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Pioneering has besen a characteristic of the Western Electric
Company since the very first days of radio broadecasting. The contribu-
tions made by Westerm to the Art have been many and among the most note-
worthy have been those enabling a broadcaster to increase his effective
coverage without increasing his licensed power.

Can you remember the 6 db increase in effective siznal when, in
1927, Western Electric made it possible to double the degree of modula~
tion? Do you recall the introduction of the half-wave radiator in 1931
which added angther 3 db to the average signal? Well now, true to its
tradition, Western Electric is able to add another 3 db to the received
signal. Twelve years of progress - 12 db increase in signal levelll Here
is enother achieveament that spells dollars snd cents to broadcasters -
gives more effective coverage - increased circulation as the publishers
say.

The new device that makes all this possible is called the 110A
Program Amplifier, Here is an instrument that will be welcomed by all
broadcasters. Its basis is a variable loss network which is inserted as
a part of the program circuit, and the loss which it inserts is directly
controlled by the instantaneous program level. A characteristic of such
a network is shown on Fig., 1 which depicts the relationship between the
output and input levels for a steady state single frequency. It will be
seen that up to the level marked A the relationship is linear. For in-

put levels less than A the network acts as though it were a small fixed



loas and hence will not affect the character of the program. When the lsesvel
A is exceeded the network inserts additional loss in an amount dependent
upon the increase in program level, and the volume range beyond the level

A will therefore be compressed.

As an example of its use in connection with a broadcasting trans-
mitter, suppose that when the instentaneous program lsvel reaches the level
A the transmitter is modulated 80%. To reach 100% modulation of the trans-
mitter, the level at the output of the monitor must rise about 2 4b, =nd to
effect this increase the level at its input must rise about 5 db. The
difference of 3 db represents the amount by which the average program level
can be raised through the use of the 110A Program Amplifier. Due to the
variable loss characteristic of the amplifier, program peaks at the input
to the amplifier which greatly exceed the level A will not cause overmodu-
lation. To take an extreme case, an occasional peak which might exceed the
level A by say as much as 15 db would attempt to drive the transmitter at
450% modulation if the program amplifier were not in circuit; but with it
this excessive input would create only 115% modulation. Such extreme
peaks are, of course, infrequent and of short duration but this example
serves only to illustrate the enormous factor of safety which the new de-
vice affords.

When the system is adjusted as in the above example, the average
program level will be about 6 db below the level A and thers is plenty of
margin of safety to prevent accidental shifts in the prograsm level from
placing the average lavel in the compression range. It is possible to use
the program amplifier so as to obtain a greater range of compression and

hence more than 3 db increase in the average signal level, but this can only



be done by partially sacrificing the 6 db safety factor against accidental
level changes. Inasmuch as the relationshlp between the number and the
duration of peaks to the average program level varies widely, means are
provided which will indicate by a flashing light whenever the peaks exceed
some preselected level. This flashing indicator may be set to operate at
any level equnal to or greater than the level A. If it has been decided
to compress only the upper 5 db of the volume range, as in the example,
then the indicator would be set to flash at an input level 5 db higher
than tﬁe level A. As long as it flashes but infrequently the operator
may feel assured that the desired operating condition is being maintained.
If it flashee frequently, it would be en indication that the normal peaks
were being compressed more than the predetermined 5 db and adjustments in
level should be made.
To sum up, the major benefits of the 110A Program Amplifier are:
l. Not less than 3 db improvement in average signal level.
2. Compression of excessive peaks of modulstion,

3. Protection against overmodulation in the case of acci-
dental changes in program level.

4., TFreedom from extra band radiation by the prevention of
overmodulation.

5. Continuous indication of the correctness of operating
levels.,

Specifications

The 110A Program Amplifier has been designed as a complete self-
contained instrument sufficiently flexible in its terminating facilities

to meet a wide range of requirements. As shown in Fig. 2, it is composed



of an input amplifier snd pad, the volums control network, an output ampli-

fier and pad, 2 power supply and a switch for connecting an external volume

indicator (not fumished) to either the input or the output of the unit.

Detailed
1.
2,
e

4.

6.

7.

8.

9.

specifications are as follows:
Terminating impedances 600 ohms,
Input level =35 to +5 db. -
OQutput level up to +20 db.

Transmission characteristic flat within 1 db from
30 to 10,000 cycles.

Distortion contribution less then 1% under normal
operating conditions,

Relay rack mounting. Approximately 18" of a
standard relay rack panel.

Front of panel controls.
Self-contained power supply completely a-c¢ operated
from 110 volt supply 50-60 cycles., Power consump-
tion less than 100 watts.

Only nine standard, commercially available vacuum
tubes are employed.
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NO. 110A PROGRAM AMPLIFIER

Instructions for Use

The Western Electric No., 110A Program Amplifier
is a volume limiting amplifier primarily intended for use
in the program lines of radio broadcast stations at the
transmitter locations, It is so designed, however, that
it may be advantageously used at studios and\other points
in the broadcast system,

When used in connection with a radio transmitter,
the No. 110A Ffrogram Amplifier effectively reduces over-
modulation and the distortion and adjacent channel inter-
ference caused by overmodulation. At the same time the
average percentage of modulation may be increased, resnlt-
ing in increased coverage for the radio transmitter. This
is accomplished by the use of a volume control network wﬁioh
has characteristics similar to that shown in Fig. 1, In
this figure the levels designated "Output of Input Amplifier"
correspond to the Input to the volume control network and
levels designated "Relative Output of Qutput Amplifier" are
directly proportional to the output of the volume control
network., For input levels up to the point A, the relation
between input and output is linear. TFor higher input levels,
volume limiting occurs, and the output is no longer directly
proportional to input. As a typical example of the method of
operation, let us assume that the Program Amplifier is so

adjusted that point A corresponds to an input level of 0O and



an output level of +3. Thus for all input signal levels up
to 0 level, there is a net gain of 3 db., At point B, how-
ever, with an input level of +5 the output level is also +5
and the net gain is 0. Now if the output level correspond-
ing to point B corresponds to 100% modulation of the trans-
mitter, there will be a gain in the average modulation level
of 3 db. At the same time, input levels greater than +5 will
cause no appreciable rise in output level above +5, hence the
transmitter is protected against overmodulation. It is
evident thét volume compression occurs to the high level
portions of the program which correspond, in the illustra-
tion, to input levels above O. The amount of volume com-
pression which is obtained is determined by the gain adjust-
ments of the equipment.

The No. 110A Program Amplifier is designed for in-
put levels in the range -35 to +5 db, and it will furnish
output levels up to +20 db. It operates from a 105-125 volt
50-60 cycle AC supply. As supplied from the factory the
power transformer is connected for operation from an AC sup-
ply of 120 volts nominal voltage. The power consumption
under these conditions is 76 watts at 115 volts, 80 watts
at 120 volts, and 87 watts at 125 volts.

The following vacuum tubes are required for the

operation of this equipment. They are not supplied with the

equipment but must be ordered separately.




-

2 - RCA or equivalent Type 6J7G Vacuum Tubes

3 - " R . 6C5G " "

l - "0 " " 6F6G " "

1 - m n " " GH6G " "

3= " 0 " " 5V4G " "

1 = " ® » " 885 " "
DESCRIPTION

The No. 110A Program Amplifier is arranged for
relay rack mounting. It is 19-5/32 inches wide, 19-7/32
inches high, and 7-1/2 inches deep. The depressed panel
type of construction is employed, thus making all apparatus
readily accessible,

A block diagram of the'equipment is shown in
Figure 2. The equipment comprises an input amplifier, a
volume control network, an output amplifier, and a power
supply.

The volume control network is essentially a
variable loss pad using silicon carbide varistors for the
pad elements, The resistance of silicon carbide is a func-
tion of the impressed voltage, and this property is utilized
to obtain loss variation.

A simplified schematic diagrem of the volume con-
trol network and its associated vacuum tube control circuit
is shown in Fig. 3, (For convenience plate and bias volt-
ages are shown supplied by batteries in this diagram. 1In
the No. 110A Program Amplifier all voltages are obtained



from the power supply.) The vacuum tube control circuit is
connected to the output of the variable loss network and
consists of an audio amplifier V5, a full wave detector V6,
and a d.c. amplifier or control tube V7. The control tube
plate current I flows through the varistor pad and its magni-
tude determines the loss of this pad. For all inputs up to
an input level corresponding to point A of Fig. 1 this cur-
rent is constant and of sufficient magnitude to reduce the
loss of the pad to approximately 3 db, For larger inputs,
the output will be sufficient to overcome the bias E, on the
detector V6, current will flow in the detector circuit, and
a negative charge will be placed on the grid of V7. This
will decrease the plate current of V7 and increase the loss
of the varistor pad. Thus for inputs greater than that
corresponding to point A of Fig. 1, the pad loss will in-
crease and volume limiting will occur. The rate at which
the pad loss is increased or decreased is determined by the
time constant of the resistance and capacity in the detector
circuit. In the No. 110A Program Amplifier the operator may
choose either of two values for condenser C by operating a
toggle switch.

Associated with the control circuit is a peak
indicator which may be adjusted to operate a signal lamp
when a predetermined amount of additional loss has been in-
serted in the volume control network, By observing the fre-
quency of operation of the lamp the operator can check the

general adjustment of the equipment.
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1H0-A AMPLIFIERS HAVING SERIAL NO. 30! AND HIGHER WERE BUILT IN ACCORDANCE WITH THIS
SCHEMATIC AND DIFFER FROM FORMER 10-A AMPLIFIERS BY OMISSION AND CHANGES IN CONNECTIONS OF

44 ﬁ\/\c CERTAIN APPARATUS AS FOLLOWS:
R45 »46 RS2 53 8 wos shown connected between RIl and G2. C4 ond R6 were shown connected belween common point of
ces c26 R4 ond R5 and GND.

C16 was shown connected between R29 ond C9.
Cll ond R24 were shown connected between common point of R22 ond R23 and GND.

IF DESIRED, THE ABOVE CHANGES MAY EASILY BE MADE IN THE AMPLIFIERS HAVING SERIAL
NUMBERS BELOW 30! TO BRING THEM UP TO DATE. THESE CHANGES MAY IN SOME CASES RESULT IN
GREATER STABILITY OF OPERATION.

Fig. 4A - 110A Program Amplifier - Schematic
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