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G. C. Southworth holding one of the resonant chamébers used for tests of wave-guide
transmission. Behind him are the two experimental transmission lines
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A. P. King at the sending end of the experimental wave-guide at Holmdel. The receiving
end, with A. E. Bowen, is shown in the photograph on the opposite page
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Electric Wave Guides

By G. C. SOUTHWORTH
Radio Research

N the early days of electrical com-

munication, it seemed axiomatic

that there must be a completed cir-
cuit to permit the flow of electric
current or power. A return path,
either in the form of another wire or
the earth, was apparently essential.
With the advent of radio this seem-
ingly fundamental law was broken,
because for radio transmission no re-
turn path in any ordinary sense is
required. Radio, however, was very
evidently a distinctly different type of
transmission. The radio waves simply
traveled in all directions through
space as does light or radiant heat.

Researches in Bell Telephone Lab-
oratories have disclosed a new form
of transmission for high frequencies.
Itis unlike radio because the waves are

May 1930

not broadcast through space but follow
a physical guide comparable to a wire.
No return path, however, is required
of the kind that is commonly assumed
in the usual case of transmission.
With an ordinary concentric conduc-
tor, such as is used for feeding a radio
antenna, the outer tube forms one side
of the circuit and the central con-
ductor the other. If, however, in-
stead of operating such a structure at
a frequency of about a million cycles,
approximately the average frequency
for broadcasting, a frequency of two-
thousand million cycles were em-
ployed, it would be found that the cen-
tral conductorcould then becompletely
withdrawn and still the structures
would be able to transmit power. It
would be necessary, of course, to pro-
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vide a suitable means for launching
the waves, and the form of transmis-
sion would be radically different.

In this example the pipe would have
had to be at least 414 inches in di-
ameter, but if the pipe had been filled
with an nsulating material having a
dielectric constant of 4, a 2%-inch
pipe could have been used, while if
the dielectric constant had been g, a
128-inch pipe could
have becn used. As a
matter of fact, the
outer pipe itself may
also be done away
with, and the trans-
mission will take place
along a wire or rod
of insulating material,
and the attenuation
will be least when
the resistivity of the
insulator, acting as a
guide, 1s the greatest.

Incredible as these
phenomena may seem
at first sight, they are
readily explicable on
mathematical princi-
ples that have been
known for many years.
As early as 1897 Lord
Rayleigh obtained so-
lutions for certain dif-
ferential equations oc-
curring in electrical
theory that indicated
that wave power could
be propagated through
either hollow metal
pipes or through di-
electricrods. So far asis
now known, no experi-
mental work was at-
tempted at that early
date. As often happens
in science these princi-
ples were independ-
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—— LINES OF ELECTRIC FORCE

ently discovered by others. In par-
ticular, a group of workers in Ger-
many studied this problem, and pub-
lished several papers. They were
Hondros and Debye in 1910, Zahn in
1916 and Schriever in 1920. Also our
own J. R. Carson in 1924 and R. V. L.
Hartley in 1931 gave thought to this
problem. Both Zahn and Schriever did
a small amount of experimental work
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Fig. 1—Schematic representation of electric and magnetic
Jields for four types of wave-guide transmission
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Fig. a—Attenuation characteristics for four types of wave-

guide transmission

but it related mainly to the form of
wave guide consisting of insulation
alone, and dealt with just one of the
many types of waves that may be
propagated. The published literature
indicates that their work was dropped
at that point.

In 1931 the author resumed some ex-
perimental work on this subject,which
he had started in 1920. This has now
been expanded slightly and moved to
our Holmdel Radio Laboratory where
long wave guides may be constructed.
Some details have been given in the
April, 1936, issue of the Bell System
Technical Fournal. Throughout this
experimental research there has been
considerable work done by members
of the mathematical groups, notably
by J. R. Carson, Sally P. Mead, and
S. A. Schelkunoff, who also have a
paper in the Bell System Technical
Fournal for April. Sometimes experi-

May 1936

10,000
FREQUENCY IN MEGACYCLES PER SECOND

inductive effects into
neighboring wave
guides, and particu-
larly the discovery
that, theoretically at
least, one of the many
waves that may be transmitted
through a hollow pipe becomes prog-
ressively less attenuated as its fre-
quency is raised. This remarkable
property appears altogether unique
in the field of electrical transmission.

These electric waves that are guided
through hollow pipes and dielectric
rods are moving configurations of
electric and magnetic fields. Mathe-
matical theory indicates that in cylin-
drical guides these two fields may be
associated in many different ways to
provide a wide range of types of
waves. Four of these are shown in
Figure 1. They may be generated by
any source of sufficiently high fre-
quency, such as a Barkhausen or a
magnetron oscillator. To set up any
particular type of wave it is neces-
sary, of course, to provide an appro-
priate launching mechanism. If the
E, wave is desired, the source may be

50,000 100000
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connected between the outside shell
of the guide and a rather large central
disc perpendicular to the principal
axis. For H; waves the source is con-
nected between diametrically oppo-
site points on the inside of the pipe.

Wave guides behave somewhat like
wire lines in that they have a definite
characteristicimpedance and a definite
attenuation. Also waves travel through
them with a velocity that may be pre-
dicted with considerable accuracy.
Thecalculated attenuations of the four
principal waves are of particular in-
terest. They are shown in Figure 2 for
the special case of a five-inch hollow
copper pipe.

I't will be noted that all waves suffer
infinite attenuation at or below cer-
tain critical frequencies, and that
with an increase in fre-
quency this attenua-
tion decreases very

Holmdel Radio Laboratory measuring
the attenuations. For this purpose
two hollow copper pipes are used,
which are four inches and six inches
in diameter and 1250 feet long. These
pipes are shown in the frontispiece to
this 1ssue.

In much the same way that a pair
of wires may resonate to waves travel-
ing along their length, or an air
column may resonate to certain sound
waves, so may a short section of wave
guide be made to resonate electrically
to the frequencies which it is able to
propagate. In its role as a resonator it
behaves as if 1t were a coil and con-
denser, sometimes in series with an
electromotive force, and sometimes
in parallel. These resonance effects
are very pronounced and may be

70
GALVANOMETER
TURRET CONTAINING ]
CRYSTAL DETECTOR ™|

rapidly. For three of
the types of waves it
approaches a mini-
mum, and then in-

creases for higher fre-
quencies. For the wave
that has been designat-
ed as H, this attenua-
tion appears to decrease
indefinitely with in-
crease of frequency.
Not all of the calcu-

(A)

lated characteristics of (

wave guides have yet 7 71™

been verified experi-
mentally. In particu-
lar, no information is
yet available on the
very interesting Ho
wave except near cut-
off. At present, the au-
thor, together with A.
E. Bowen, A. P. King,
and J. F. Hargreaves,
is working at the
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Fig. 3—0ne form of resonant chamber used in connection

with wave-guide transmission
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simply demonstrated by a cylindrical
chamber such as that shown in
Figure 3.

The open end of a guide may be
made to radiate wave power much the
same as sound waves issue from a
pipe. To enhance this effect the pipe
may be expanded into a cone, thus
producing an electrical horn. Tests
show that it may function much the
same as an acoustical horn, and ac-
cordingly may be used as an efficient
radiating load for the generator to
which 1t 1s connected.

The question naturally arises as to
what use wave guides may be put. This
1s a difficult question at this early day.
Wave guides have definite limitations.
The diameter of the hollow pipe that
may be used is directly proportional to
the wavelength. For a pipe thatis at all
convenient in size, the frequencies are
the highest that have yet been tried

out for radio. It is true that the di-
ameter of pipe might be reduced if it
could be filled with a suitable insu-
lator. At this point we are met with
a conflicting difficulty of producing at
reasonable cost the necessary medium
that will incorporate high dielectric
constant with sufficiently low losses.
It is true too that low attenuation
could probably be had with much
smaller pipes by the use of Hy waves,
but this calls for an even higher range
of frequencies. For long-distance
transmission, the situation is that
the art at these extreme frequencies
1s not yet at a point which permits
a satisfactory evaluation of practi-
cal use. For transmission over very
short distances, however, or for use
as projectors of electric waves, or as
selective elements under certain con-
ditions, the use of wave guides has
definite possibilities.

Some of the experimental apparatus employed for
wave-guide (ransmnission

www americanradiohistorvy com
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POEPPROPPOPPPOOPPHOPPOOOOOOOOE.
A ““Hit” Suppressor

By J. H. BELL
Telegraph Development

NE of the advantages of oper-

ating telegraph systems over

cable conductors instead of
open-wire lines is the relative free-
dom from a form of interruption
known as “hits.” These may be caused
by atmospheric disturbances, by wires
swinging together or in contact with
trees, or by men working on the lines.
Even with the best possible outdoor
maintenance such interruptions can-
not be entirely eliminated. The ma-
jority of these interruptions are of
very short duration, existing for ‘only
a fraction of a second.

On a hand-operated telegraph cir-
cuit, a skilled receiving operator is
able to interpret the signals correctly
despite the presence of occasional
faults of this nature. On a teletype-
writer circuit, however,which printssix
letters or ﬁgure characters per second
—each character comprising a com-
bination of seven signal impulses—an
interruption of a hundredth of a second
or less may result in the printing of a
false character. A wrong letter in an
English word would probably not af-
fect the interpretation of the message.
Where groups of figures or code words
are transmitted, however, as on many
private telegraph circuits used ex-
tensively for business and news distri-
bution, hits assume greater import-
ance. As a result it is desirable to
limit their effect to the leg or branch
of the line on which they occur.

About sixty per cent of the tele-
graph circuit mileage is now in cables,
free from such interruptions, so that a

288

real improvement in service would re-
sult if the unavoidable line interrup-
tions occurring on the open-wire sec-
tions of long networks comprising
both open-wire and cable could be
kept out of the cable sections. A news
distributing circuit, for example, may
extend from Boston to St. Louis en-
tirely in cable, but with open-wire
branches running to outlying stations
at some distance from the main cable
route. If some device that would elim-
inate interruptions could be inserted
at each point where the open-wire
lines connect to the cable, the hits
could be restricted to the sections in
which they occur, and would not
affect transmission over the main
cable circuit except when transmis-
ston 1s taking place from the open-
wire branch. Since the flow of traffic
on news distribution circuits is al-
most entirely to the outlying stations,
this would eliminate practically all of
the “hit” interruptions.

Such a device, known as a hit sup-
pressor, has recently been developed
by the Laboratories. It is connected
into the system in association with a
single-line telegraph repeater as shown
in Figure 1. It prevents short hits on
the open-wire lines from affecting
telegraph transmission over the cable
route except on those comparatively
rare occasions when one of the branch
stations is transmitting.

A very much simplified schematic
of a single line telegraph repeater is
shown in Figure 2, where the light
lines are the four connections taken

May 1936
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to the hit suppressor. Signals coming
in over the line from the toll repeater
actuate relays A and B and pass back
through a contact of relay c. The
operation of relay A opens and closes
its contact and thus sends open and
close signals over the branch line
through windings of relays ¢ and . It
is important that these two relays do
not operate under the influence of
these currents, for if ¢, for example,
does operate, it will open the incom-
ing circuit and cause a false signal.
Under normal conditions ¢ and p will
not operate, but a “hit” may cause
them to do so. With signals flowing in
the opposite direction, that is from
the branch to the main circuit, relays
¢ and p should, and do, operate, while
relays A and B do not. The function of
the hit suppressor is to insure that the
main line circuit, passing through the
contact of relay c, is not opened when
signals are flowing to the branch
or open-wire circuit.

This is accomplished by the two
relays comprising the hit suppressor.
These are shown in connection with
the single-line repeater in Figure 3.
Here the hit suppressor circuit is
shown in heavy lines and the single-

CENTRAL OFFICE

line repeater circuit in light lines.
Again the schematic is considerably
simplified. What the hit suppressor
does is to place a short-circuit around
the contact of relay ¢ while signals are
being transmitted to the branch cir-
cuit. After the signals have ceased to
flow for a second or two, the short-
circuit i1s removed so that signals may
be transmitted out from the branch
circuit if desired.

Relay r has two windings: one con-
nected to a contact of relay o and the
other to a contact of relay B. When
the signals are flowing from the main
line to the branch circuit, relay o does
not operate, and the circuit of the s
winding of relay Fis open as indicated.
The contact of relay B, however, opens
and closes with the signal pulses. A
spring on the armature of F holds the
contact open when no current is flow-
ing in the M winding, but when cur-
rent flows in M, the contact closes.
The armature of relay F thus follows
the signal pulses, only in an opposite
sense: during a marking signal the
armature of F releases and during a
spacing signal it closes.

Relay & also has two windings: one
permanently connected between bat-

CENTRAL OFFICE

came | ] o
TOLL LINE 1S e | Fsis
REPEATER |— == REPEATER [ | REPEATER —}——-——[— - —[&"—""2‘5
|
| | |
| [I7] sINGLE- l L I
— LINE | —
| 1 ] | REPEATER — |
SUBSCRIBER | HIT €L | =5 |
EJPPRESSOR = | - |
L
——————— - o mEsme|
1 OPEN-WIRE I
. BINE | OPEN-WIRE
l | LINE
TERMINAL TERMINAL
STATION | STATION

Fig. 1—The hit suppressor is connected into the system in association with the single-
line telegraph repeater at all points where open-wire branch lines are connected

May 1936
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tery and ground, and the other con-
nected between battery and ground
through a contact on r. A condenser is
connected to the ground side of this
winding through a resistance. The s
winding tends to hold the contact

TO TOLL
REPEATER
]

J

> TOHIT
SUPPRESSOR

]
TO OPEN-WIRE
BRANCH

Fig. 2—At branch points a single-line re-
Dpeater is employed to allow the signals pass-
ing over the main line to be repeated over the
branches. The hit suppressor is connected to
these single-line repeaters by four leads

open and the M winding is designed to
overcome the effect of the s winding
and to close the contact. When the
contact on relay r is closed, therefore,
current will flow through the m wind-
ing of E and the con-
tact will close. At the
same time the con-
denser discharges to

ground through the :

contact of F. The oper-
ation of E places a
short-circuit around
the contact of ¢ so that
hits when they occur
cannot affect the sig-
nals on the main line.

+130
VOLTS

~w»1- i@ ]

TO OPEN-WIRE LINE
OR TOLL TELEGRAPH
REPEATER

E. At the moment of opening, how-
ever, the condenser is in a discharged
state, and as a result charging current
at once starts flowing into it through
the m winding. The capacity of the
condenser and the value of the associ-
ated resistance are such that relay
will be held operated for a period of
one or two seconds—far longer than
necessary to hold E operated during
the very short marking signal in the
main line. Thus while relay ¥ operates
with the signal pulses in the main line,
relay £ operates at the first spacing
signal and remains operated until
about two seconds after the signals
in the main line cease.

When the branch circuit is open,
the armature of relay b moves to its
back contact, causing current to flow
through the s winding of relay r. The
effect of this winding is opposite to
that of winding M and is of greater
strength. This makes it possible for
the branch station to break in on the
circuit at any time in order to trans-
mit. It is necessary only to open the
signalling key at the branch station
for a period in excess of two seconds—
to allow condenser current through

TO TOLL
REPEATEF}S
]

During the marking
signal in the main line,
relay F releases, and
thus opens the direct
ground connection to
the M winding of relay

290

Fig. 3—The hit suppressor comprises two relays, E and F,
which cause a short-circuit to be placed across the contact of
relay C. The hit suppressor circuit is shown by the heavy lines

May 1936
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the M winding of E to cease flowing—
when transmission may be begun.
The hit suppressor thus prevents
short disturbances on the branch cir-
cuit from having any effect on the

main line signals as long as the direc-
tion of transmission is toward the
branch circuit. It is positive and rapid
in its action, and has no detrimental
effect on the signals transmitted.

— e ———

Lentinus Lepideus, a wood-destroying fungus, growing on a
sample of untreated pole timber in the chemical laboratory
at Summit
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=" 4000-MILE CIRCUIT

Amplitude Compression n Long

Telephone Circuits

By S. B. WRIGHT
Transmission Development

OST telephone connections
are made over fine wires,
M many pairs of which are
packed together in a lead sheath to
form a cable. These fine wires have
such a high electrical resistance that
they could not be used to transmit
telephone currents satisfactorily over
long distances without the aid of elec-
trical devices to conserve and
strengthen the attenuated voice cur-
rents. The devices most commonly
used are of two kinds: inductances,
called loading coils, which are in-
serted at intervals of approximately
six thousand feet, and vacuum-tube
telephone repeaters which are located
at stations about fifty miles apart
along the cables.

Loading coils and repeaters have
been developed to a high degree of
perfection. However, when they are
used in the large numbers required on

292

telephone lines thousands of miles
long their small residual imperfections
may add up sufficiently to cause cer-
tain peculiar distortions of the speech
waves. This possibility may be better
appreciated when it 1s realized that in
a 2000-mile cable circuit there are
approximately 1760 loading coils and
forty repeaters.

One type of distortion which the
waves may suffer is known technically
as “non-linear” distortion. This means
simply that the received current is
not proportional to the applied volt-
age. A “non-linear” telephone circuit
usually causes more loss to strong
waves than to weak ones, and in ad-
dition causes the formation of new,
though weaker, waves of frequencies
not in the original; also the presence
of waves of different frequencies sim-
ultaneously may cause other effects
due to their inter-action. The present

May 1936
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paper deals only with the first men-
tioned aspect of non-linear distortion,
which may be called “amplitude com-
pression” to distinguish 1t from the
‘other two, which may be called “in-
termodulation” and “mutual crowd-
ing,” respectively.

Amplitude compression was one of
the effects studied in the course of an
experimental program on a system of
unusually long lines which was built
up by looping cable circuits back and
forth between Richmond, Virginia,
and Greenville, South Carolina. The
cable route with the location of re-
peater stations is shown on the head-
piece. It was possible to set up, by
this procedure, a two-path, or four-
wire circuit, approximately four thous-
and miles long. By connecting the
two paths together, an extreme length
of eight thousand miles could be
arranged for test.

The steady-state ‘‘compression”
was tested on these circuits by meas-
uring the output or received power
for different values of input, at dif-
ferent frequencies. The results of this
type of test on a single repeater and
on a circuit about two thousand miles
long are shown in Figure 1. If there
were no compression, the measure-
ments would lie on straight lines, with
45-degree slopes, as shown in this
figure. The single repeater departs
from this ideal only very slightly at
high inputs. For the two thousand-
mile circuit, however, the compression
is seen to be appreciable even in the
range where the curve for a single re-
peater is practically linear. It also in-
creases with frequency, and at differ-
ent frequencies varies differently with
input. To understand the reasons for
such behavior it 1s necessary to know
more of the sources of compression.

One source of compression is the
vacuum tube used in the repeaters.

May 1936

In standard repeater circuits the grid
is provided with a negative bias of
nine volts, which permits an input of
plus or minus nine volts without caus-
ing the grid to become positive and
thus overload the tube. When we ex-
amine the behavior of a typical tube
in a repeater circuit, as shown in Fig-
ure 2, we find that the output of a
vacuum tube does not vary directly as
the grid voltage but changes in a
more complicated manner which in-
volves higher order terms.

This indicates the possibility of dis-
tortion but not necessarily of com-
pression. If compression is present
straight lines drawn to show the aver-
age ratio of output to input for dif-

20 ¥
45°
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REPEATER
5
(1 MILLIWATT) /
o ¥ =
9 45° |
e
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INPUT IN DECIBELS

Fig. 1—The compression in a 2000-mile
cable circuit is compared with that in the
first repeater. The high frequencies are
compressed more than the low frequencies
because of slight residual nom-linearities
caused by the magnetic materials in the
loading coils associated with the circuit
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ferent applied voltages will not be
parallel. Two such lines are shown in
Figure 2, one for an input which
varies from —g to +9 volts (8’8) and
another for a smaller applied voltage
ia'a). The amplification of waves
covering the whole working range is
about 1§ db less than that for very
small waves. Such compression as oc-
curs in the first repeater in a circuit
slightly reduces the strong waves
which reach the next repeater, so the
effect of two repeaters is not neces-
sarily 14 db, but is generally less.
That is, the added effect of additional
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property of the coil—actually varies
slightly, depending upon the strength
of the current carried by the coil.
When strong waves are transmitted,
these slight variations are sufficient to
cause an added compression in the
first loading coil following a repeater
of about 1/100 db at three thousand
cycles. For the succeeding coils, the
compression is less and less due to the
line attenuation. At lower frequencies
the effects are even smaller.

In order to show how compression
results from non-linearity in the coil
characteristics, curves have been
plotted in Figure 3, which show the
relation of the current in the telephone
line to that fraction of the voltage
across the coil which is in phase with
the current. At any point on these
curves the ratio of the abscissa to the
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Fig. o—Compression in a vacuum tube is

indicated by a change in slope of the dy-

namic grid voltage-space current charac-
teristic as the input is increased

repeaters 1s less and less, due to the
effects that have occurred in the pre-
vious repeaters, and to other losses.

The other principal source of com-
pression in this long circuit was the
core material of the many trans-
formers and loading coils which were
used. Due to magnetic effects in the
core, the impedance of a loading coil—
which, for a given frequency, is some-
times thought of as an immutable

294

Fig. 3—Loading coil compression is much
more complex, since the current varies from
coil to coil, both in magnitude and in phase.
This is an exaggerated picture of the “slope
test” applied to the characteristic of the
effective resistance component of a loading
coil at three thousand cycles. At low frequen-
cies the loading coil compression is less
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ordinate gives the resistance 0
component, or real part, of Q ///
the impedance of the coil. g
The resistance component is z /STRONG
chosen, rather than the total Zs // :
impedance, because the vari- 3 A
. . W
ations in the latter are too &4 7 T —
small to show on a graph. 8 / T
Since the line connecting the ¥, 1
. 5 WEAK | | —F—
end points for large currents 3 ; . Lt
P > L —
(8'B) has less slope than the ~ o
0 | 7 8

line for small currents (a’a),
an increase in the resistance
component is indicated for
strong currents; that is, the
non-linearity which is present
in coils is also of a type which
causes compression.

Although compression in-
creases at the higher frequencies this
is, in part, offset by the fact that in
telephony the voice currents at high
frequencies are generally weaker than
those near one thousand cycles. These
weak high-frequency currents may,
nevertheless, be subjected to com-
pression from the effects of stronger
low frequencies which are transmitted
with them even though the compres-
sion that is caused by their own in-
tensity is relatively small.

That these effects are easily percep-
tible to the ear was established by
listening to speech transmitted over
various lengths of the circuit. The
speech received over the line was com-
pared with that received over an arti-
ficial circuit which had the same noise,
the same overall loss, and the same
transmission frequency characteristic
as the real line had for weak inputs.
In this comparison the additional
gain needed at the receiving end of
the real line to make speech received
over it sound as loud as that over the
artificial line was determined. These
amounts of gain are shown in Figure 4.

In addition to causing volume loss
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LENGTH IN THOUSANDS OF MILES

Fig. 4—Compression increases with civcuit length as
well as with speech intensity. The three curves show
the effect for strong, average and weak voices. The
distortion accompanying a volume compression of
from 2 to 4 db is hardly noticeable in a telephone re-
ceiver but larger values can easily be detected

and quality distortion, compression
also causes the incidental weak cur-
rents of the circuit to increase relative
to the stronger speech waves when
the speech waves cease. These inci-
dental currents consist of noise, cross-
talk, transients, and echo. Transients,
for example, are relatively stronger
when the transmitted waves produc-
ing them are large than when they are
small. To illustrate this, oscillograms,
such as those shown in Figure 5, were
taken of spurts of testing current
transmitted over a 4000-mile circuit.
The stronger current (a) was about
15 db greater than the weaker (b) all
along the line. This difference in am-
plitude was made up at the end of the
circuit by increasing the receiving
gain for (b). In the case of the strong
pulse shown in (a) the transient cur-
rent starts out fairly strong at a fre-
quency which is low compared with the
fundamental (2690 cycles per second).
After a time, t,, the wave builds up to
full amplitude. When the impulse
ceases, there is a strong transient char-
acterized by gradual reduction in am-
plitude and increase in frequency.
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Now consider the weak current pic-
ture in (b). The initial transient starts
at a lower amplitude than in (a), but
the building-up time is about the
same. The final transient, however,
dies away faster and at the end of the
time ts 1s obviously weaker than in (a).
Such oscillograms indicate that the
transients should sound worse when
the transmitted currents are strong
and the compression effect is great
than when the currents are weak; and
this was confirmed by listening tests.

Fortunately, there are adequate
means for suppressing transients and
echoes even though they are exag-
gerated by compression. The other ef-
fects of compression are kept at a
minimum by careful attention to de-
tail in the design of the coils and

4

vacuum tubes, and by care in ar-
ranging the lines so that the repeater
spacings and gains will not be excessive.
In this connection it may be pointed
out that it is not practicable to reduce
compression by using low volumes on
the lines. This i1s precluded by the
presence of noise above which the
transmitted waves must stand out to
be intelligible.

At the present time, the effects of
amplitude compression are of minor
importance even on the longest cable
circuits in service. This is due in part
to the knowledge gained by tests in
the field such as have been described,
in part to laboratory work, and partly
to the codrdination of all the factors
entering into such effects, from the
raw materials to the completed call.
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Fig, §5—One effect of compression is to make the transients relatively louder when the line

current is strong (a) than when it is weak ().

This is shown by the relative amplitudes

during the building-up and dying-away periods t, and 1y
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RSP POOOYOPOPHOHE
New Telephone Booth

By F. A. KUNTZ
Teicphone Apparatus Development

ECAUSE of the premium on
B space in many public places

where telephone booths are
needed, the present standard booth*
has been designed to be economical of
floor area. For some places, however,
such as clubs and hotels, where it is
desired to provide more space in the
interest of the comfort and conve-
nience of telephone patrons, a larger
booth has recently
been developed.

This new booth is
the same in height as
the standard type but
is eight inches wider
and six inches deeper,
thereby affording suf-
ficient room for a com-
fortablerevolving chair
which is of appropri-
ate design to harmon-
ize with the rest of the
booth. The coin collec-
tor is located in the
corner. The door is
made In two parts,
hinged together so as
to fold back against
the inside of the booth,
as in the present type,
and is provided with
full-length bevelled

lass panels. Two-
thirds of the front area
is occupied by the door
and the remaining
space by a fixed glass
panel, thus giving the
*REecorp, May, 1930, p. 42I.
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front of the booth a symmetrical ap-
pearance when the door is closed and
providing increased illumination and
visibility. The steel floor and the
rubber floor covering, which extends
six inches up the sides of the booth,
are the same as in the standard booth.
The smooth sheet steel lining which
covers the side walls ot the booth is
finished in mottled brown and gold.

Fig. 1—The new telephone booth is larger than the standard
type shown at the right. It is equipped with a revolving chair
for added convenience. The door which would normally be
closed when the booth is in use has been left open in order to
show the arrangement of the interior equipment more clearly
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Fig. 2—The new booth is equipped with full-length glass
panels for increased illumination and visibility

Another feature is the provision of
a built-in ventilating fan. This is
housed in a compartment above the
ceiling and forces air downward into
the booth through a grille. The in-
take in the top of the booth is covered
with a screened cowl. The air escapes
through the lighting fixture in the

ceiling to a grille in the
roof and also through
a gap underneath the
door. A continuous
change of air is thus
obtained.The fan,
which has been spe-
cially designed and
mounted to insure
quiet operation, is
normally controlled by
the door switch which
turns the fan off when
the door is open. An
additional switch is
provided near the coin
collector so that the
patron may turn the
fan off and on at will
when the door is closed.
Parts of the stand-
ard booth have been
used in the new design
wherever possible
without sacrificing
comfort, convenience
or appearance. The
light fixtures, hardware and switch
operating mechanism for example are
standard parts.

The new booth is available in wal-
nut and light or dark mahogany and
is arranged so that it can be used
singly, in groups, or in conjunction
with standard booths.
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Testing for Air Contamination in Manholes

By A. P. JAHN
Outside Plant Development

HE air in any poorly ventilat-

ed underground place may be-

come contaminated with gases
which can be ignited or are injurious
to breathe, or the air may become de-
ficient in oxygen. Such contamination
is not uncommon in mines and may
sometimes occur in manholes as a
result of accidental leaks in gas mains.
Carbon dioxide or other gases which
originate from sources other than gas
mains may also occasionally accumu-
late in manholes and leave insufficient
oxygen. To guard against these con-
ditions simple and effective tests have
been devised.

A natural way to judge whether the
air in a manhole is contaminated is to
note its odor. A person with a normal
sense of smell can usually detect
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manufactured gas in this manner but
sometimes this gas has very little odor
because it has entered by infiltration
through soil which has largely ab-
sorbed the odorousingredient. Natural
gas is odorless unless, as is sometimes
the practice, an odorous constituent
is deliberately added as a safety
measure. Naturally the sense of smell
cannot detect a deficiency of oxygen.
This condition is found most often in
the bottom of deep manholes where
carbon dioxide, which is heavier than
air, has collected. The deficiency of
oxygen is most likely to occur at cer-
tain times of the year in manholes
which contain stagnant water or are
located near refuse dumps where the
decaying of various organic sub-
stances has produced carbon dioxide.

299

www americanradiohietorv com


www.americanradiohistory.com

Fig. 1—A. P. Jahn demonstrates the heater
and heating element of the carbon monoxide
detector for manholes

To provide a positive method for
testing manholes for explosive or
suffocating gases, safety lamps are
used. These devices, which resemble
lanterns in general appearance, oper-
ate on the principle of a miner’s
safety lamp, that is, a wick-fed flame
burns inside a protective mantle of
bronze gauzes. Air from the outside
passes through the gauzes to support
the combustion of the flame but the
mantle remains cool enough because
of heat radiation and conduction to
prevent any inflammable gas, except
hydrogen, in the air outside from
being ignited. The lamps are provided
with sparking devices for igniting the
wick, and with screw adjustments to
regulate the height of the flame.

Any alteration of the height of the
flame after it has been adjusted in
normal air is an indication of an ab-
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normal atmosphere. A deficiency of
oxygen will cause the flame to lower,
flicker, or go out. If a combustible gas
is present in amounts too small to
change substantially the oxygen con-
tent, the flame may rise slightly. If
there is considerable combustible gas
present, the lamp may go out with an
explosive puff.

One design of safety lamp—the
Natural Gas Indicator—was stand-
ardized several years ago for use in the
Bell System. To make a test for con-
taminated air, this lamp, with flame
properly adjusted, is lowered into the
manhole. A hinged mirror on the side
of the lamp reflects the image of the
flame to an observer at the street
level. This indicator is employed in
areas supplied only with natural gas
to test manholes for such gas or for
oxygen deficiency. It cannot be used
safely for this purpose in areas which
use manufactured gas or mixtures of
this gas with natural gas because
manufactured gas contains hydrogen
which is apt to be ignited by a flame
in spite of the protection afforded by
gauze housings. Consequently, a modi-
fied form of safety lamp, called the
Suction Gas Indicator, has recently
been standardized for test work in
areas which use manufactured gas.

The new design of indicator is not
lowered into the manhole, but is
equipped with an aspirator bulb to
draw air from the manhole through a
hose and pump it into the combustion
chamber of the lamp positioned above
ground. The apparatus contains a
flame arrestor which prevents the
flame from travelling back through
the hose and igniting any explosive
hydrogen in the manhole.

Poisonous gases are not positively
indicated by any safety lamp test.
Fortunately the only poisonous gas
likely to be encountered in telephone
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manholes is carbon monoxide which is
always a constituent of gas made from
coal or coke. A chemical test, made

~with a device called the Carbon Mon-
oxide Detector, is used in the Bell
System to detect this gas. The de-
tector consists essentially of an easily
crushed glass ampoule which is en-
cased in absorbent cotton and con-
tains a chemical which darkens by re-
action with carbon monoxide. The
crushed ampoule is suspended in the
manhole for ten minutes and its color
is then compared with the scale on a
special color chart.

The ampoules are sealed glass tubes
about one and one-quarter inches long
and three-sixteenths inch in diameter
which contain a solution made of pal-
ladium chloride, sodium chloride,
acetone, and distilled water. The pal-
ladium chloride is the essential in-
gredient; it reacts with carbon mon-
oxide to precipitate finely divided
black palladium. The precipitate

darkens the cotton covering on the
ampoule to a shade of gray which
depends on the quantity of monoxide
gas present and on the duration of ex-
posure. The sodium chloride increases
the stability of palladium chloride
against decomposing on aging. The
acetone provides a medium in which
the chemicals are more soluble than
in water alone and it also prevents the
solution from freezing in cold weather.
Because the determination of the
amount of carbon monoxide gas de-
pends on a color chart comparison,
the ampoule is encased in a glassine
envelope to keep the cotton clean and
prevent it from being soiled during
the crushing operation.

The color chart is a card on which is
printed a graduated strip of colors
ranging from straw color to dark gray.
These graduated colors correspond to
those which the saturated cotton will
assume after exposure for ten minutes
in air which contains carbon monoxide

Fig. a—Complete equipment for the carbon monoxide test—palladium chloride solution
in glass ampoule covered with absorbent cotton, color chart, heater, and heating element
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in amounts varying from one to ten
parts of the gas in 10,000 parts of air.
A concentration of carbon monoxide
greater than six parts in 10,000 parts
of air is unsafe and extreme caution
must be exercised in its presence.

The reaction of the solution with
carbon monoxide becomes slower at
low temperatures, and to prevent a
retarded action from giving a wrong
indication, a heater has been pro-
vided for use whenever the tempera-
ture is below forty degrees Fahren-
heit. The heating element consists of
a small flat canvas bag which con-
tains certain chemicals and a sealed
glass vial of salt water. When this
vial is crushed, the release of the
water starts an electrochemical action
which evolves considerable heat. In
cold weather the detector is placed in
a brass tube around which the heating

element is wrapped, and this assembly
is then placed in a short section of
heat insulating hose, which is lowered
into the manhole. The air which flows
through the brass tube around the de-
tector is kept warm by the heater for
the time required for a test.

Gas masks have been considered for
use in manholes, but they are too un-
comfortable to wear at regular work.
It is preferable to test for gas condi-
tions first, and if gases are found to
remove them by ventilating the man-
hole. In this way the men are assured
of safe conditions and at the same
time are not hampered in their work
by awkward apparatus.

The effectiveness of the present
tests is attested by the fact that their
use has practically eliminated lost-
time accidents attributable to con-
taminated air in manholes.
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Studies of Single-Sideband Short-Wave

Transmission

By N. I

SCHLAACK

Radio Research

HEN a carrier frequency

and a band of speech fre-

quencies are combined in a
non-linear device such as a vacuum
tube modulator, there appear in the
output circuit—in addition to the fre-
quencies 1mpressed—two groups of
frequencies, one above and the other
below the carrier. These groups of fre-
quencies are normally referred to as
sidebands. When the carrier frequency
and both sidebands are radiated—as
is the usual practice in radio trans-
mission—and are impressed on a de-
tector, the two sidebands add in phase
so as to reproduce the frequencies of
the original speech.

At complete modulation of the car-
rier in a double-sideband system, the
combined voltage amplitude of the
two sidebands is just equal to that of
the carrier. Each sideband contains
all the intelligence-bearing elements
necessary to reproduce the original
speech frequencies and the carrier per-
forms no useful function except to
simplify demodulation at the receiver.
This is a very important function in
broadcasting, since a large number of
receivers are thus supplied with car-
rier in a simple manner. But for point-
to-point telephony, where but a single
receiver is involved, it is ineflicient be-
cause one-half of the available ampli-
tude capacity of the system is used up
for sending carrier and only the re-
maining half is available for the in-
telligence-bearing frequencies. This
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inefficient method of transmission has
nevertheless been almost universally
employed because of its simplicity.

If the carrier and one sideband are
suppressed after modulation, it is evi-
dent that the entire available voltage-
amplitude capacity of the equipment
may be utilized by the single remain-
ing sideband. Besides this advantage,
such a system requires only one-half
the space in the frequency spectrum
necessary for a double-sideband sys-
tem. Both of these advantages con-
tribute to a more effective received
signal. Viewed from the point of re-
ception, the effectiveness of a signal
depends not alone on its amplitude
but on the ratio of the amplitude of
the signal to the amplitude of the
noise. On the basis of equal voltage
amplitudes at the transmitter, and
complete modulation for double-side-
band, a single-sideband suppressed-
carrier system gives a four-fold in-
crease in demodulated signal power
over a carrier and double-sideband
system. Furthermore the halving of
the frequency range decreases the
noise power by one-half. There is thus
theoretically an eight-fold gain, or an
improvement in signal-to-noise ratio
of approximately nine db.

In the reception of single- sideband
suppressed-carrier transmission it is
necessary to supply a local carrier to
the detector to demodulate the signal.
If undue distortion is to be avoided,
the applied carrier must be within

393

www americanradiohicetorv com


www.americanradiohistory.com

about twenty cycles of the correct
value. At carrier telephone frequen-
cies this is not difficult, and the single-
sideband  suppressed-carrier method
of transmission was successfully uti-
lized very early in the design of carrier
equipment. In the long-wave trans-
atlantic telephone system, the neces-
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Fig. 1—DMeasurements of signal-to-noise

ratios for single- and double-sideband trans-
mission. The dotted curve represents equal
signal-to-noise ratio for both systems

sary stability is more difficult to ob-
tain on account of the higher fre-
quency. At the frequencies employed
for the short-wave transatlantic tele-
phone systems—varying from 5000 to
20,000 kilocycles—the maintenance
of the required degree of synchroniza-
tion for any extended period of time
places a very severe requirement on
the frequency stability of both trans-
mitting and receiving oscillators.

This was confirmed experimentally
in some preliminary tests of a short-
wave single-sideband system made be-
tween Deal, New Jersey, and New
Southgate, England, in 1928. A spe-
cially constructed temperature-con-
trolled crystal oscillator was used at
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the transmitter, and a local carrier
frequency for the receiver was ob-
tained by beating a low-frequency os-
cillator of the tuned circuit type with
a crystal oscillator. During these
tests it was found that the local oscil-
lator at the receiver had to be ad-
justed continuously to maintain the
oscillator frequency in proper rela-
tion to the incoming sideband. When
the correct local carrier frequency was
maintained, however, marked im-
provements in signal-to-noise ratio
over normal carrier and double-side-
band transmission were observed.

It was realized at the time that a
highly stable carrier oscillator at the
receiver would be unnecessary if a
pilot frequency were transmitted over
the channel. For this purpose the car-
rier itself reduced in amplitude, would
serve as well as, 1f not better than, any
other frequency, since it is easily
obtained at the transmitter and
readily utilized at the receiver. The
development of a single-sideband sys-
tem incorporating the reduced carrier
feature was temporarily postponed,
however, so that the completion of the
short-wave transatlantic circuits, then
under construction, might proceed as
rapidly as possible.

The study of the virtues of single-
sideband transmission was continued
later along another line. Receivers
were built that could separate the
sidebands and carrier of ordinary
double-sideband transmission so that
single-sideband and other types of
transmission could be simulated. This
work was begun at Holmdel. After
some of the fundamental features had
been worked out, a receiver more
suitable for commercial tests was in-
stalled at Netcong, where additional
observations were made on the per-
formance of transatlantic signals.
These tests revealed no insurmount-
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able difficulties in the reception of
single-sideband transmission.

To obtain more quantitative infor-
mation on the improvement to be
realized from single-sideband reduced-
carrier operation, and a better under-
standing of the requirements of com-
mercial single-sideband equipment,
apparatus was constructed during
1933 for an extensive trial of a short-
wave single-sideband system over a
transatlantic channel. Transmitter in-
put equipment was constructed which
was capable of delivering a single-
sideband signal to the input of the
water-cooled amplifiers ordinarily used
for double-sideband transmission.This
equipment was sent to Rubgy, Eng-
land, and with the codperation of the
British Post Office was installed for
use with one of their transatlantic
transmitters. For comparison pur-
poses the normal double-sideband out-
put of this same transmitter was used.
A single-sideband receiver, having a
number of novel features, was con-
structed and installed at the trans-
atlantic receiving station at Netcong,
New Jersey. During the latter part
of 1933 and the early
part of 1934 comparative

tests have been used for rapidly obtain-
ing information on the performance of
radiocircuits. Theyareadetermination
of the signal-to-noise ratio, articula-
tion tests, and observations of circuit
merit. In determining signal-to-noise
ratio the transmitter is modulated a
given amount and the tone at the re-
ceiving point measured. The tone is
then removed and the noise measured
with the same equipment. The dif-
ference in db between the two is the
signal-to-noise ratio. Articulation tests
involve reading over the circuit mean-
ingless syllables, carefully chosen
words inserted in a variety of sen-
tences, or a simple list of words chosen
at random from the dictionary and
inserted in an unvarymg phrase A
record is made at the receiving end of
the words or syllables as understood
by a group of observers. The cor-
rectness of the result is a measure of
the circuit performance. Circuit
merit” measurements are composite
figures on an arbitrary scale repre-
senting the operator’s judgment of
the commercial value of the circuit,
and are made as a matter of operating

ARTICULATION IN PER CENT ERRORS
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Fig. o—Comparative results of articulation test made on
single- and double-sideband transmission systems

305

www americanradiohistorv com



www.americanradiohistory.com

routine on the transatlantic channels.

All observations were made while
transmitting on 9790 kilocycles, the
system having an audio-frequency
band from 250 to 2800 cycles. Succes-
sive observations were made on single-
and double-sideband transmission for
nine-minute intervals.

The results of the signal-to-noise
measurements are shown in Figure 1,
where the ordinate scale is the signal-
to-noise ratio for single-sideband, and
the abscissa scale that for the double-
sideband system. The curve shown is
a representative line through the
large number of points obtained, each
point being the signal-to-noise ratio
observed on the single-sideband sys-
tem at a particular period plotted
against the average of the preceding
and succeeding values of signal-to-
noise ratio measured on the double-
sideband system. When the signal-to-
noise ratio on double-sideband was
ten db, that for the single-sideband
was ten db higher. When the signal-
to-noise ratio on double-sideband was
forty db, however, that on single-side-
band was only five db higher. The
cause of the lesser improvement for
the higher signal-to-noise ratios has
not- been entirely explained, but was
probably due to limitations of the
signal-to-noise ratio of the trans-
mitting equipment.

Upon occasions, the advantage of
the single-sideband system was con-
siderably higher than the average
shown by the curves. It 1s known that
at times the two sidebands of a
double-sideband system may be shifted
in phase relative to each other and
the carrier so that the audio-frequency
components add at random rather
than directly in phase. Under such
circumstances the received signal-to-
noise ratio of the double-sideband
system would be reduced by three db
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relative to the single-sideband sys-
tem. Iurther, under bad fading con-
ditions the double-sideband system
may suffer because of the lack of an
adequate carrier at the receiver. The
single-sideband receiver used in these
tests had provision for an adequate
carrier while the double-sideband re-
ceiver did not. These facts may ac-
count for the occasions of exceptional
improvement in reception.

The articulation of the two systems
was compared by using words of three
syllables taken at random from the
dictionary. They were inserted in the
phrase “Write down " The ob-
servations were made by trained crews
in the usual manner under the super-
vision of the Laboratories groups
engaged in articulation testing. Re-
sults for the two systems are shown in
Figure 2, where the solid line is the
average for the double-sideband sys-
tem, and the dashed line, for the
single. Here the percentage error in
articulation is plotted against the
signal-to-noise ratio on the double-
sideband system. The improvement
due to the use of single-sideband is the
difference in the abscissas of the two
curves for the same percentage articu-
lation. This 1s seen to average about
eight db for intermediate values of
signal-to-noise ratio.

Circuit merit observations were 1n
substantial agreement with the re-
sults of the signal-to-noise ratio and
articulation tests.

A higher signal-to-noise ratio and a
higher percentage articulation mean
that a radio circuit not only is easier
to communicate over but has in-
creased reliability and more margin
against adverse transmission condi-
tions. It is evident from these tests
that single-sideband offers a possible

way of making important improve-
ments in short-wave circuits.
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A Broadcast Frequency Measuring Set

By W. M. KELLOGG
Radio Development Department

ADIO broadcast stations of
Rthis country operate on fre-
quencies assigned by the Fed-
eral Communications Commission,
and to stabilize the whole system of
frequency assignments, each station
is required to maintain its nominal
frequency within +30 cycles. In the
production of crystals for broadcast
stations, and in testing their fre-
quency control equipment, it is neces-
sary to make use of frequency measur-
ing apparatus. To provide such ap-
paratus in a more convenient and
easily operated form than has been
available before, the Radio Depart-
ment has developed improved fre-
quency-measuring equipment for use
in the Laboratories for the precise
measurement of broadcast frequen-
cies. The appearance of the com-
pleted apparatus is shown in Figure 1.
This equipment measures the devi-
ation of local or distant transmitters
and crystal-controlled oscillators from
their assigned frequencies. The meas-
uring method employed is one of in-
direct comparison between the as-
signed frequency, which is derived
from a local standard, and the un-
known frequency. The assigned fre-
quency and the unknown frequency
are in turn reduced to an audio fre-
quency by means of a beating oscil-
lator and modulator, and the fre-
quency deviation is measured by
means of an audio-frequency oscil-
lator that has been calibrated.
A block schematic of the system,
showing the major pieces of equip-

May 1936

ment, is given in Figure 2. A 10,000-
cycle frequency, employed as the
measuring standard, is obtained from
the Laboratories’ high precision source,
and is accurate to better than one
part in a million. This frequency is
supplied to a harmonic generator,
which produces all harmonics up
through the broadcast range, extend-
ing from 550 to 1500 kilocycles. This

Fig. 1—Setting the radiofrequency tuning
dial at the frequency to be measured prior to
making a frequency measurement

307

wwWw americanradiohietorv com



www.americanradiohistory.com

provides a reference
frequency, better than
one part in a million,
for each broadcast as-
signment. The particu-
lar reference frequency
desired is selected by a
tuned radio-frequency
amplifier. The tuning
of this amplifier is
“ganged” with that of
a radio-frequency os-
cillator covering the
broadcast range. This
gang-tuning is ar-
ranged, however, so
that the oscillator fre-
quency is always ap-
proximately 1000 cy-
cles below the broad-

cast frequency selected. Thus, when
the tuning dial is set for 600 kilo-

Fig. 3—A dial, only the top central portion of which is
visible from the front of the panel, indicates the error to at
least one cycle over the important range of variation

oscillator is supplied to the modu-
lator, which yields a difference fre-

cycles, the output of the oscillator quency of approximately 1000 cycles.

will be approximately 599 kilocycles.
The output of the amplifier and

1000 CYCLE ___ oy ,E :

STANDARD ~

10 KILOCYCLE
HARMONIC
GENERATOR

P <..10 KILOCYCLE
STANDARD

!

w.

RADIO FREQUENCY

METER
BEAT INDICATOR

AMPLIFIER
T RADIO FREQUENCY
MODULATOR |0 “o—| e
1000 #180 CYCLE
MEASURING
OSCILLATOR
y
AUDIO
AMPLIFIER
Y
o _ Louo
“ > SPEAKER

Fig. 2—Block schematic of measuring apparatus
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This is combined with the output of
the 1000-cycle measuring oscillator,

and after passage
through an audio am-
plifier, the resulting
beat frequency is indi-
cated both by a loud
speaker and by a beat
indicator. The loud
speaker is the best in-
dicator when the beat
frequency is relatively
high, but as it ap-
proaches zero, the beat
indicator gives the
most accurate indica-
tion, and is employed
for the final setting to
“zero beat.”

When making a
measurement, the
radio-frequency tun-
ing dial is set for the
assigned broadcast fre-
quency, and connec-
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tion is made to the harmonic gener-
ator. The frequency of the radio-
frequency oscillator 1s then adjusted
until the output of the modulator is
exactly 1000 cycles, indicated by a
zero beat on the beat indicator with
the measuring oscillator set at 1000.
Under these conditions the frequency
of the RF oscillator is exactly 1000
cycles below the reference frequency
obtained from the harmonic generator.
The RE amplifier is then switched
from the harmonic generator to an
antenna, which is used to pick up the
frequency to be measured. The output
of the modulator will now be 1000
cycles plus or minus the amount by
which the frequency being measured
differs from the correct, or reference,
frequency. When this output is com-
bined with that of the measuring os-
cillator, the beat frequency will be
an exact measure of the fre-
quency deviation, which may
therefore be read directly from
the tuning dial of the measur-
ing oscillator after the latter
has been adjusted to bring the
beat frequency to zero. The
tuning dial of the measuring
oscillator, shown in Figure 3,
is calibrated to read from 180
cycles below to 180 cycles
above 1000 cycles. The scale
of the dial is expanded in the
mid-scale range, thus provid-
ing for greater precision in the
measurement of slight devia-
tions. Deviations of 4 cycles
or less can be read to 0.1 cycle,
and deviations of 50 cycles or
less can be read to 0.5 cycle.
The only high-precision
standard frequency required
is that supplied to the 10-
kilocycle harmonic-generator.
While as at present set up a
standard of approximately the
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same accuracy is employed to check
the measuring oscillator, this is not
essential, since the frequency of this
oscillator may differ somewhat from
1000 cycles without causing any ap-
preciable error in the measurement.
It is essential only that the frequency
of this oscillator remain constant dur-
ing a measurement, and since it has a
frequency of only 1000 cycles and a
precision of only slightly better than
one cycle is desired, the necessary
constancy of frequency for measure-
ment purposes is easily obtainable.
A similar requirement applies to
the radio-frequency oscillator, which
must also maintain its frequency con-
stant to better than one cycle during
the two or three minutes required for
a measurement. Greater care must be
taken with this oscillator than with the
measuring oscillator, however, be-

Fig. 4—Rock Wool thermal insulation is employed
to stabilize the temperature of the tuning coil of the
radio-frequency oscillator in the measuring equipment
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cause its frequency is much higher and
hence the required precision is also
greater. The voltage supplies for this
oscillator are kept constant by special

Fig. s—Schematic representation of vari-
ometer employed to adjust the frequency of
the measuring oscillator

regulatory devices, and the tuning
coil is completely surrounded by
Rock Wool insulation to prevent
rapid temperature variations, as shown
in Figure 4. In this way the oscillator
i1s stabilized so that it fully meets the
desired requirements.
The frequency of the
measuring oscillator
must be capable of
being varied appreci-
ably above and below
its nominal frequency.
This is accomplished
by a special variom-
eter which is used as
the inductance of the
tuned circuit of the os-
cillator. The arrange-
ment of this variom-
eter is indicated in
Figure 5. Coils A and p
are stationary while
the coils B and ¢ are
mounted on a common
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yoke, which may be rotated with the
shaft,s. This shaft,in turn,is geared to
the tuning dial shown in Figure 3. Coils
A and B are connected in series aiding
and arein parallel with the series aiding
combination of coils ¢ and p. The wir-
ing directions are such, however, that
when the shaft is rotated 180 degrees,
coils A and ¢, and B and p will be in
opposition. The inductance is a maxi-
mum with the coils in the position
shown in the illustration, and a mini-
mum when rotated 180 degrees, and
1s at intermediate values for inter-
mediate positions.

Halfway between the two extreme
positions corresponds to the position
on the dial marked 1000, with minus
deviations marked to the right, and
plus to the left. The dial is set to this
mid-position when the calibration is
made against the standard at the
beginning of a measurement. The
variation of inductance per degree of
rotation is small in this position, thus
spreading out the graduations on the
scale at the small deviations, but the
variation becomes greater as the coils
approach the extreme positions.

Fig.6—Arearviewof the gang tuning unitof the radio-frequen-
¢y oscillator shows, in the upper center, a part of the dial used
in selecting the required frequency of the harmonic generator
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The change in inductance required
to change the frequency a given
number of cycles above the nominal
value is less than that required to
produce an equal change below the
nominal. To compensate for this dif-
ference, and thus to have the same
amount of rotation produce the same
change of frequency on each side of
the nominal value, the coils B8 and ¢
are not mounted symmetrically on the
supporting yoke. This yoke is, in ef-
fect, mounted to the right of the
center of coil B and to the left of the
center of coil c. This arrangement
brings the coil B close to a and ¢ close
to D in the maximum inductance posi-
tion shown, but when the yoke is ro-
tated 180 degrees there will be an

appreciable gap between each of the
two pairs of cails. This arrangement
of apparatus. permits a symmetrical
frequency calibration above and be-
low the mid-frequency point.

The set is operated directly from a
6o-cycle, 110-volt power supply, and
requires in addition only the Io-
kilocycle standard frequency and a
calibrating frequency for the measur-
ing oscillator. The sensitivity of the
receiving equipment is such that re-
ceived signals as low as four micro-
volts can be measured. While de-
veloped primarily for work in connec-
tion with crystal production, this set
is suitable for measuring the fre-
quency of broadcast stations, and
its sensitivity gives it a wide range.

Photomicrograph of a section of a telephone gong that has
suffered corrosion cracking. The failure is intererystalline,
and the surrounding structure is plastically strained
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The Telephone As a Conference Aid

By J. F. D. HOGE
Special Products Development

HE rapid progress made by
scientific and business effort in
modern times is, to a large ex-

tent, the result of the subdivision of
tasks and the specialization of activi-
ties. Many minds are brought to bear
on the problems of the moment, and
each contributes his share from his
particular point of view. When those
who are thus related in business
activity are separated, the telephone
becomes a very important factor, and
its advantages constantly contribute
to the speed of the work. It has be-
come increasingly evident, further-
more, that the possibility of having a
telephone conversation simultaneously
with several people at one or both
ends of the line adds materially to the
speed and effectiveness with which im-
portant conclusions can be reached.
To provide for this service, a small
compact unit, known as the 100-type
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loud speaker set, was developed in
1933. This set is housed in a small
wood cabinet, weighing approximately
eleven pounds. It has sufficient sound
output to serve a group of from
seventy-five to one hundred people
under favorable room conditions, and
is provided with a volume control and
a power switch. The set operates on
ordinary 110-volt direct or 25- to 60-
cycle alternating current, and may be
connected to any lighting fixture or
outlet. Heater tubes are used in the
amplifier and require about forty-
tive seconds to obtain maximum
efhiciency after the power is turned on.
The power switch provided has three
positions. In the first position, the
power i1s turned off. In the inter-
mediate position a reduced amount of
power is drawn from the line, which
keeps the heater elements sufficiently
hot to insure a quick response when
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the loud speaker is needed. When the
power switch is in this position, how-
ever, the set is inoperative. When the
power switch is turned to the third
position, the set is immediately ready
to operate, maximum gain being
reached in a few seconds. When it is
desired to have the loud speaker ready
for operation on short notice, the
power switch is placed in the inter-
mediate position. A small pilot lamp
is provided to indicate the position of
the power switch, the lamp being
dark for the “Off” position, dim for
the intermediate position, and bright
for the “On” position.

Two forms of service are available.
In the first, the telephone line is termi-
nated in a two-position key so de-
signed that the line can be connected
to either the telephone set or the loud
speaker. This key, arranged for mount-
ing on the side of the desk, has two
sets of transfer contacts so adjusted
as to give a make-before-break se-
quence to prevent opening of the line
circuit during the switching opera-
tion. This service is applicable where
an address of some length is to be re-
ceived over the line during which
time it is not desired to use the line for
talking in the other direction.

In the second type of service the
line is terminated in a three-position
key. Two positions of the key provide
the same facilities as described above.
In the third key position the sub-
scriber set is connected to the line
with the loud speaker set bridged
across the receiver. The third key
position is employed with ordinary
telephone conversations where rapid
alternations in the conversation occur,
and with more than one listener at one
or both ends of the line, under which

conditions it would be inconvenient.

to the user to switch the key rapidly
from the talking to the listening posi-
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tion. With the key in position three,
however, there is an electrical path
from the transmitter to the loud
speaking receiver and an acoustic
path from the latter to the trans-
mitter. If the gain in these two paths
in series exceeds the losses, a sustained
tone or howling results. This imposes
a limitation on the gain possible, and
on the proximity of the transmitter
and loud speaker. A material advance
has been made, however, by the de-
sign of several networks, which are in-
cluded in the subscriber set furnished
for this service. They are designed to
equalize the transmission character-
istics between the transmitter and the
loud speaker, and also to minimize
disturbances of large magnitude but
of short duration which would tend to
build up to a continuous singing con-
dition. As a result of these two net-
works, it is possible to employ about
fifteen db more net gain in the ampli-
fier than without their use. Upon in-
stallation of the apparatus a variable
potentiometer in the subscriber’s set
is adjusted to give the best perform-
ance safe from howling for the par-
ticular location and subscriber’s loop.

The procedure employed in using
this equipment is simple. The power
switch of the 10o-type loud speaker
set is turned to the intermediate po-
sition in advance of the time its use 1s
required. With the key thrown to con-
nect the telephone set to the line, the
call is answered or originated in the
regular way with the standard hand
telephone set or desk stand. To re-
ceive the incoming conversation on
the loud speaker, the power switch on
the loud speaker is thrown to the
operate position and the key is
thrown to the desired position. When
the conversation is completed, the
key is restored to the telephone-set
position and the handset or receiver
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returned to the mounting so as to
operate the switchhook. The loud
speaker power switch is then turned
either to the intermediate or to the
“Oft” position, depending on whether
or not it is expected that its use will
again be required in the near future.

The 100-type loud speaker set and
associated equipment may be in-
stalled on a permanent basis, or as
occasion demands, on.a temporary
basis to serve a particular subscriber
group for the time the service is re-
quired. The loud speaker sets and
their associated equipment are in-
stalled and maintained by the tele-
phone company, like the normal tele-
phone installation.

The effect of the addition of the
loud speakers to the telephone when
used for conference purposes is to
broaden its usefulness substantially.
It permits those already present in the
office, and others who may be called

in, to hear the distant person’s con-
versation and if desired, to participate
in the discussion as thelr questions are
repeated by the person using the
transmitter. The use of the loud
speaker saves time and money, expe-
dites decisions, stimulates action, and
reduces misunderstandings and errors.
In addition, conference telephone
service with loud speakers has a par-
ticular appeal to business executives
since it enables them to get their mes-
sage over to a group of employees in
their own words without change in
meaning or empha31s Employees hear
the executive’s voice directly as though
he were speaking to them personally
so that his personality and enthusi-
asm are carried to them also. This is
partlcularly desirable in selling cam-
paigns, since in practically all lines of
business today, better salesmanship
and better supervision of sales forces
are becoming increasingly important.
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