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10 CAN OF B- 25 V. i+ 1.5 V.
POWER UNIT  BLACK A.C. POWER A45V. AC.
RED BLUE GREEN BLACK

N m ——————— ——TO POWER UNIT — ———-=————

“GND” binding
By “SHORT AN Phinaing post.

Eby “ANT” binding
Eby CEONG ANTY Sindin

©1, Cz: Kelford No. 352, 50085 “mid. variable
con

Cs: Acrovex Type 1450, -.00025 mid. mica con-
denser.

C4: Aerovox Type 1475, .00025 mfd. mica con-
denser_with grid leak melmlln{ cli

Cs, C6, C7, C8: Aerovox 50, .006 mid.

Co: Actovox Type 1450, .00z mid. mica con-

denser

Cio, C1L, Clz: Acrovox Type 250, .5 mid. bake-
ite case condenser.

C13: Acrovox Type 256, 1 mfd. bakelite conden-
aer,

CH1, CHz: Twin Compler, No. 150, Neutrocap
80 millihe ogy B

D: No. 1283 Doubie T .

azda No. 40, 6-8 volt l-m‘um drum  dial.
i Jz Kelford No. 285 Tip J:

THE wiring diagram and thumbnail
description of the receiver described
on this page is the result of several
months of expenmentauan by the engi-
neers of three of the foremost parts
manufacturers in the country.

The receiver is exceptionally well
adapted for home use. It is very simple
to operate, extremely easy to construct
and costs less than seventy-five dollars
to build, complete with tubes and cabi-

et.

The receiver is compact and self-con-
tained, including in a single unit both
receiver and power pack so that all that
is necessary to place it in operation is
to plug it into the light socket and con-
nect it to aerial and ground.

It is stable m operanon, reqmrecsl no

LIST OF PARTS REQUIRED

Power Unit: Kelford No. 360 ABC gowex unit.

R1, Rz: Electrad Type E, 0-500,000 ohm Royalty
potentiometer with walnut

erovox Type 1098, 1,0

o

erovox Type 1092, 2 megohm gri

erovox Type 992, 750 ohm Pyrohm resistor.

Acrovox Type 992, 1,000 obm Pyrohm ce-

Rs, RQ_: I«mn Type 985, 100hm center tapped
resistors.

Ri0; A erovox Type 985, 50-ohm center tapped

S1, $5°55 Eby UY, Model 8, fve prong sockets.
3, 55, 86, 57 S8t Eby UX, Model 8, four

T1: Fons Coupler Type 222-A Shield Grid antenna
T Nn Coupler Type 222-C Shield Grid detector

ciford No. 300 Gain_transformer.
T3 Kallord Nov 370 Ton” Uit Posn-Full trans-

THE CIRCUIT

In desiguing the ceceiver particulsc
1l

R10
B+ SV.AC
90V RLUE
RE

VT1: Songbird Type 222 A. C. Screen Grid tube.
VIz: Songhied Type 227, A °C. detector tube,
T8, VI4: Songbird Tvbe 226, A. C. amplifier

v‘rs VT6: Songbird Type X-171A power ampli-
¢ tubes.

1 Sonerd X-280
1 Twin

Full Waye Rectifier tube.

upier Tene 29258 Sereen. (rid tobe

2 pairg Amm

erican_subpanel brackets.

1 set American Radio Hndware Co. AKT mis-
cellaneous hardwan

1 Wuunghoune-mum 77 x 217 x %" Type

W“ﬂn'houxblﬂlunl 0% x 2047 x W
ge Corwico: Braieice Beowdp wire.
H ankue solder.
BD cabinet for 77 x 217 panel, 12”

4 Kelford grid leak mounting clips for mounting
erovox Lavites.

Radio Hardware Co. 1928 Am-

A foler giving complete detailed

stress was laid
fone. quality, without any sacriie in
volume. Careful design of the audio cir-
cuit and the use of push-| éau“ amplifica-
tion leaves nothing to be desired on that
score.

In its essentials, the circuit consists
of one stage of tuned radio frequency
amplification, a detector stage, a stage of
transformer-coupled audio amplification,
another  stage impedance coupled
amplification and a final stage of audio
amplification using two power tubes con-

tional data is available for lree distribu-
tion to all who may be interested in
further details. A copy will be sent on
receipt of the coupon.

AEROVOX WIRELESS CORP,,
70 Washington Street,
Brooklyn, N

I jam mterested in the Songbird

nected in push-pull

An A. C. screen grid tube is emﬁloyed
in the radio frequency stage.
of this tube with a suitable circuit and

critical tuning
selective enou, h to tune from smmn
to station without interference. It is
capable of bringing in stations up to
1,000 miles away with more than enough
volume to dance to.

provides greater
sensitivity with this single stage than
can be obtained by the use of two stages
of the usual type of radio frequency
zn;pluﬁcatlon using the standard R. F.
tubes.

eceiver
.na would hke to have you send
me free the detailed folder on its
construction.

Name
Address .
City ...

State ..

Complete Catalog of Aerovox Products May Be Had Free on Request to
Aerovox Wireless Corporation, 70 Washington Street, Brooklyn, N. Y.

" Radio Edilors of maga |
| zines and newspapers
are hereby given per-

| mission Iorepnnl in |

proper credit to “the

Aerovox Wireless Cor
| poration, the contenls
| of this issue of the

November 25, 1928

| llismlblimdhbriul
| lothe R;?.llnmpen-

aummallve. firsthand |

{ sers and msistances
for radio work..

Principles of Voltage Divider Design

PART 4

By the Engineering Department, Aerovox Wireless Corp.

ITH the fundamental facts

discussed in the last issue of
the Research Worker as a basis, we
can proceed to a further discussion
of the correct principles involved
in making proper provisions for
grid bias in a receiver equipped
with A. C. tubes.

A fundamental difference be-
tween the A. C. and D. C. tube cir-
cuits lies in the fact that the ref-
erence point of the filament differs
with these two types of tubes. To
make this clear we will consider
the simple filament circuit of a tube
as shown in Fig. 17, which consists
simply of a 6-volt battery, a rheo-
stat “R” and a tube filament.

When the rheostat resistance is
cut entirely out of the circuit so
that point “Z” shifts to point “Y”,
the filament “WXY"” of the tube is
connected directly across the 6-
volt storage battery. Point “W”
is the most positive point of the
circuit, being connected to the posi-
tive side of the battery, point “Z”
is the most negative point of the
circuit, being connected to the neg-
ative side of the battery while
point “X” at the center of the fila-
ment is midway between the posi-
tive and negative terminals of the
battery. In this case point “X” is
3 volts positive with respect to the
negative terminal of the battery and
3 volts negative with respect to the
positive terminal of the battery.

When the rheostat “R” is inserted"

in the circuit so as to reduce the
voltage across the terminals of the

filament to 5 volts by causing a 1-
volt drop across the resistance of
the rheostat, the voltage between
points “W” and “Y” of the filament
becomes 5 volts and point “X” is
then 2.5 volts positive with respect
to point “Y”, 3.5 volts positive with
respect to point “Z” and 2.5 volts
negative with respect to point “W”.

6
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Fig. 17

The condition of any point on
the filament varies gradually from
negative at point “Y” to positive at
point “W” with point “X” which
is midway between the two ex-
tremes as the average value.

A little study of this condition
will explain why the ideal manner
of connecting the “C” and “B” bat-
teries is with the positive terminal
of the “C” battery connected to
the negative terminal of the fila-
ment to provide a maximum grid
bias within the tube circuit itself,
and with the negative terminal
of the “B” battery connected with
the positive terminal of the fila-
ment. When the “C” battery is
connected to the negative terminal

of the filament advantage is taken
of the 2.5-volt drop between the
midpoint of the filament, point
“X”, and point “Y”.

W ith the connection of the posi-
tive terminal of the “C” battery to
the negative terminal of the fila-
ment, the total difference of poten-
tial between the centerpoint of the
filament, “X”, and the grid, “G”, is
equal to the 2.5 volts that “Y” is
negative with respect to point “X”
plus the negative 9 volts of the “C”
battery making a total difference of
potential of minus 11.5 volts.

If the positive terminal of the
“C” battery were connected to the
positive terminal of the filament,
“W?”, however, which is 2.5 volts
positive with respect to point “X”,
the effect produced would be the
same as connecting a 2.5-volt bat-
tery in series with the “C” battery
with the positive terminals of both
batteries connected together so that
the two batteries would be bucking
each other. As a result of such a
connection the total difference of
potential between the grid terminal
“G” and the midpoint of the fila-
ment terminal, “X”, would be only
6.5 volts. )

Since the connection of the posi-
tive terminal of the “C” battery to
the negative terminal of the fila-
ment serves the double purpose of
permitting the use of a lower volt-
age “C” battery to provide the re-
quired difference of potential be-
tween the midpoint of the filament
and the grid of the tube and since

“AEROVOX” PRODUCTS ARE “BUILT BETTER”
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it eliminates the need for an extra
terminal brought out from the cen-
ter point of the filament or the
need of using a shunt potentiome-
ter such as is used in A. C. re-
ceivers across the filament, that
system of connection has been
adopted as standard in using a “C”
battery in amplifier circuits em-
ploying D. C. tubes.

The negative terminal of the fila-
ment is therefore taken as the “ref-
erence point” in D. C. tube circuits
and the recommended “C” bias re-
quired for a given value of plate
voltage is that required when the
positive terminal of the “C” bat-

as an A. C. tube is equal to the
normal grid bias voltage recom-
mended for any given value of
plate voltage (with the positive
terminal of the “C” battery con-

tubes or A. C. tubes. In using this
table it must be kept in mind that
the values of resistors given are
those to be used when the resistor
is used to supply the grid bias for
a single tube. If a single resistor
is to be used to supply the grid
bias for more than one tube under
similar conditions of plate voltage
and current, the values of the re-
sistors will be proportionately low-
er, i. e., one-half the value given for
two tubes, one-third for three
tubes, etc. .
Before proceeding with instruc-
tions on the proper method to use
in calculating the correct value of
i required for the grid

'
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Fig. 18

tery is connected to the negative
terminal of the tube to take ad-
vantage of the difference in poten-
tial between that point and the
center point of the filament.

When a CX-371A is used as an
A. C. tube, however, with the fila-
ment current being supplied by
the winding of a transformer which
provides A. C. current for the fila-
ment, it is necessary because of the
reversals in current flow which
makes each filament terminal alter-
nately positive and negative, to
take the center point of the fila-
ment as a reference point. The
means usually adopted to do this
is to use either a center tap on the
filament winding or to use a center
tapped resistor across the filament
of the tube. The center tap. resist-
ance method is usually used as be-
ing the most efficient and simpler
method, and is shown in Fig. 18.

It is easily seen that while the
points “W” and “Y” of the fila-
ment shown in Fig. 18 alternately
become positive and negative as
the current flow reverses, the aver-
age value at “X” lies between the
two at any time and provides the
best reference point.

In selecting the proper value of
grid bias voltage and the proper
value of resistance to use to obtain
that voltage, the fact that point
“X” is positive with respect to the
negative terminal of the filament
must be taken into consideration.
The correct voltage to use in cases
where a D. C. tube such as the CX-

112A, CX-371A or CX-310 is used

r
bias resistor under different con-

.C. Operation | A.C. Operation
+C connected | Grid Return to
Yy Center Tap
Tube
Type
cX-
1124
cx-
371A
25
CX-310
2
X350
a
%
C©X-326
1
* With battery operated tubes it is seldom
convenient to use a resistor carrying the plate
urrent of one tube to provide “C’ bias. T
resistor size then depends upon the number of
tubes in the set, etc., and in general is lower than
the value shown here.

Fig. 19

nected with the negative terminal
of the filament for D. C. operation)
with an additional grid bias volt-
age equal to one-half of the rated
filament voltage of the tube.

In the case of the CX-112A and -

CX-371A, the proper grid bias for
A. C. operation is equal to the nor-
mal value for D. C. operation plus
an additional 2.5 volts. In the case
of the CX-310 whose filament is
rated at 7.5 volts, the proper grid
bias is equal to the normal value
for D. C. operation plus an addi-
tional 3.75 volts.

In the case of the CX-326, and
CX-350, the grid bias values listed

Fig. 20

in the tables of recommended grid
bias are given for A. C. operation
because those tubes are specially
designed for A. C. use and the val-
ues recommended are given for
A. C. operation with the center
point of the filament taken as the
reference point.

The table shown in Fig. 19 will
prove helpful in eliminating any
misunderstanding as to the proper
value of grid bias to use when
using power tubes either as D. C.
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Fig. 21

ditions of plate voltage and num-
ber of tubes used, it will be helpful
to correct an erroneous impression
re§arding the flow of current in the
voltage divider of a power supply

unit which is furnishing current to

the plate circuit of a receiver.

The simplest type of receiver
plate circuit and power supply is
that shown in Fig. 20, in which a
“B” battery is used as the source
of plate current. There is no diffi-
culty in tracing the path of the
current in this circuit. The cur-
rent flows in a complete circuit
consisting of the battery, the con-
ducting path between the plate
and the filament and whatever coils
or other apparatus may be placed
in the plate circuit.

If it is necessary to use a voltage
lower than the total voltage of the
“B” battery as is the case when 90
volts are required for a CX-301A
and a 135- or 180-volt “B” battery
block is used as the source of cur-
rent, all that it is necessary to do
is to tap off at the 90-volt terminal
of the battery as shown in Fig. 21.
The current for that particular
circuit, then, is furnished by that
portion of the battery between the
90-volt terminal and the negative
terminal of the battery.

If, however, no taps are provided
on the battery, it is possible to use
a voltage divider to provide the
necessary 90 volts for that particu-
lar circuit. The path of the current
in the plate circuit of the tube in
such a case is as shown in Fig. 22
by the heavy lines. It is readily

seen that the portion “R1” of the
voltage divider does not carry any
of the current of the plate circuit
of the tube but only the “waste
current” due to the connection of
the total resistance of “R1” and
“R2” across the battery. Since
“R1” carries only the waste cur-

Fig. 22

rent resulting from the connection
of the full resistance of “R1” and
“R2” across the battery, while “R2”
carries both the waste current men-
tioned and the plate current, it is
readily seen that section “R2” must
be designed to carry the heavier
load. This load depends on the
voltage difference between points
“X” and “Y” and is found by sub-
tracting the voltage obtained at
that tap as measured by a high re-
sistance voltmeter between the
“B—"" terminal and the voltage tap,
from the total output voltage tap,
measured in the same way between
the “B—"" terminal and the positive
terminal of the “B” battery.

In this particular instance with
a total voltage of 180 volts and the
tap at 90 volts, the difference be-

M T
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which is conservatively rated at at
least twice that value.

The equivalent power supply and
plate circuit combination usually
used is shown in Fig. 23, with the
rectifier and filter circuit substi-
tuted in place of the battery.

Here again it will be noticed that
the current in the plate circuit
flows through the resistor “R2”
and not through resistor “R1”
which again brings out the fact
that it is the upper section of the
voltage divider which bears the
greatest load and must be designed
accordingly to carry it. Many of
the voltage divider failures in units
which are built up of individual re-
sistor sections are due to the fail-
ure of some experimenters to grasp
the idea that the uppet sections of
the voltage divider are the ones
which carry the load and also that
the voltage which should be used
in making the calculations to de-
termine the current carrying ca-
pacity of the section should be the
difference’ in voltage between the
tap and the high voltage end of the
rectifier output.

It must also be kept in mind that
in many cases the upper sections
also carry the load of the other
taps in addition to the load of the
high voltage taps. In the case
shown in Fig. 24 for instance, sec-
tion “R1” carries not only the 20
milliamperes that goes to the 180-
volt section but also the current
which goes to the other taps, so

-

Fig. 23

tween the 90-volt tap and the high-
est “B” battery voltage, is 90 volts.
However, if the total output volt-
age of a power supply unit were
used having a total output of 500
volts between the output terminals,
the difference would be 500 — 90
or 410 volts.

In figuring the rating of the re-
sistor which would have to be used
in that section it would be neces-
sary to multiply the current drain
which we will assume is 16 milli-
amperes for four CX-326 tubes by
the voltage difference between the
tap and the high point or 410 volts
which will give a value of .016 am-
peres times 410 volts or 6 watts.
For safe operation, a resistor
should be selected for that section

/

that the total current flowing in
that section is 69 milliamperes.
The difference in voltage between
250, the high voltage end of the
output circuit and the 180-volt tap
is 70 volts, so that the current car-
rying capacity required in resistor
“R1" is 4.83 watts. The total cur-
rent flowing in section “R2” is 49
milliamperes and the difference in
voltage between the 90-volt tap and
the next tap above it, 180 volts, is
90 volts. The current-carrying ca-
pacity of section “R2” should
therefore be .049 amperes times 90
volts or 4.41 watts, etc. The cur-
rent-carrying capacity then of any
section of a voltage divider can be
found by multiplying the total cur-
rent in amperes flowing in that
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particular section, by the voltage
drop between the terminals of the
section. .

While the rating in watts of the
section used can be held down to
about twice the value thus determ-
ined, it is good practice to use a
resistor having several times the

.
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Fig. 24

rating of the calculated figure since
the use of a very conservative rat-
ing with plenty of safety factor
results in a unit which will operate
continuously for practically un-
limited periods without showing
any signs of heating.

The various types of circuits
used to provide the necessary grid
bias in A. C. tube circuits and the
calculation of the proper grid bias
resistors to use will be discussed
in detail in the next issue of the
Research Worker.

. AEROVOX WINS
PATENT SUIT

In an opinion handed down Novem-
ber 5, 1928 by the Honorable Judge
John C. Knox of the United States Dis-
trict Court for the Southern District of
New York, the patent claims upon which
the Dubilier Condenser Corporation
based its suit against the Aerovox Wire-
less Corporation, for alleged infringe-
ment of Dubilier patents on mica con-
densers, were held invalid and a decision
was rendered in favor of the Aerovox
Wireless Corp.

In reviewing the facts in the case,
Judge Knox found that the patent claims
contained in the Dubilier patent No.
1,497,095 on which Dubilier brought
suit for infringement were not valid
and that the patent claims in the Hor-
ton patent No. 1,572,604, owned by
Dubilier and on which Dubilier also
brought suit for infringement were not
infringed by the construction of the
Aerovox condensers. The opinion goes
on to state at length why the patent
claims on which Dubilier brought suit
represent nothing worthy of monopoly
protection.




