Important factors leading to Alexander Graham Bell’s invention
of the telephone were his devotion to the problems of the hard of
hearing and his knowledge of the nature of speech and hearing.
At the Laboratories, continuing studies of the fundamentals of
sound and hearing have led to better telephone instruments and
to more effective devices to help those whose hearing is impaired.
In the 532-type telephone set there is a self-contained transistor
amplifier — independent of local batteries — that offers improved

service to these customers.

The New Volume Control
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The junction transistor has made possible an en-
tirelv new approach to the design of a telephone set
for the hard of hearing, (,.lp‘lh]t' of operating as a
high efficiency amplifier at low voltages, the junc-
tion transistor uses but a small fraction of the central
office power supplied to the instrument at a cus-
tomer’s premises. Now for the first time it is possible
to operate a practical receiving amplifier in a tele-
phone set without the use of local batteries.

Over the years a number of developments have
provided te ]t*phmw service for those with impaired
hearing. Some 50 vears ago mechanical repeaters
were used at the customer’s premises, and by the late
twenties an electron tube amplifier was available.®
By 1941 the miniature mechanical amplifier devel-
npc(l for hearing aids was provided in a combined
set.t Although some 50,000 installations of this set
indicate some service improvenwnt. p(*rfm'manc{-
limitations and manufacturing difficulties stimulated
new design. Development of an electron tube re-
placement set was discontinued when the immi-
nence of transistors indicated a more desirable
solution.

When point-contact transistors became available,
their small size and low power requirements
prompted the development of a two-stage transistor
um])]ifi(’r. Despite reduced power requirements in
this design, local batteries again had to be used to
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supply the biasing voltages of approximately 20 volts
de needed for satisfactory operation.

The introduction of the junction transistor not
only reduced power requirements still further but
also assured satisfactory operation of the amplifier
at voltages low vu(muh to eliminate the need for
local b.ltterres. Ideally suited. too, were such charac-
teristics of the junction transistor as its small size, its
long lite expectancy, and its freedom from the effects
of shock and mechanical vibration. Its low operating
power and voltage levels facilitated packaging of the
amplifier by permitting such miniaturization of all
circuit components that in the final design the ampli-
fier is housed in a cubic space approximately one
inch on each side. Fi igure 1 shows one of the ampli-
fiers with the metal case removed.

The circuit schematic of Figure 3 shows the junc-
tion transistor ampliﬁm' inserted in the receiver cir-
cuit of a 500-type telephone set. This amplifier pro-
vides adequate gain in a single stage, and the input
impedance of the transistor is suitable for direct
coupling into the receiver circuit shown at terminals
r and eN. Resistor ri and capacitor c1, shunted across
the input, provide stabilization of the input imped-
ance and suppression of radio interference. The
transistor collector circuit is coupled to the vi re-
ceiver h}' a miniature output transformer, whose im-
pedance ratio is designed for maximum power gain
with the low collector voltages available — usually
2 to 4 volts. The 20,000-ohm base resistor, w2, has
been selected to provide transistor current which



ranges from about 5 milliamperes on the shortest
customer loops to two milliamperes on the longest.

Power for the amplifier is obtained by diverting a
small fraction of the carbon transmitter current,
causing a loss in transmitting level of less than one
db. This operating current is filtered b_\' a small in-
ductor, L1, and by-pass capacitor, c2.

The voltage gain available in this single stage is
too small to permit the use of st;lhilizing negative
feedback when the amplifier is operating at full gain,
but for operation at less than full gain, the volume
control potentiometer provides negative feedback by
inserting resistance in the emitter circuit.

At minimum gain, therefore, the resistance of the
volume control in the emitter circuit is high enough
to insure negligible speech distortion and serves to
stabilize and minimize variations in transistor char-
acteristics. Because p('rfnrm&mce at minimum gain
is effectively that of a standard 500-type set, the de-
sign of the set is simplified and its maintenance mini-
mized by omitting the customary arrangement for
switching the amplifier out of the circuit when addi-
tional gain is not required. The expected long life
of transistors justifies the use of the amplifier when-
ever the set is in use, irrespective of whether addi-
tional gain is required.

Since the bridging diodes at the input of the talk-
ing circuit protect the transistor against hnttor)’
reversals or the accidental applications of manual
ringing voltages on the line, the transistor is always
biased properly for operation.

The design objective for the junction transistor
amplifier was to provide a continuous range in gain
from substantially 0 to at least 20 db. Power supply

Fig. 1

is the junction transistor shown just be-

I'he heart of the 1514 amplifier

neath the pointing finger.
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Fig. 2
“artificial ear” while the author prepares the level
recorder for operation.

J. R. Ouellette couples the receiver to the

variations due to differing customer loop lengths
have little effect on the maximum gain available.
The curves of Figure 4 illustrate the performance
of the set in terms of sound pressure delivered to the
ear by a close-coupled telephone receiver. Measure-
ments were made by means of the “artificial ear”
shown in the foreground of Figure 2 and the level
recorder in the b;lckgrt'mml. The lower curve of Fig-
ure 4 represents pressures delivered by a standard
500-set receiver over the important portion of the
audio range when a steady signal is applied to the
line at a typical incoming level. When the amplifier
is adjusted for maximum gain, the sound pressures
are raised as indicated; the slight increase in gain at
the higher frequencies is a desirable characteristic.
The top curve shown by the dotted line represents
the “threshold of feeling,” beyond which sounds are
felt rather than heard; it is obviously desirable that
sound pressures in the ear be kept below this level.
Since both the overload characteristic of the tran-
sistor amplifier and the click-reducing characteristic
of the varistor built into the receiver serve to limit
sound pressures in the ear, safe operation is assured

regardless of the level of incoming sounds or sharp
clicks on the line, and the pressures on the ear can-
not exceed those shown in Figure 4 by more than a
few db.

A model of the new set has been designated as the
532-type. (The illustration at the head of this ar-
ticle shows Mrs. M. S. Aamodt operating the plastic
knob to adjust the volume of this set.) The ampli-
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fier is housed in a metal case riveted to the base of
the set, with all components mounted to the terminal
plate which forms the cover of the case. The diode
bridge, the 419A varistor, is housed in the terminal
plate cartridge mounted between the legs of the dial
bracket, and the potentiometer gain control mounts
in the corner of the set for easy access. In outward
appearance the set resembles a single-button key set.

Assembly of this transistorized set is simplified by
the fact that all components may be readily added to
the base plate of a standard 500-type set. The am pli-
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Fig.3 — Simplified schematic of the 1514 amplifier inserted

in the

receiver circuit of a 500-type telephone set.

fier housing mounts in holes originally provided for
the filamentary type equalizer of the earlier 500-type
series; the potentiometer bracket utilizes holes pro-
vided for the key in the 510-type set; and the varistor
assembly replaces the terminal strip of that set. All
other components are standard with the sets in the
500-type series, and installation of the set is as simple
as that for the 500-type. Another type known as the
533 is available for selective ringing party service.
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Fig. 4 — Sound pressures delivered to the ear by a
close-coupled telephone receiver,

Measurements made at the San Francisco World’s
Fair in 1939 revealed that about 0.7 per cent of the
people tested had hearing losses which experience
has indicated require some amplification for satis-
factory hearing over the telephone. Assuming that
this distribution applies to the telephone population
and that there are an average of two telephone users
for each of the fifty million stations in the United
States, it would appear that there might be 700,000
customers with impaired hearing, who would benefit
by such a telephone set.

In this regard the potentialities of the set are evi-
dent, including the fact that it is simpler to install
and maintain than previous types. It is the first of
many applications of the junction transistor to the
station set which will undoubtedly be made to im-
prove service for the customer, ’
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