Deluxe Amateur

TRANSMITTER

By JAMES N. WHITAKEIE. YW2BFE
Eng. Dept., Hammarlund Mig: Co.

TTH the resumption of radio
amateur activities following
the conclusion of World War
1, the amateur is confronted with a
lgreat variety of available component
arts consisting of new items as well
‘a5 war surplus materials from which
Uhe must select a few useful items to
ncorporated in his postwar station.
' He has -also been presented with a
Srather bewildeving arvay of technieal
literature released as a tesult of the
‘removal of wartime secrecy restric-
“tions. These tweo factors coming along
'togethe; as they de are dquite bewil-
\dering to say the least and before
fing out on a shopping expedition
will ‘be wise for him to econsider
carefully just whal end vesult is:
ed, The cost of componeni parts
\on the qurp]us market is low enough
io'malte possible the'selection of high
quality ifems which will permit the
Lconstruction of eguipment often
Uireamed about but seldom realized
i amateur civeles, A few of the most
\desirable: features to be mcor‘porated
in 4 transmitter for ‘amateur service
' ¢an be roughly listed as follows:

us possible. The a.c. ripple and
j ous noise modulation must be be-
low 195, The harmonic content of fhe
emitted cartier must be relatively low.
There must be no radiations at spuni-
Lous [requencies (parasilic eseillations,
Lite.) Modulation of the earrier must
‘be linear and free from parasitic: os-
Ccillations  which so frequently arve

present during the modulation peaks.
2 T}Le PRI eﬂwaency wust be Tigh.
amateur ftransmitters are lim-
1 in power to. 1000 watts of plate
input to the'final amplifier, consider-
| able time should be allotted to o'h'_fﬂin—
ing the highest possible efficiency in
{his stage. Thisimmediately rules but
the typical “ham’ method of eperat-
mg the output tubes at considervably
nd/ (he manufaeturer’s published

he frequency must be stable.
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Part 1. BDesign data for a 1-kw. transmitier. The
mosi praciical civénils for amafleur service
are incorporated in building this wnit.

1. The roadiated signal must be as

Fig. 1, Panel view of
home-built 1-kilowatt
tronsmitter. This unit may
be operated entirely by
the amateur from a re-
mote- position, or in the
regular fashion if it is
desired;

Even a slow drift in one direction is
likely to cause considerable annoy-
ance not only fo the receiving sta
where the receiver must be mntmual Ly
tuned to follow fthe transmitted sig-
nal, but also to other stations which
might be receiving interference from
the 'transmitter. To achiieve reil
stability the old concept of a high-
powered crystal controlled oscillator
must be discarded for the moré recent

understanding of the prime reason for:

the ‘use of crysfals. They are a fre-

gquency stabilizing element rather than

a source of power. The same is gen-
erally true of self-excited oscillators.
Any oscillator will provide a max-
imum of stab 1ty only: when it is: sup-
plying a minimum of power,

4. The mmethod of power control must

be: positive and properly sequenced.
THis usually indicates the use of sev-
oral relays, interconnected with each

other in such a manner as to apply

power to the various sections of the
transmitler in a preper sequence for
starting up the fransmitter and for

remoyving the power in an order nol

necessarily the reverse of the starting
sequence; when shutting dewn the
transmilter, as will be shown later.

5. The speech a.mphﬁel should be a
separate unit and should nof have
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linear frequency characteristie, This
may sound strange; but a eareful anal-
ysis of the problem will disclose the
truth of this siatement, All modula-
tien applied to the earrier tends to
distribute the emitted power in the
form of sideband energy. The entire
audio frequency range is not reguired
for good wvoice intelligibility. The
more power used in needless sidehands
the less power will be available for
{he necessary speech [requencies. The
speech amphﬁel should, therefore, dis-
eriminate against fregquencies below
200 eyeles and above 3000 cyelés, Such:
an-amplifier will permit a higher aver-
dee of modulation before the peaks of
the voice frequencies cause serious
over-modulation. The peaks in Voiee
frequenecies are generally in the form

“of high frequency fransients against

which such an amplifier will: diserimi-
nate. :

6. A wery definite und simpie over-
smodulution indication: mmust be pro=
4iidedd. The indicator must show any
overmodulation peals no matter of how
short duration rather than the average
modulation, Ovcrmodulat;on peaks are
the cause of serious sideband “splal-
’rer" a.ud contri i

broad{:ast recewm*s ’I‘he avmmodula-
G



tion indicator should provide a positive
indication of overmodulation regard-
less of the power used, and should not
require adjustment when the power
is increased or decreased.

7. The transmitier should not be un-
necessarily large. Compactness is es-
sential not only from the standpoint of
the conservation of space but also for
the purpose of obtaining the shortest
possible electrical connections between
components within the equipment.

8. Shielding and isolation of cireuits.
All r.f. sections should be carefully
and completely shielded to prevent
spurious radiations and to prevent re-
action between the various circuits
within the transmitter. It is impossible
to overstress the importance of com-
plete isolation of circuits in a trans-
mitter. Academically, perfect isola-
tion of circuits can probably never be
realized, but the careful use of shield-
ing and r.f. bypassing and filtering will
result in practical perfection along
these lines. In any event, the isola-
tion of circuits should be carried out
to the extent that no spurious oscilla-
tions will eceur in any circuit or com-
bination of circuits during normal
operation, or in the event of failure of

_the oscillator.

A solid ground connection between
units is required, and all bypass con-
nections should be made directly to
the chassis at the nearest possible
point as well as to the running ground,
Although the base metal of the chassis
may be steel or other relatively low
conducting material, the mass of the
chassis will provide a lower resistance
path than a copper conductor of con-
venient size. It is wise to use both a
running ground and chassis connec-
tion, or a chassis connection and a
running ground between chassis. In
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Fig. 8. Schematic diagram of several oscillators that were tried. Circuit shown in
(A) proved most satisfactory and was the one finally adopted. Circuits (B). (C), and
(D) could be used. The advantages and disadvantages of each are covered in text.

most instances a running ground will

offer little if any improvement when

the chassis is used for a ground con-
nection, and all chassis are bonded to-
gether.

With these eight requirements in
mind, the writer set out to design and
construct the transmitter to be de-
seribed. The over-all operation and
the results obtained have proven how
very worthwhile it is to allot an ap-

preciable amount of time to the care-
ful planning of the transmitter before
parts are purchased and the actual
construction is started.

The transmitter will be - described
briefly as a composite unit followed
by specific descriptions of each section
and will include reasons for the se-
lection of the particular system or
circuit used as well as other suitable
circuits which may be substituted. It

Complete paris list for schematic diagram appearing on opposite page.

Ry, Rs—250,000 ohm, 1 w. metalized res.
R, R;—400 ohm, 1 w. metalized res.
Rs, Ryv—25,000 ohm, 1 w. metalized res.
Ry, Ry—50 ohm, 1 w. metalized res.
Rs—100,000 ohm, 25 w. w.w. res.
Rr—1200 ohm, 100 w. ».». res.
Rg—3000 ohm, 100 w. w.w. res.
Rio—10,000 okm, 1 w. metalized res.
Rig—400 ohm, 25 w. w.w. res.
Ry, Ryy—Four 25,000 ohm, 100 w. w.w.
( in series -
Ryi5—100,000 ohm, I w. metalized res.
Ri—50,000 ohm pot.
175 Rig—350 ohm, 10 w. w.w. res.
15, Ros, Ros, Reo, Rass R3—500 ohm, 5 w.
ww, res.
Roy—800 ohm, 10 w. w.w. res.
R;—250 ohm, 100 w. w.w. res.
Ko, Ros—10,000 ohm, 20 ». w.w. res.
oty Roz, Ros—700 ohm, 10 w. w.w. res.
€y, €,, Gy, Cs, Cy, Ciy, Cis; o, Cor—i001 ufd.,
00 v. mica cond.
Cy, Couy—50 pufd. midget var. cond.
Cs—15 pufd. midget var. cond.
Co—.0001 pfd., 600 v. mica cond.
7 Cigy Cos, Cog, Co—01 ufd., 600 v. mica
cond.
Ci1o—001 ufd., 5000 ». mica cond.
Ci1, Cso—.0001 pfd., 10,000 ». mica cond.
Cia—50 pufd. var. tuning cond.
Ci5—50 ppfd. (per section) dual tuning cond.
Cia, Ci—15 ppfd. neutralizing cond.
10s Cony Cn—.001 pfd., 2500 ». mica
cond.
Co—40 upfd. (per section) dual tuning cond.,
spacing 15,000 v.
Cipy Coy—:0001 pfd., 2500 v. mica cond.
Cn—.01 ufd., 2500 ». mica cond.
Cao—+4 pfd., 600 ¥, elec. cond.
Cys—Three 125 pufd., 150 v. dry elec. cond. in
parallel
s Cys
cond.

rées.

3 upfd., 600 ». Dykanol or Pyranol

Cz—6 pfd., 600 v. Dykanol or Pyranol cond.
Cyr—4 pufd., 3000 v. Dykanol or Pyranol cond.
Cos—Three 4 pfd., 3000 v. Dykanol or Pyra-
nol cond. in parallel =
Cio, C:a—8 pfd., 300 v. dry elec. cond.
Cyo—4 pfd., 3000 v. Pyranol cond. (General
Electric)
Cys—8 pfd., 3000 y. Pyranol cond. (General
Electric)
T,—Fil. trans. 115 v. to 5 v. @ 10 amps. c.t.
Ty—Variac (General Radio 200B)
Ty—Fil. trans. 115 ». to 2.5 v. @ 2.amps. c.t.,
10,000 v, insulation
T,—500 ohm line to class “B” grids input
trans.
T—Mod. trans. 750 w., .5 db. from 100 to
4000 cycles
Tg—Special bias trans. 115 v. pri, to 110-0-
110 ». @ .5 amp.
Tr—Trans. 110 v. d.c. t6 2.5 v. @ 10 amps.
c.tyy, 2000 v. insulation
Ts—Low voltage power trans. 115 v. pri., 475-
0-475 v. @ 200 ma.; 6.3 v. @ 3 amps.; 5
Y. @ 3 amps.
Ty, To, Tyn—Fil. trans. 115 v. to 5 v. @ 20
amps., 15,000 v. insulation
T1o—DPole trans, 220 ». to 2200 v. 2 kva.
Ty3—Fil. trans. 115 v. pri., 10 v. @ 10 amps.
ct.; 10 v. @ 10 amps. c.t.
T'y—Fil. trans. 115 v. to 10 v. @ 10 amps. c.t.
Tiz—Plate trans. 115 v. to 2000-0-2000, 5 kva.
Tyy—Fil. trans. 115 ». to 2.5 v. @ 10 amps.
c.t, 15,000 v, insulation ¥
Ty—VWVariac, 100-200 v. @ 9 amps.
Py, Ps, Py, P.—6 ». @ 110 v. pilot lamps
L,—28 me, tank coil wound on 1” form
L.—14 mec., tap for 21 mc., tank coil wound
© on 1” form
Li—Plug-in tank coil (3 used, 28, 21, and 14
me.)
Ly, Li—2 t. coupling link
Lo—Plug-in grid coil (3 used, 28, 21, and 14
me.

L.—Plug-in plate tank coil (3 used, 28, 21,
and 14 mc.)

Lye—Var. output coupling link

Ly—7 me. osc. coil wound on 1" form

RL,—D.p.d.t., ant. relay, 110 ». a.c, coil

RL,, RL;—D.p.s.t. normally open relay, 28 .
d.c. coil

RL,, RL;—4 p.s.t. normally open relay, 110 v.
a.c. coil

C.O.R.,—Full-wave copper oxide Yect., 1 amp.

CH;—3-8 hy., 500 ma. swinging choke (25
ohms d.c.) N

CH.—18 hy., 500 ma. filfer choke (50 ohms

d.c.)
CHy;—8 hy., 500 wma. filter choke
CH,, CH—14 hy., 100 ma. filter choke
CH—8 hy., 600 ma. filter choke

H—16 hy., 600 ma. filter choke
REC,, RFC,—2Y, mh. pi-wound r.f. choke
RFCy—2Y,> mh., 500 ma. pi-wound choke
REC,, RFC;, RFCy—500 ma. pi-wound r.f.

choke
$1—S8.p. 3 pos. sw. ceramic insulated
S:—D.p. 3 pos. sw. ceramic insulated
§:—58.p. 6 pos. sw. ceramic insulated
S 87, Ss—S.p.s.t. toggle sw., 25 amps.
S5 Se—D.p.s.t. toggle s»., 25 amps.

as 5195 d13—3.p.s.t. interlock sw., normally

epen
Si0—Motor driven time delay sw. set for 36

sec. delay

1+—0-1 ma. meter 215" bakelite case
M,—0-50 ma. meter 315" bakelite case
My—0-250 ma. meter 315" bakelite case
M,—0-200 ma. meter 315" bakelite case
M-—0-1 amp. meter 315” bakelite case
M—0-15 v. a.c. meter 315" bakelite case
M—0-500 ma. meter 345" bakelite case
2—7C5 tubes
1—4E27 tube
2—8334 tubes
2—810 tubes
1—5V4G tube

4—8724 tubes
4—866A4/866 tubes
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Fig. 4. (A) High powered lriode oscillator capable of outputs up to 30 watts.
(B) The bandswilching frequency muliiplier used to drive the 4E27 buffer stage.

Fig. 5. Schematic diagram of a frequency mulliplier system which will provide
odd harmenic outputs. It is adaptable 1o high and ulira-high frequency cireuils.

is hoped teo thereby indicate possible
modifications of- the deseribed setup
which may better suit the particular
needs of the individual who wishes to
build a similar transmitter, and toe
proyide a practical guide for the
proper construction of any transmit-
ter, regardless of power, up to the
maximum power permitted for ama-
teur use. This transmitter is shown
schematically in Fig. 2.

The transmitter consists of a 7C5H
crystal-controlled oscillator operating
in the 7 me. band, the TC5 frequency
multiplier, a 4E27 amplifier, and a
final amplifier consisting of two 833A
tubes in push-pull, modulated by two
810 tubes in class "B, Separate power
supplies are provided for the oscillator
and multiplier stages, the two am-
plifier stages and .for the class “B”
modulator.

A bias supply provides the negative
grid bias for the elass “B” modulator

tubes as well as power for some of the
control relays. The remote control
and antenna changeover relays receive
their power from a dise type copper
oxide rectifier, A small variac is used
for the adjustment of the filament sup-
ply for the modulater and power am-
plifier tubes and a large variac is used
for the adjustment of the power input
to the final and intermediate amplifier
stages.

The speech amplifier is a separate
unit mounted on the operating table
and connected to the modulator unit
through a 500 ohm shielded line. The
transmitter output cireuit is designed
to operate into a large size (RG-1417)
52 ohm ecoaxial cable, The antenna
changeover relay is mounted in the
{ransmitter near the output coupling
link and a small coaxial cable con-
nector is mounted on the transmiffer
for connecting the antenna to the re-
ceiver.

Fig. 6. Schematic diagram of modified version of unit shown in Fig. 5. This sys-
tem provides outputs at 1, 2, and 3 limes the input frequency. Il is a combination
of a push-pull amplifier or push-pull tripler, and the rare push-push doubler.
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The Oscillator

During the past several years it has
been the writer's good fortune to have
the opportunity of investigating oscil-
lator circuits foo numerous to men-
tion. Each eircuit has been carefully
analyzed and data taken on output
power, frequency stability, crystal cur-
rent, etc. Each circuit was found to
possess advantages and disadvantages.
Any ecircuit used represents a com-
promise of some sort. The problem re-
solves itself into the selection of the
most faveorable compromise for the
application in'mind, In order to make
an intelligent selection, the reguire-
ments must be studied earefully. In
this case the reguirements were brief-
ly as follows:

1. The oseillator must be stable and
free from self-oscillation when the
crystal is removed or when the erystal
is in place but ceases to oscillate.

2. The power required from the
erystal must be so small that there
will he negligible internal heating of
the crystal. The r.f. current through
the crystal must be as low as possible
and must not exceed 10 ma. of r.f. cur-
rent under normal operating condi-
tions and 25 ma. under any condition.
(The r.f. current through the crystal
must not be confused with the d.c. grid
current of the oscillator tube although
the two may bear some relationship).
The r.f. potential developed across the
crystal must never reach a value suffi-
cient to produece a corona discharge or
any burning of the crystal or the elec-
trodes.

3. The crystal must start oscillating
immediately upon the application of
power to the oscillator plate and
screen eircuits. ‘There must be no
sluggishness in the erystal action. (A
good test for sluggishness js to key
the oscillator ecircuit at high speed
with the keying arranged to open and
close the cathode-to-ground eircuit of
the oscillator tube.) S

4. The tuning of the oscillator c¢ir-
cuits must not be eritical and the oscil-
lator must not be affected materially
by the loading produced by the Iol-
lowing stage whether or not the fol-
lowing stage is operating properly.

5. The oscillator must deliver suffi-
cient power to drive a multiplier stage
and at the same time fulfill the re-
guirements set forth in the preceding
paragraph.

A careful analysis of all ecircuits
tested indicated that the most satis-
factory circuit was one that was de-
veloped early in 1941 and which is
shown schematically in Fig. 3A. In
this eireuit a TC5LT beam tube is used
in a more or less conventional crystal
oscillator cireuit. A 6V6 tube may be
used in the same circuit with almost,
but not guite, as good results. The new
50B5 tube will perform as well as ar
possibly better than the 7C5 tube and
is useful in connection with a 50BS
multiplier tube where it is desirable to
connect the heaters in series for oper-
ation from a 110 volt pewer line to
eliminate a filament transformer. (If
this is done a 100 ohm, 10 watt re-
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| sistor should be connected in series

with the tube heaters). A miniature
type beam tube such as the 50B5 is
undoubtedly superior as an oscillator
tube in this cireuit where it is desired
to use crystals having a fundamental
frequency above 8 mec.

A 400 ohm cathode biasing resistor
bypassed by a .001 pfd. mica capacitor
is connected between the oscillator
cathode and ground to provide a nor-
mal bias between the grid and cathode
of the oscillator tube. With this ar-
rangement no damage can occur fo
the tube when the excitation is re-
moved and also the crystal is not re-
guired to supply the full operating
bias for the tube. A 10,000 ohm, non-
inductive resistor is connected be-
tween the osecillator grid and ground.
This resistor performs two functions.
One function of this resistor is to pro-
vide a path from grid to ground. The
other function is to provide a rela-
tively low resistance load for the crys-
tal. This load prevents the r.f. poten-
tial across the erystal from reaching
a high value. A Tesistor of 5000 ohms
may also be used with good results in
many cases but 10,000 ohms seems to
be the best value for positive oper-
ation. ;

The plate and screen potentials are
obtained from a 150 or 300 velt power
supply depending upon the power re-
quired from' the oscillator, It is de-
sirable, although not necessary, to reg-
ulate this potential. Slightly greater
stability will be realized if this supply
is regulated. Sufficient regulation may
be obtained by the use of an OD3 reg-
ulator tube for 150 volt operation, or
two ©D3 tubes in series for 300 volt
operation.

Note that both the screen grid and
the plate tank circuits are bypassed
directly te the cathode of the oseil-
lator tube. Also note that the plate
tank tuning capacitor is connected di-
rectly aecross the oscillator coil, with-
out a series blocking capacifor. These
are two important features.

If the sereen and plate tank circuit
bypass capacitors are connected to
ground instead of to the cathode, there
is a chance of regeneration and even
of self-oscillation if the cathode by-
passing capacitor is faulty or if the
leads in the cathode-to-ground cireuit
are not very short.

The positive potential is applied to
the screen grid of the oscillator tube
through a 25,000 ohm series dropping
resistor.

In normal operation, the r.f. current
through the crystal is somewhat less
than 1 ma., and never exceeds 15 ma.
under any conditions, even with a 300
volt plate and screen supply. With a
150 volt plate and screen supply, the
normal r.f. current through the crys-
tal is practically unmeasurable, and
does not exceed 10 ma. under any con-
dition of funing.

The oscillator will deliver over 35
watts of power to the multiplier stage
when a 300 volt supply is used for the
plate and screen potentials, and ever
2 watts when a plate supply of 150
volts is used.
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With a plate potential of 350 volis,
and an r.f. load of 6 watts, the plate
current is 37 ma, the screen grid
current is 4 ma., the ri. crystal cur-
rent is approximately 1 ma., and the
plate efficiency is approximately 46%,

ODiher Oscillators

For those wishing to use other oscil-
lator ecircuits, the following circuits
and operaling data is offered.

Harmaonic Oscillator. (Fig. 3B)

This is one of the many versions of
the controlled oscillator type, where
the eireuit is either self-oscillating or
wliere the regeneration is almost suffi-

“cient to produce self-oscillations, and

where oulput is obtained at multiples
of the crystal frequency. There are
so many versions of this type of oscil-
lator that space does not permit the
inelusion of all data and other perti-
nent information. 'The cireuit shown
was selected because of its general
performance and stability, together
with a relatively safe value of crystal
current, The output will vary between
2 and 5 watts, depending upon the out-
put frequency,

With a 3.5 me. erystal, any multiple
of the crystal frequency up to 21 me.
may be obtained with an output power
of 2 watts or over, The plate current
will range from 20 ma. at 7 me. to 40
ma. at 21 me., and the r.f. erystal cur-
rent will range from 25 ma, at 7 me.
to 38 ma. at 21 mc.

When testing oscillator circuits of
this or any other type employing re-
generation a 60 ma. pilot bulb should
be connected in the crystal-to-ground
circuit as a protection against acei-
dental overloading of the erystal.

802 Crystal Oscillator. (Fig. 3C)

One of the more popular erystal
oscillators utilizes the 802 type tube,
If properly shielded, this oscillator
provides a relatively high output with
low erystal current. The regeneration
within the tube is of such a low value
that an external feedback capacitor
is required to produce and sustain os-
cillations. Care must be exercised in
the selection of the feedback capacifor,
as ftoo muech feedback will produce
high r.f. crystal currents which may
damage the crystal,

With a plate potential of 475 volts
and a screen gzrid pefential of 250
volts, and an r.f. load of 8 watts, (35
me. crystal, and output at the funda-
mental frequency) the plate current
will be 34 ma., the screen grid current
15 ma., and the r.f crystal current
will be 6 ma. The plate efficiency
under these conditions is approxi-
mately 499%.

6V Oscillator. (Fig. 3D)

Using a 6V6 oscillator in the circuit
shown in Fig. 3D, the following data
was obtained: (3.5 me. operation)

With a plate potential of 345 volis,
and a ‘screen potential of 250 volts,
the plate current is 45 ma., the screen
current is 5 ma,, and the r.f. crystal
current is 1 ma. with a 6 watt r.f.

(Continued on page 154)
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Amateurs, Experimenters,
Radio Servicemen...; ... "

have ac-
cess to the secrets of post-war television.
Vision Research Laboratories now brings
you in its new series of television booklets
complete and detailed plans for the con-
struction of a 5- or 7-inch television-FM
receiver! The plans in these books incorpe-

- rate all of the latest design features plus a

detailed parts list, There is no need to
wade through textbooks to get this neces-
sary information. These booklets furnish
you with all of the information needed for
the construction of television receivers,
sweep alignment generater, etc.

NOW AVAILABLE "0esign and Con-
struction of a Modern

5- or 7-inch TELEVISION RECEIVER" and

"Design and Construction of a Visual Align-

ment SWEEP SIGNAL GEMERATOR."

Each booklet contains: Many pages of theory ond

practical design inf 1 Detailed skeiches,

layeut photographs and schematic diogroms.

In addition, each booklet is furnished with an

11 % 17 inch wall chart working diagram.

Order direct or threugh your local distributor!

P.0. BOX #52, Kew Gardens 15, N. Y. I

Enclosed s $...oioieiiiniiinccensassarnsns (Check or
money order) for: .
Meo. of Copiss

........ Television Receiver Booklet at $2.00 ea. l

woniSweep Generator Booklel at $2.00 ea. l

Deluxe Transmitier
(Continued from page T6)

load. The plate efficiency is approx-
imately 38%.
Higher Power Triede Oscillator.

Among the ftriode oscillators, the
HK24 or Fimac 25T or similar tube
appears to have the most promising
characteristics, The circuit is shown
in Fig. 4A.

The data is as follows: (3.5 mc. op-
eration)

With a plate potential of 750 volts,
and an r.f. load of 17 watts, the plate
current is 42 ma., the r.f erystal cur-
rent is 8 ma., and the plate efficiency
is approximately 53%.

With a plate potential of 1000 volts,
and an r.f. load of 30 watts, the plate
current is 60 ma,, the r.f. erystal cur-
rent is 16 ma,, and the plate efliciency
is approximately 50%.

From the above data it will be seen
that for lowest erystal current, which
results in the greatest frequency sta-
bility, the choice lies between the cir-
cuits using the 802, 6V6, or 7C5 tubes.

In the 802 circuit, the regeneration
control may require adjustment for
operation on different frequencies.
Since this control is rather ecritical, a
tube not requiring external regenera-
tion is preferable. There is little
choice between the 6V6 and 7C5 oscil-
lators at 3.5 mec., but at higher fre-
quencies, the 7C5 type offers some ad-
vantages, since the base insulation
is superior, and the internal leads of
the tube are shorter.

It is very important when using
beam tubes or pentodes, to take care
that the screen dissipation is not ex-
ceeded, If the tube is overdriven, or if
the voltage is too high, secondary
emission will result,

Frequeney Multiplier Stage

With the tubes now available, it is
no longer necessary to use a series
of frequency doubling stages in order
1o obtain the desired output frequency.
It is a relatively simple matter to
chbtain multiplication of from 2 to 20
'in a single stage. The selection of
| the multiplier tube will depend upon
the amount of multiplication desired
as well as the output required from
the multiplier. The most satisfactory
tubes for use in a multiplier circuit

Fig. 7.

appear to be either a 7C5 or the new
2E26 beam tetrode. The new 50B5
beam tube would probably be even
more satisfactory than the 7C5 where
a higher order of multiplication is
required and where the power output
can bhe relatively low.

If the following amplifier stage re-
guires very low driving power as in
the case of a beam power amplifier
and where the multiplication is not
greater than 5 to 8, the TC3 (and
also the 50B5 tube) will be guite sat-
isfactory. Where a power of 10 to 15
watts is required from the multiplier
stage, the 2E26 tube will be found
more satisfactory., Where it is de-
sirable to obtain high orders of multi-
plication a single 2E26 may be used as
a multiplier to drive a 2E26 amplifier.
With this combination an output of
15 to 20 watts is obtainable at multi-
ples of the oscillator frequency up to
and including 25.

For the transmitter being described
a TCH multiplier tube follows the os-
cillator stage and supplies more than
sufficient drive to the 4E27 amplifier
stage at multiples of 2, 3, and 4 times
the crystal frequency. The circuit is
shown schematically in Fig. 4B. In
the original setup, a 2E26 was used in
the multiplier stage but it was found
difficult to reduce the drive to the
4E27 stage to a sufficiently low level
for satisfactory operation. For this
reason the 2E26 was replaced by a
7C5 multiplier tube. The plate tank
circuit of the multiplier stage is ar-
ranged with a tap switch in such a
manner that operation at 14, 21, and
28 me. may be obtained without phys-
ically changing the coils. When the
transmitter was placed into operation
it was found necessary to further
reduce the drive to the 4E27 amplifier.
This was done by dropping the plate
voltage applied to the TC5 multiplier
to 150 volts.

Oiher Frequeney Multiplier
Sysiems

Frequency multiplier systems are
generally so well-known and have
been treated so thoroughly in previous
publications that little more need be
said about them, except in a general
way. Almost any single-ended ampli-
fier circuit will operate satisfactorily
as a frequency multiplier at frequen-
cies up to 30 mc., with the pentode
and beam tubes probably heading the
list in performance. At the higher

Schematic diaggram of a push-push doubler used where hiigh second harmenic

output is desired. Tubes of high power gain operate exceptionally well in this circuit,
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frequencies, the problem of obtaining
satisfactory operation of fregquency
multipliers becomes more difficult, if
any appreciable outiput power is re-
quired. If an extremely low output
will be sufficient, the low capacity
receiving type of tube may be used
quite satisfactorily.

For those desiring to operate on
the higher frequencies, and particu-
larly where the multiplier is fo be
used as a driver and must supply an
appreciable amount of power, the
push-pull tripler will be found wvery
satisfactory. The basic ecircuit is
shown schematically in Fig. 5.

In this system, the ability of a push-
pull amplifier to suppress the second
harmonic and at the same time gen-
erate third harmonics is utilized.

The grid bias should be somewhat
higher than in a conventional douhbler
stage for proper operation. This sys-
tem is particularly suited to the fre-
quencies where best operation dictates
a conversion from the conventional
coil tank circuits to resonant lines,
such as from 48 mec. to 144 me. A
conventional coil is used in the grid
circuit, while a tuned line is used
in the plate circuit. This provides an
arrangement with the tube capacities
effectively in series, and permits the
use of a sufliciently high induetance in
the plate circuit for efficient operation.

With this arrangement, using two

HK24s or similar tubes with a plate
potential of 650 velts, an output power
of 25 watts is availaple at frequencies
up to 170 me,

A modification of this system pro-
vides outputs at 1, 2, and 3 times the
input frequency. This arrangement is
shown in Fig. 6, and is a combina-
tion of a push-pull amplifier or push-
pull tripler, and the almost forgotten
“push-push”  doubler arrangement,
which may hecome popular if the pro-
posed 21 me. band is opened to the
amateurs, as it will provide output on
7 me. for instance, as a neutralized
amplifier, 14 me. as “push-push” dou-
blers, and 21 me. as a push-pull tripler,

The “push-push” doubler is an old
standard where large output is desired
{rom a doubler, but with the high ef-
ficiency of the pentode and beam type
of tubes, and has all but been forgot-
ten. It should be remembered however
that the new tubes having high power
gain will also operate exceedingly well
in this circuit, Just as a reminder,
the “push-push” doubler ecircuit is
shown schematically in Fig, 7. Tt is
particularly well suited to the S29B
tvpe of tube, as well as any of the
lwin triode types.

(Concluded next month)

ANSWERS TO BIZ QUIZ

I. e 6. b 11, ¢ 16. ¢
2. b 7.'e 12, ¢ 17. b
3. b 8. b 13. a 18. a
4, a 9. b 4. b 18. b
5. ¢ 10. a 15, a 20. ¢
ARE YOU A SALESMAN? Give your-

self 5 points for each answer you had
checked correctly. A score of 45 is aver-
age, and 75 or betfer is very good indeed.
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Fig. 1. Rear view of transmitter. Fronl
view of this unit was shown last month.

N CONTINUING the discussion

of deluxe amateur transmitter

design begun last maonth, we
would like to point out to-our readers
that the circuit diagram for the com-
plete transmitter was given in the
April installment, along with a dis-
cussion of the oscillator and frequency
multiplier stage. Reference should
be made to this discussion before pro-
ceeding to a consideration of the
driver stage.

Driver Stage

The driver stage uses a 4E27 beam
tetrode in a more or less conventional
amplifier circuit. When using a tube
of this type it is well to observe the
manufacturer's recommendations for
maximum grid drive, This value
should never be exceeded, and satis-
factory operation will generally be
obtained with driving power consid-
erably below the maximum permitted.
In the present instance it was found
that the grid current should not ex-
ceed 0.3 ma. for eptimum operation.
With this value of grid drive the 4E27
tube is capable of delivering approx-
imately 225 watts of r.f. power to the
final amplifier. The plate and screen

May. 1947

Part 2.

Deluxe Amateur
TRANSMITTER

By JAMES N. WHITAKER, W2ERFIR
Eng. Dept., Hammarlund Mig. Co.

Conecluding article eovering the design

principles for a 1-kw. amateur type transmitter.

grid power for the driver stage is ob-
tained from the high voltage power
supply which supplies plate power to
the final amplifier. The full potential
is applied directly to the anode of the
tube while the screen grid potential
ig applied to the tube through a 100,-
000 ohm resistor. A 1200 ohm cathode
biasing resistor is connected between
the filament center tap and ground to
provide normal operating bias for the
tube, A 250,000 ohm grid resistor is
also used to prevent excessive grid
current when the plate potential is
1educed and the drop across the ca-
thode biasing resistor decreases cor-
respondingly,

There has been much controversy
regarding the use of the new beam
type of tubes versus a neutralized
triode. Unquestionably much of the
reluctance to incorporate these new
and wonderful tubes in equipment is
due largely to a lack of understand-
ing as to just how they may be satis-
factorily incorporated in the equip-
ment. The general complaint seems
to be the difficulty in eliminating the
tendency toward self-oscillation.

In designing any equipment using
a beam tube, always bear in mind
the fact that the power sensitivity of
this new type of tube exceeds by far
the power sensitivity of any tube
herefofore known. It is this ex-
tremely high power sensitivity that
makes this tube so highly desirable,
and at the same time so apparently
difficult to operate satisfactorily.

In order to successfully design an
amplifier using a high-powered beam
tube, it is extremely important to bear
in mind that a very small amount of
feedhack, which in a triode amplifier
would be practically undetectable will
be a very serious amount indeed for
a high gain beam tube.

The isolation of the input and out-
put circuits must be as nearly per-
fect as possible. The T.f. bypassing
must be complete with all leads as
short as possible. Each filament ter-

minal must be bypassed directly to the
chassis as close to the socket terminal
as possible, The screen grid must be
bypassed to the filament terminals as
well as to the chassis, and if the sup-
pressor grid is not directly connected
to the filament, it must also be by-
passed directly to the filament as well
as to the chassis.

If the isolation between input and
output cireuits is complete, the ampli-
fier will operate as smoothly as a
conventional neutralized triode ampli-
fier and the driving power required
will be almost unbelievably small com-
pared to the power required to drive
any other type of amplifier having an
equivalent power output.

If the designer is unable to eliminate
feedback entirely, there are several
ways to suppress spurious oscillations.
One way is to insert a 50 ohm, non-in-
ductive resistor in the screen grid
circuit, between the screen grid ter-
minal and the bypass condenser. An-
other method is to insert a 50 ohm
resistor (around which has been wound
eight or ten turns of wire forming a
small inductance shunted by a 50 ohm
resistor) in the grid or plate circuit.

Any of these suppression methods
are subterfuges, serving to Temove
the symptoms rather than the ailment,
and are, in reality, an admission that
the eguipment has not been properly
designed.

1t is possible to obtain satisfactory
operation from a triode amplifier when
departing widely from the manufac-
turer's recommended ratings regard-
ing driving power, grid bias, and plate
voltage.

In a beam power amplifier, such
departures are a direct invitation to
trouble, and should be attempted only
by those completely familiar with
every detail of the operational theory
of a beam tube. Perhaps one of the
most difficult things for the amateur
fo grasp is that the grid drive must
be kept well within the maximum
limits specified by the manufacturer

71



i

TIME
REWOTE DELAY
CONTROL -
SWITCH To o5e

POWER

SUPPLY

M
M
P

P
S

Pt
M

3 VARIAC
O T
58 ¢ < et
. E\fm g?é:: BiAS RECT MoD. P. 5 LA

: S

laghag) | | Uasass)
oy g

HiAS
SuPPLY

DOOR  INTERLOCKS

i

r
|
o
<

M

7
h
M

= T0 TRANS,

!

L} \ L . V-

i T 4 e b T T T 1o
-1 L-] ke

o TO REC.

] &_ ¥ Y|

RL,—D.p.d.t. it.env-y-d'ut)\i}f!(? ¥, a.c. relay

o RL-—D.p.s.t, hoavy-duty, 110 v, a.c. relay

RL., RL—4 p.s.a. heavy-duty, 28 v, d.c. relay

Fig. 2. Complete schematic diagram of remote control system, A copper oxide rechi-

fier supplies power for the remote control

of the tube. Excessive grid drive can
not be tolerated by a beam tube re-
gardless of other operating conditions,
and the most satisfactory operation
is generally obtained with a grid cur-
rent of less than one milliampere. The
manufacturer’'s maximum grid cur-
rent rating is generally the maximum
permissible current which will not
damage the grid structure or cause
sufficient heating of the grid leads to
crack the glass seal.

Power Amplifier Stage

A rather wide selection of tubes is

Fig. 3. Schematic diagram of the negutive

relay and the antenna changeover relay.

availahle for use in the power ampli-
fier stage. The choice of tubes de-
pends largely upon the efficiency de-
sired and the power output needed.
Since the 4E27 driver stage is capable
of supplying suflicient power to drive
almost any 1 kw. amplifier stage, any
tube or tubes of sufficient power capa-
bilities 'may be used. One point to
bear in mind is that amateur trans-
mitters are limited to a maximum
plate input of 1000 watts. For this rea-
son one must consider the efficiency of
the final amplifier rather than econ-
omy of tubes in order to obtain the
greatest possible power output with

peak over-modulation indicator, The neon

bulb flashes, indicating when a predelermined modulation perceniage is reached.
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the permissible input. In order to ob-
tain the best possible efficiency it is
necessary to use tubes capable of con-
siderably more power than is required.
Another very good reason for using
relatively high powered tubes is that
the output need not be decreased in
order to obtain satisfactory high-level
modulation. This is not necessarily
the most economical way to design a
transmitter but it is the most satis-
factory way of obtaining a maximum
power output from a given inpuf.

The power amplifier stage in a tele-
phone transmitter should be a push-
pull stage in order to discriminate
against second harmonic radiafions.
Some objection may be raised be-
cause of the possibility of a third
harmonic radiation from a push-pull
amplifier but these radiations are
never as serious as the second har-
monic radiations because of diserimi-
nation against the higher [reguencies
in both the plate tank and antenna
circuits,

In designing the power amplifier
it is important fo consider very care-
fully some arrangement for completely
shielding the input and output cir-
cuits from each other and from the
rest of the transmitter. The most
satisfactory method of shielding is
to arrange the power amplifier so that
the input circuit, the tubes, and the
output eircuit are effectively in sep-
arate compartments with the neutral-
izing system in the compartment with
the tubes. It will be found that with
this arrangement the nearest approach
to true neutralization is obtainable.
If the shielding is not complete, the
apparent neutralization will not be
true neutralization since a certain
amount of input-output coupling will
be compensated for in the neutralizing.
When this occurs there is danger of
feedback, parasitic oscillations, and
various other difficulties when the
plate power, grid drive, or output
coupling is changed. This is a con-
dition which most commonly produces
parasitic oscillations during modula-
tion peaks which is easily understood
when one remembers that high-level
modulation actually varies the input
power to the amplifier in accordance
with the applied modulating power.

In a push-pull amplifier it is neces-
sary to very carefully design the cir-
cuits to provide equal grid driving
power to both tubes. The plate load-
ing must also be egual. In practice
it is very difficult to design a center
tapped coil in such a way as to obtain
a perfect electrical balance in each
half of the coil. This may not be too
serious at frequencies helow 14 me.
but at higher frequencies irregulari-
ties which are almost unnoticeable
may produce a serious unbalance. For
this reason it is well to depend on a
split stator tuning capacitor to provide
eleetrical center tap rather than fo
bypass the center tap of the coil to
ground. Tuning capacitors are man-
ufactured to very close tolerances and
are generally assembled with the aid
of very accurate jigs and therefore,
for all practical purposes, may be
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considered as being perfectly balanced
electrically as well as mechanically
insofar as capacity is concerned.

Any tuned r.f. circuit is more effi-
¢ient when the funing capacitor is
connected directly across the induc-
{ance. In order to do this it is usu-
ally necessary to insulate the rotor of
ihe variable capacitor from ground
instead of grounding the rotor section
and connecting one side of the in-
ductance to the rotor through a fxed
capacitor. This is more important
in the higher power stages becanse of
the higher circulating currents but it
is important in any stage since there

Fig. 4. Leit side view of fransmitter.
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is always a certain amount of loss in
even the highest grade of mica capac-
itors. This is also important in high
power stages as it prevents grounding
the high voltage power supply in the
event that a flash-over of the capac-
itor oceurs.

The antenna coupling circuit should
be variable by means of a dial or
knob accessible from the front panel,
The number of turns and diameter of
the coupling coil will depend upon
the method of feeding the antenna
and if the connection to the transmif-
ter is by means of a coaxial transmis-
sion line, the coupling coil will be
smaller or will contain fewer turns
{han if a higher impedance line is used.
Where the same antenna is to be used
for the receiver and the transmitter,
the antenna changeovér relay should
be mounted inside the transmitter and
as close as possible to the coupling
coil. The relay and the connection
should be adequately shielded from the
power amplifier plate tank cireuit.
The location of the antenna change-
over relay adjacent to the output coup-
ling coil is very important where co-
axial transmission line is used. 1f
the relay is located outside the trans-
mitter, it will cause a discontinuity of
impedance which may res ult in serious
standing waves along the transmission
line.

Power Supply System

The power supply systems for a

high-powered transmitter do not nec-
escarily have to be complicated. Pri-
mary .consideration should be given
to designing the power supplies so
that there will be a minimum of re-
acilon between stages. This is par-
ticularly true of the reaction between
the oseillator and the amplifier stages.
It is always well to provide a separate
power supply for the oscillator and
multiplier stages rather than tfo at-
tempt to use a common power supply
for the entire transmitter. It is also
well to use some sort of veltage regu-
lation in the oscillator power supply
although this is not absolutely neces-
sary when using the oscillator cireuit
previously described. It should not
se necessary in any case lo use an
claborate vacuum tube voltage regu-
lator. A rvegulator tube such as the
OD3/VRI30 or two such tubes con-
nected in series should be ample.
The intermediate or driver amplifier
and the final amplifier may be op-
erated successfully from a common
power supply. It is very desirable to
do this where a variac or some ather
means of primary power control is
used.
The class “B" modulator tubes should
bhe operated [rom a separate power
cupply unless the main power supply
has unusually good regulation and
the class “B"” modulator tubes are op-
erated with zero bias. Where grid
hias is required for the modulator
{ubes a power supply should be pro-
vided to supply this bias and this
power supply should he very heavily
loaded to prevent a change in bias due
to varying grid current.

Fig. 5. Right side view of transmitter.

In the transmitter being described
a small power supply provides the
power for hoth the pseillator and mul-
tiplier stages. The main high voltage
power supply provides power for the
driver and final amplifier stages. The
main power supply is equipped with a
variae in the primary circuit to per-
mit easy adjustment of the input
power. The class “B” modulator stage
has its own-powen supply and a hias
rectifier system provides 60 volls of
negative hias for the modulators. The
bias supply is loaded with a 250 ohm
resistance eausing a normal drain of
approximately 0.24 amperes. This high
bleeder current assures a minimum
of fluctuation in the bias supply due
to the varying grid current of the mad-
ulator tubes. 'The bias supply also
provides power [or some of the relays.
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Note that the output falls off

rapidly below 300 eycles and over 3000 cycles. This is ideal for voice transmission.

Remote Control System

A positive acting remote control
system should be provided in any
transmitter in order that the trans-
mitter may be started and stopped
from the operating position by means
of a toggle switch or other simple de-
vice,

A number of relay combinations
may be worked out to suit the partie-
ular installation once the proper se-
quence of operations has been deter-
mined. The system should provide a
means for applying power to the vari-
ous parts of the transmitter in such a
sequence as fo prevent the application
of power to the power stages in the
transmitter before power has been ap-
plied to the oscillator and multiplier

stages. It must also provide means of
transferring the antenna from the re-
ceiver to the transmitter before power
is applied to the final stages. The
system must also provide a means for
removing the power from the final
stages before the power is removed
from the oscillator and multiplier
stages and sufficient time must elapse
between the removal of the power
from the final stages and the operation
of the antenna changeover relay to
assure that there will be no power in
the antenna circuit when the antenna
changeover relay is operated.

The control system in the transmit-
ter being described uses a total of five
relays for performing all operations.
A copper oxide rectifier supplies power

for the remote control relay and the
antenna changeover relay, The circuit
is shown in Fig. 2.

Relay RL. is the remote control re-
lay, receiving its power from the cop-
per oxide rectifier, through the remaote
control switch. The operating coil of
relay RL; is connected in the oscillator
power supply circuit as a filter section,
and receives power when the oscillator
power supply is energized. Power for
relays RL, and RL. is obtained from
the bias supply, through contacts B
of relay RL.,

The operation of the system is as
follows: When the remote control
swifch is closed, relay RL. operates,
closing contacts 4 and B, Contacts
A are in the center tap of the oscil-
lator power supply transformer. When
these contacts close;, the power builds
up in the oscillator power supply,
energizing the operating coil of relay
RL,. Relay RL, operates closing con-
tacts ¢ and D. Contacts € close the
primary power circuit of the bias sup-
ply, through the time delay switch,
and contacts D operate the antenna
changeover relay. When the power
builds up in the bias supply, relays RL,
and RL; operate, since contacts B of
relay RL. are closed. When contacts
E, F, and &, H-of relays RL, and RL.
close, power is applied to the modu-
lator and the main high voltage sup-
plies, and the transmitter is in opera-
tion.

Fig. 7. Schematic diagram of speech amplifier. The unit has an over-all gain of 100 db. and an undistorted cutput of 31 walts.
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Ry—5 megohm, 14
Re—1500 ohm, Vs w. metalized res.
Ri—2 megohm, Vo w, metalized res.
R,—500,000 ohm, 1 w. metalized res.
R;~—2350.000 ohm pot.

Rs—3000 ohm, 1 w, metalized res.
Br—100,000 ohm, 1 w, metalized res.
Ry—250.000 ohm, 1 w. metalized res.
Ri—800 ohm, 1 w. metalized res.
Rii—2000 ohm, 20 w», w.w. res,

R\ \—+000 ohm, 20 w. w.w. res.
Ri—2500 ohm, 20 w, w.w. res.

Cy, C—100 ppfd. mica cond.

Cy Cr, C5—8 pfd., 50 v. dry elec. cond.

w, metalized res.

5o,

cid
-t

Cy Cr—.01 pfd., 400 v. mica cond.
Co—.002 pfd., 600 +. mica cond.
Co—6 (ifd., 1000 v. Dykanol or Pyranol

cond.
Cy—10 pfd., 600 v. Dykanol or Pyranol
cond,
Cyy, Ciwr—125 ufd., 350 v. elec. cond.
Cy—3 pfd., 600 v. Dykanol or Pyranol
cond.
Cy—30 ufd., 50 ¥, dry clee. cond.
REC—1.5 mh. pi-wound r.f. choke
CH,—15 hy., 300 ma. filter choke
CHy, CH—25 hy., 50 ma. filter choke
T—Audio trans. Single plate to P.P, grid

Ri2 =

| T—Fil. trans, 2.5 v. e, @ 10 amps.

-, .
S

i

00000) =
ELELLR

T4

NT v. &G

T —Output trans, P.P. plate (1500 okfims
plate-ta-pluate) to 500 chm line, 35 watt
output

Ty—Power trans, 475-0-475 (77 v. tap) @
300 ma; 6.3 v. @ 5 amps.; 5 v. @ 3
amps.; 3 v. @ 3 amps.

Ji—luput jack
S—8.p.s. toggle sw.
1—68J7 tube
1—8C5 tube
I—6N7 tube
1—5V4 tube

1—80 fube 4—2A3 rubes
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As we have shown, the sequence of
operation is as follows: The oscillator
power supply comes up first, then the
antenna changeover relay operates,
then the hias supply comes up, and
finally the power comes up in the mod-
ulator and p.a. power supplies.

When the transmitter is shut down,
the remote control switch removes the
operating power from relay RIL. which
immediately opens contacts 4 and B
of relay RL. Contacts B of relay
RL: open, removing operating power
from relays RL, and RL., causing con-
tacts B, F, G, H to open, removing the
primary power from the modulator
and main power supply.

As the power in the oseillator power
supply dies down, the operating coil
of relay RL, is de-energized, permit-
ting contacts € and D to open. The
cpening of contacts ¢ removes the
power from the bias supply, and the
cpening of contacts D operates the
antenna changeover relay RL,.

From the above, we find that the

121§ .gs $J¢ 51.30 2501: $9.00 gns $3.00 | 830B 55.25 sr:afsn 3;; 95BA § .75 sequence of operation for shutting
TN21A .20 | 10Y  1.50 | 304TH 12.00 | 809 1.50 | 8324 4.05 |88 75| 959 75 - PR an :

TN23 .20 | 35TG  1.95 | 304TL 3.75 |B10 2.83 | 836 1.50 | 921 75| 1616 3.00 down the transmitter Is not exactly
2AP1 225 | 75TL  2.25|715C 33.00 [811 1.95|837 3.38 |922 73| 18619 .75 in the reverse of the starting sequence,
2C40 263 | VR90 .75 |800  2.25|813 675|838 3.75 | 923 .45 | 1624 .90 15 e ¥, : Z

2¢48 1,50 | 100TH 4,13 [801a 173|814 oo |oes e |92 Vo8| 1825 o5 but is aa_follpus. The oscillator and
2021 60 | VR1O5 .75 | 802  1.58| 815 2.25 |845W 3.75 |931A 1.88 | 1626 .60 all high voltage power supplies are
2X2/879 .90 | VR150 .75 (803  9.00|816 .50 |860 3.00|954 .75 [ 1629 .27 i si -aneously: the - "
3APT  3.00 | 204A 60.00 | 804  6.75 [826 2.25 (861 90.00 |955 75| 2051 .90 shu _Ofif j‘m”“aﬁ,‘-e usly; tien Itt_lo‘an
5AP1  9.00 | 211 1.13 [ 805  3.75 | 828 9.00 | 864 .60 | 956 758005 3.15 | | tenna relay operates and the bias sup-
6AKS 90 | 217¢  7.50 | 807  1.05 | 8298 3.00 | 865 1.50 | 957 75018016 53] | ply is shut off after the oscillator

power supply dies down, whereas in
starting up, the oscillator power comes
on, then the bias comes on and the
antenna changeover relay operates,
and lastly the high voltage power
supplies come on.

PHONE and MICROPHONE ASSEMBLY

Bynamic type, adoptable for code praclice sels,
mobile eouipment, PA systems, heme record-
ing, etc. Mike handset with 50-ohms impedance.
Mike aond Phenes terminale In 5-wire male
plug, 3 ff. cord with female receptacle facili-

fotes disconnection, Special Value $195 HRO-»S'.I'MN“"O";":Q.I.‘ 275.00 \"'.“h this arrangement, failure of
B e Nc-240p :;’:P‘me 306,71 the bias supply will remove the high

voltages, and failure of the oscillator

CRYSTAL PICK-UP s supply will shut down the entire trans-
) Y. bes, mitter. In this manner, the tubes are
Pt ey end, Het Hiah Fulelis, ¥ all protected from loss of bias, and
Tongent Head, 7" mounting center. 5199 20 from loss of excitation due to oscil-
While they last, 0nly wooiuoimmiissmsininiiisins 173.25 lator power supply failures.
3
- WAIL GROERS FILLED FROM EITHER NiW YORK GITY OB G:ICAGO ane Over-Modulation Indicator
Write: 242-6 W. 551 S1,, N.Y.C. OR 323-6 W. Vadison S1., Chicago ' ’g-?o Any transmitter used for telephony

should be equipped with a very posi-
live means for indicating over-modu-
lation. An indicator which shows
average modulation is not satisfactory
for voice operation because of peaks
which oceur in normal voeice frequen-
cies. In order to be certain that seri-
ous over-modulation does not occur
during the peaks of the voice frequen-
cies, the over-modulation indicator
must indicate over-modulation peaks.
When an r.f. amplifier is fully med-
ulated, the plate voltage swings from
zero to twice the normal value. When
over-modulation occurs the plate volt-
age will actually swing from a nega-
tive value to more than twice the nor-
mal positive value., Because of this
action a negative peak over-modula-
tion indicator may consist of simply
a high voltage rectifier and a nean
glow lamp as shown in Fig. 3 with a
bias veltage applied between the neon
lamp and ground. The rectifier fila-
ment supply transformer should be in-
sulated for approximately three times
the normal plate supply veltage of the
transmitfer. The filament of the ree-
tifier' is connected to the side of the
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242 W.55h 51, NY.19

323 W. Madison 5t
Chicago 6, 111
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ELECTRIC comeany. inc
New York City Stores: 115-17 W. 45th St. & 212 Fulton St.

HERE IT IS...
Narrow Band E x c I T E R

Phase Modulation
(As Described in This Issue)

=» BASIC KIT OF PARTS (Including Chassis) <=
mP As listed in the Exciter article in this issue. $2358 =
— <=
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Order from Either New York or Chicago
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Company, Inc,

242-250 West 55th St., New York 19, N. Y.
323 W. Madison Street, Chicage &, lllinois
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NOW AVAILABLE FOR IMMEDIATE SHIPMENT!
SCR-274-N COMMAND SET

This unit consists of 3 receivers, 2 transmitters, 4 dy-
namotors, 1 modulator, 2 tuning control boxes, 1 an-
tenna coupling box with RF ammeter, antenna relay
and 5000 v., 50 mmfd. W.E. vacuum condenser. Also
complete set of 29 tubes with each unit. The receivers
cover frequencies of 190-550 kc; 3-6 mc; 6-9.1 mc;
Tubes included are: 12SK7—RF amp.; 12K8—
mixer; 125K7—1st IF; 125K7—2nd IF; 125R7—
diode det. and CW osc.; 12A6 output or AF; Xmtrs P

cover freq. of 3-4 mc. and 4-5.3 mc.; tubes included are 1626 master oscillator driving
2 parallel 1625's; a 1629 and a calibrating crystal also included. Each receiver has its
own dynamotor and another dynamotor powers the transmitter and modulator.
Terrific Valve. Complete, ready to operate..........vvuvunn..

~

SCR 522 100-156 MC
RECEIVER AND TRANSMITTER

Transmitter output 8-9 watts, voice amplitude modu-
lated on any one of four xfal controlled frequencies.
Receiver is readily switched to either one of the 4

= present xtal controlled channels. Tubes used: 2—
832's; 3—12A6's; 1—6G6; 2—6557's; 1—12J5GT; 1—12C8; 1—9002; 3—9003's;
1—12AH7GT; 3—125G7's. Super Special. Complete with tubes............ $39.95

B8C 375-E TRANSMITTER

A complete transmitter giving 75 Watts output to the
antenna, with a freq. coverage of 200 to 12,000 KC
(except for Broadcast Band) in seven tuning units. Also
included is the BC 306A antenna tuning unit with var-
iometer and switch, plus PE 73-C dynamotor including
relay switches and fuses, etc. Unit comes complete with 5 tubes, 211 oscillator, 211 RF
amplifier, 10 speech amplifiers, and 2 211 push-pull modulators. A Bargain at. . $45.00

BC-221 FREQUENCY METER

A superb frequency standard, this stable, heterodyne freq.
meter checks up to the 125th harmonic. Fundamental ranges
125-250 and 2000 fo 4000 KC. Makes a wonderful VFO
accuracy that cannot be beat. .. Stability better than
.005%. Comes complete with tubes, crystal and calibration
chart from 125 ke, to 20,000 ke. A simple matter fo mest
FCC regulations on freq. measurements with this unit. $39.50

BC 348 RECEIVER

Built for continuous duty, this band switching,
six band receiver with a freq. range of 200 to
500 ke. and complete 1,500 ke. to 18,000 ke.
Has automatic noise compensator—constant
sensitivity on all bands—output at 300 or 4000
ohms—xtal filter AVC-MVC-BFO; Smooth ver-
nier tuning; 90 turns of tuning for ea. band.
Tubes include 1st RF—6K7; 2nd RF—&6K7; RF
Osc.—6C5; 1st Det.—6J7; 1st IF—6K7; 2nd
IF and CW Osc.—6F7; 3rd IF and 2nd Det—
6B8; Aud. Out—41. Complete with built-in dynamoter for 28 v, DC. (Conversion
kit available for 110 v. operation 40 cy.—price on request.)

Conversion inst:uctions and schematics furnished with each unit.. ... ...... $49.50

20% deposit or full amount required with all orders.

RADIO HAM SHACK Inc.

63 DEY ST., NEW YORK 7, N. Y.
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modulation transformer secondary
which feeds power te the modulated
amplifier. The plate of the rectifier
tube connects to one side of an ordi-
nary neon glow lamp. The other con-
nection to the neon glow lamp is to a
positive bias. Since the starting voli-
age of the standard neon glow lamp
which is on the order of 30 to 50 volts
has been overcome by a hiasing velt-
age, the glow lamp will flash on over-
modulation peaks which are hardly
detectable by any other means.

The current drawn by a standard
neon lamp is very small, and there-
fore a bias adjusting potentiomefer of
50,000 ohms is satisfactory. The hias
potential may he taken from any con-
venient low voltage source such as the
oscillator power supply.

With the main high voltage power
supply off, adjust the neon bias to a
value where the lamp just starts to
glow,

With this adjustment, the lamp will
fiash whenever a modulation peak
reaches exactly 100%, regardless of
the plate voltage applied to the r.f
amplifier,

If the bias is not used, the over-
modulation indicator will he less ac-
curate, but will still be quite satis-
factory for use where the d.c. plate
potential applied to the r.tf, amplifier
is 1000 volts or more. If the starting
voltage of the neon lamp is 50 volts,
dand the d.c. plate potential applied to
the r.f. amplifier is 1000 volts, the
lamp will flash when the peak mod-
ulating voltage becomes negative by a
value of 50 wvolts, representing 5%
over-modulation on a peak, which can
be tolerated. The percentage of over-
modulation detectable with an un-
biased neon lamp system becomes in-
creasingly less as the d.c. plate poten-
tial applied to the r.f. amplifier is in-
creased, and will be 2.5% for a d.c.
plate potential of 2000 volts, 1.6% for
3000 velts, ete.

Speech Amplifier

The speech amplifier in a large
transmitter should be a separate unit
and should be connected to the trans-
mitter proper by means of a standard
500 ohm line. The amplifier should
have sufficient gain to permit the use
of any of the commercially available
crystal microphones. The noise out-
put from the amplifier should be at
least minus 60 db. The audio [re-
quency response of the amplifier
should not be flat. Since we are in-
terested only in wvoice frequencies,
those frequencies below 200 cycles and
above 3000 cycles should be appreci-
ably attenuated. This may be con-
veniently accomplished by the proper
selection of coupling capacitors and
resistors in the amplifier without the
use of special filter circuits. The am-
plifier designed for use with the trans-
mitter described has a gain of 100 dh.
and has an undistorted output of 31
waftts. The noise level with the gain
control full on and the microphone
disconnected is approximately minus
70 db. The audio response as is indi-

(Continwed on page 165)
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regularly; the morning beam, 7-8:15
a.m., is carried on 11.63, 11.72, 15.18,
17.82. (Cooley)

Vatican—HVJ, 9.660 and 5.970, has
Inglish news daily at 10 a.m.; English
talks are radiated daily at 1:15 p.m.
on these frequencies. On Sundays,
commentaries are heard in French,
Spanish, English, German, and Polish,
at 5:15 am., followed at 5:30 a.m. by
Holy Mass, On Tuesdays, English
news is radiated at 1030 am. on
17.445. (Salmon)

Yugoslavia—Radio Belgrade, 9.42, is
being heard again at 12 midnight in
New York; very weak. (Beck)

2 % %
Acknowledgement

Sincere thanks go to all contribu-

tors to this issue of ISW. 30—

DBeluxe Transmilienr
{Continued from pdage TR)

cated in the accompanying curve (Fig.
6) falls off rapidly below 300 evcles,
reaching minus 15 db. at 100 eyeles.
On the high frequency end the re-
sponse falls off rapidly after 3000
cycles reaching minus 15 db. at ap-
proximately 8500 cycles and is minus
20 db. at 10,000 cveles. The combplete
schematic diagram of this amplifier
is shown in Fig. 7. Because of this
lack of linearity very [attering re-
ports are continually being received
regarding the speech quality of trans-
missions.

The apparent improvement in speech
fidelity is brought about by a combina-
tion of transmitter and receiver char-
acteristics. .

A receiver must have a relatively
narrow pass band to be very satisfac-
tory for amateur communication pur-
poses. The pass band in most ama-
teur receivers is either limited to 3000
cycles, or is adjusted to approximately
that value by the operator. Under
these conditions, all frequencies above
3000 cycles represent wasted energy
if actually emitted by the transmitter.

If the a.f. response of the transmit-
ter is linear, the effect so far as the
listener is concerned is an accentua-
tion of the lower frequencies, since the
receiver has eliminated the higher
frequency components. It is then ap-
parent that if the lower [requencies
are attenuated at the transmitter, the
middle range will be accentuated, and
the over-all elfect as noted at the re-
ceiving station will be that of a much
higher quality of reproduction than
would be possible with a linear audio
frequency response at the transmitter.
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Astatic R-3 Microphones
economy type
For PA and home record-
ing. Special price..54.95
THROAT MIKES
200 ohm carbon, a real
sensation at
SHURE HAND MIKES
Brand new surplus type
T-17B, 300 ohm, push-to-
talk carbon mikes with cord
and ptug ..........51.47
TYPE HS16A HEAD
PHONES

A rmy surplus, 2000 ohm
with 6-ft. cord......$2.05
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and Receiver Theory, Code practice WoYSL—3574KCS, Monday through Friday, 5:30 P.M.
Day and Evening Classes Starting Now
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checked correctly. A score of 45 is aver- I ELECTRONIC TECHNICAL INSTITUTE |

age, and 75 or better is very good indeed. !

Los Angeles 15, Calif,
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Fig, 2. Complete schematic diagrom of the 1-kw. ‘deluxe transmiiter. Outstanding feqtures are a wolt-

age ‘doubler final amplifier, supply. the use of o copper oxide: rectifier o supply d.c. for operation of
and control of input power. Paris list is shown on poge 71:

rélays, a pesitive overmodulation indicator,
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