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Analysis of World’s Fairs’ Hearing Tests

By H. C. MONTGOMERY
Acoustical Research

NE of the popular Bell System

attractions at the World’s

Fairs was the hearing test.
A considerable percentage of the visi-
tors to the Bell System exhibits at
both the New York Iair and the
Golden Gate Exposition at San Fran-
cisco have taken advantage of the
opportunity to find out how well they
hear and have thus made possible the
widest survey of hearing that has ever
been made. Information available
heretofore in these Laboratories has
been based on studies of a few thou-
sand people at most, while the largest
previous survey, that of the United
States Public Health Service in 1936,
covered only about 9,000. Some three-
quarters of a million records are avail-
able from the World’s Ivairs data. The
Bell System deals in hearing and if it
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is to provide the best service at the
lowest possible cost, it is important
that it have available reliable data
on the hearing characteristics of the
American people.

The tests are given in sound-proof
rooms arranged to seat seven visitors,
each partially screened from the
others.* Both the tests and the in-
structions are given through telephone
receivers; the visitor holds the re-
ceiver to his ear with one hand while
he marks the results on a card with the
other. Two types of tests are given,
with separate booths for each. In one,
the visitor hears spoken words, which
are two numbers such as “‘eight-six.”
The numbers heard are written on
the card, and each successive pair is
at a lower volume. Twelve pairs of
—*Imu, Aug. 1939, p. 384.
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numerals are spoken at successively
lower volumes; and then the test is
repeated with a different series.

In the other type of test, the two
numbers are replaced by pure musical
tones, each tone being sounded from
one to three times, and the listeners
write down the number of times they
hear the tone. Five tests, each con-
sisting of nine sets of tones at suc-
cessively lower volumes, are given.
The first 1s at a moderately low pitch,
440 cycles per second, which cor-
responds to A above middle C on the
piano. Each following test i1s one
octave higher in pitch, and thus the
hearing 1s tested at 440, 880, 1760,
3520, and 7040 cycles.

At the San Francisco Exposition
were three booths, one arranged for

word tests, one for tone tests, and one
that could be used for either. At
New York eight booths were pro-
vided for each type of test. Only the
tone tests were recorded. The word
tests give only a check on one’s ability
to understand spoken words, while
the tone test, by providing data at
five frequencies over the most im-
portant part of the aural range, is
rhore suitable for study and analysis.

Before a record is made on the test
card, the attendant puts a check on it
to indicate whether the visitor 1s male
or female, colored or white, and to
which of the five age groups—10-19,
20-29, 30-39, 40-49, or 50-59—she
judges him to belong. The record 1s
then photographed on sixteen-milli-
meter film with a Recordak machine.

Fig. 1—After cards have been punched in accordance with the individual test results,
they ave run through this machine, which analyzes and sums wup the information
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At the Laboratories the data are
transferred to “‘punch cards” by an
operator who views the film in a
Recordak projector as shown in the
photograph at the head of this article.

5

These facts are indicated in Figure 2
on which average hearing loss is
plotted against age for two frequen-
cies. For a frequency of 880 cycles,
which is next to the lowest frequency

in the test, the loss for
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women in the oldest
age group 1s about 3 db
greater than for men,
while at the higher
frequency it is about
7 db less. Ifor the
youngest group the dif-
ferential between men
and women nearly dis-
appears at the low fre-
quencies, and is only
about 2 or 3 db at the
highest.

| !
15 20 25 30 35 40
AGE IN YEARS

Fig. 2—Variation in hearing loss with age for men and
wonten at 880 and 3520 cycles

The cards are punched to indicate not
only the result at each frequency, but
the age, sex, and color of the subject,
and the date and hour of the test.
These cards are then run through
tabulating machines that analyze and

sum up the data, as .

+——=——. This difference be-
tween men and women
is brought out better
in Figure 3, on which
the hearing loss is
plotted against frequency for two age
groups. In the lowest age group the
difference between men and women
is small, but even here the advantage
is slightly with the men at low fre-
quencies and with the women at high

shown in Figure 1.
The results of this

x
ui
E
ul
o

OR.

NORMAL O = — = o

AGES 20-29
YEARS

survey, in harmony
with previous data, in-
dicate a definite falling
off in hearing acuity
with age. This is par-
ticularly noticeable at
the higher frequencies.
A rather remarkable
fact 1s that at the low
frequencies, the falling
off with age is less for .
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men than for women, 440
while at the higher fre-
quencies it is less for
women than for men.

Fig.
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880 ! 3320
FREQUENCY IN CYCLES PER SECOND

3—Variation in hearing loss with frequency for men
and women in the age groups 20-29 and §0-59
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Fig. 4—Test cards as they would beﬁ//ed out by average men and wommen in age group
50-89. The card for women is at the left, and for men, at the right

frequencies. In the age group from
50-59, the difference becomes much
more pronounced. In both of these
illustrations, zero on the ordinate
scale of Figure 3 represents the aver-
age of both men and women in the
20-29 age group.

Average cards for men and women
in the age group from fifty to fifty-
nine are shown in Figure 4 as they
would appear at the checking desk at
the Fair. The numbers in the left half
of each column are those written by
the person taking the test, while the
heavier ones in the right half of each
column, which appear when the card
is held against a bright background,
are the correct ones.

The curves of Figures 2 and 3 give
the averages only, while it 1s often im-
portant also to know the extent of the
deviations from these averages, that
is, whether the individuals range
widely from the average or are closely
grouped around 1t. The distributions
of the deviations are indicated by the
four curves of ligure 5. These are
plotted from the data for men, but
use of the data for women would not
essentially change their character-
istics. In each case, the area of the
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shaded sections represents the total
number of tests, and the area under
each step represents the number that
failed at that step on the test. The
abscissa scale represents hearing loss
in db from the average for the age
group from 20 to 29 years. A minus
loss indicates a hearing better than
the average. The small arrows along
the abscissa scale indicate the aver-
age for that particular age group and
frequency. The curves actually should
extend farther on both sides, but since
the range of the test was only 6o db,
there is no distribution data available
above the highest or below the lowest
step, and thus the curves cannot be
plotted. That they extend a consider-
able distance in some cases, however,
is indicated by the positions of the
arrow—particularly for the 50-59 age
group at 7040 cycles. Since the arrow
is so near the right-hand end of the
curve there must be a large number of
cases beyond the distribution shown.
The light curves shown in Figure §
have been drawn to indicate the
general form of the distribution curve.

From these curves it will be noticed
that for young ears and low frequen-
cies, the tests are grouped fairly
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closely around the average—very
few falling more than 15 db away.
For older persons or higher frequen-
cies, however, the distribution spreads.
The number with average hearing be-
comes small; most differ from the
average, in one direction or another
and to one degree or another.

Not all the cards have been tabu-
lated as yet, but as additional tests
are examined, they are found to fall
in line with those already tabulated;
and there is little likelihood of any
major change in trend being encoun-
tered as the tabulation proceeds. The
interpretation of the losses at various
frequencies is rather difficult except
for specialists, since the evaluation of

the effect on one’s ability to hear in
any particular band of frequencies is a
function of many factors. It has been
found, however, that one’s ability to
understand speech can be determined
from the average of his hearing losses
at 440, 880, and 1760 cycles as com-
pared to good young ears. If this aver-
age is 25 db, there may be some diffi-
culty in hearmg in auditoriums and
churches, while if it is 45 db, there
may be difficulty in hearing in direct
conversation. Only if the hearing loss
is as much as 65 db will there ordi-
narily be much difficulty in hearing
over the telephone.

By use of these figures, the tests
indicate that about one out of twenty-

FREQUENCY = 880 CYCLES PER SECOND

AGES 20-29
YEARS

AGES 50-59
YEARS

-0 of 10 20 30
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DEPARTURE FROM AVERAGE OF 20 TO 29-YEAR GROUP IN DECIBELS

Fig. s

Distribution curves for the hearing loss al frequencies of 880 and 7010 cycles

and for men in the age groups from 20-29 and from §0-59
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five persons have difficulty in hearing
in auditoriums; one in 125 will have
some difficulty in direct conversation;
and one in 400 over the telephone.
Two out of five men between fifty and
fifty-nine will have a loss of at least
25 db at 3520 cycles, while only one in
five women—half as many—will have
as great a loss at this frequency. It
was found, also, that about one in
twenty-five of the group from ten to
nineteen had a loss of at least 25 db
at 7040 cycles. This figure assumes
importance because it has been found
that young people with a hearing loss
of this amount will often tend to be-
come progressively worse in later
years, but that if remedial measures
are taken immediately, the hearing

impairment may be largely checked.

During part of the summer, visitors
at each Ifair were asked to indicate
whether they lived in the vicinity or
not, so that information would be
available to determine sectional dif-
ferences in hearing acuity. Studies of
these answers, however, do not reveal
any significant difference between
New York and San Francisco. The
time of day at which each test is taken
is marked on the card by the at-
tendant, thus permitting a compari-
son of the results for different periods
of the day. No consistent difference
has been found, however, even be-
tween early morning and late after-
noon. There is thus no indication of
any effect of fatigue on hearing.

Fig. 6—To attract and assist visitors, the operator behind the round window explained
the hearing test, using the large illuminated chart at the right
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The 3B Toll Switchboard

By J. C. GREENE
Toll Facilities Department

T TOLL switchboards in large
centers 1t is often impossible
to provide a multiple appear-

ance of all outgoing intertoll trunks
at outward positions because of in-
sufficient space in the face of the
switchboard, which must also contain
incoming and outgoing local trunks.
Toll tandem switchboards have been
developed to provide the additional
jack space required. Trunks are pro-
vided from the outward toll switch-
board to the toll tandem board, where
they terminate in single-ended cords
in the key shelf. There has been a
tendency in some toll centers to per-
mit the “A” operators at local offices
to handle certain toll calls directly,
without the aid of outward toll oper-
ators. One method of accomplishing

104

this has been to provide trunks to the
toll tandem switchboard from “A”
switchboards as well as from outward
toll boards. When an outward toll or
“A” operator wishes to reach an inter-
toll trunk group through tandem, she
plugs into a trunk to the toll tandem
board, and, upon receipt of order
tone, passes the name of the group to
the tandem operator. This operator
in turn completes the connection to an
idle trunk in the desired group.

Until recently, toll tandem switch-
ing in No. 3 type toll offices has been
performed at the Toll Tandem Switch-
board No. 3.* The 3B Toll Switch-
board described in this article has
been developed to provide improved
toll tandem facilities for the same

- *REcorp, Fune 1930, p. 473.
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type of office. In general, the 3B
board is more flexible in that it per-
mits connections to be established not
only to ringdown intertoll trunks, as
with the No. 3 toll tandem board, but
also to straightforward, key pulsing,
or dialing intertoll trunks. It is also
capable of establishing connections to
straightforward, key pulsing, or dial-
ing trunks to local central offices,
thereby permitting the handling of
short-haul tandem traffic as well as
toll tandem trafhic.

In the No. 3 toll tandem switch-
board an outgoing trunk to which a
connection has been established 1is
held busy until the tandem cord has
been removed from the trunk jack.
In the 3B switchboard, however, the
release of a tandem trunk by the
originating operator causes the out-
going trunk to be released immedi-
ately, without waiting for the 3B
operator to take down the cord. Since
the tandem operator does not receive
a disconnect signal at the conclusion
of a call until after the originating
operator has released the tandem
trunk, and since she cannot always
respond to this signal instantly, it is
evident that the immediate release
feature of the 3B board causes the
valuable toll circuit time to be used in
a more economical manner.

The 3B toll switchboard is equipped
with a basic single-ended cord circuit,
with which an auxiliary incoming
trunk circuit is always associated. The
type of incoming trunk circuit em-
ployed, however, varies with the type
of switchboard at which the tandem
trunk originates, and whether or not
it is at a distance from the 3B board.
When the tandem trunk originates at
a No. 3 toll switchboard in the same
building as the tandem board, the
amount of equipment required in the
cord and incoming trunk circuits is

December 1939

about the same for both the 3B and
the No. 3 toll tandem switchboards.
Under other conditions, however, the
3B board requires less equipment in
these circuits than the No. 3.

Most of the fundamental circuit
features of the toll switchboard No. 3
have been incorporated in the 3B
board. It is therefore suitable for use
as a tandem switchboard only in No. 3
type toll offices. To provide similar
facilities for No. 1 toll offices, the 1B
toll switchboard has been developed.

Depending on local conditions, it
may be desirable to install the 3B
positions in line with existing No. 3
toll positions or with positions of the
3C board, the most recently developed
toll switchboard of the No. 3 type, or
as a separate board by itself. It has
been necessary, therefore, to arrange
the 3B equipment so that it may be
incorporated in three types of switch-
board section. To match the No. 3
board, a two-position section with five
10%4-inch panels is used. When in line
with the 3C board a one- or three-
position section having three 8 4-inch
panels per position is employed. When
the 3B board is to be installed as a
separate line, a two-position section
with seven 84-inch panels 1s used,
since this gives the most economical
arrangement. All outgoing trunks ap-
pear as multiple jacks in the face of
the board, and all incoming trunks
terminate in cords in a single row in
the keyshelf. Capacity for forty of
these cords is provided at each posi-
tion when the board is in line with
No. 3 or 3C positions, and fifty when
it is in a separate line.

As with the No. 3 toll tandem
board, the 3B switchboard is ar-
ranged for automatic listening. The
telephone set of an idle operator is
connected automatically to any cord
in her position on which a call has

10§

www americanradiohietorv com


www.americanradiohistory.com

arrived. If a number of calls come in
while the operator is busy, they are
answered in order from left to right as
each preceding one is disposed of.
Associated with each cord, however,
is a push-button type talking key
through which the board can be
operated on a key-listening basis
should the automatic listening feature
fail for any reason.

One of the features of the new board
is the discriminating circuit, which
recognizes the type of outgoing trunk
to which a cord has been connected,
and causes the position circuits to
take appropriate action. If the out-
going trunk is of the ringdown type,
for example, a two-second ringing sig-
nal is sent out automatically, while
if it is a dialing trunk, the position
dial or key-pulsing set is connected
automatically, and the operator is
notified that dialing or keying is re-
quired for completion of the call by
the lighting of a pilot lamp.

In offices where the outward toll
positions are provided with key sets,
it is desirable for operating reasons to
permit the operators at those posi-
tions to do the key pulsing on con-
nections to dialing intertoll trunks,
even though the trunks are secured
through a tandem switchboard. The
3B discriminating circuit is accord-
ingly arranged to recognize an in-
coming trunk from an outward board
where this method of operation is used
and to refrain from attaching the asso-
ciated keyset, in spite of the fact that
the outgoing trunk is one requiring
key pulsing. The No. 3 toll tandem
switchboard did not permit this
through-keying operation.

Another feature of the 3B board is
its ability to work with the new cross-
bar call-distributing system without
modification. This system automati-
cally directs incoming calls to idle
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cords in front of idle operators. When
the distributing equipment is used,
some or all of the incoming trunks
may be connected to it instead of
being permanently associated with
cords at the various positions, and it
provides a much more efficient use of
both trunks and operators. Although
this new distributing equipment can
be used with the No. 3 toll tandem
board, its application to that switch-
board requires the modification of
both the basic tandem trunk circuits
and the associated incoming trunk
auxiliary circuits.

Two lamps are associated with each
cord on the keyshelf. The one nearer
the operator, known as the “connect”
lamp, lights when a call comes in to
one of her cords. If she is busy on an-
other call at the time, the lamp will
burn steadily, but if she is idle, or as
soon as her telephone set is connected
automatically to the cord when she
finishes the preceding call, the lamp
starts flashing at a rate of 120 flashes
per minute. At the same time a
triple-zip order tone is sent back over
the trunk to the originating operator.
This tone is also heard by the 3B
operator at reduced volume to warn
her that a trunk request is about to be
made. After plugging into the desired
trunk, and dialing or key pulsing
when required, the position “release’”
key is operated. When no dialing or
key pulsing is required, the “release”
key may be operated before the cord
is plugged into the trunk jack. This
puts out the connect lamp and makes
the operator available for the next call.

As soon as the operator’s telephone
set is released, the cord is prepared to
pass supervisory signals from the
called point back to the originating
operator. This is accomplished with-
out bringing in any signal at the 3B
board. Should an originating operator
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re-ring on an established connection,
the signal is passed on to the trunk
ahead. When the originating operator
disconnects at the end of the conver-
sation, the rear lamp associated with
the cord lights as a disconnect signal.

Each position of the 3B board is
equipped with a grouping key, which
allows the position to be grouped with
the next higher numbered one in the
lineup, and by operation of keys at
successive positions, any number of
positions can be grouped together.
When positions are grouped in this
manner, an operator at one of them
has access to the cords of all, and all
position functions are performed by
the circuits at the occupied position.
When the 3B board is adjacent to No.
3 or 3C toll positions, a transfer key is
provided by which the operator at the
No. 3 or 3C position is given control
of the adjacent 3B position and of any
other positions grouped with it.

The 3B switchboard positions con-
tain only the cord, key, and lamp
equipment referred to above, the re-
lay equipment for the operator’s tele-
phone circuit, and certain miscel-
laneous circuits, such as the busy back
and re-order circuits. All other equip-

ment is mounted on the relay rack,
chiefly in the form of shop-wired
units. The operators control unit,
which contains all equipment for the
common position circuits not located
in the switchboard, and the cord units,
each of which contains the equipment
for ten cord circuits, are of such a size
that one of the former and four of the
latter can be mounted on an 11-foot
6-inch relay rack bay. Since in most
cases not more than forty cords per
position will be equipped, a con-
venient grouping in one bay of all
equlpment associated with each posi-
tion is usually possible.

The initial installation of the 3B
toll switchboard is now in service in
the Minneapolis toll office, with the
positions in line with existing No. 3
toll positions. Here it is used as a
toll tandem switchboard for handling
traffic originating at outward toll
positions in St. Paul and at manual
“A” switchboards in Minneapolis.
A second 3B switchboard has re-
cently been installed in the Cleveland
toll office. Here the new positions are
in a separate line, and are used for
handling calls originating at the out-
ward toll board in the same office.
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Measuring L.ines for Program Transmission

I—THE 19-Tyre OscirLator by S. J. Haraziv

II—THE 13A4 TrANSMISSION-MEASURING SET by J. M. Hupack

HE operating telephone com-
panies are frequently called

upon to furnish circuits from
broadcasting studios to their associ-
ated transmitters, to telephone of-
fices on intercity program networks,
or to remote pickup points such as
hotels, theatres, baseball parks, or
other such places for the transmission
of occasional programs. The circuits
usually available are not primarily
designed for transmitting the wide
frequency band required for broad-
cast programs, and require special
treatment and equalization. In con-
nection with the adjustment of the
equalizers to secure the overall char-
acteristics desirable, it is necessary to
measure the transmission charac-
teristics of the circuit that is involved.
Measurements of this type, which
involve visits to the
customers’ premises at
one or both ends of the
circuit, require that a
power of specified
amount and adjustable
in frequency be sup-
plied to the circuit at
one end, and that its
magnitude, modified
by the circuit, be meas-
ured at the other end.
Such measurements
are made at a number
of frequencies over the
band to be trans-
mitted. The ratio be-
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tween the sending and received test-
ing power then gives the loss or gain
of the circuit for each frequency. In
order to expedite this work, small
portable oscillators and transmission-
measuring sets, designed to operate
from commercial power supply as
described in the accompanying arti-
cles, have recently been developed.

I—THE 19-TYPE OsciLLATOR
The provision of a portable oscil-
lator to supply power of adjustable
frequency for transmission measure-
ments on telephone circuits was

greatly simplified by the recent de-

velopment of the 6A audiometer.*

This is essentially a heterodyne oscil-

lator covering the voice range and

with a calibrated control for the out-
*REecorD, Fune 1937, p. 163.

Fig. 1—The 194 Oscillator
Decemnber 1939
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put. By Llsing the same basic circuit
and a similar chassis construction, it
was possible to use in the main the
tools designed for the manufacture of
the audiometer. A rugged metal case
about nine inches square and fifteen
inches long is provided as shown in
Figure 1. All the apparatus is mounted
on a welded steel chassis, insulated
and suspended from a front panel.
The controls project through this
front panel, and are protected by a
cover which protects also the termi-
nals and the meter when the set 1s not
in use. A handle is provided; and
brackets are available as accessories
to permit the oscillator to be mounted
on a relay rack when desired.

The circuit comprises two oscil-
lators each with a nominal frequency
of about 110 ke, While the frequency
of one of the oscillators is held fixed,
that of the other may be varied over a
range of about 15 ke by an adjustable

MAIN TUNING
CONDENSER

condenser. The outputs of the two
oscillators are combined in a copper-
oxide rectifier, at the output of which
appear the usual modulation prod-
ucts, including the sum and difference
frequencies. To this output circuit is
coupled a two-stage feedback ampli-
fier. The input circuit of the amplifier
is tuned to pass only the lower side-
band, which will include frequencies
up to 15,000 cycles. For any one set-
ting of the adjustable condenser,
therefore, only one frequency will be
found:; and this will be the difference
frequency of the two oscillators. The
amplifier is coupled to a 60co-ohm
output circuit, and an adjustment in
the feedback circuit permits the out-
put to be adjusted over a range from
approximately 2 db below to 6 db
above one milliwatt.

Frequency is controlled with a
single dial, but an expanded scale is
provided for the range below 200

RECTIFIER
TYPE METER
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Schematic circuit of the 19a Oscillator. That for the 198 differs only in the

addition of another condenser in parallel with c7
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cycles, and a toggle switch to transfer
the control from one range to the
other. This switch inserts two addi-
tional condensers when the low-fre-
quency range is used. The circuit ar-
rangement of the oscillator is shown

BY THE 19B OSCILLATOR

THIS RANGE IS NOT COVERED ™ [~y

moved to the ¢ position, and both
c15 and ciy4 are brought into the cir-
cuit, with c¢7 and c15 in series and c14
in parallel with them.

After the set has been calibrated,
the only frequency controls employed

are the toggle switch
and the main dial. The

output frequency is de-

termined directly from

the dial reading, and

N when the meter, which

is in the feedback cir-

& CYCLES < KILOCYCLES
1 RANGE T RANGE
0
= 0
w I d "
5 -1 -
w OUTPUT
8, CALIBRATED
-3 | |
20 50 100 200 500 1000 2000 5000

FREQUENCY IN CYCLES PER SECOND

Fig. 3—The output of the 194 and 198 Oscillators is constant
within 1 db over the range from 30 to 15,000 cycles

in Figure 2. The main tuning con-
denser, ¢7, is controlled by the large
dial on the face of the instrument. For
frequencies above 200 cycles, the
toggle switch is in the K¢ position and
c7 alone controls the frequency. For
low-frequency readings, the switch is

cuit, reads 0.3, the out-
put will be one milli-
watt, which is the level
used for transmission
measurements. Any
variation in output can be adjusted by
the output knob, which controls a
rheostat in the feedback circuit.

To calibrate the set, the dial is
turned to the calibrating position,
shown in Figure 1, and with the
toggle switch in the kc position, the
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Fig. y—Schematic diagram of the 1348 Transmission-Measuring Set
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kc knob at the left of the dial
is turned until the meter
pointer is at rest at zero. |t
will be oscillating around some
position other than zero until
the correct adjustment s
reached. The toggle switch 1s
then moved to the ¢ position,
and a second and similar ad-
justment is made with the ¢
knob. The kc knob adjusts
condenser ¢3; and the ¢ knob,
condenser c14; ¢4 is used only
for adjustment at the factory.
Since the adjustment of ¢j
may change the effect of ciy,
these adjustments may have
to be repeated before the final
adjustment is obtained.

The set is designed for oper-
ation from a commercial power source
of 105 to 125 volts either d-c or 50 to
6o cycles a-c. In Ifgure 3, the output
is constant to within approximately
0.5 db from 30 to 8ooco cycles, and
within 1.0 db over the complete range
up to 15,000 cycles. The second and
third harmonics and the hum from
the 6o-cycle power supply are down
more than 27 db from the funda-
mental frequency. A toggle switch on
the face of the instrument turns the
power on or off; and a satety switch
within the case interrupts the power
when the oscillator is removed from
the case.

Another oscillator of practically
identical characteristics and con-
struction, but with a frequency range
up to only 5000 cycles, has been de-
signed for use in maintenance of toll
circuits and repeaters. This is called
the 19B oscillator, and since it is in-
tended for use only on relay racks, is
furnished without the handle or cover,
and instead of a cord and plug for the
power supply, a receptacle—accessible
from behind the rack—is mounted on
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s—The 134 Transmission-Measuring Set

the chassis. It is expected that the
small size and convenient arrange-
ment of these two oscillators will
make them suitable for many appli-
cations besides those for which they
were particularly designed.

II—THE 134 TRANSMISSION-
MEAsURING SET

The arrangement of this new trans-
mission-measuring set is similar to
that of the ig-type oscillator with
which it will ordinarily be used. It is
housed in a small metal case with
handle and removable cover. Weigh-
ing only fourteen pounds, it occupies
a space about eight inches square in
cross-section and eleven inches long.
A commercial power source of 105 to
125 volts, which may be either d-c
or from 23 to 6o cycles a-c, is required
and—as with the oscillator—a cord
and plug is included as part of the
equipment.

Fxcept for the power switch, no
controls are provided but the dial,
which—in conjunction with the meter
—provides a 600-ohm set capable of

It
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measuring received testing power
from o to 45 db below and from o to 10
db above one milliwatt. The circuit
employed, shown in Iigure 4, is a
three-stage resistance-coupled feed-
back amplifier terminating in an
indicating circuit consisting of a
copper-oxide rectifier and a meter
calibrated in db. This meter has two

red with the upper (red) meter scale.
In operation the input of the set is
connected to the circuit to be meas-
ured, and the power switch is turned
on. The attenuator is then turned
until a reading is obtained on the
meter, and then the loss or gain in db,
below or above the applied testing
power, is equal to the sum of the at-
tenuator and the meter

readings. If a 600-ohm

circuit is not involved,

or if the testing power
™ Is not I mw into 600

DECIBELS

ohms, suitable correc-

20 50 100 200 500 1000 2000

FREQUENCY IN CYCLES PER SECOND

Fig. 6= Typical response characteristics of the 13a Trans-

mission-Measuring Set

scales arranged in o.1-db steps from
o to § db. One, marked in red and
reading from left to right, is used for
gain readings, and the other, marked
in black and reading from right to
left, is used for loss readings. This
meter is used in conjunction with an
attenuator controlled by a dial on the
face of the set, as shown in Figure 3.
The attenuator has red and white
parts on its scale, the white for loss
measurements from o to 40 db in 5 db
steps, and the red part of the scale
with only the zero and a 5-db position.
The white numbers are used with the
lower (black) meter scale, and the

tions are necessary.

The circuit is suffi-
ciently stable so that
only occasional cali-
bration is required.
This is accomplished
by connecting the input to a one-
milliwatt  6oo-ohm audio-frequency
source, such as the r1g9-type oscil-
lator, and, with the potentiometer on
the white o, adjusting a rheostat in
the feedback circuit until the meter
reads o. Since this adjustment is re-
quired only occasionally, it is of the
screwdriver type.

As shown by Figure 6, which is a
typical characteristic, there is no ap-
preciable deviation in the response
from 80 to 5000 cycles. At 5o and
8000 cycles the response of the meas-
uring set is down o.1 db, and at 30
and 12,000 cycles, it is down o.4 db.

5000 10,000 20000
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Field Tests of the Crossbar System

By W. |. LACERTE
I'ield Development Department

LL the varied apparatus and
equipment of a dial central of-
fice has undergone extensive

laboratory tests before the specifica-
tions are turned over to the Western
Electric Company for manufacture;
and during manufacture further in-
spections and tests are made to insure
that the finished product satisfac-
torily meets all requirements. After a
new office is installed, however, but
before putting it into service, two
additional procedures are carried
through: first a physical inspection of
apparatus characteristics and then a
check by the Installation Depart-
ment to see that the component ele-
ments act properly by themselves.
Under ordinary conditions an of-
fice 1s considered to be suitable for
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service if it satisfactorily passes the
general Installation Department tests.
I'or a new system, however, like the
crossbar, it seemed desirable in the
early installations to carry out a call-
through test as well. This makes
doubly sure that nothing has been
overlooked, and that the various
components function properly as parts
of a complex system; and it gives the
maintenance forces an opportunity to
become familiar with the equipment
before the cut-over. In such a test
large numbers of calls are put through
the office by a group of special
operators trained for the work.

The first crossbar office to go into
service was President-2 in Brooklyn,
which is a relatively small office serv-
ing a residential area. The second was
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Murray Hill-6, a full 10,000-line unit
serving subscribers in the concen-
trated Grand Central area in Man-
hattan. The first of these offices was
put in service in lebruary, 1938, and
the Murray Hill office in July of the
same year. A summary of the equip-
ment that is used in these two offices
is given in Table 1.

The general installation tests re-
quired were conducted by the instal-
lation Department of the Western
Electric Company following test
metheds written by their engineers
based on requirements outlined by the
Laboratories. These instructions were
written with a view toward standard-
ization for future jobs. The call-
through tests were also conducted by
the Installation Department. Their
procedures were written and the tests
directed by a Committee with repre-
sentatives of the American Telephone
and Telegraph Company, Western
Electric Company, New York Tele-
phone Company, and Bell Telephone
LLaboratories.

The general installation tests were
started directly after the cabling
period was completed and continued
until the start of call-through tests.
The tests consisted of what is gener-
ally termed supplementary and rou-
tine tests. The supplementary tests
comprised those that were made only
once and the routine tests those that
were repeated at specific intervals.

Included in the supplementary
group were such tests as verification
of cabling connections and interframe
wiring, electrical check of continuity
of all crossbar-switch crosspoint con-
tacts, check of contact protection
units and non-inductive resistances,
and verification that leads which loop
to several places were free from false
connection to ground or battery sup-
ply, and not crossed with other leads.

11y

Routine tests were made at regular
frequency on those circuits installed in
quantities, such as senders, markers,
district junctors, and incoming trunks.
They followed methods based on per-
formance requirements issued by the
I.aboratories which stated the fre-
quency with which each test was to
be made and the permissible number
of failures.

The performance requirements cov-
ering routine tests of originating
markers specify, for example, that no
failure is allowable over the last two
cycles of tests made before the ac-
ceptance date and that the acceptance
cycle is to be made with a maximum
frequency of once a working day and a
minimum frequency of once every

TABLE 1

PRESI- MURRAY

DENT-2 HILL-6
Fquipment Frames 65 289
Line Equipments 3230 9880
Crossbar Switches 538 2535
“U”&“Y” Type Relays 15816 70468
Multi-Contact Relays 1183 5686
Relays of Other Types §3¢7 22086

five working days. These require-
ments were met by the six originating
markers at Murray Hill-6 office and
the three originating markers at
President-2 office. A similar procedure
was followed with routine tests of
other types of circuits. Since the cir-
cuits were of new design, the require-
ments were of a tentative nature,
established to obtain a performance
equal to and in some cases better than
that of corresponding circuits of other
systems. In practically all cases, regu-
lar testing circuits which were subse-
quently to be used for maintenance
were used to apply the routine tests.

This thorough testing disclosed a
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few irregularities due to design and to
variations in the manufactured prod-
uct which were not encountered in
laboratory tests of a few samples. All
such lrreguhrmes were investigated
both in the central offices and in
the l.aboratories.

The call-through test program con-
sisted in completing calls of various
classes involving the crossbar equip-
ment. Approximately 350,000 call-
through test calls were made in
President-2 office and 285,000 in
Murray Hill-6 office. They were made
at random by test operators, each
provided with twenty-line sending and
receiving test units. These units are
in general like the call-through test set
already described in the REecorp,*
but were modified to meet the condi-
tions of mass sending. The lines se-
lected for test were distributed over
all the line groups, and some connec-
tions were held so that several chan-
nels were busy periodically, thereby
bringing into use a comprehensive
number of paths through the office.

Observations were made on some of

the test calls, using standard service
observing methods, to enable the
Traffic Department to rate the service
according to its usual standards. In so
far as possible the proposed standard
maintenance practices and procedures
that have been developed were used
in locating and clearing trouble en-
countered on these test calls.

During most of the testing, the test
operators held all the connections on
mu, Oct. 1938, p. 38.

which trouble was encountered so as
to enable the maintenance force to
trace the call and locate the fault with
least delay. To obtain a more repre-
sentative picture of service conditions,
however, the test procedure was varied
for a period of time, and the test
operators were allowed to simulate
subscribers by not holding calls for
tracing but depending on regular
maintenance facilities for detection of
troubles Durmg this later period a

“subscriber’s” complaint was origi-
nated only when a test operator could
not complete the call on repeated at-
tempts. Also, a special high calling-rate
test was made to show the ability of
the system to store calls in its senders
and complete them as quickly as the
equipment became available. This
was done by allowing twelve to six-
teen test operators to originate calls
as rapidly as possible from and to
certain line frames, and observing for
proper completion.

The results of the call-through tests
and service observations indicated
that the crossbar office, although new
and thus lacking some refinements
that follow extensive service experi-
ence, would give a grade of service
somewhat better than the older types
of dial offices. Since cut-over, the
service performances of both offices
are being observed closely; and the
maintenance results are being care-
fully examined and analyzed for ir-
regularities arising from peak trafhic
loads and from other conditions that
may be introduced by subscribers.
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OR some time oscillators have

been calibrated with a cathode-

ray oscillograph by applying a
standard frequency toone pairof plates
and the frequency of the oscillator
under calibration to the other. The
oscillator’s frequency is varied until
one of the well-known Lissajou figures
shows that its frequency is a multiple
of the standard frequency. This multi-
ple may be two to one, three to one,
four to one, or even as high as 500 to
one. It may also be a more complex
ratio such as three to two, five to two,
or four to three, but for each pattern
the ratio is definitely known. By
using these patterns and several
standard frequencies such as 100,
1000, 10,000 and 100,000 cycles, oscil-
lators may be calibrated from fre-
quencies of a few cycles to over one
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Beat Notes in
High—Frequency
Calibration

By I. R. STANSEL
Apparatis Development

megacycle. The method has in
fact been used in making cali-
brations as high as thirty
megacycles.

At the higher frequencies—
above about one megacycle—
this method encounters dif-
ficulties because the Iissajou
patterns are stationary only
when the frequencies are in
exact ratio. If one frequency
is higher or lower than the
exact value the pattern moves.
The number of cycles by
which the frequencies may
differ before the pattern becomes
blurred is a fixed quantity of a few
cyclesregardless of the frequency of the
oscillator under calibration. Thus the
adjustment of a frequency of 5000
cycles towithin five cycles involves ad-
Justing to only one part in a thousand,
but the same adjustment at five mega-
cycles has to be within one part in a
million. The frequency of the oscil-
lator must also remain stable within
these limits long enough for the op-
erator to recognize the pattern. Unless
the oscillator has an exceptionally
tine scale and is quite stable, the oper-
ator will sweep through the stand-
still point of the Lissajou figure with-
out recognizing it. When calibrating
oscillators at high frequencies a wave-
meter usually is used as auxiliary
equipment to locate the patterns and
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insure that a pattern is not skipped.

Another method of comparing fre-
quencies is to apply the standard and
unknown frequencies to the input of a
vacuum tube and listen to the beat
note formed by their difference. Har-
monics and other modulation prod-
ucts generated in the vacuum tube
permit hearing these beats at the fre-
quency ratios at which Lissajou
figures occur. The higher the order of
these modulation products the lower,
in general, is their loudness.

As in the case of the Lissajou fig-
ures, the amount the unknown fre-
quency may deviate from the exact
value sought before the beat tones
become unrecognizable is indepen-
dent offrequency, but with beat tones
the difference is increased to the
audible range of the ear instead of
being the few cycles permissible with
Lissajou figures. That is, the fre-
quency may differ by 5000 or more
cycles. Thus the preliminary adjust-
ment of an oscillator to be calibrated
at five megacycles is changed from
locating the frequency to within about
tive cycles, which is one part in a
million, to that of locating the fre-
quency to within about 5000 cycles,
which is only one part in a thousand.
When the approximate setting of the
oscillator has been found, the oscil-
lator’s frequency is slowly varied in
the direction which causes the fre-
quency of the beat note to decrease.
The exact calibration point is the
“zero beat” point, that is the point at
which the frequency of the beat note
becomes inaudibly low.

This principle is used in equipment
recently built by the Laboratories to
calibrate oscillators from one to fifty
megacycles. The standard frequency
1s obtained from a one-megacycle os-
cillator controlled by quartz plates
with low temperature coefficients.

December 1939

This standard oscillator is equipped
with a small vernier condenser ca-
pable of shifting its frequency a few
cycles and a small cathode-ray oscillo-
graph is permanently connected so its
frequency can be monitored against
the laboratory 106-kc standard.

The oscillator under calibration is
connected to the grid of a modulator
tube through an amplifier tube and a
tuned circuit as illustrated in Figure 1.
When Lissajou figures are used it is
possible to tell exactly what the ratio
is by counting the loops in the simpler
figures. With the beat-note method
this check is not available because the
pitch of a beat note depends on the
difference in frequency of the two in-
puts and is independent of the fre-
quency of either of them. The ap-
proximate calibration of the tuned
circuit, read directly from the dial,
tells to which of the many harmonics
of the standard the oscillator under
calibration is tuned. The tuned cir-
cuit also suppresses noise.

An additional check is afforded by
using a five-megacycle oscillator as
a second standard. To determine
whether the oscillator is adjusted to
fourteen or fifteen megacycles, for
example, the modulator tube may be
switched to the five-megacycle stand-
ard. There will be a beat note against
the third harmonic of the five-mega-
cycle standard if it is at fifteen mega-
cycles and none if 1t is at fourteen
megacycles.

With this equipment, points one
megacycle apart can be found up to
well over thirty-five megacycles, but
frequently it is necessary to calibrate
oscillators at closer intervals. This is
accomplished by passing the standard
frequency through an auxiliary modu-
lator tube before applying it to the
main modulator. On a second grid of
this auxiliary tube the laboratory

117

www americanradiohistorv com


www.americanradiohistory.com

100-kc standard is impressed so that
the output of the tube consists of one
megacycle (or five megacycles) heav-
ily modulated by 100 kc. When these
frequencies are applied to the main
modulator tube, beat notes may be
found every 100 kc throughout the
range of the oscillator. This 100-kc
modulation may be shut off so that
points every megacycle may be lo-
cated first. The modulation is then
applied and ten intermediate points
filled in between each megacycle
point. Under some circumstances, so-
ke points due to higher order modu-
lation products may be found between
each of the 100-kc points. These may
be distinguished by lower intensity.

The equipment is mounted on a re-
lay rack, illustrated in the headpiece.
The large dial which controls the
tuned circuit has seven scales cor-
responding to the seven coils used to
cover the frequency range. Other
switches control the input from the
unknown, the selection of the one-
or five-megacycle standard and the
application of the 10o-kc modulation.

The second panel from the top con-
tains the two quartz oscillators and

the oscillograph tube, which monitors
the one-megacycle standard. Jacks on
the panels allow these oscillators to be
used for other purposes and switches
in the plate circuits of the oscillators
are provided for cutting them out.

The top unit is a commercial audio-
frequency meter which may be con-
nected to measure the frequency of
the beat note. This meter is useful
when studying the variation in an
oscillator’s frequency because of load,
supply voltage or other reasons. The
oscillator is tuned to a suitable beat
note and the frequency of this note
measured directly on the meter. Then
the load or other variable is changed
and any change in the beat note re-
corded. The change in frequency of
the beat note is equal to the change in
oscillator frequency.

The lower panel contains a power
supply for the entire equipment.

This new apparatus while not
superseding any of the older equip-
ment offers a simpler and more rapid
method of calibrating oscillators above
one megacycle, and also provides a
simple and effective method of study-
ing oscillator stability i this range.

)| LABORATORY
t STANDARD

OSCILLATOR RADIO- AUDIO-
TOBE CIONNF;':I) FREQUENCY (- TUNED [_\j0pULATOR (= FREQUENCY
CALIBRATED L1 | AMPLIFIER | |CIRCUIT AMPLIFIER
L% %
STANDARD L Dol
OSCILLATORS
CATHODE-RAY e |
OSCILLOGRAPH [rreauency
i METER
AUXILIARY
——o—
SIMS MODULATOR
[
100-KC 100-KC

MODULATION
OFF-ON SWITCH

Fig. 1—"The oscillator to be calibrated is connected through an

amplifier and a tuned circuit to the grid of a modulator tube.

Beat tones heard in the earphones determine the calibration. The

standard frequencies are obrained from oscillators controlled by

quartz crystals. The auxiliary modulator permits finding beat
tones 100 k¢ apart up to over 35 megacycles
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Operator-Training Facilities at
Toll Switchboards

By A. M. ELLIOTT
Toll Facilities Department

MPLOYEE training 1s carried

on extensively.by the Bell Sys-

tem and contributes substan-
tially to giving day-to-day telephone
service an outstanding quality that is
recognized throughout the world.
Telephone switchboard operators com-
prise one of the largest of these em-
ployee groups and the maintenance of
this organization of operators requires
the extensive training of some 25,000
new employees each year.

In the very early years of the tele-
phone, training procedures were quite
simple, but with rapid growth and in-
creasing requirements for good serv-
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ice, training schools were established
by the operating companies. In larger
othces these schools became important
organizations, with special classrooms,
demonstration equipment, and staffs
of full-time instructors. Students in
groups of as many as fifteen or twenty
were assigned to an instructor, and
spent practically all their time in
classroom work. Here the instructor
described and demonstrated the work
to be performed; and the students
were supplied with textbooks from
which they studied the standard
methods of handling calls. Their op-
portunity to do actual operating at a

11g
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switchboard was confined to training
positions entirely separated from
working switchboards, and each stu-
dent’s time at this work was very
limited because cost and fluctuating
demand did not justify the establish-
ment of large training installations.

Many thousands of switchboard
operators were successfully trained
along these somewhat academic lines,
but application of recent advances in
vocational guidance to operator train-
ing has shown that the interest of
new employees is raised and main-
tained in proportion to the prompt-
ness with which they are permitted to
do actual operating at a working
switchboard.

Both dexterity in handling cords
and plugs and the understanding of
their functions, for example, are
gained more easily and in less time
when description accompanies actual
use of the apparatus. This applies
also to other phases of the skill and
knowledge required for operating.
Consequently the new training facili-
ties recently made available for Nos.
1, 3 and 3C toll switchboards provide
for training operators at regular
working positions at the toll board
during light-load periods. The posi-
tions selected for this use have been
modified somewhat to permit the stu-
dents to handle practice traffic under
a variety of conditions, without inter-
fering in any way with normal use of
these same positions for handling reg-
ular toll traffic when desired.

Preliminary discussions between
students and instructors, and drills on
certain basic operations, are con-
ducted at unoccupied positions of the
switchboard or, if none are available,
in a corner of the operating room. The
instructors are regular switchboard
supervisors who take turns in this im-
portant activity. Operating is learned

120

as it appears to an operator at work—
by handling calls. The practice posi-
tions are in groups of two. A third
switchboard position, called a control
position, is associated with the two
practice positions for the purpose of
forming a training unit.

The control operator is an ex-
perienced assistant who handles prac-
tice traffic with the students as di-
rected by the instructor. All three
positions of the training unit are sepa-
rated by at least two regular positions
each so that students have experi-
enced operators working on each side
of them and no operator has more
than one student adjacent to her.

Facing the operator at a typical toll
position are jacks of the outgoing toll
trunks. These are arranged in groups
according to the toll points to which
they connect. Below these are jacks
for incoming calls from subscribers.
At the student positions certain of
these jacks are specially marked, and
the student operators are instructed
to complete calls only between these
marked jacks. The trunks connected
to these jacks extend to the control
operator’s position so that she is able
to act either as a subscriber placing
and receiving calls handled by stu-
dents, or as another operator in the
same or a distant office. She receives
operating signals on these training
trunks which indicate whether the
students are handling the calls cor-
rectly, and she may give instructions
directly over their telephone sets
when desirable.

Delays are sometimes encountered
and the calling subscriber is called to
his telephone when the call can be
completed. To provide training of this
nature, provision is made for termi-
nating at the control position a num-
ber of regular subscribers’ lines from
one or more local offices. The student
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operator reaches these lines by passing
the call through the local office in the
regular manner. The control operator
can make busy the line which the
student is calling, so that repeated
attempts will be necessary to com-
plete the call. A key mounted in the
upper part of the control position is
provided for inserting an additional
loss of 8 db or 15 db in the trans-
mission paths between the control
operator and the students to train
the students in understanding conver-
sations under operating conditions.

Provision is also made for the stu-
dents to listen in on the work of regu-
lar operators through one-way moni-
toring amplifiers that do not affect the
circuit to which they are connected.

In this way the students become
familiar with the normal handling of
calls. The control operator can talk to
the students while they are monitor-
ing and is thus able to make com-
ments on the various steps.

With the new arrangements stu-
dents find the work more interesting
and learn more rapidly. Although the
instructor cost per student per day is
higher, this is more than offset by more
rapid learning, and by the release
of classrooms, equipment and space
formerly requlred. A further advan-
tage is that from the very beginning
the students are in contact with those
who will act as their supervisors later,
and more quickly adapt themselves to
normal operating conditions.

Section of an ultra-high-frequency oscillator for laboratory use
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The Vocoder

By HOMER DUDLEY
Circuit Research Department

T THE World’s Fairs in New
York and San Francisco great
interest was shown in the

speech synthesizer in the Bell System
exhibits. Known as the Voder, this
device creates spoken sounds and
combines them into connected speech.
Its raw materials are two complex
tones, a hiss and a buzz; selection of
one or the other and its intensity and
tone quality are controlled by an
operator through a keyboard.*

The Voder is an offshoot of a more
extensive system, first demonstrated
n its experimental stage some three
years ago. That system analyzed

*REcorb, Feb. 1939, p. 170.
tREcorD, Dec. 1938, p. 98.
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spoken sounds, and then used the in-
formation to control the synthesizing
circuit. At the time World’s Fair dis-
plays were under consideration, so it
was naturally perceived that the syn-
thesizer, manually controlled, could
be made into a dramatic demonstra-
tion. Development was for a while
concentrated in that field; as a suc-
cessful Voder became assured, atten-
tion was shifted back to the broader
and parent system. Shortly there-
after the system was given the name
“Vocoder” because it operates on the
principle of deriving voice codes to
re-create the speech which it analyzes.

Figure 1 shows the over-all circuit
for remaking speech; the analyzer is
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at the left and the synthesizer at the
right. Electrical speech waves from a
microphone are analyzed for pitch by
the top channel and for spectrum by a
group of channels at the bottom.

In the pitch analysis the fundamen-
tal frequency, which for simplicity
will be called the pitch, is meas-
ured by a circuit containing a fre-
quency-discriminating network for
obtaining this frequency in reasonably
pure form; a frequency meter for
counting, by more or less uniform
pulses, the current reversals therein;
and a filter for eliminating the actual
speech frequencies but retaining a
slowly changing current that is a
direct measure of the pitch. (Un-
voiced sounds, whether in whispering
or the unvoiced sounds of normal
speech, have insufficient power to
operate the frequency meter.) The
output current of the pitch channel is
then a pitch-defining signal with its
current approximately proportional
to the pitch of the voiced sound and
equal to zero for the unvoiced sounds.

There are ten spectrum-analyzing
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channels,* the first handling the fre-
quency range o-250 cycles and the
other nine, the bands, 300 cycles
wide, extending from 250 cycles to
2950 cycles, a top frequency which is
representative of commercial tele-
phone circuits. Fach spectrum-ana-
lyzing channel contains the proper
band filter followed by a rectifier for
measuring the power therein and a
25-cycle low-pass filter for retaining
the current indicative of this power
but eliminating any of the original
speech frequencies.

The operation of the analyzer is
illustrated in Figure 2 by a group of
()SClllograms taken In analyﬂng the
sentence “‘She saw Mary.” To insure
that the same speech was analyzed
in obtaining the various oscillograms,
the sentence was recorded on a high-
quality magnetic-tape recorder and
reproductions  therefrom  supplied
current to the analyzer. The speech-

*A 3o-channel vocoder covering the wide range
of speech frequencies required for high quality has
also been built and is being used as a tool in lab-
oratory investigations.
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Fig. 1—Simplified schematic of the I'ocoder
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wave input to the analyzer is shown
in the line next to the bottom while
the output is shown in the other
oscillogram traces; the pitch-defining
signal is at the bottom in the figure
and the ten spectrum-defining sig-
nals in numerical order at the top.
For convenient reference the oscillo-
grams are lined up together whereas
in the actual circuit the speech-
defining signals lag about 17 milli-
seconds behind the speech-input wave.
The inaudible speech-defining output
signals contain all the essential speech
information as to the input wave, but
it is to be noted that they are slow-
changing and in this way correspond
to lip or tongue motions, as contrasted
with the higher Ahbe vibration
rates of the rapid-changing speech
wave itself. The dropping of the pitch
to zero for the unvoiced sounds “sh”
and “s” is also readily seen.

Figure 2 gives an idea also as to the
synthesizing process. In the analyzer
the speech wave is the input and the
eleven speech-defining signals are the
output; in the synthesizer the eleven
speech-defining signals are the input
and the speech wave the output.

The steps in speech synthesis are
indicated at the right of Figure 1.
The relaxation oscillator is the source
of the buzz; and the random noise
circuit the source of the hiss. The hiss
1s connected in circuit for unvoiced
sounds and for quiet intervals. (In the
latter case no sound output from the
synthesizer results because there are
no currents in the spectrum channels.)
When a voiced sound is analyzed a
pitch current other than zero is re-
ceived with the result that the buzz is
set for the current pitch by the “pitch
control” on the relaxation oscillator;
also, the relay marked “‘energy source
switch” operates, switching from the
hiss source to the buzz source.
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The outputs from the spectrum-
analyzing channels are fed to the
proper synthesizing spectrum controls
with the band filters lined up to cor-
respond. The power derived from the
energy sources of the synthesizer in
these various bands is then passed
through modulators under the control
of the spectrum-defining currents.
The result is that the power output
from the synthesizer is sensibly pro-
portional in each filtered band to that
measured by the analyzer in the
original speech. From the loudspeaker
comes, then, speech approximately
the same in pitch and in spectrum as
the original. This synthetic speech
lags the original speech by about 17
milliseconds due to the inherent delay
in electrical circuits of the types used.

In the present models of the Vo-
coder, control switches have been
introduced which permit modifica-
tions in the operation of the synthe-
sizer. Through the manipulation of
these controls interesting effects are
produced. Some of the possibilities of
the Vocoder were recently demon-
strated by the author and his associ-
ate, C. W. Vadersen, before the
Acoustical Society of America and
before the New York Electrical So-
ciety. In those presentations Mr.
Vadersen supplied by his own voice
the incoming speech which was picked
up by a microphone as shown in the
headpiece; and at the same time he
manipulated the controls to produce
desired effects. A remote-control
switch was also provided through
which, for purposes of comparison,
the author could switch the micro.
phone directly to the loudspeaker and
so let the audience hear how the
speech would sound if it had not been
modified by the Vocoder.

In these demonstrations compari-
son is first made between direct speech
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and the best re-creation that the ap-
paratus could make. Then by manipu-
lation of dials and switches, speech is
modified in various ways. Normal
speech becomes a throaty whisper
when the hiss is substituted for the
buzz. Although the hiss is relatively
faint, it 1s shown to be essential for
discrimination as between ‘‘church”
and “‘shirts.”

Ordinarily the re-created pitch
moves up and down with that of the
original. If variation is prevented, the
re-created speech 1s a monotone, like
a chant. When the relative variation
is cut in half, the voice seems flat and
dragging; when the swings are twice
normal, the voice seems more bril-
liant; when four times normal it
sounds febrile, unnatural. The con-
trols can be reversed so that high be-
comes low: the tune of a song is then
unrecognizable, and speech has some
of the lilting characteristics of Scandi-

navian tongues. Another control fixes
the basic value of the re-created
pitch; if this is “fluttered” by hand,
the voice becomes that of an old per-
son. By appropriate setting of the
basic pitch, the voice may be any-
thing from a low bass to a high
soprano, and several amusing tricks
can be performed. In one of these, the
basic pitch is set to maintain a con-
stant ratio of § to 4 to the original.
This is a “major third” higher and
harmonizes with the original. In
two-part harmony, the demonstrator
then sings a duet with himself. Con-
necting a spare synthesizer set for a
3 to 4 ratio he then sings one part in
a trio, the others being taken by his
electrical doubles. Finally, with the
basic pitch-control of the apparatus,
he becomes a father reprimanding
his daughter; then the girl herself,
and then becomes the grandfather
interceding for the youngster.
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Fig. o—"The original speech wave and an analysis of its components, expressed as
the variation of several direct currents
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For the vocal-cord tones of the
original, the Vocoder substitutes the
output of a relaxation oscillator. But
any sound rich in harmonics can be
used: an automobile horn, an airplane
roar,anorgan. Insome demonstrations,
the sound, taken from a phonograph
record, replaces the buzz input from
the oscillator. Keeping careful time
with the puffs of a locomotive, the
demonstrator can make the loco-
motive puff intelligibly “We're -
start - ing - slow - ly - faster, faster,
faster” as the puffs come closer to-
gether Or a church bell may say

“Stop - stop - stop - don’t - do - that.”
A particularly striking effect is that of
singing with an organ to supply the
tones. Although the words may be
spoken, the demonstrator usually
sings them to hold the rhythm. It
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makes no difference whether his voice
is melodious or not; the tonal quality
comes only from the musical source.
These tricks and others have sug-
gested uses for the Vocoder in radio
and sound pictures. It appears  to
have possibilities as a tool in the in-
vestigation of speech, since by its
numerous controls important vari-
ables in speech can be isolated for
study. The engineering possibilities
which may grow out of the application
of the principles employed in this de-
vice are hard to predict at the present
time. The speech-defining currents,
however, do have features of sim-
plicity and inaudibility which may
open the way to new types of privacy
systems or to a reduction in the
range required for the transmission of
intelligible telephonic speech.
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