTY receiving converters convert
the incoming FSK to audio tones. These audio
tones are then passed through a limiter and
then to tuned filters with associated tone de-
tectors. This method of FSK detection is fun-
damentally the same as FM and exhibits
much the same characteristics as FM, When-
ever the signal we are trying to copy is
stronger than interfering signals, the “capture
effect” occurs. The desired signal passes
through the limiter and the interference 1s
attenuated. So—to obtain a big reduction in
the effects of interference on our RTTY copy,
it is only necessary to reduce the interference
amplitude to less than that of the signals we
want.

There are three points in the average re-
ceiving system which can usually be improved
significantly. These are:

(1) The if amplifier
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Fig. 1. Spectrum of 850 cps shift FSK signal.
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(2) The second detector

(3) The audio ahead of the RTTY con-
verter.

This article will discuss each area. Your
particular receiver may be ideal in one or
more of these areas. You should be able to
judge from the following discussion whether
vou will benefit from some modifications in
vour receiving set-up.

IF amplifier considerations

As in any communications system, the
bandwidth of the if amplifier should be no
greater than necessary to pass the spectrum
of the signal vou want to copy. Fig. 1 illus-
trates the spectrum of an FSK signal using
850 cvcles shift. Notice that practically all
of its energy is contained in a 1200 cps band-
width. So, we see that 1.2 ke is the optimum
if bandwidth for amateur RTTY reception.

Many old receivers have if bandwidths de-
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Fig. 2. Improvement in interference by increasing
if selectivity.
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Fig. 3. Product detector circuits that can easily be adapted to most communications receivers.

signed for AM signals 6-10 ke wide. If you
are using one of these for RTTY you should
definitely take steps to improve the situation.
To illustrate how effective using the correct
if bandwidth is, take a look at Fig. 2. Here
a receiver designed for AM reception is
shown having an if bandwidth of about 6 ke
at the half power points (—3 db). A CW sig-
nal which is 6 db (one S-unit) stronger than
our FSK signal comes on about a kilocycle
away. Since it is passed on to the RTTY con-
verter, it will capture the limiter and we start
printing “Greek”! Now, suppose we can nar-
row the if down to 1.2 ke as shown. The skirts
of the filter attenuate the CW signal by 10
db so it is now 4 db weaker at the converter
than our FSK signal and our FSK signal has
the upper hand. Perfect copy again!

Many modern receivers designed for SSB
use have good mechartical or crystal lattice
filters with nice, steep skirts and bandwidths
of 2 ke or slightly higher. These are excellent
for RTTY, and optimum audio filtering (to be
described later) is all that is required to put
the finishing touches on the receiving system.
If you have one of the older receivers which
has an excessive if bandwidth, there are sev-
eral possible ways of improving the situation.
Obviously, a mechanical or lattice filter of the
desired bandwidth can be installed or added
by means of an adapter. Many articles have
appeared in various magazines describing
such modifications for popular receivers.

If your receiver has a conventional crystal
ilter, some improvement can be obtained if
care is taken in adjusting the filter. The selec-
tivity setting and phasing control should be
experimented with to find the best settings
and these settings marked on the panel for
easy resetting. You can easily get the filter
adjusted too sharply which chops off part of
the FSK spectrum. This will cause the mark
and space tones to have unequal amplitudes.

The ubiquitous Q-fiver is also a good solu-
tion to the broad receiver problem. The old-
standby BC-453 has an ideal pass band for
RTTY when the if coupling rods are pulled
all the way out.
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Second detector

At first glance, it would seem that the sec-
ond detector would not be a fruitful point for
improvement. However, if vour receiver has
a conventional diode detector. a worthwhile
gain in RTTY performance can be obtained
by changing to a product detector. The rea-
sons are much the same as for using a product
detector for SSB. A diode detector produces
beat-notes between all signals. Thus, if there
are intertering signals coming in with the
FSK, the diode detector will generate new
frequencies from all of those signals beating
together. The result is an increase in noise
added to the “honest” noise. This just gives the
RTTY converter that much of a harder job.
When a product detector is used, it is linear
with respect to the signal input and only
beats between incoming signals and the BFO
appear at its output. So, we give our RTTY
converter the cleanest possible signal. If your
receiver doesn't have a product detector, you
should certainly install one. It will help your
SSB and CW reception also. Fig. 3 shows
simple circuits which can be adapted to most
receivers. Again, many articles have appeared
describing this modification for popular re-
ceivers,

Audio filtering

One of the easiest and most effective wavs
of improving RTTY reception is by the con-
struction of a double band-pass filter to be
used ahead of the RTTY converter. If you in-
clude a switch to cut the filter in and out, you
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Fig. 4. Response of audio mark-space filter.
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Fig. 5. Schematic for audio mark-space filter.

can demonstrate very dramatically how the
filter can allow perfect copy even with heavy
interference.

Looking back at Fig. 1 we can see that the
FSK energy is concentrated about the mark
and space frequencies. The filter to be de-
scribed has a response curve as shown in Fig.
4. Note that the response is down over 20 db
halfway between mark and space. Thus, we
can have a CW signal at 2500 cps nearly 100
times as strong as our RTTY signal and still
get good copy. The half-power bandwidth
of each bandpass section is about 250 cps
which allows some margin for misadjusted
shifts and for a small amount of drift before
retuning of the receiver is necessary.

The circuit of the complete filter amplifier
is shown in Fig. 5. A cathode follower Vi is
used to drive the two bandpass filters in paral-
lel. The two series resistors are essential to pro-
vide the correct driving impedance since the
filters are modified m-derived types requiring
a match at input and output.

They are also terminated with the proper
load impedance as shown. V: is used as a
simple combiner and to provide some gain
to overcome the insertion loss of the filter
sections. A switch is included to be able to
bypass the filter when narrow shift is being
copied (and to impress visitors with the
gadget!). The input gain control can be
permanently set to give unity gain through
the filter-amplifier if extra gain is not needed.

Details on building the filters are given in
Figs. 6 and 7. The inductors are 88 mh sur-
plus telephone loading coils which are widely
available. The capacitors used should be pa-
per, mylar, or mica. The ceramic types are
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Fig. 6. Circuit and values for sharp filters,
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Fig. 7. Test set-up for tuning toroids.

often voltage-sensitive so are not recom-
mended. Notice in Fig. 6 that each toroid
must be peaked at a frequency slightly higher
than the filter center frequency. Fig. 7 shows
a test set-up for tuning. A calibrated audio
oscillator and a VITVM or scope is needed.
If you don't have an audio oscillator, an LM
or BC 221 frequency meter can be used. Set
the meter up on 2000 k¢ with the crystal cal-
ibrator on. You can then obtain accurate
audio tones from the headphone jack by de-
tuning the meter dial. For example, if you
want 2125 cps, just look in the calibration
book for 2002.125 ke and reset the main dial
to that reading. The beat note with the crystal
will then be 2125 c¢ps.

With the circuit as shown in Fig. 7, select
a capacitor for Ci., and tune the audio oscil-
lator until you get a peak on the meter or
scope. If the audio frequency is not the value
desired, you can adjust the circuit by either
changing the capacity or removing turns from
the toroid. If you wish to remove turns, then
use a capacitor that gives a resonant fre-
quency slightly lower than shown in Fig. 6.
Then unwind turns until vou hit the specified
frequency. If you don’t want to fool with
unwinding the toroid, then select a capacitor
which gives a slightly higher reading. Then
shunt it with small capacitors until the right
frequency is obtained. Of course, if you're
lucky, you may find one capacitor which hits
the right frenquency on the nose! Inciden-
tally, small ceramics in the .001 to .003 range
are OK for trimming since small variations in
these would have negligible effect.

When all four toroids are properly tuned
the filter can be assembled. Small pieces of
perforated board with “Hlea clips” are very
handy for mounting the components. When
installing the filters in the amplifier be sure
to provide isolation between input and out-
put to keep down leakage around the filters.

Conclusion

The suggestions in this article should help
even the most mediocre RTTY converter to
do a top-notch job. They also will help the
most sophisticated units to live up to their ex-
pectations. Happy printing!

.« . WAEHU
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There’s An g Power Supply For Every
Mobile and Portable Application...

... from the leading manufacturer of
amateur mobile power supplies!

KCommander»

Most advanced power supply available.
For fixed stations, mobile or portable
operation of all transceivers.

117-volt ac or 12-volt de inputs with
automatic and instantaneous voltage
selection. Both input voltages may be
connected concurrently. 117-volt selec-
tion 1s automatic.

Self-contained batiery charger auto-
matically charges 12-volt battery while
unit is operating from 117-volt ac line.
Separate circuit provides charging volt-
age even while operating transceiver.

Detachable mobile mount, and extra
long input and output cables included.
Priced below combined cost of most
separate de and ac supplies at $189.50

Model 400-
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'MODEL 350-6. For operation of most

mobile transceivers in Volkswagens
and other 6-volt equipped cars. $165.00

MODEL 350-12. For operation of most
mobile transceivers from 12-volt
equipped cars. Budget priced at $114.50

MODEL 400-12. The finest de mobile
power supplyv available for all trans-
ceivers. 12-volt de input. Multitap out-
put. $145.00

MODEL 500-12. Designed to increase
the power of many transceivers by
50% . High- and low-voltage outputs.
12-\*01tinput. $165.00

MODEL 1000-12. For operation of a
true mobile KW linear amplifier. High-

~and low-voltage outputs. 12-volt input.

8$275.00
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Model 400-12

Input and Output Cables furnished with all@supplies.
Order Through Your Dealer. For Additional Information Write:

LINEAR SYSTEMS, INC.

L.os Gatos, California 95030

605 University Avenue

(408) 354-6661




Jim Kyle K5JKX
1236 NE 44th Street
Oklahoma City, Oklahoma

Quick and Easy Bias Supplies

Need some negative bias voltage for that
new rig? Or maybe you're building an auxiliary
power supply for one of the popular SSB
transceivers such as the Swan, which requires
negative-voltage output as well as the positive
variety.

Now of course there are dozens of ways to
get that negative voltage, ranging from a com-
plete separate power supply with reversed
polarity to the popular back-to-back filament-
transformer hookup—but hidden in the anti-
quity of ideas bypassed many vears ago are
a few which are simpler than any of the
methods currently popular.

One, for instance, can give you up to 500
volts negative (from a supply nominally
rated at 400 volts positive) at the current
drains usually needed for bias (1 to 8 ma),
with the addition of only four components
over those normally used. The largest and
most expensive of these components is a small
filter choke; the other three are a 400 volt
diode and two capacitors!

If youre in need of lower voltages, the
same trick can give vou up to 9 volts from
the filament lines. For tube-and-transistor
work, this proves an excellent way of obtain-
ing transistor operating potentials.

The secret of this trick lies in the use of
shunt rectification rather than the more popu-
lar series type. Fig. 1 shows the difference.
In A is the normal series rectifier hookup (half
wave); the diode passes current to the load
on one half-cycle and blocks it on the other.
The shunt hookup is shown at B; the diode
now shorts the supply to ground on one half-
cycle, and looks like an open circuit on the
other. When the diode is “open”, the current
is shunted to the parallel load.

Obviously, shunt rectification cannot be used
when the ac generator has low impedance,
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Fig. 1. Series and shunt rectification.
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since on conducting half-cycles the diode is a
short to ground and would burn out in short
order. Addition of a resistance as shown at
C becomes necessary to limit current flow
through the diode when it is conducting.

However, since were dealing with ac
rather than de, there’s no need to burn up
power in a resistor. An impedance will limit
the current flow equally well, and has the
advantage that it consumes no power while
doing so. The reduction in current How is
accomplished by shifting the phase of the
current in relation to the voltage.

This brings us around to the practical shunt-
diode rectifier shown in Fig. 1-D, consisting
of a capacitor in series with a diode, the whole
works connected across the ac source, and the
de taken off across the diode. If the end of the
diode which goes back to the ac source is
grounded, the dc will appear from the hot
side to ground.

As in all half-wave rectifiers, the output
consists of pulsating dc with a high ripple
content. To be useful, it must be filtered.

However, if we try to filter it by connecting
a filter capacitor across the diode we find
that all of a sudden we have merely a capaci-
tive voltage divider across the ac source, and
no usable output. The filter, then, must be
of either the choke-input or resistor-input
variety.

For relatively low-voltage output, up to
about half that available from the ac source,
we can use resistor input. The resistor’s value
should not be less than 100,000 ohms accord-
ing to the literature, but tests conducted by
W5PPE showed 200 volts at 5 ma were avail-
able at the output with resistor values as low
as 10K. With the same resistor, 10 ma could
be drawn at 105 volts. Incidentally, the value

Left. Fig. 2. Step-up by LC resonance, Right.
Fig. 4. Voltage doubler bias supply.
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of the resistor in these tests appeared to be
somewhat critical, voltage dropping as the re-
sistance was either increased or decreased in
value.

For higher voltages, a choke should be
used. Fig. 2 shows how this works. The choke
and the input capacitor form a series-resonant
circuit so far as the ac source is concerned, if
their values bear the proper relation to each
other, while they are a parallel-resonant cir-
cuit for the diode and the output. With this
hookup, 500 volts could be developed from a
400-0-400 volt transformer with load current
running as high as 50 ma!

Speaking of the values for capacitors and
chokes in this circuit brings us to another in-
teresting point. The output voltage will be
dependent to some degree upon the value of
input capacitor Cl, even aside from any
possible resonance effects. A larger capacitor
with its lower impedance will allow more cur-
rent to flow. resulting in more output voltage.
Practical values for C1 range from 0.1 to 1.0
uf, with 0.22 being about as large as will ever
be needed for bias supplies not over 150 volts
negative.

The filter capacitor should be at least 8 uf,
and larger values won’t hurt anything. The
W5PPE setup used .22 uf at Cl and 40 uf
in the filter.

Should a trace of hum or ripple remain,
another stage of RC filtering can be added.
However, this should seldom if ever be neces-
sarv, especially if the output is regulated with
a VR tube after the filter.

All of which brings us around to the com-
plete practical circuit, Fig. 3. The bias-supply
additions are shown enclosed in a dotted box;
they can be added to any existing power
supplv in the 250 to 500 volt output range.

“All this sounds fine,” you may be saying
about now, “but what about the extra load
on one side of mv power-supply transformer?
Won't that foul things up?”

Strangely enough, according to tests run
years ago and written up in “Radiotron De-
signer’s Handbook” (in the power-supply
chapter), the extra current drawn from the
power transformer is only in the neighborhood
of some 100 microamps even when supplying
a much higher load current. Diode current
is similarly low. The only explanation we can
offer for this is that the current is “phased out”
by the complex reactance network made up of
the transformer secondary, the input capacitor,
and the choke.

For the 9-volt supply, the circuit is identical
except that the input capacitor C1 goes to the
filament line rather than to the high side of
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Fig. 3. Bias-supply schematic.

the HV winding. Values of C1 will remain
about the same, but the output capacitor can
be made much larger since it now must have
only a 25 volt or so working rating. The diode,
similarly, can be something like a 1N34 as
the maximum voltage it will see will be in the
neighborhood of 9 volts.

Should 9 volts not be quite enough and
100 volts be too high, the circuit of Fig. 4
may come in handy. This is a voltage-doubler
operating from the filament line, and delivers
18 volts without load. Loading resistors can
be put across the output to drop this down
to anything desired; at K5JKX the —12 volts
for a 6V6 modulator is obtained this way.

The same trick can be used for other pur-
poses than bias supplies. For instance, by
reversing polarity of all diodes and capacitors
the output becomes positive rather than neg-
ative. Now, by putting the circuit of Fig. 4
on the high-voltage transformer as shown in
Fig. 3 (Cl is now the same value as C2)
and using diodes with high enough piv ratings
(three 400 volt diodes in series are adequate
to handle the normal 350 volt TV special
transformer) you have an additional positive
power supply which delivers about 1,000
volts no-load. It won't supply much current,
so don’t expect this to handle a 250 watt final,
but it’s an ideal way to put together a scope
in a hurry.

Some vears ago, we rebuilt a surplus ARB-5
loran indicator into a general-purpose scope,
using this type of power supply with 0.1 uf,
1600 volt auto-radio buffer capacitors for C1
and C2, and virtually no output filtering.
Since our transformer had a separate winding
usable for the 5BP1, we left the output neg-
ative rather than positive and ran the scope
tube’s cathode 1,000 volts negative to ground,
so that the accelerator could be at a less jolting
level. Deflection plates ran about 150 volts
positive (direct-coupled to the plates of the
deflection amplifiers) and the intensity was
much more than adequate.

But for any purpose, the shunt recitifier
circuit deserves more attention than it's had
in recent years. Keep it in mind next time you
need an extra output from an existing supply!

. . . K5JKX
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Ken Kokjer KOQJXO
902 N. Gregory
Urbana, 1.

A Word about Crystals

It's well known that crystals supply prob-
ably the cheapest and easiest method of fairly
accurate (and stable) oscillator control. Most
of us have used them as transmitter control at
one time or another. And most of the better
high frequency receivers use crystals exten-
sively as local oscillator control.

But how many of the hams reading this
have fallen into the same questionable habit as
[—trusting their erystals. I'm not implying that
crystals aren’t stable. I am saying that one
cannot really trust the markings on the can.
I've known for a long time that one could
“warp” a crystal oscillator simply by putting
a trimmer across the crystal and adjusting for
the desired frequency. But somehow the fact
that crystals are not to be trusted never struck
me full force until the other dav.

The VHF contest was on and the band was
open—and I was rock-bound. Needless to say
the two frequencies from which I could choose
were the two most useless during a band
opening—50.35 and 50.4 mc. Then I suddenly
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Frequency distribution (note to statisticians: a very
rare bird, this frequency distribution of frequencies)
of a number of crystals marked 8408.12 mc by the
time they got to 6 meters,
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realized that both crystals had been picked
from a batch and were marked with the same
frequency, 8408.182 ke, Now a quick multi-
plication by six yields 50.449092 mec. Obvi-
ously neither of the two crvstals I had picked
were very accurate. Of course the capacitance
in the feedback network of the transmitter
could be warping them, but both should be
warped about equally.

I had a box of these crystals and decided
to check each one. My frequency determining
setup leaves a lot to be desired, but the rela-
tive frequency of each crystal was important
for this determination, not the absolute fre-
quency. I used my 6 meter receiver setup (In-
ternational converter into a BC-455) to mon-
itor the 6 meter signal from the oscillator-
multiplier chain of my transmitter.

These crystals are military surplus units in
the HC-6/U package, and with a string of
numbers like 8408.182 1 figured that all
would fall within a kilocycle or so after multi-
plication. But let me show you the figures.

After testing the lot I was able to set myself
up with a series of crystals which I marked in
10 ke increments continuously from 50.27 me
to 50.43 mc. In all T checked 77 crvstals over
that range. The total results are presented as
an histogram,

If you, like I, hadn’t been convinced before,
perhaps these figures will help you. Perhaps
the lot of crystals which I happened to have
are typical, but had they been near the band
edge, and had I put them on without checking
I would have been outside the band. Just
take a second thought before you blithely slip
that crystal in the socket and call CQ.

. I R@TX0

Id. note: The distribution of the curve hints that the oscil-
lator circuit KOJXO used presented an excessive capacitance
lo the crystal. However, another circuit would likely produce

similar results except that the values would cluster around a
different frequency.
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WHYDOESBUZ REEVES (K2GL) OWNFOUR
HENRY 2-K LINEAR AMPLIFIERS ?

FORTHE SAME REASON CAM PIERCE (KH6EPW) OWNS THREE
AND JACK TEMPEST (W7JOE) OWNS TWO AND YOU WILLWANTTO
OWN ONE s o

, IT IS A POWER HOUSE!
M 2— < o TS MAGNIFICENTLY LINEAR!<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>