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PREFACE.

The sub-station appeals to the public. It is the machin-
ery that the subscriber sees, feels, uses and is to him a real-
ity. That a central office exists he is dimly aware but
chiefly as an object of anathematization, and as for the
wire plant, few even know that there is such a thing.
Therefore, aside from all technical consideration it is the
most important portion of the telephone ekchange. Sub-
stations are distributed over an immense field, both geo-
graphically and psychologically. They extend from the
pole and equator, from the desk of the magnate and the
palace on Fifth avenue to a shelf in the Chinese laundry
and the walls of an East-side tenement. To meet condi-
tions so utterly diverse requires a display of the most
profound ingenuity; a skill that is technical to enable the
apparatus to successfully cope with the most heterogeneous
physical conditions; and a skill that is psychologic to en-
able it to satisfy conditious that are equally diverse men-
tally. There is little danger that the telephone engineer
will forget the central office or wire plant, for these are
ever present to his eyes, but owing to its distribution the
sub-station is less conspicuous. Naturally the sub-station
has heen a favorite topic of many writers, so little that is
novel can be claimed for the present presentation. His-

torical references are of the briefest, so possibly the work
(vl



vi PREFACE.

may appear superficial as thousands of devices are not
even mentioned because however ingenious or otherwise
meritorious, they have, for one reason or another, failed
to meet the test of time and experience or to pass that eri-
terion -of commercial adaptability necessary to make tele-
phonic apparatus interesting either to the engineer or the
operator. The attemnpt has been made to present the sub-
ject in its practical aspect only, but withal to embrace
the point of view of the subscriber as well as that of the
telephone manager and to treat this section as one factor
of a number that compose the telephone exchange.

ArTHUR VAUGHAN ABBOTT.
NEw YoORk, September, 1904.
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299. STROMBERG-CARLSON SET No. 3 . . . . . . 444
300. DESK SET . » .« . .+« « o« o« < < . 445
301. SWINGING ARM SET e e e e e .. .. 440
302. TaBLE SET . . - £
303. CoMMON BATTERY SET P 2 B
304. RESIDENCE SET . . . « + o o « « + . 419
305. Dry BATTERY SET . . 5511
306. WET BATTERY SET No. 2 - £ 121
307. WATERPROOF SET, CLOSED . . . . . . . . 453
308. - WATERPROOF SET, OPEN . .. . . . 453
309. WATERPROOF SET, INNER DooR OPE‘I .. . 451%
310. SuB-StaTiION WIRING e e e e e . 455
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TELEPHONY.

CHAPTER 1.

INTRODUCTION.

THE sub-station is the raison d’etre of the telephone ex-
change, for it is the machinery that enables the sub-
scriber to talk. The switchboard holds the apparatus
for connecting subscribers’ lines together; the wire plant
is the path that guides the electric waves along their pre-
determined course; but the sub-station is (in a sense) the
thing that does the talking; it is the vital organ of the
whole plant, without which neither pole lines, cables, con-
duits nor central offices conld have any existence. The sub-
station contains the felephone; and this single expressive
phrase e=hibits the vital relation of the sub-station to the
exchange as a whole. To injure the sub-station is to de-
vitalize the wire plant, and paralyze the busiest switch-
board.

As telephone exchanges are now constructed every sub-
station must be designed to perform two functions that
are inherently completely distinct and separate from each
other. These are:

A. The Signaling Function.

B. The Converseational Function.

On further analysis each is again divisible into two
parts. Thus the signaling function must be arranged so

1
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that the subseriber can call the exchange, and so that the
exchange can notify the subscriber. Similarly the con-
versational function must be so organized that the sub-

FIG. 1.— BELL’S EARLY MODEL.

scriber can talk to other parties, and so that he may receive
conversation from others. Therefore, there are four divi-
sions of sub-station apparatus:
1. The Apparatus for Receiving Signals.
2. The Apparatus for Sending Signals.
3. The Apparatus for Receiving Conversation.
4. The Apparatus for Transmitting Conversation.
Subordinate to this general classification come the sub-
divisions comprising the various methods used for the
assemblage of sub-station apparatus, the wiring of the sub-
scribers’ premises, and such auxiliary apparatus as pro-
tective appliances, message meters, coin boxes and the like,
the types of batteries to be used in local battery sub-sta-
“tions, induction coils, etc., and finally the various general
modifications necessitated by party line service.
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It is now proposed to examine what appears to be the
best current practice in the construction of sub-stations,
and the lines along which development seems likely to take
place. The history of the telephone, and the theory of the
interconvertibility of sound and electricity will only be
touched upon collaterally in so far as it may be wise to the
development of the subject.



CHAPTER II.
THE RECEIVER.

THE history of the human race is a record of a step-by-
step progress. To this rule of progress even the most
wonderful inventions are no exception. They never burst
in full glory upon the startled horizon of humanity, but
from small beginnings develop gradually to marvelous
proportions, and it is only a retrospective consideration
that reveals them in their true bearing, while the per-
spective of the past causes astonishment at the seeming
rapidity of development. Under this great law of progress
the telephone has evolved.

Il
W |

L
il

FIG. 2.— MODEL SHOWN IN PATENT OF MARCH 7, 1876.

Working in conjunction with his father, Prof. Alex-
ander Graham Bell had, many years prior to 1875, been
carrying on experiments to perfect some kind of apparatus
to teach the deaf to speak, by imparting to them a notion
of sound, or rather an idea of the use of the vocal organs,
through other nervous channels than those of the ear.
Through these studies he was led to consider the possibility

[4]
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of the electrical transmission of sound. Many experi-
ments were tried with all kinds of vibrating circuit-break-
ers, which were attended with as little success as the simi-
lar efforts of earlier workers in this field. Finally, follow-
ing an idea suggested by an apparatus built by Helmholtz
for the artificial production of vowel sounds, Prof. Bell
devised an apparatus illustrated in Fig. 1. A series of
reeds, H, are secured to a frame, N, and are placed in
close proximity to the poles of a magnet, E, surrounded
by a coil of wire, the end of which extends to a precisely
similar apparatus located at a distance. When any one
of the reeds at the sending station was vibrated mechan-
ically, the corresponding reed at the receiving station was
set in motion, and emitted a sound of the same pitch as
the original one. If several of the reeds at the sending
station were simultaneously vibrated a composite sound
issued from the receiver. While the device shown in
Fig. 1 bears little resemblance to the modern receiver, it
is very evident that steel reeds, the magnet, coil of wire
and line embraced all the elements of the modern receiver,
and the instrument could certainly sing if not talk.

This harp-like affair was far too complicated. Perceiving
this, the inventor strove to simplify, and on February 14,
1876, filed a patent application for an apparatus shown
diagrammatically in Fig. 2, which is a reproduction of
Fig. 7 of the famous Bell patent of March 7, 1876. At
the sending station there is a funnel, 4, to receive the
sound waves, the small end of which was closed by a dia-
phragm, a, of gold beater’s skin. The center of this was
connected to a swinging iron armature, ¢, set in front of
an electromagnet, b, while a battery, line and similar re-
ceiving station completed the outfit. For the first time
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this patent clearly and broadly describes the office of the
moving armature, ¢, tc vary the magnetic field in which
it hangs, and thus originate an undulatory current in the

FIG. 3.— ARTICULATING MODEL.

-line in distinetion from the pulsating impulses of a circuit-
breaking apparatus, though the model shown in Fig. 2 was
still defective and failed to give good articulation by rea-
son of the contact at ¢. The final solution of the problem
was achieved in the instrument shown in section in Fig. 3.
An electromnagnet, 1, was mounted on a baseboard, F, the
circuit being extended to the binding posts. In front of
the magnet a funnel was placed over the end of which, set
directly in front of the magnet a piece of gold beater’s
skin was stretched. In the center of the diaphragm thus
formed a small piece of soft iron, A, was cemented, con-
centrically with the pole of the magnet. In this device
one recognizes all the elements of the most modern tele-
phonic receiver, and between the hand telephone of 1903
and the model of 1876, there is no functional change.
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To review the long, bitter and much-to-be-deplored legal
controversies as to priority of invention that at once arose
between Bell and a host of would-be inventors, who, seeing
that the problem of the electrical transmission of speech
was solved, immediately desired either a share in the glory
or to cenviously destroy the deserved tribute paid to an-
other, is entirely foreign to these paragraphs. Unfail-
ingly have the highest legal tribunals accorded to Prof.
Bell the full credit of the undulatory transmission of
sound, and from such a verdict only the malicious desire
an appeal.

At the Philadelphia Centennial of 76 Bell exhibited
other models, shown in Fig. 4, one with a double-pole mag-
net, and one in which the diaphragm is placed horizontally,
on a magnet supported on a base. To substitute a perma-
nent magnet carrying a small wire coil for the electro-
magnet of the early types, and a thin iron diaphragm for
the fragile gold beater’s skin, is a bit of good mechanies,
scarcely more, for the fundamental operation of the in-
strument remains unchanged. Such is the history of the
birth of the telephone.

Consider the theory of operation. Fig. 5 is a diagram-
matic representation of a pair of magnetic telephones con-
nected for conversation. Each instrument consists of a
bar magnet, N S, on one end of which is a coil of wire, H.
In front of the magnet is a thin iron diaphragm. These,
then, the magnet, the wire coil and diaphragm, are the
vital, and the only vital organs of the telephone receiver,
though obviously there must be some kind of mechanical
support to retain them in the relative positions shown,
and this support plays no unimportant roll.

If any sound, articulate or otherwise, be produced in
the vicinity of the diaphragm, the sound waves will im-
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pinge on the plate, and as this is thin and elastie, the im-
pact of the waves will cause it to vibrate, each excursion of
the moving plate very closely, though not exactly resem-

FIG. 4.— CENTENNIAL MODELS.

bling the sound wave that produced it. As the diaphragm
is placed close to the magnet, N S, it is in a strong mag-
netic field, and thereby is magnetized. Experiment shows
that any relative motion of magnets in close proximity to
each other changes the magnetic field existing between
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them, and experiment also teaches that a coil of wire
placed in a varying magnetic field becomes the seat of an
e.m.f. that is proportional to the rate aj which the mag-
petic field is changing. The magnetized diaphragm is
moving synchronously with the sound waves that excite
its motion, hence the magnetic field in which the coil of
wire, H, is placed is similarly disturbed, and an e.n1.f. cor-
respondingly changing, and proportional to the rate of
change in the magnetic field is set up in the coil. Suppose
from the ends of coil H a circuit either by two wires, or
" by one insulated conductor and ground be completed to an-
other precisely similar apparatus. The varying e.m.fs
excited in the coil, H, will cause undulatery currents of
electricity to traverse the circuit in which the coil of the
second telephone is included. Experiment teaches that
the magnetism of a bar magnet surrounded by a coil of
wire carrying a current is changed approximately in pro-
portion to the current passing; therefore, the magnetism of
the second magnet will ebb and flow with the undulations
of the current in the line wire. The diaphragm of the

LINE

FIG. 5.— DIAGRAM OF OPERATION.

second telephone being in a similar magnetic field to that
of the first one, is under a tension produced by the pull
of the magnet. As this field is alternately weakened and
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strengthened by the reactions of the current in the coil, the
stress on the diaphragm rises and falls, and with this flux
and reflux, obeying the laws of its own elasticity, the dia-
phragm swings to and fro, repeating with wonderful,
though not with absolute fidelity in shape, but displaced
a whole period in time, the motions of the diaphragm, T.
As the second diaphragm swings to and fro it carves the
air into sound waves, and thus the second telephone faith-
fully reproduces what is spoken into the first one. This
most remarkable and interesting cycle is one of the most
convincing demonstrations of the law of conservation of
energy and may be recapitulated as follows: ,

1. Sound waves impinge on the first diaphragm and set
it vibrating.

2. The moving iron causes changes in the magnetic field.

3. The field changes excite undulatory e.m.fs in the
wire coil of the first telephone.

4. These e.m.fs produce currents between the two in-
struments.

5. These currents cause corresponding changes in the
magnetic field of the second telephone.

6. These field changes set the second diaphragm vi-
brating.

7. The vibrations of this diaphragm initiate air sound
waves similar to the original ones.

Prior to Bell’s researches much time and many experi-
ments had been spent on an endeavor to transmit speech
electrically. But all of the various pieces of apparatus
devised were based on the plan of completely opening and
closing a transmitting circuit with each sound wave; vide,
the famous apparatus of Reiss, invented in 1861, which
differed from Bell’s only in this one very important par-
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ticular. The Reiss telephone had a vibrating diaphragm
armed with a platinum point that opened and closed a
battery circuit with every pulsation. The line current
from such an instrument would be represented by a dia-
gram like 4, Fig. 6, for with a make-and-break instru-
ment, the current will be zero when the contact is open,
and its full value immediately it is closed; there are no
other conceivable values. Such an apparatus can repeat a

EEEEEEEEmmm4

FIG. 6.— DIAGRAM OF PULSATING AND UNDULATING CURRENTS.

simple sound that consists of only one set of waves, like
the note of an organ pipe. As there is only one contact
it is obviously impossible for it to do more. But in the
voice there are coincidently many vibrations varying both
in number or pitch, and in amplitude or loudness. Such
complexity a simple make-and-break cannot repeat. In a
diaphragm free to vibrate in a magnetic field the limita-
tions of the make-and-break are removed, and such an ap-
paratus causes a current that may be represented by B.
Fig. 6. Here there is a delicacy obtained capable of repro-
ducmg all of the infinite gradatlons of vocal utterances.
In 1875-6 little was known of magnetic fields and the in-
timate reaction of current and ﬁeld So all the more
credit is due to Prof. Bell for the contrivance of an ap-
paratus which depended on undulatory currents without
which complex speech cannot be reproduced, and the courts
have always held Bell’s invention to consist in the undu-
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latory current, or rather its electro-mechanical production
and utilization in the transmission of speech.

An examination of the sound waves emitted by the voice
in speaking shows them to consist of a basic or funda-
mental tone, relatively low in pitch, but of great ampli-
tude or loudness, on which are superimposed a large num-
ber of harmonics or over-tones, that consist of vibrations
two, three, four or more times as rapidj all correspond-
ingly higher in pitch, and of small amplitude.

It is the presence of these over-tones, and the relative
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FIG. 7.— SINGLE-POLE BELL RECEIVER.

proportion and intensity of each one that endows different
voices with their distinguishing properties, and enables
one to infallibly recognize the tone of a friend. As the
quality of the voice depends in each case on the relation
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between the fundamental and each of the many over-tones,
it is essential, in any speech transmission, that this ratio
should be most exactly preserved. If the short harmonic
waves were transmitted faster than the fundamental,
speech would presently become unintelligible, for a por-
tion of one word would thrust itself into the middle of
the preceding one. There is, however, little to be feared
from this contingency, for while there is a perfectly meas-
urable and accurately known amount of time consumed in
the transmission of every telephone wave, each portion of
every word, of every syllable, of every letter, is equally
tarded, and though all are delayed, the ratio of delay for
each is constant. '

The mental impression produced by any sound depends
‘on the number of vibrations per second (the pitch) and
the square of the amplitude, or distance through which
the wave rises and falls. It is for this reason that a high,
shrill voice attracts more attention than a deep tone. A
change in the amplitude (which varies the loudness) does
not alter the pitch, but it does produce a very great change
in the metal impression produced by the sound. If the
‘amplitude of all the waves of a composite sound like the
voice be uniformly changed, the ear at once knows that
the sound is more or less loud, but is equally sure that its
distinctive quality is unchanged. If on the contrary the
waves of some of the harmonics are reduced more than
others the sound entirely loses its characteristics, and the
ear fails to recognize its source. Therefore, in telephonic
transmission the relative amplitude of all waves must be
exactly reproduced or speech will be unintelligible. It is
perfectly legitimate to reduce within certain limits the
amplitude of all waves and thus equally decrease loudness.
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But to change some waves more than others is to destroy
characteristic quality. Unfortunately this is exactly what
does occur, and moreover this distortion takes place not
only in the receiver, but also in the line and the transmit-
ter, and in an endeavor to eliminate this distortion, much
investigation has been spent, with as yet but very partial
success.

As the receiver is now used in telephony, its function
consists in taking from line the undulatory waves of elec-
tricity impressed thereon by the transmitter, causing them
to vary the field of a permanent magnet in which a dia-
phragm is suspended capable of vibrating with the field
changes. Celeris paribus, that receiver is the best whose

FIG. 8.— SECTION OF BELL RECEIVER.

electric, magnetic and acoustic properties are such that
the sound waves emitted by the diaphragm correspond
most closely in amplitude, shape and energy to the elec-
tric pulsation of the line, and the three organs of the re-
ceiver, the coil, magnet and diaphragm must be so planned
in relation to each other as to secure this result.
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Unfortunately, systematic investigations of the princi-
ples of the receiver designed from such a point of view are
very meagre. In America, the most extensive studies are
those undertaken at the Massachusetts Institute of Tech-
nology by Messrs. Cross, Williams, Hayes, Mansfield and
Phillips and reported in the proceedings of the American
Academy of Sciences.! A somewhat similar study was
undertaken by Mercadier? in 1889. Other limited in-
vestigations have been made by Blake, Salet,® Frohlich*
and Franke.®

Aside from these investigations there seems to have been
little attempt to formulate a scientific receiver design. For
a long time the American Bell adhered. to the single-pole-
type, a dimension drawing of which appears in Fig. 7 and
a photograph of a section in Fig. 8. Seberal years ago
this company commenced to use the bi-polar design, shown
in Fig. 9, which has proved itself so decidedly superior
to the single-pole that the latter has nearly disappeared.
- The American Bell has always been exceedingly averse to
the diffusion of telephonic investigations of any deserip-~
tion, so it is not surprising that there is little information
extant as to the construction of this receiver.

The Bell receiver was, and is by no means perfect, and
owing to excessive conservatism, it has changed little since
the bi-polar type was adopted. The younger companies
have been more flexible and quicker to profit by experience,

1 See proceedings of American Academy of Sciences, Vol. for 1888,
Page 113; Vol. for 1890, Page 233; Vol. for 1892, Page 93; Vol. for
1893, Page 234.

2 See Comptes Rendus, Vol. cviii, Pages 735, 797. 1889; Vol. cxii,,
Page 96. 1891; Vol. xcv, Page 178. 1882,

3 See La Lumiere Electrique, Vol. xxv, Page 180. 1887.

4 See Elektrotechnische Zeitschrift, Vol. x1, Page 228. 1890.

5 See Journal Society of Tel. Eng., Vol. vii, Page 247. 1878.
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and there are many Independent receivers that are superior
to the Bell in mechanical design, and several in which both
the mechanical design and shop execution are better, but
in electric, magnetic and acoustic properties, the Inde-
pendent instruments are less successful, for there are few
receivers that talk as well as those of the American Bell,
and only two or three that can be said to be perceptibly
superior. The Independent Companies have been so oc-
cupied in catching up to telephone business that they
have had but little time for systematic study along sci-
entific lines, but the time is now ripe for an investigation

FIG. 9.— BIPOLAR RECEIVER.

of the principles of receiver design. Competition is
slowly but surely awarding business to those who do it
best, and he who is sufficiently altruistic to do some mis-
sionary work in this field will surely reap a reward.

The illustrations in Figs. 10 and 11 are diagrams of a
pair of telephone lines as they would appear when con-
nected for conversation. In Fig. 10 the sub-stations are
shown as equipped with a local battery transmitter and
receiver. The lines then extend to the office into a branch
terminal switchboard, and are connected by the usual cord
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and plug. In Fig. 11 common battery sub-stations and
switchboard are represented. The approximate resistances
of the various parts of the circuit in both illustrations are
given, for the object of these illustrations is simply to con-
vey a faint mental picture of the chief conditions which
prevail during a telephonic conversation.

When one speaks into one of the transmitters the result
is to produce (as will be subsequently explained) an un-
dulating e.m.f. in the induction coil. As the circuit be-
tween the two lines is closed by the switchboard cords, this
e.m.f. excites electric waves which oscillate backward and
forward around the circuit. To secure the best results it
is evident that the winding of the receiver coil must be
such as to appropriate and transfer to the magnet on
which it is placed as large an amount as possible of the
energy impressed on the line by the transmitter.

In dealing with alternating currents, particularly with
those of as high frequency as telephonic waves, the opera-
tion of inductance and capacity becomes of far more im-
portance than that of mere ohmic resistance, and must
be treated with corresponding consideration. The ohmic
resistance of the line is divided between the coil of the
receiver, the windings of the induction coil, the line wire,
the various connections and other miscellaneous apparatus
distributed over the circuit. Similarly each part of the
circuit is endowed with its portion of the inductance and
capacity of the whole. It is easy to measure with a suit-
able dynamometer the e.m.f. at the terminals of the trans-
mitter or even to calenlate it. If the maximum value of
this e.m.f. be represented by E, the total resistance, induc-
tance and capacity of the circuit respectively by the sym-
bols R, L and C, and the number of waves per second of

2



TELEPHONY.

18

U

ol wvo e

*SANTT QIANIOL OML J0 SNOILOANNOD A0 WVIDVIA —(O ‘OII

Bl

Y

ls.or)IC

.

=

= |
wor |

O . e o




THE RECEIVER, 19

time by n, it is easy-to show™® that the resulting maximum
current, I, is expressed by the formula:

E
/ s 1\
v E+ (2”’*-‘?,—”0

It can also be shown that the current wave may either
lag behind or be in advance of the e.m.f. wave depending

1
on whether 27 n L > or <—<7ne

sum of these quantities is the tangent of the angular rela-
tion of the current and the e.m.f. The quantity

I—=

for the algebraic

8z7n L — 1 is known as the reactance of the cir
2an C

cuit, and manifests itself as an opposition, and a very
serious one, to the establishment of a current under
the action of a varying e.m.f. As telephoni¢ apparatus
deals largely with coils of wire and magnets, whose capac-
ity is very small, the portion of this formula, 35 xn C,
may oftentimes, with sensible accuracy, be neglected,
and the expression simplified by writing,
E
I= VR+eanDy

In this formula, ¥ R*+ (27 n L)% is called the m-
pedance of the circuit. It opposes the passage of the cur-
rent in a manner that closely resembles the barrier offered
by the more familiar “ olunic resistance ” and is often ex-
pressed as equivalent to so many ohms. Ohmic resistance,
however, operates to destroy, or degrade a portion of the
electrical energy, and change the same irrecoverably into
heat, which is radiated away from the circuit. But in-
ductance and capacity, while they absorb energy, retain

® Alternating Currents, Bedell & Crehore, p. 150.



20 TELEPHONY.

and store it, the one in the magnetic field which is created
about every conductor through which a current passes, and
the other in the form of a charge or portion of electricity
that seems to adhere, so to speak, to the surfaces of the
conductors, and at the proper time the energy thus re-
tained both magnetically and by capacity may be recovered.
It is this property of giving up absorbed energy that causes
the current to either lag behind, or advance before the pro-
pelling e.m.f.

There are two other exceedingly important deductions
to be derived from the formula. In the quantity termed

reactance, 27 nL — m the factor, “n” enters.

This is the number of waves per second. Now speech con-
sists of a great many different waves, varying very greatly
in speed. If n increases, the reactance will increase; that
is, there will be a much greater opposition to the trans-
mission of quick waves than to slow ones. This is the
explanation of the fact that ceterts paribus, a bass voice
can be heard better over telephone lines than a high, shrill
one. Furthermore, it is evident that in any voice the high,
shrill tones will, from this cause, suffer greater oblitera-
tion than the lower fundamental ; hence the distortion that
is noticeable in all telephonic transmission, and the rea-
son why the letters, s and ¢ particularly, and b, p, ¢, ete.,
are with difficulty distinguished. If we examine the quan-

tity, 2=z n L —

1
2rxnC n C
is negative, and the thought at once occurs to so design ap-

still further it is seen that 2—,}—

paratus as to make _2'71175 equal to 277 L and thus

neutralize inductance with capacity. In other branches of
electrical engineering this method is practiced with great
success, and this principle is the basis of Dr. Pupin’s in-
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vention for improving transmission over cables and aerial
lines. In the line that portion of the reactance due to ca-

. 1 . .
pacity, namely 3—— is much greater than that owing

to induetance, 2zn L.  So in the Pupin loaded conductor
additional impedance in the shape of coils of wire
are inserted at frequent intervals for the purpose of bal-
ancing the capacity, and the test of practice shows that
conversation is equally transmitted over a loaded con-
ductor that is five times as long as an unloaded one. But
in telephony one deals simultaneously with vibrations dif-
fering very widely in number, and the quantities them-
selves are exceedingly minute, both as regards e.m.f. and
current. Thus Dr. Kennelly cites some experiments show-
ing that .000000044 amp. can produce an audible sound in
a receiver. This is about equivalent to saying that the
energy developed by a weight of one grain falling one inch
could keep a receiver sounding for two and a half years.
Other investigations show results that are practically con-
cordant. It is exceedingly difficult to deal with quantities
so minute, for the possibilities of the unknown, and (at the
present) unknowable are vastly greater. For example, any
- mechanic can, on any lathe, turn up a bridge pin six inches
in diameter to fit an eye bar, within a few thousandths of
an inch. The pin is tossed on a freight car, rolled down a
sandy embankment at the bridge site, and driven home in
its place in the chords with never a thought of its gritty
condition. But take a watch pinion possibly but one or
two-thousandths of an inch in diameter. The error of a
millionth of an inch is fatal. The kick of a fly’s foot may
bend it, and a grain of dust that even a sensitive eye could
tolerate can arrest its motion.
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To deal with a transmission plant reckoning voltage by
tens of thousands, and amperage by hundreds is doubtless
diflicult, and taxes engineering science to the uttermost.
But at the other extreme when the pressure and current
become so small that the most analytic mind cannot grasp
their minuteness, calculation fails, and only the cut-and-
try method of experiment remains. Nevertheless, even if
telephonic magnitudes are so small as to elude the clutch
of mathematics, electrical principles apply as a guide with
as much force to telephone circuits as to any others, and it
is certain that apparatus designed along well-known elec-
trical lines is much more likely to succeed than any hap-
hazard heterogeneous concatenation of parts thrown
together by the accident of ignorance. For example, the
line has for a quarter of a century remained unimproved.
Xow, owing to the suggestion of Dr. Pupin, transcon-
tinental telephony is assured, and transoceanic telephony
within grasp. Yet Dr. Pupin is a mathematician, pure
and simple, and the problem was solved at the desk and
in the laboratory and not in the field. We may, there-
fore, be quite certain that all improvements in telephone
apparatus will follow definite electrical laws, and that
those who are quick to perceive them will be the first to
design the better types so ardently desired.

From: the preceding formula it is seen that with a given
varving e.m.f. the current from instant to instant varies
with the reactance. By the laws of the electro-magnet we
know that the rate of change in the magnetic field pro-
duced by a coil of wire carrving a current will be propor-
tional to the number of ampere-turns. Ampere-turns may
be increased by either angmenting the amperes, or the
turns, or both. But to increase the turns in any coil to
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which a given e.n.f. is applied is to decrease the amperes,
by augmenting the impedance of the circuit, and the prob-
lem is to determine the dimensions of the coil which will
give the best result. That portion of the impedance due
to ohmic resistance may be decreased by using a large wire
of low resistance. This means a bulky coil of large radius,
to hold heavy wire. Now the inductance of any coil is
proportional to the square of its radius and the square
of the number of turns, while the ohmic resistance is
proportional to the radius and the number of turns.
From ‘the formula it is evident that the current will be
a maximum when the denominator is a minimum, and as
L varies as the square of the same quantities (the radius
and number of turns of the coil) with which R varies
directly, it is evident that the denominator will be a
minimum when R = #2z n L, but space considerations
will usually preclude putting this theory into practice.
Not only does impedance reduce the total current that
traverses a circuit on which an undulating e.m.f. is im-
pressed, but it operates to prolong the time occupied by
the current in reaching its possible maximum value. We
are so accustomed to think of all electric action as being
instantaneous, that it is hard to realize that every tick of
a telegraph sounder, and every vibration of a telephone
diaphragm requires a certain very measurable though mi-
nute period of time for its accomplishment, and whenever
_ impedance is added to a circuit, the “ time constant” or
interval required by the current to reach its (approxi-
mately) full value is increased. It is easy by a formula
given by Helmholtz to calculate the current in such a
circuit at any interval of time after the e.m.f. has been
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applied. Suppose ¢ be the current, { seconds after the
application of the e.m.f., then

;_E(1—2ms—7%)

¢ R

in which E R and L have the same meaning as before. It
is evident by inspection that 1%' will always be reduced

by the value of the quantity inside the parenthesis, and
hence the current will theoretically never cease rising.
Practically, however, it attains a value sensibly equal to
the theoretical amount in a very small interval of time,
although with the large field magnet of dynamo machines,
two or three minutes may sometimes clapse. As L enters
into the parenthetic coefficient, it is evident that the time
constant will vary with L, and will also be proportional
to the square of the number of turns and the radius of
the coil.

To caleulate the impedance of a circular coil in air is
not difficult, but when the complications of an irregular
shaped space, occupied by wire with an indefinite thick-
ness of insulation, the insertion of an iron core of unknown
permeability, and the addition of a permanent magnet of
uncertain strength, an accurate calculation becomes im-
practical. By winding the coils in several sections con-
nected in parallel, some advantage is gained. The ampere-
turns are decreased directly as the number of coils, while
impedance is reduced as the square of the number of turns
is decreased. For example, if the two coils with which re-
ceivers are usually supplied be joined in parallel the am-
pere-turns are reduced one-half, for half the current will
flow through each coil, but the impedance will be dimin-
ished to one-fourth, for there are only one-half as many
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turns on the line. There is, therefore, a decided decrease
in reactance by winding the coils in sections joined in
parallel. Several wires on one spool serve somewhat the
same end, but with very small wire the proportion of the
total coil bulk occupied by insulation is so great compared
to the volume of copper, that this plan soon ceases to be of
advantage.

The capacity of receiver coils is even under the most ad-
verse circumstances very small, so small as to be almost
negligible compared with the relatively enormous in-
ductance. What little capacity there is is probably of ad-
vantage in balancing to some extent the inductance. In
this respect improvement in receiver design is likely to
take the shape of the addition of more capacity to neu-
tralize more perfectly the inductance, than any attempt to
reduce that which already exists.

Some attempts have been made in the direction, but
were never carried to any decisive conclusion. This cer-
tainly seems a promising direction for the ambitious in-
ventor, and deserves to he explored.

‘Considering all these diverse clements, it is exceedingly
difficult to arrive theoretically at the best size, shape, wire
gauge, resistance and number of turns for receiver coils.
Practical experience seems to have settled down to making
the spools about .90 in. long., .45 in. wide, and .50 in.
deep for the ordinary hand receiver, and .70 in. long,
.30 in. wide, .40 in. deep for a head receiver. The very
best single silk-covered wire is used and great care taken
with the winding to pack the wire as closely and tightly
as possible on the spool. The end of the winding of each
spool is reinforced by a few inches of relatively heavy
wire, say No. 28 to 30, to guard against rupturing the
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coil during the operation of assembling. Local battery or
high-resistance receivers are usually wound with from
No. 34 to No. 40 wire to a resistance of 100 to 125 ohms.
Some few makes carry the resistance to 175 or 200 ohms,
but snch instruments are rare. Low-resistance receivers,
or common battery instruments, are usual'y wound with
from No. 32 to No. 36 wire, and have a resistance of 40
to 60 ohms. Some are made as low as 25 ohms and some
as high as 80; but ihese again are the exceptions. The
‘spools should be made of some non-metallic substance like
fibre or rubber, but if of metal it should be laminated to
prevent eddy currents. When complete the coil should be
thoroughly impregnated with a non-hygroscopic insulator
like shellac or paraffin, and covered with moisture-proof
varnish or tape.

The earliest models of the receiver employed an electro-
magnet to create the field in which the diaphragm should
swing, but this complication was almost immediately per-
ceived to be unnecessary, and the simpler permanent mag-
net, amply sufficient. It was at first considered desirable
to secure the strongest possible magnetic field with which
to surround the diaphragm, and receiver magnets were
bent and contorted into all conceivable shapes, so that one
leg of the magnet could be connected to and polarize the
diaphragm, but with very disappointing results. With
present familiarity with the theory of magnetism this fail-
nre is easily understood, but twenty years ago less knowl-
edge existed.

To view the magnetic system of a telephone receiver
from the standpoint of the present conception of mag-
netism is to clear np many obscure points in receiver de-
sign, for we now believe that electricity and magnetism are
so closely related that similar methods of reasoning apply

1
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to both, but as the units now employed in calculating mag-
netic mechanisms, and their use, is less familiar than the
similar formule applied to electrical estimations, a brief
resumé may be valuable to refresh the mind of the reader.

If the poles of a battery, dynamo or other electric gen-
erator be joined by a wire, something which we call “ elec-
tricity ”” seems to traverse the conductor, apparently going
away from the generator and returning thereto over the
circuit. The amount of this something is found by experi-
ment to be directly proportional to the power (e.m.f.)
of the generator to push it along, and inversely propor-
tional to the resistance of the circuit. This relation is

~ stated by the famous Ohm’s law to be ' = f’;, in which C

is the current in amperes, and E the e.m.f. in volts, which
propels the current against the resistance, B, in ohms.
Similarly when magnetism is under consideration therc
appears to be a something which traverses the bodies mag-
netized in a manner somewhat analogous to the electricity
on the wire. To produce magnetism in any body a certain
amount of force must be applied which may be termed
magnetomotive force, as analogous to electromotive force,
and the amount of magnetism produced will be directly
proportional to the amount of magnetomotive force, and
inversely proportional to the resistance of the body to be
magnetized.

As a magnet seems to exercise more or less attraction or
repulsion upon bodies in its neighborhood, it was natural
to picture magnetism as something emitted, or projected
from the poles of the magnet into space. Faraday gave
the name of “lines of force” to this something, and con-
ceived that these lines of force issued from the north pole
of the magnet in the form of closed curves which swept
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through the surrounding material back to the south pole,
in much the same fashion that electricity proceeds from
the generator through the-circuit and returns to its source.

We really know absolutely nothing as to the true nature
of magnetism, but a very satisfactory working hypothesis
isto imagine that this phenomenon is due to a stream, or
flow in the ether. Suppose A B (Fig. 12) to be a tube or
pipe, with a centrifugal pump located in the middle at C,
and conceive the entire apparatus to be submerged in a
tank of water. If the pump, C,be operated, it will force the

FIG. 12.— DIAGRAM OF HYPOTHETICAL MAGNETIO CIRCUIT.

water along the tube toward B. As soon as the end of the
eonfining walls of the tube is reached at B, the water cur-
rent will fan out in all directions through the tank. Mean-
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while to supply the place of the water forced out at B
rew supply must enter the tube at A. So presently a cur-
rent is set up running through the ‘tube in the direction
A B, then spreading throughout the tank in all directions
and returning by the end, A. Evidently the amount, or
velocity, of the current will depend on the power of the
pump, the resistance offered to the water flow by the fric-
tion of the walls of the tube, and the viscosity of the sur-
rounding fluid. We may imagine that this is a rough an-
alogy of the phenomenon of magnetism. The tube is the
analogue of the ordinary bar magnet, the pump the mag-
netomotive force that sets up streams of ether that flow
through the bar, issuing from the north pole, streaming
through space to return by the south pole, and it is these
streams of ether which we term a magnetic field. Now the
amount of magnetism, or quantity of ether streams, will
be proportional to the power of the pump (the magneto-
motive force) and the resistance of the tube (the magnet)
and that of the surrounding medium in which it is placed.
In the case of the water pump the friction of the tube and
fluid in the tank requires a constant expenditure of energy
to maintain the current, but the ether is supposed to be
frictionless, hence while an ether stream will always re-
quire the expenditure of energy to start it, or stop it, but
after it is once set in motion, it will continue to flow until
foreibly arrested; herein lies the explanation of the con-
stant exhibition of magnetism by a magnet after it has
once been magnetized.

But all this, while a beautiful though somewhat fan-
ciful theory, is too intangible for the engineer who wishes
to express in definite units the entities with which he deals
and caleulates therewith.
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In the c.g.s. system the unit of force is that amount of
force which, acting for one second, will produce a velocity
of 1 em. per second, in a mass of 1 gram; this is called
the dyne; measured in gravitation units, this force is ap-
proximately equivalent to the weight of a milligram. As
a magnet exercises a force upon a body placed in its vicin-
ity it was natural to assume as the unit magnet, such a
magnet as would exercise a force of one dyne upon another
exactly similar magnet 1 cm. away from it. To project its
force over this centimeter of space the magnet must dis-
play a certain amount of magnetomotive force, in order
to overcome the resistance or reluctance of the air space,
as this opposition is usually called (in contradistinction
to electrical resistance), so the reluctance of a cubic centi-
meter of air is assumed as the unit of magnetic resistance.
Theoretically the unit of reluctance is that of a cubic
centimeter of an air pump vacuum, but to all intents and
purposes, for practical work at least, the magnetic reluct-
ance of a cubic centimeter of all non-magnetic materials
(everything but iron, nickel and cobalt) is the same as that
of an air pump vacuum. This unit of reluctance is called
the “ oersted ” and is symbolized by the script letter, R.
From what precedes the unit magnet will exercise a pull
or a push of one unit of force at a distance of one unit of
space; in other words, it delivers a unit of magnetism
through a unit of reluctance. This unit of magnetic flow,
or fluz, or stream, as it is variously called, is termed the
mazwell, and it is usually indicated by the Greek letter, &.
Lastly, the unit of magnetomotive force is the gilbert, and
from the foregoing is that amount of magnetemotive force
needed to drive one maxwell through one oersted. The
symbol for the gilbert is usually a script letter, . The



32 TELEPHONY.

law of the magnetic circuit can now be stated in terms
which are as similar and as simple as those which apply
to the electric circuit.

?=_ or

%8 e

The Magnetomotive force.

The Fluz= The Reluctance

For example, if a magnetomotive force of % =500 gil-
berts be applied when the total reluctance, R =15 oer-
steds, the total magnetic flux in maxwells, or number of

lines of force, will be

o—=0—100

‘We now know of but two sources from which a magneto-
motive force can be derived. The first, oldest, and in many,
respects the least valuable source is that peculiar prop-
erty which seems to be inherent in the molecules of certain
kinds of matter, such as the loadstone, iron, nickel and
cobalt, by reason of which they not only become magnets
themselves, hut are capable of creating the same condi-
tion in other similar bodies, and of filling the space that
surrounds them with magnetic flux. The second is by the
use of an electric current, for it is found, by experiment,
that the space surrounding every conductor traversed by a
current is vested with the properties of the magnetic field,
and that the intensity of this field is proportional to the
current. Now, if the conductor be bent in the form of a
ring there will, with any given current, be a certain flux,
or definite number of maxwells inside this ring, and
if the cuarrent be doubled the flux will be doubled.
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Evidently the same result can be attained by keep-
ing the ecurrent constant and causing the wire to
‘make two turns; hence the magnetomotive force of
any coil of wire carrying a current will be proportional
to the current, and the number of turns; or that is the
same thing proportional to the product of the amperes and
the turns as ampere-turns. It is found that one gilbert
is equal to .796 ampere-turns, or one ampere-turn equals
1.257 gilberts, hence the magnetomotive force of any coil
can at once be expressed in gilberts by multiplying the
ampere-turns by 1.257.

For example, assume a ring of wood having a cross-
section of 5cm? and a cireumference of 100 em, and sup-
pose the ring to be covered with 500 turns of wire through
which 2 amp. flow. The magnetomotive force, =
500 x 2 x 1.237 =(number of turns X number of amperes
% 1.257)=1,257 gilberts. As the reluctance of wood is
unity per em? the total reluctance of the ring is evidently

directly proportional to its length, 100 c¢m, and inversely

proportional to its area, 5 sq. em, or /3:150—0 == 20 oersteds.

1257

The total magnetic flux in maxwells is & — o — 62.85.

According to present ideas, this stream of magnetism eir-
culates round and round inside of the coil, and as the area
is 5 sq. cm the intensity or number of maxwells per

sq. cm, or number of lines per sq. cm, is 62682 = 12.57.

In electrical measurements this corresponds to am-
peres per square unit of area of the conductor, a unit of
measurement frequently used, but for which there is no
individual name. In magnetism, however, there is a
special unit for intensity of flux called the gauss. Its value
is one maxwell per sq. em, hence in the preceding example

3
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the intensity is 12.57 gausses. The total magnetomotive
force, %, was found to be 1,257 gilberts, and as the ring is
100 cm around it the magnetomotive force per centimetre

of length is 112% = 12.57 gilberts. The magnetomotive

force per unit of length of a coil is usually symbolized by
a script letter, #, and when the coil contains only non-mag-
netic material it is numerically equal, as shown above, to
the flux density, and so_# = gilberts per linear centimetre
in gausses.

The analogy so far traced between the electrical circuit
and the magnetic circuit has been exceedingly close, but
in two respects there are very grave differences. To the
passage of both electricity and magnetism it is found by
experiment that different substances offer very different
amounts of opposition per unit of volume. Thus all of the
metals are relatively very perfect electrical conductors
when compared to the non-metals, although the poorest
metallic conductors offer upwards of a hundred times the
resistance of the best ones. In the case of electricity, the
resistance per unit of volume is constant, no matter what
amount of electricity may be driven through the conductor;
thus any given wire will have exactly the same resistance
whether it carries one-hundredth of an ampere or a hun-
dred amperes. With magmetism, however, there are two
striking peculiarities. In the first place there are only three
substances, iron, nickel and cobalt, whose magnetic con-
ductivity differs greatly from unity, and secondly the op-
position which these three exceptions offer to magnetic
flux is not constant as in the case of electricity, but varies
with the amount of magnetic flux that happens to be pass-
ing. The result of this is to greatly add to the difficulty
of making magnetic calculations, particularly as it is im-
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practical to express this change in reluctance, in a simple
form, and the only satisfactory way yet devised is to test
experimentally samples of various substances and plot as
a curve the relation between the magnetomotive force and
the resulting flux. Fortunately only the various forms of
iron are used to any extent in electromagnetic mechan-
isms, otherwise the labor of investigating, plotting and
using a multitude of curves would have been overwhelming.

So far as telephone receivers are concerned, soft
iron and hard steel are the only magnetic materials
of which cognizance need be taken. Fig. 13 gives
a set of magnetic constants chosen as particularly ap-
plicable to receiver design. On the left-hand side
of the sheet curve A relates to soft iron and is appli-
cable to pole pieces and diaphragms, while curve G is for
glass-hard steel, useful in connection with permanent mag-
nets. The lower horizontal scale, beginning at the left-
hand corner and reading to the right, gives the value of #
in gilberts per centimetre of length of coil; that is, if we
suppose the magnetomotive force to be created by coil of
wire supplied by a current, each centimetre of the coil must
produce # gausses. This is the intensity of the field, or
number of lines of force, or number of maxwells per sq.
c¢m, inside the coil, so long as it is occupied by air or other
non-magnetic material. Now, suppose a piece of soft iron
to be inserted in the coil, and the current traversing it
to be slowly augmented so that # may increase from zero
to any desired amount. Instead of the flux @ being
numerically equal to and growing in direct proportion
with #, as would be the case if the coil were occupied by
non-magnetic material, it is found to be enormously in-
creased, and by measuring the values of the flux with
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different values of f, a curve can be plotted showing the
relation between them. Curve A is such a line. Scale
No. 1 on the left-hand side of the sheet gives the number
of gausses or maxwells per sq. em in the iron, which is usu-
ally represented by a script letter, f3. In order to exhibit
the entire curve rather small scales had to be chosen, but
as for receiver design the lower portions of the curve are
important, and the beginning of curve A is shown consider-
ably magnified on the right hand of the sheet marked A’.
The lower horizontal scale designated .1’ gives the value of

in gausses for this curve and reads from right to left.
Scale No. 2 on the left hand of the cut gives the correspond-
ing values of /5. When M equals 1 (curve 4") Bis found
to be 1,550; with #=2.5, 5 is 6,250 (curve A) and this
enormous increase in flux continues in nearly the same
ratio till ## = 5. 1Tt scems, then, as if the ability of the
iron to carry the flux gradually became exhausted, and as
A is increased the ratio between fi{ and 3 decreases until it
finally falls nearly to unity. This curious property of iron
to increase the flux has been usually explained by saving
that the reluctance of the iron is much less than that of air,
or in other words that its permeability is much greater.
The symbol of permeability is the Greek letter » and the
points on the curves, 4 and A’, may be expressed by the
relation 3 —= . #. 1In electrical parlance one would say
that the iron was a much better conductor, or had much
less resistance. Tt is improbable that this explanation is
a correct one, but it forms the easiest working hypothesis
that one can employ. But calculating the various values

of # in terms of  from the formula » = ; a very useful

curve may be plotted showing the reluctance of iron as com-
paréd with air for all values of ﬂf Such a curve is shown
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at ' (Fig. 13). The values of # are shown on the same
lower scale as for curve 4, while the values of . are given
by scale No. 2 on the left hand. This curve rises suddenly
from 0 to about 2,500, then abruptly turns and drops to-
ward the horizontal axis, at first very rapidly and then
slowly, till it nearly reaches unity. By means of the data
exhibited in these curves, it is easy to determine for soft
iron either the reluctance per cubic centimetre, the mag-
netomotive force needed to produce any desired flux, or
the flux which will be obtained with any given value of H.
For example, with a magnetomotive force of M =15 gil-
berts per linear centimetre, the value of M3 is 14,000
gausses, 2 is 1,000, and the reluctance per cubic .centi-

.1
metre is 00— .001 oersteds.

Curves G and G contain similar data for hard steel such
as might be employed for receiver magnets. There is a
striking difference between the curve for steel and that for
iron. At all points the value of 3 for steel is much less
than for iron with the same value of #, and consequently
£ is correspondingly smaller. Again, the curve f3 is less
concave toward the horizontal axis, which means that steel,
unlike iron, does not show so marked a saturation point
beyond which it is difficult to push magnetization. Curve
G’ gives the value of , curve in G in a manner similar to
ihe data shown by curve C for curve 4.

The second noteworthy point of difference between
electricity and magnetism is the fact that there is no
such thing as a magnetic tnsulafor. Strictly speak-
ing, this statement is true of electricity, for there is no sub-
stance that will not allow some electricity to leak, but as
the difference between the ordinary conductor and ordi-
nary insulator is many million fold, electrical leakage is
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too small in most cases to be of serious consideration.
With magnetic circuits on the other hand, the curves of
Fig. 13 show that even under the most favorable conditions
the resistance of one of the best insulators (air) is less than
3,000 times as great as that of the best conductor (iron),
and as magnetic mechanisms are usually designed, the
difference is only a very few hundred fold. With any
magnetic circuit, therefore, there is comparatively an enor-
mous amount of leakage, which interferes materially with
both the operation and the efficiency of the apparatus.

The tractive effort which a magnet is able to exert is an
important consideration in the design of a receiver system.
According to Maxwell, the law of magnetic traction may be
stated as follows:

%14

P - m
in which P is the pull in grams, f3 the flux in gausses,
and 4 the area of one pole piece in square centimetres.
In Fig. 13 this relation is plotted in curves £ and E’. For
enrve E the value of M3 is to be found by scale 1 on the left-
hand side of the sheet, while the corresponding tractive
effort in grams per square centimetre is shown by the
horizontal scale marked E, commencing at the left hand on
the bottom of the sheet and reading from left to right. For
example: A flux of 10,000 gausses gives a tractive effort”
of 4 kilos per sq. cm. As it is difficult to read the lower por-
tion of this curve with accuracy, curve E’ is plotted at the
top right-hand corner and gives the values of the beginning
of curve E somewhat magnified. For this curve the 3
scale is given on the right-hand side of the sheet and desig-
nated E’, while the corresponding tractive efforts are shown
upon the top of the sheet and similarly labeled.
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Consider now this theory of the magnetic circuit as ap-
plied to the design of the magnetic system of a receiver.
For ease in analysis it is convenient to imagine the receiver
magnet as an electromagnet, as was actually the case in the

— i

FIG. 14.— DIAGRAM OF BRECEIVER MAGNETIC SYSTEM.

‘older forms; and after the calculations are made, the elec-
tromagnet may be replaced by an equivalent permanent
magnet without changing the results. Fig. 14 is a dia-
grammatic representation of such a receiver system, in
which A B is the diaphragm of soft iron, d d the air-gap,
or space between the diaphragm and the soft iron bar,
¢ ¢, that forms the magnet; nn the wire coils on the end
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'of the U-shaped bar, each coil having two windings, one
connected to the line, L L, and the other to the battery, E,
which may be supposed to be variable, so that any desired
degree of magnetic excitation may be produced in ¢ c.
From the curves ¥ and £’ (Fig. 13) it is seen that the
tractive force which is exercised on the diaphragm A B
will vary as the square of the intensity of magnetism in ¢ c,
and at first sight strength of field would seem to be the
prime requirement. But a little consideration will show
that mere pull avails nothing. The office of the diaphragm
is to vibrate with changes in the magnetic field in which it
is placed. These changes are caused by the line ¢urrent
which traverses the coils n n, therefore, the condition of
the magnet ¢ ¢ must be such that the smallest impulse from
the line will produce the greatest change in the magnetism
of ¢ ¢, and thus the greatest effect on the diaphragm. Fur-
ther the condition of the diaphragm must be such that the
smallest change produced by ¢ ¢ in the field or air space,
d d, will be followed by the greatest possible change in the
magnetism induced in the diaphragm, in order to secure
the greatest sensitiveness. Now referring to the curves
A and A’ (Fig. 13), it is seen that soft iron is most sensi-
tive to changes in magnetism when it is placed in a field
having an intensity of from three to five gausses. This is
the keynote to the design of the magnetic system, for we
know that we must create a field of an intensity of three
to five gausses in which to place the diaphragm, and that
the bar, ¢ ¢ (assuming it to be of soft iron), must be so pro-
portioned that when it creates such a field it will itself be
magnetized to such a pitch as to be the most sensitive to the
line current changes, or in other words, both magnet and
diaphragm must be in unstable magnetic equilibrium.
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From the curve this intensity, it is seen, must not exceed
10,000 gausses. Let us now take some dimensions, say
such as resemble those found in practice, and calculate
what the magnetic system should be. Assume the dia-
phragm to be 21 in. (5.72 em) in diameter, and .014 in. (.03
cm) thick. Suppose the air space to be 3/64 in. (.12 cm)
wide and the magnet to be .25 in. thick X by .625 in. wide,
with a length of 9 in., measured around the bar from d to d.
The cross-section of the magnet will then be .156 sq. in.
(1.01 sq. cm, say 1 sq. cm) and the length 23 ecm.  If the
distance between the centers of the pole pieces be taken at
3 in. (1.27 cm), the portion of the diaphragm in front of
the magnet that acts as an armature and is included in the
magnetic circuit will be 1.59 x .03 == .048 sq. cm. This
is on the assumption that there is no spread of the mag-
netic induction between the ends of the pole pieces and the
diaphragm, but the magnetic flux will fan outwards, in all
directions, particularly across so wide an air-gap, so that
it is conservative to assume that practically the theoretical
cross-section will be much increased, say 50 per cent. The
diaphragm, then, must be credited with a section of say
.075 sq. cm and a length of 1.27 cm between centers of the
pole pieces. To secure maximum sensitiveness the mag-
netization must not exceed 10,000 gausses. Hence the
flux in the diaphragm will be 10,000 x .075 = 750 max-
wells.  As the magnet is a long U-shaped bar, whose adja-
cent sides are close together, leakage will be very great. A
rough estimate of probable leakage may be made by con-
sidering the relative resistances of the path through the air-
gap and diaphragm, and that offered by the air space be-
tween the parallel sides of the magnet. These sides are
1.56 cm wide, 11.5 cm long (the mean distance around the
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magnet through its center) and .95 cm apart; then the
area of the flat sides of the magnet between which leakage

will take place is 1.56 X 11.5 =18 sq. cm. The reluct-

ance of this path will be % = .053 oersteds. Between

the poles and the diaphragm there are two air-gaps, each
of which may be regarded as having the same area (1 sq.

cm) as the pole opposite to it, and a length of .12 em. The

reluctance of the air-gap will then be 2_x_11_g= .24 oer-

steds. Therefore, the reluctance of the path through the
air-gaps is to the reluctance of the leakage path as .24 is to
.053; or, in other words, but 20 per cent. of the flux
through the magnet will reach and traverse the diaphragm.
Consequently, the total flux through the magnet will be

750 X 100 __ 3,750 maxwells, From the curve A’

(Fig. 13) it is seen that when f3 equals 3,750 H is 1.6
gausses per centimetre of length. As the magnet is 23
cm long, and 1 gilbert is equivalent to .796 ampere-turns,
or 1 ampere-turn = 1.256 gilberts, the total required am-
pere-turns to produce this flux is 1.6 x 23 x.796 = 29.3.
As the air-gap is relatively large considerable leakage will
take place across the gap, and it will not be far out of the
way to assume that the mean flux through the air-gap to
produce 750 maxwells in the diaphragm must be a thou-
sand maxwells. To force 1,000 maxwells through 1 cm air
requires a magnetomotive force of 1,000 gausses. The
resistance of the air-gap has already been shown to be .24
oersteds, and hence the ampere-turns necessary to drive the
desired flux through air-gap will be 1,000 x .24 x.796 =
191.3. In the diaphragm the flux is 750 maxwells, the area
is .075 sq. cm and the length 1.27, so the flux density is
10,000 gausses, to produce which curve A (Fig. 13) shows
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that 5 gausses per linear centimetre must be provided,
hence the amp-turns to produce the flux in the diaphragm
will be 5 x 1.27x.796 = 5.03. The magnetomotive force
then required for such a magnetic system will stand as
follows:

Gausses. Ampere-turns,

36.80 29.8
240.02 191.8

6.46 5.08
283.28 225.63

From curve E’ (Fig. 13) it is seen that a flux of 3,750
maxwells per sq. em will produce a tractive effort of 580
grammes per sq. cm. As the total area of the poles is 2
£q. cm, the tractive effort will be 2 X 580 = 1,160 grammes.
.(about 2.3 pounds), and it is a common specification to
require telephone receiver magnets to lift a 2-pound weight.

In order to facilitate the interconversion of gilberts and
ampere-turns, two lines are drawn on Fig. 13 to the top
corners of the sheet. These lines are designated “ ampere-
turn curves,” Z and Z’. The curve Z is to be used with
the € scale on the bottom of the sheet at the left hand, and
Scale 8 as a vertical scale. For line Z this Scale 3 reads
directly, but for Z’ it must be divided by .10. For ex-
ample, to find the ampere-turns equal to 30 gilberts follow
a vertical from 30 as the lower left-hand scale to the curve
7, thence a horizontal to Scale 3, finding 24. Also to find
ampere-turns equivalent to .8 gilberts, follow a vertical
from .8 on the right-hand lower scale to curve Z’, thence a
horizontal to Seale 3, finding 6.5; divide by 10, obtain-
ing .65.

In the hypothetical magnetic system of this example a
battery has been imagined as furnishing the exciting mag-
netomotive force, because the calculation of the necessary
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quantity of magnetomotive force was, by this artifice ren-
dered more simple. The oily other source of magneto-
motive force now at our disposal is that of a permanent
magnet. As we are utterly in the dark as to the mechan-
ism whereby a magnet is able to act in this fashion, the
estimation of a magnet to emit a definite quantity of mag-
_ netomotive force is correspondingiy obscure. By measure-
ment it is possible to determine the amount of flux any
magnet emits, and it is perhaps justifiable to assume that
if the magnet produces this flux it can in some mysterious
way develop the magnetomotive force necessary to create
and maintain the ether stream represented therehy. Ex-
periment can show how much flux can be developed in steel
magnets per unit of area. Hence the proper size magnet
is determined by dividing the desired flux by the unit flux
thus ascertained. The chief practical material so far dis-
covered from which it is desirable to make permanent mag-
nets is steel, and experiment shows that average specimens
can rarely be depended upon to develop a flux of more than
3,000 to 5,000 gausses. The preceding. calculation has
shown that it is necessary to obtain a flux of 3,750 max-
wells for this system, and that 224 ampere-turns were re-
quired for the purpose. If, therefore, for the soft iron
bar, coil and battery of Fig. 14 a permanent magnet be
substituted that contains 3,750 maxwells, the same effect
should be produced, and the rest of the system will remain
as previously calculated. On the basis of 3,000 gausses a
magnet of 1.25 sq. ecm would be needed.

There is another property which iron exhibits under
magnetic influence, which plays an important role when
this metal is subjected to rapidly alternating electric cur-
rents such as constitute the bulk of the line currents in tele-
phone circuits. If a piece of iron entirely in a neutral
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condition be subjected to a slowly increasing magnetic
field, the curve, 4, in Fig. 13, shows that the flux through
the iron gradually increases until it becomes practically
saturated and thereafter the flux changes with relative
slowness. If after such magnetization the magnetizing
force is decreased to zero, it is found that the iron does not
at once return to its original condition, but on the contrary
retains more or less of the magnetism which it has ac-
quired, and that in order to destroy this magnetism, and to
enable the piece to assume its original condition of neutral-
ity, a very sensible amount of demagnetizing force must be
applied. Fig. 15 is an illustration of the way in which =
piece of steel behaves under changing magnetic conditions.
In this illustration the horizontal scale shows the magneto-
motive force, M, while the vertical scale indicates the re-
sulting flux, 3. These scales are plotted from zero in the
center of the diagram to show both positive and negative
values. If we imagine a piece of neutral metal placed in
space containing no magnetic field, its condition will be
represented by the zero point of the diagram, and if now a
magnetic force, # (by a coil and battery) be gradually
applied and increased as represented along the axis of X,
the induction will follow the line O G .4, which is similar
to the A curve shown in Fig. 13.  Suppose, when the mag-
netizing force reaches 100 that it be gradually decreased
in the same manner that it was applied, it is then found
that-the induction in the metal does not return along the
line 4 @ O, but on the contrary decreases much less rapidly
than it rose. With the first application of magnetic field,
when M reached 10, the induction was 800; at 30 it was
8,750; at 70 it was 10,100, and rose to 12,700 at = 100.
Tet us suppose at this point that the magnetizing force be
arrested and decreased at exact]l~ the same rate that it was
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originally applied, under these circumstances the induction
instead of returning the same way, along the tine 4 G O,
follows quite a different path, A D B, and even when the
magnetizing force has been reduced to 0, remains at 9,500.
Now, in order to return the piece to its original neutral
condition, it is necessary to apply a negative magnetizing
force, represented by O K’, and as this force increases the
induction falls along the line B K’, so that the bar does
not finally reach its original state until a negative force of
40 has been applied. If now the negative magnetizing
force be still further increased a negative induction is cre-
ated and the piece passes through similar magnetic cycle
on the negative side of the axis of X. If we imagine the
magnetizing force to continually vary from positive to neg-
ative in the manner indicated, the magnetic condition of
the iron will follow in a series of cycles that are graphi-
cally represented by A K’ A’ K A.  Evidently to cause
the metal to pass through this cyclical change requires an
expenditure of energy, which is derived from the electric
current that excites and maintains the changing magnetic
field, and the area of the diagram shows the amount of
cnergy which is thus expended in doing interrnal work upon
the molecules. The result of this work is to set up some
obscure form of molecular friction that manifests itself as
heat, and under long-continued and rapidly alternating
magnetomotive forces, pieces of iron become intensely hot.
This energy is dissipated by radiation and cannot be use-
fully employed in any electromagnetic mechanisms. The
reader will at once argue that a bit of soft iron will thus
waste much less energy than hardened steel. Such is pre-
cisely the verdict of experiment, and in Fig. 16 a portion
of a similar curve is shown for a piece of soft iron. - To
save space Fig. 16 only includes the portion of the curve
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on the positive side of the X axis. The vertical scale is
exactly the same as in Fig. 15, but the horizontal scale is
magnified ten times. If this were not done the loop
formed by the rising and falling lines of magnetization
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FIG. 16.— MAGNETIC CYCLE FOR SOFT IBON.

would be so close together for the iron as to be almost im-
perceptible because to produce an induction of 12,500 in
steel required 100 gausses, but in the iron only 8, and it is
easy to see by inspection that the steel loop averages nearly
twenty times as wide as the iron one. Evidently the area
of such a diagram is a measure of the expenditure of
energy employed to perform the magnetic cycle. To this
phenomenon Prof. Ewing has given the name of hysteres:s.
4
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In a telephone receiver it is the function of the line current
to create alternating magnetomotive forces by the coil
which surrounds the magnetic system, and it is ‘obvious
that a certain amount of this energy must, therefore, be
dissipated in the hysteretic losses in the material that forms
the magnets. As the magnetomotive forces developed by
the line currents are very small in comparison with the
magnetomotive force of the entire magnetic system of the
receiver, it is impossible for them to carry the magnet
through a complete hysteretic cycle, such as is shown in
Figs. 15 and 16. But the iron is carried through a small
portion of such a cycle, which is represented in both illus-
trations by the loop A E C F' A. Thus suppose, in Fig. 15,
that after the magnetomotive force has reached an inten-
sity of 100, it be reduced to 0, and then be increased to
100, the flux will follow the path A E C F A. Similarly
in Fig. 16, if the magnetomotive force be carried to 15,
then decreased to zero and then increased again to 15, the
induction follows the line A E C F' A on that diagram, and
an amount of energy which is represented by the areas of
these loops will be dissipated. While such losses are small
they are significant when it is remembered that the energy
developed in the line current is exceedingly minute, and it
is only by the exercise of the greatest possible economy in
losses in every direction that improvement in telephone
receivers can be made. So it is desirable to secure for the
magnetic system such a metal as will show the highest
degree of sensitiveness to the feeble line currents, and will
simultaneously waste the smallest fraction of this energy
in hvsteresis.

The eurves of Figs. 13, 15 and 16 show that soft iror
is much more sensitive to slight changes in magnetism:
exhibits a much smaller opposition to magnetic flux; and
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dissipates far less energy in hysteresis than steel. Some
of the earlicr forms of receivers were arranged to have
one pole of the magnets carry the line coil, while the
other was attached to the diaphragm. This design com-
prised a magnetic system having great reluctance and
large hysteretic losses. As one pole was magnetically at-
tached to the diaphragm, the latter, unless very thick,
became supersaturated with the flux from the magnet, and
was correspondingly insensitive to the field variations
produced by the line current. We are now in a position
to understand the logic of the later models in which the
magnet carries two soft iron pole pieces on which the field
coils are wound. The office of the magnet is to create such
a field as will maintain all of the magnetic system in its
most sensitive condition or state of unstable magnetic
equilibrium. Hence the permanent magnet as a generator
of the necessary magnetomotive force must have such di-
mension in relation to the air-gap and diaphragm as will
maintain the latter in its most susceptible condition. The
proportions of the magnet will, therefore, depend in the
thickness and permeability of the pole pieces and dia-
phragm and the length of the air-gap. The pole pieces
form that portion of the magnetic system directly affected
by changes in the line current. They must, in addition,
transmit to the air-gap the flux created by the permanent
magnet that shall, so to speak, sensitize the diaphragm.
Hence the pole pieces must have such a section in propor
tion to permeability as normally to. be in the most sus-
ceptible condition to respond to the line currents; they
must be of such a material as will give the greatest value
to r; and dissipate the least quantity of energy by hyste-
resis. To make the whole apparatus as sensitive as pos«
sible the air-gap must be as short as is consistent to allow
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the diaphragm to make its greatest range of vibration
without actually touching the pole pieces to avoid any
blurring of its vibrations and prevent the possibility of
magnetic adherence to the pole picces; lastly, the dia-
phragm must be designed to contain as large a volume of
the most permeable material as is consistent with the acous-
tic principles to be presently developed. We are now pre-
pared to consider materials and methods of constructing
permanent magnets, pole pieces and diaphragms.

There are three properties desirable in material for
permanent magnets. First, to minimize bulk, the mate-
rial should have a high permeability in order that it may
accept a large amount of magnetism. Second, after mag-
netization the material should retain as large a propor-
tion of the flux created as possible. The quality of mag-
netic retentiveness, or the ability of a substance to retain
and keep the flux impressed upon it, is termed remanence.
Third, the remanence should be permanent; that is, the
magnetic state should not gradually change and decay, but
should alwavs remain, otherwise the usefulness of the
mechanism will sooner or later fail. The ability of any
substance to retain permanently magnetism 1mpmsed
upon it, mayv be measured by the amount of demagnetizing
foree. which has to be apphed in order to return it to the
neutral condition. Thus the specimen from which the
curve of Fig. 15 was plotted required a negative magneto-
motive foree of 40 to cause its magnetism to disappear,
while for the one shown in Fig. 16 only 1.9 gausses were
expended. The first sample would be said to be about
twenty times as pernranent as the second. The amount of
negative magnetomotive foree that must be expended to
cause a bady to mtm-n to neutrality after having been mag-
netized is termed * coercive fom’ and such diagrams
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as are exemplified in Figs. 15 and 16 are valuable means
of estimating magnetic characteristics.

For any specimen of magnetic material the remanence
is shown by the induction or value of B on the vertical
scale, when the value of H is reduced to zero on the return
path from a much greater magnetization. The coercive
force is measured by the amount of negative magnetomo-
tive force that must be applied to destroy the remanence.
Thus in Fig. 19 for the specimens marked 1,294L the rema-

FIG. 17.— PERMEABILITY BRIDGE.

nence is 9,100 and the coercive force 14. There is no
means of predicting a prior: the magnetic characters of
any sample of iron or steel, and so much depends on chem-
ical and physical qualities that are at present very obscure
that different lots made by.the same manufacturer by iden-
tical processes will vary widely from a magnetic stand-
point. The only sure way is to test a sample of each lot
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.purchased and plot for each test piece a characteristic
curve.

Fortunately apparatus can now be found on the market
with which the 83—  curve of any sample can be plotted
as easily as the resistance of a relay spool can be meas-
ured with a Wheatstone bridge. In fact, Ewing’s per-
meability bridge, shown in Fig. 17, performs exactly the
office for reluctance that Wheatstone’s does for resistance.
The operation is as follows: The vertical U bar, g, on the

FI1G. 18.— HYSTERESIS METER.

rear of the baseboard carries a compass needle. At the
base of this U are two holes, ¢ and f, into one of which a
standard piece of iron or steel is placed, whose J8— K
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curve is carefully determined. This corresponds to a
standard resistance coil. Alongside of this standard is
placed the bar to be tested. Magnetizing coils are pro-
vided irr the base of the apparatus controllable by the slid-
ing contacts of the switch handle seen in front. Now, if
the magnetic condition of the standard bar and the test
bar are exactly the same no effect is produced on the needle
on the top of the yoke, but if they are not the same, the
needle deflects and the magnetizing effect of the coils is
altered till the needle comes to zero exactly as in a Wheat-
stone bridge the pegs are moved till the galvanometer reads
zero. To measure hysteresis the same inventor has pro-
duced the apparatus shown in Fig. 18. The sample to be
measured is clamped on the spindle that can be rapidly
rotated by the gear and crank. It is then set in motion
and whirled between the poles of a suspended magnet.
This magnet is supplied with a long pointer moving over
a graduated arc on the top of a column to which the mag-
net hangs, and the hysteresis is measured by the deflecture
of the needle. With such facilities at command there is
little excuse for any manufacturer who fails either to pro-
vide the best magnetic materials or maintain a uniform
standard.

From time to time many investigations of the magnetic
qualities of various irons and steels have been made. The
chief early workers in this field were Ewing and Hopkin-
son, from whose researches, as well as from various other
sources, the general data of Table I is compiled. But it
must be remembered that while such information is of
value as a general gnide it can by no means supplant the
necessity for each maker to watch and test the particular
brands he employs; as well expect an engineer to build a
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bridge on general principles, without exacting tests of the
particular channels, eye beams and eye bars that he uses.

TABLE 1.

Remanence and Coercive Force of Various Samples of Steel.

Kind of steel and observer.

Ewing.
Steel wire, hard drawn .............. .
Steel wire, annealed ...................
Steel wire, glass-hard .................
Plano forte steel wire, normal temper
Piano forte steel wire annealed ..
Plano forte steel wire glass-hard
Cast iron .............
Very soft iron wire ...
Annealed wrought iron
Whitworth mild steel, anneaied’

Hopkinson.
Whitworth mild steel, oil-hardened. .
Chrome steel, as forged ...............
Chrome steel, annealed .................
Chrome steel oil-hardened ............
Tungsten steel as forged .............
Tungsten steel, annealed ..............
Tungsten steel hardened tepid water..
Tungsten steel (French) oil-hardened..
Tungsten steel very hard .............
Weber, common steel magnet .........
V%n XValtenhofen tungsten steel, glass-

F. 8
Perry, Jowitt’s steel ..................
Preece, Wall’s steel .......covivivnnns
Preece, Ashford’s steel ................
Preece, Saunderson’s steel ............ .
Preece, Jowitt’s steel ..............
Preece, Vicker’s steel ............... .e
Preece, Crewe *‘ rivet steel” ..........
Preece, Crewe * spring steel” ........
Preece, Clemandot steel (compressed

and tempered) .......coecievienenens
Preece, Clemandot steel

but untempered) ........00n00n
Preece, Marchal steel
Preece, Allevard steel

(mercury ar

ened .
Preece, Allevard steel (water-gardened)

Gray, magnet steel, glass-hard ........
Evershed, Wall’'s and Jowitt’s steels

[6117-1: 8 + ) T [
Brown, magnet steel, glass-hard...... .o
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. Recently Messrs. Barrett, Brown and Hatfield have made
a very extended investigation upon the magnetic properties
of the more modern steels and irons, the results of which
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FIG. 19.— CURVES FOR TUNGSTEN STEEL.
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have appeared in a paper before the Institution of Electri-
cal Engineers.* A portion of the results obtained by these
investigators that are of particular value to telephonists

* See Journal of the Institution of Electrical Engineers, Vol. xxi,
No. 156. .
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as showing that some peculiar alloys of iron would seem to
be specially adapted to the magnetic system of receivers.
The data exhibited in these tables show there is a wide
variation in the properties of the various steels obtainable
for permanent magnets. In Table II the steels that ap-
pear the most valuable to the telephonists are those con-
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¥IG. 20.— CURVES FOR MANGANESE STEEL.

taining manganese, nickel and tungsten, and to exhibit
the properties of these steels more completely Figs. 19, 20
and 21 give the hysteretic curves for the various samples
referred to in Table II. From these curves it is easy to
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pick out by inspection four samples that are seemingly the
best suited to the manufacture of permanent magnets.
The relative qualities of these specimens are shown in
Table IIT.
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FIG. 21.— CURVES FOR NICKEL STEEL.

In selecting a steel for a permanent magnet two some-
what opposing qualities must be balanced. A high perme-
ability and, in general, relatively great remanence is usu-
ally coupled with a low coercive force. Ilence while such
steels exhibit the ability to develop (temporarily at least)
a large magnetomotive force per unit of volume they are
apt to soon decay, and lose the magnetism impressed on
them. Magnets made of such material may be of light
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TABLE 1I.
Magnetic Properties of Iron Alloys.
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weight and of small volume. On the other hand, steels
which show a high coercive force indicative of great per-
manence have relatively low remanence because their per-
meability is small, and it is impossible to make them re-
tain even with the most intense fields more than 5,000 to
8,000 gausses. Magnets made of such steels, while exhib-
iting great durability, can only emit a relatively feeble
magnetomotive force per unit of volume, so such magnets
must be large in volume and correspondingly heavy. On
the whole for telephone receivers great coercive force is
to be preferred, but the quality of remanence must not be
entirely ignored or the magnet will become too bulky. Of
the specimens in Table IIT, sample No. 8 showed the

TABLE III
Composition of Steels.
Kind of steel. Remanence. Coercive force.
1 Manganese, 46MD .......cciviiiinennnnnn 66¢ 664
2 Nickel, 11.44Nf ...covvniveinernnennnnnens 56¢ %%
3 Nickel, 245¢N1 ......ooiiiiierenniannnenn 26¢ 100
4 Tungsten, 15.58TN ......covvvevennnnnenns 1004 584

highest coercive force, but the remanence is very low.
While such a steel would be “ permanent ” its power of pro-
ducing magnetomotive force would be small, necessitating
a large and heavy magnet to secure the requisite flux.
Sample No. 4 shows very great remanence, and excellent
coercive force. Such a steel would be better suited to
receiver magnet manufacture than any of the others.

Not only does the permanent magnet depend for its
success upon the kind of material from which it is manu-
factured, but as much is involved in the treatment which
the metal receives at the hands of the smith in forging
and tempering. A general impression -exists that the
harder the temper, the better the magnet will be; but like
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many other current ideas this is fallacious. It is more a
question of careful working and judicious tempering, than
the attainment of great hardness; furthermore, the tem-
per to be given depends somewhat upon the shape of the
magnet, for experiment has shown that short magnets
should receive a harder temper than long ones. It is emi-
nently desirable that all heating and forging should be
done irr a muffle with the greatest care; hammering should
be avoided as much as possible and forming done in a die
with a press, for a careless smith may irretrievably injure
the very best steel.

There are two methods of hardening steel ; one involves
heating and suddenly cooling by plunging in water, oil or
mercury, and the other by subjecting to the metal great
pressure while in a molten or semi-molten condition.
There is no doubt but that the latter gives by far the most
satisfactory results, but this process requires an elaborate
and expensive plant. The aim in tempering should be to
secure as fine, uniform and homogeneous a grain in the fin-
ished bar as possible. Each manufacturer has some pet
method to attain this result, but all of these dodges, and
the various nostrums which are advocated as tempering
baths, probably possess but little actual influence upon the
final physical condition of the steel, but have considerable
influence psychologically upon the man who is making the
magnets, and inspires him with confidence and care in
their manufacture. :

It has been observed that the desirable degree of hard-
ness for permanent magnets depends somewhat upon the
size of the magnet, or rather upon the relation of its length
to its diameter. No absolutely conclusive experiments
have been made to determine the precise connection that
exists between hardness and the ratio to length of diameter.
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but in a general way it is understood that short magnets
should be harder than long ones.

Some experiments of Stonhal and Barus, while not final
evidence of the dependence of permanent magnets upon
hardness, and of hardness to shape of magnet are indica-
tive of the relations which exist between these quantities.

The results alluded to are summarized in Table IV.

TABLE 1IV.

Relative Magnetic Properties of Steels Containing Hanganese,
Nickel and Tungsten.

Relative le%th to diameter.
10 30

g .

w .
-
T &€ & £ £ £
S¢s & & &8 &8 =
Designation. -g g c 8 8 8 8 8
o - = - - =}
25 ¥ 0§ 8 &8 8
g8 x 2 2 2 &
3
=2% =2 = = = =
% % % % %
Glass-hard . ......ccicieiinnnn 100.0 100.0 87.5 65.0 54.5 50.5
Annealed 1 hr. in steam ...... 88.0 94.0 84.0 62.0 52.0 48.5
Annealed 3 hrs. in steam ..... 8.5 94.0 82.0 61.0 51.0 - 47.5
Annealed 6 hrs. in steam ..... 80.0 94.0 82.0 61.0 .51.0 47.5
Annealed 10 hrs. in steam 7.0 94.0 82.0 61.0 51.0 47.5
20 min. at 185 centigrade 66.0 85.0 82.0 63.5 54.0 51.0
1 hr. at 185 centigrade.. 63.0 8.0 90.0 66.5 56.5 54.0
3 hrs. at 185 centigrade.. 58.0 87.0 92.0 T71.5 61.5 58.0
7 hrs. at 185 centlgrade.. 55.0 88.0 97.0 T78.0 67.5 64.0
13 hrs. at 185 centigrade.. . 52.5 8.0 98.5 80.0 69.0 69.0
10 min. at 240 centigrade...... 50.5 82.0 100.0 83.0 76.5 72.0
1 hr. at 330 centigrade........ 43.5 76.5 100.0 93.5 88.5 87.0
1 hr. at 420 centigrade........ 37.0 58.0 88.0 100.0 100.0 100.9
Annealed . .........cioiiiin. 34.0 16.0 21.0 25.0 31.0 40.0

According to our present notions each molecule of a
magnetic substance is surrounded by the same sort of a
stream of ether as that which we imagine issuing from and
returning to the poles of an ordinary bar magnet. In soft
iron the molecules are heterogeneously arranged, conse-



64 TELEPHONY.

quently the ether stream from one particle is neutralized
and annulled by those from its neighbors, consequently the
entire piece is in a non-magnetic condition. When mag-
netized all of the particles are turned so that their respec-
tive ether currents flow in the same direction and thus the
stream from one particle uniting with those of its neigh-
bors gradually increase the flux until it becomes of suffi-
cient volume to impress itself upon our senses. Annealed
iron is so soft that it is easy for a slight magnetizing force
to pull the molecules in line, and as soon as this force is
removed there is so little tenacity that the particles readily
drop back in their neutral condition. With hard steel the
material possesses so much more resistance that it is diffi-
cult to impress magnetism upon it, and a much stronger
magnetic force is required to produce a corresponding re-
sult. Owing to the greater tenacity of the piece, after it
has once been magnetized the molecules are unable to re-
turn to their original positions and consequently it retains
its magnetism. If this theory be correct anything which
tends to disturb the molecular condition will correspond-
ingly operate to injure and destroy permanent magnetism.
This is abundantly verified by experiment, for if a piece
of soft iron be magnetized it will, if undisturbed, retain
a noticeable amount of the impressed magnetism after the
magnetomotive force is removed, but if it be jarred in the
slightest degree so as to set its particles vibrating, it will
immediately lose nearly if not all traces of the magnetic
charge. Similarly in the case of a piece of tempered steel,
while it exhibits much greater permanency it is neverthe-
less sensitive to all kinds of shocks, and after magnetiza-
tion care should be exercised not to pound or jar it.

The tables and curves show that it is possible with some
vorieties of relatively hard steel to confer a flux of from
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10,000 to 14,000 gausses. But such material shows so little
coercive force that magnets made therefrom can hardly
be called permanent, for even with the utmost pains to.
avoid vibration, pieces so highly magnetized will by mere
lapses of time lose a notable fraction of the charge. Con-
trariwise other steels which cannot be magnetized more
than 4,000 or 6,000 gausses, exhibit sufficient retentive-
ness to retain all the magnetism imparted for many years
in spite of much ill treatment in the way of shocks and
blows. To secure permanence, therefore, it is advanta-
geous to artificially age magnets before they are used.
After being carefully forged and properly hardened the
magnet should be as powerfully magnetized as possible.
Almost every maker has a pet method of charging, but all
that any can accomplish is to subject the bar to as power-
ful a magnetic field as possible, and while under the mag-
netic ﬂux it is well to jar it or pound it in order to bring
as many molecules as possible into proper magnetic .align-
ment. After the magnet has been charged it should be
allowed to rest quietly for a few days, to allow the mole-
cules to become accustomed to their new positions. Aging
should then be performed by cooking the magnet; namely,
it should be put in a steam bath or boiled at a constant
temperature of 212° for some hours or even days. Under
this treatment a portion of the magnetism is lost, but that
which is retained may be considered highly permanent, for
magnets made of the best steel, carefully forged, thor-
oughly magnetized and subsequently well aged, show al-
most no magnetic change even after the lapse of several .
years.

Material for pole pieces and the diaphragm should
possess diametrically opposite magnetic qualities to those
described . for permanent magnetic. Formerly the softest

5
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and best annealed charcoal iror has been found the best
material for the purpose, as it possesses the great perme-
ability and small coercive force.

In Fig. 18 a S8— M curve is given for sheet steel and
for ferrotype metal. The latter has in the past been al-
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most exclusively used for diaphragms, and while it shows
a very high ultimate permeability with intense fields
(K =230), it is less sensitive than soft iron or sheet steel.
Further, its hysteretic losses are considerable, and its co-



THE RECEIVER. 67

ercive force high, In these respects sheet steel shows itself
the peer of any metal save some of the more unusual iron
alloys. But with improved metallurgical processes other
alloys of iron show themselves to be superior to the older
charcoal brands. Thus the researches of Barrett, Brown
and Hatfield show irons containing 2% per cent. of sili-
con, and 21 per cent. of aluminum, that are respectively
33 per cent. and 45 per cent. more permeable than the
best of charcoal irons. The magnetic characteristics of
these alloys compared to charcoal iron are shown in Fig. 22,
while Table V exhibits additional tests of some such alloys
as compared with the best annealed Swedish iron. The
sample 898E by analysis gave iron, 97.3 per cent. ; silicon,
2.50 per cent. No. 1178H had a composition of iron,
97.33 per cent.; carbon, .24 per cent.; aluminum, 2.25
per cent. ; silicon, .18 per cent.

TABLE V.
Magnetic Qualities of Silicon and Aluminum Irons,
898 E. 1167 H
H Charcoal iron. Silicon iron. Aluminum fron.
B w B w B w
2 7,400 3,700 10,200 5,100 12,000 6,000
4 11,150 2,790 12,300 3,075 13,800 8,450
6 12,600 2,100 13,400 2,233 14,500 2,418
lg 13,600 1,700 13,800 1,725 14,900 }gg

14,300 14,300 14,200 1,420 15,200

It appears well worth the while for receiver manufac-
turers to secure samples of such alloys and see whether
some improvement in receiver construction could not be
accomplished by their employment for diaphragm and pole
pieces. Finally to avoid the eddy currents which are in-
evitably set up whenever a change in magnetic field occurs,
it is from a theoretical standpoint advisable to laminate
thoroughly the permanent magnets, the pole pieces and the
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coil spools (if constructed of metal). That this refinement
would undoubtedly add considerably to the cost of the
receivers is unquestioned, and whether the “ game would
be worth the candle” can only be determined by experi-
ment. But it is certainly a move in the right direction,
and the time is rapidly approaching when in all depart-
ments of telephony it will not be the cheapest apparatus,
but the best apparatus which will alone be tolerated, and

FIG. 23.— RECEIVER PHANTOM; POLE PIECES DETACHED,

it is only those who are foresighted enough to see that
the hest is always in the end the cheapest, who will be
able to survive in the competition which daily grows more
and more fierce.




THE RECEIVER. 69

One of the best methods for investigating the magnetic
properties of a telephone receiver system is to examine
the field by means of iron filings, making a so-called phan-
tem. Such a picture of the magnetic field only indicates
the distribution of the flux in one plane, and by no means
can be considered an accurate quantitative measure of the
magnetic system, but if some precautions are observed the

FIG 24.— RECEIVER PHANTOM; POLE PIECES IN PLACE.

relative fields of two instruments may be compared with
considerable accuracy. Tt is best to prepare the iron filings
by sifting them through two sieves of nearly the same sized
mesh ; for example, one sieve of No. 40 and one of No. 50,
namely 1,600 meshes and 2,500 meshes per square inch,
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accepting for the purpose only those filings which are re-
tained by No. 40 sieve and passed by No. 50 sieve. A defi-
nite amount of filings, measured preferably by weighing,
should be selected, and the same quantity used for each
test. This quantity of filings should be carefully and
cvenly distributed over a photographic plate by sifting
them through a slightly coarser sieve, say No. 35. In this
way each plate used is uniformly covered with almost the
same number of filings and consequently the density of the
filings per unit area is about the same. The best plate
for the purpose is a celluloid .film, because it is much
thinner than the ordinary glass plate. After the filings
are properly deposited on the celluloid it should be gently
laid in proximity to the magnet under investigation and
tapped. In each case the same number of blows of the
same intensity should be given in order that equal liberty
shall be given to the filings to arrange themselves in the
field. For this purpose aa electric bell, provided with a
heavily weighed clapper, to retard its motion, is an ex-
cellent device. Some results by this method of study of the
magnetic system of a receiver is shown in Figs. 23, 24 and
25. The receiver selected for the purpose was a Strom-
berg-Carlson.

In Fig. 23 the field of the permanent magnet is shown
with the pole pieces detached. Here the fanning out of
the lines of force across a gap usnally occupied by pole
pieces is conspienously shown. In Fig. 24 the pole pieces
occupy their normal position. A noticeable change in the
field is shown as it is denser, with fewer leakage lines
between the limbs of the magnet and the leakage across the
gap pole pieces is less marked. In Fig. 25 the diaphragm
has been put in place and here the change in the field is
exceedingly conspicuous. The leakage across the poles is .
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much reduced. The field around the magnet bar is less
dense and the lines of force in the surrounding field mark-
edly reduced. In this way a valuable analyses of the be-
havior of the magnetic systems of receivers inay be obtained

FIQG. 25.— RECEIVER PIIANTOM; DIAPHRAGM IN PLACE.

and estimates formed as to the relative proportions of the
magnet, the pole pieces and the diaphragm, and by making
a series of such diagrams of a number of such instruments
valuable deductions inay be drawn as to the relative desir-
ability of the various designs employed.

The office of the diaphragm is to vibrate under the im-
punlsion of the changing magnetic field produced by the
line current, and by its motion to create the sound waves
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that shall convey to the listener the words spoken at the
transmitter. The diaphragm must, therefore, be consid-
ered from two points of view: its ability to respond to
field changes, or its magnetic properties; and its ability
to produce sound waves or acoustic properties. Its mag-
netic qualities, at least from the standpoint of the prevail-
ing notions of the magnetic eircuit, have been considered,
but it remains to examine such experimental evidence as
exists that may tell for or against this theory. Unfortu-
nately, such experimental evidence, at least so far as it
exists outside the private archives of varians receiver mak-
ers, is exceedingly meagre. '

In 1878 Dr. C. J. Blake described before the Society
of Telegraph Engineers (British) a series of experiments
on the vibration of the diaphragm, and exhibited curves
drawn on smoked glass, showing an excursion of the dia-
phragm of .02 mm., which seems a large value. In 1882
Salet describes in Compt Rendus a similar study, but only
shows a vibration amplitude between .0002 mm and .0003
mm. The next investigation was by Frohlich, published
in La Lumineré Electrique in 1887, who found a maxi-
mum amplitude of .035 mm. In the Elekirotechnische
Zeitschrift, of 1890, Franke describes an investigation and
concludes that an audible sound could be produced by a
diaphragm vibrating .00000012 mm. Probably the most
carefully conducted study is that made by Messrs. Cross,
Williams, Hayes, Mansfield and Phillips during 1888-
1893 at the Rogers Laboratory of Physics, the results of
which appeared in the Proceedings of the American Acad-
emy of Science. Some of the conclusions of these investi-
gators are here summarized.

The apparatus used consisted in a magnetic system com-
posed of a round bar of soft iron carrying a coil of wire
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connected to a battery, rheostat and ammeter, whereby any
desired magnetomotive force could be produced, and a
magnetometer with which the actual magnetism developed
in the bar could be measured. On the end of the magnet
thus formed a coil of fine wire was placed that represented
the line coils of the ordinary receiver. To produce the line
current an alternating-current transformer, having a fre-
quency within the common range of vocal sound, was em-
ployed in some cases, and a powerful transmitter in others,
but in all tests the line current was measured with a dyna-
mometer or milliammeter. An exploring coil was also pro-
vided so that the results of the motion of the diaphragm in
producmg electrical waves could be measured by another
dynamometer. Finally in front of the magnet a means for
holding diaphragms was contrived so arranged that the
different sample diaphragms to be tested could be held
rigidly at any desired distance from the pole. The appa-
ratus was so designed that the diaphragm could be suddenly
mechanically vibrated a definite amount by a falling
weight, and thus its action in producing an induced cur-
rent in the exploring coil measured, also by a microscopic
micrometer, the movement of the diaphragm under the
action of any desired line current could be measured. By
this means the apparatus could be operated either as a
iransmitter (an electromagnetic one) or as a recetver.

The first set of tests was made by using the apparatus as
a transmitter. The diaphragm was of ferrotype metal
.01 in. thick and 2 5/16 in. in diameter, set .03 in.
from the pole. By means of the falling weight it could
be given a vibration of about .01 in. The exciting current
of the magnetic system was varied, and the electrical im-
pulses produced in the exploring coil measured. The re-
sults are shown by curve 1 (Fig. 26). As the field strength
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increased from O to 14, the induced current rose rapidly
to 28, then declined to about 11 and thereafter remained
nearly constant. Unfortunately the scales of these results
are arbitrary ones and no data is given by which to cor-
relate them with the units now used in connection with
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the magnetic circuit except that the induced ordinate 100
corresponds to a discharge of about .00000097 coulombs.
But nevertheless curve No. 1 shows very plainly that the
maximum reaction of the diaphragm takes place in a field
that is quite weak, and that as the greatest range of action
is a very narrow peak, much care is needed to proportion
the field to the diaphragm to secure the best results.
Curves 2 and 8 are plotted from similar tests made by
using respectively two thicknesses, and three thicknesses
of No. 31 B. W. G. gauge ferrotype metal in place of one.
In each test the shape of the curve is the same; a sudden
rise to a high peak and a slower decline. The relative
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ordinates measuring the current induced, and the relative
field strengths at which the maximum ordinate occurs, are
very nearly proportional to the diaphragm thickness; so
nearly as to be well within the range of probable experi-
mental error. These curves teach that it is the relative
magnetic saturation of the diaphragm that controls the
line impulse given by its vibration. The thicker the dia-
phragm, the stronger the field may be, and the greater the
impulse, both of the quantities being almost directly pro-
portional to the thickness of diaphragm, finally the neces-
sity of an accurate proportioning of field to thickness is
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FIG. 27.— RELATION BETWEEN STRENGTH OF FIELD AND INDUCED
CURRENT; DIAPHRAGMS OF SOFT AND HARD STEEL.

most clearly shown, with the inference that there is a
much greater margin in which to work with thick dia-
phragms than with thin ones.

To further demonstrate the effect of variation in
permeability trials were made with diaphragms made
of steel, both soft and hard. In Fig. 27 curve 1 shows
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the relation between strength of field and induced cur-
rent with a diaphragm of untempered steel No. 26
B. W. G. in thickness. No. 26 is 180 per cent. as thick
as the No. 31 gauge diaphragm of Fig. 26, hence the maxi-
mum ordinate of induced current is higher, reaching 68,
but the field strength is 25, against 13 of Fig. 26, show-
ing, as would be expected, that a larger magnetizing force
is needed with a less permeable material. The curve,
though, is the same shape, but broader, because for steel
there is no such sharp bend in the f3- # curve as in iron.
Curve 2 gives the results on a hardened diaphragm of the
same thickness. The peak of the induced current ordinate
has fallen to 42, and the field strength to 17. With the
decrease in permeability that accompanies tempering, the
induced current ordinate would be lawer, but it would
also be expected that the subsequent portion of the curve
would fall off less rapidly than in the case of soft metal, as
the f3- # curve for hard steel shows no marked saturation
point. Such, however, is not the case, for the curve closely
resembles in shape those from iron of No. 31 B. W. G.
The curves of Fig. 26 show the results obtained by super-
imposing two and three thicknesses of iron, one upon the
other in making up the diaphragm, but evidently such a
mass of separate laminz would be quite non-uniform,
and one might well be distrustful of results. In Fig. 28
further tests on diaphragms. of sheet iron of a number of
different thicknesses are given, but here each test is for
a solid sheet, and the material is somewhat more perme-
able than ferrotype metal. In all respects the results are
_confirmatory of the deductions of the previous tests, and
taken in connection therewith form a valuable mass of
data. well worthy of careful study by those who design and
operate receivers.
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In the preceding investigation the apparatus was used
as if it were a transmitter, for a vibratory impulse was
given to the diaphragm, and the resulting electric pulse
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(as a momentary line current) measured. The condi-
tions were then reversed, a small current, representing
a wave from a transmitter, was sent through the line coil,
and the effect, as an induced current measured by the ex-
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ploring coil. Tn the first trial no diaphragmn was used.
The results are shown by curve B, Fig. 29. The field
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strength was varied from 0 to 120, electric impulses
of constant amount sent into the line coil and the effect
on the exploring coil measured. With no diaphragm
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the induced current commenced nearly at a maximum
of 102, remained nearly constant till a field of 20 was
reached and then steadily declined. Such a result would
be anticipated from the general appearance of a f3- M
curve for very weak fields, for the relative magnetizing
effect of a small increment of current is much greater with
a weak field than with a strong one. A diaphragm of
No. 31 B. W. G. sheet iron was then added and the effect
is shown by curve A. Here the induced current increased
markedly from a field of 0 to one of 10, and then drops
with a decidedly greater slope. The lowest curve in
Fig. 29, marked 4 B, is the difference between curves
.A and B, and shows the effect on the induced current of
the presence of the diaphragm, by introducing into the
field a substance of greater permeability. The test ap-
paratus, as is readily seen from the description, was sim-
ilar to a single pole receiver, having an air-gap equal to
the length of the magnet. It is to be regretted that simi-
lar trials were not made with a double-pole type when the
presence of the diaphragm would be expected to produce
a much more marked effect. Many experiments on dia-
phragms of different thicknesses were made, those for
Nos. 22, 23 and 26 being reproduced in Fig. 29. An ex-
amination of these curves show that the induced current
rose in value as the diaphragin was reduced in thickness,
also that the strength of field similarly increased. A care-
ful examination of the results shows the following values:

Thickness

in B. W.G. Induced current. Fleld.
21 131 6
22 132 10
23 137 13
26 142 18

- With thin diaphragms the slope of the curve is more
rapid than with thick ones, showing a narrower margin
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with thin diaphragms. Probably the explanation of the
greater value of the induced current with thin diaphragms
lies in the fact that they are less rigid and move a greater
distance in the field with a given change in the line cur-
rent, thus causing more lines of force to cut the exploring
coil.

The foregoing tests determined the relation between
strength of field and induced current produced by a pre-
determined mechanical movement of the diaphragm, also
strength of field and induced current produced by a pre-
determined line current impulse. It now remains to as-
certain the relation between strength of field, and result-
ing mechanical motion of the diaphragm, with line im-
pulses of verving intensity. The apparatus was similar to
that already described; the same diaphragm being used in
all tests, set 1-32 in. from the magnet. The line currents
were produced by a powerful microphone transmitter, ex-
cited by an organ pipe blown by a carefully regulated air
blast giving a pitch Cg. In Fig. 30 the inside scale of the
vertical axis gives the movement of the diaphragm in
thousands of a millimeter, and the horizontal scale the
strength of field. In these tests the ampere-turns of the
magnetizing coil are given, so it is possible to plot the field
in gausses, which has been done. Four curves are shown,
C, D, E and F, in which the line current was respectively
3.37, 2.80, 2.20 and 1.5 milliamperes. These curves teach
four things: First, as the field increases the excursion of
the diaphragm increases to a maximum and then decreases
to a nearly constant quantity. Second, The maximum ex-
cursion ordinate occurs at about the same point for all
line currents. These two results would be anticipated from
the previous tests, and the fact that the same diaphragm
was used, placed at the same distance from the magnet.
Third, the excursion of the diaphragm varied with the
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line current and was nearly proportional thereto, for if
the line currents be represented by 1, 1.46, 1.87 and 2.24
the excursion will be represented by 1, 1.47, 2.08 and 2.72.
Fourth, the maximum excursion was found in a_ field of
about 40 gausses. For comparison, a f3- # curve for soft
iron, from Ewing, and one for ferrotype metal, from Stein-
metz, are plotted on the same sheet. The soft iron is more
permeable and earlier saturated, but with a field of 40 the
ferrotype shows an induction of 16,600 lines. These re-
sults confirm those which precede, and supply the addi-
tional numerical data that a ferrotype diaphragm to give
the loudest sound should be set in a field of about 40, pro-
vided its thickness is such as to give an induction of 16,000
gausses.

Half the secret of building a good receiver lies in a
first-class mechanical design, for receivers are placed in
situations particularly exposed to injury, and under all
circumstances maintenance expenses are large. They are
used by persons not only ignorant of the way in which
such apparatus should be normally treated, but who are
also often not only careless but malicious. From a me-
chanical standpoint, therefore, receiver design should be
such as to produce an instrument, which, while it shall
be simple and economical to construct, shall over all be
reliable and unlikely to get out of order.

Extended experience has not as yet shown any material
equal to hard rubber from which the case may be con-
structed. Many substitutes have been proposed, but all
of the various compositions so far advanced have been
brittle, suffer severely from changes in temperature, are
more or less hygroscopic and fail adequately to protect the
receiver from moisture. It is a grave mistake to make
the case too light, for receivers are constantly liable to
be dropped, are frequently banged about and dangle sus-
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pended from the cord which connects them to the sub-
station set. Cases, therefore, should be amply strong and
able to resist usage of this kind. The various models
which use a case of spun metal, coated with rubber, have
advantage, both in cheapress and durability, but they are
open to the objection of using poor insulation and the pos-
sibility of exposing the user to a disagreeable or even pain-
ful shock, due to leakage of ringing current, or what is
cven more dangerous a cross with an electric light or power
wire, or a lightning discharge during a thunder shower.
While the percentage of injury from such cases is insig-
nificant, it is an objection always advanced by the timor-
ous and may be a deterrent to a prospective subscriber.
From many standpoints it is desirable to make the case in
but two pieces — the body and the cap — although when
there are good reasons on account of other constructive
.details, a tail piece is not a serious obstacle.

The magnetic system and the diaphragm should be so
designed as to be connected to the case at only one point,
for the coefficients of expansion of rubber and metal are
so different that when the magnetic system and the dia-
phragm are separately secured to the case, at two or more
places, and their relative adjustinent depends on such sup-
port, it is impossible to keep them in their proper relative
positions. So it is decidedly preferable to so design the
receiver that the case is merely a cover which protects the
organs of the apparatus from the inspection of the too
curious. In this respect the Stromberg-Carlson, the Swed-
ish-American and the Sun receivers present models of de-
sign worthy of careful consideration. Of other models,
those which use the case as the framework to support the
mechanism, and which secure the magnetic system by
means of a screw thread upon the exterior of the case
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which engages with a similar thread located usually on the
magnet, appear to be most desirable, while those which
secure the magnetic system by a screw through the rear of
the tail piece, and hold the diaphragm upon the surface of
the other end of the case, present the greatest liability
to get out of adjustment.

Mechanically there is little to be said about the dia-
phragm, but the method of supporting it in relation to
the magnetic system is worthy of the most careful atten-
tion. Diaphragms, which are buckled slightly, talk better
than plain ones and a good mechanical device which shall
secure the slight buckling necessary to this improvement
in speech repetition is to be desired. Otherwise to secure
the material which is best from the magnetic standpoint
for the diaphragm, the cutting of the disc truly and accu-
rately to size, so that it shall be flat without dishing,
seems to present the best features for this portion of the
receiver. '

To protect the diaphragm from rusting the japan of fer-
rotype sheets, or the tin of common tin plate, are favorite
methods, between which there is not a great deal to choose.
From a magnetic standpoint, ferrotype leaves something to
be desired, and from a magneto-acoustic one the writer has
often wondered why a spun diaphragm that was thick in
the center, so that a stronger field could be used, and thin
around the circumference to present as little resistance to
vibration has never been advocated.

To build up the permanent magnet from a series of thin
flat bars undoubtedly presents the most expensive, but at
the same time yields a better, more permanent, more per-
fect magnetic system. Otherwise the design and shape of
the magnets is not a matter of great moment and is chiefly
interesting from the manufacturing standpoint, for other
things being equal, that design which can be manufactured
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at the least cost is undoubtedly superior. But the shape of
the magnet must be considered when deciding on the
proper temper.

For the pole pieces the most permeable iron should be
secured, and the attachment of the pole piece to the mag-
net should be such as to present an extremely large sur-
face, in order that the reluctance of even the smallest air-
gap which the best mechanics can achieve shall be re-
duced to a minimum. This joint should be machined and
the method of securing the pole pieces to the magnet such
that when taken apart they may be returned to exactly
their’ original position, or otherwise a complete readjust-
ment of the receiver is necessary. One excellent method
of obtaining this result is to machine the recesses into
which the pole pieces fit, and to secure them by means of
a non-magnetic bolt that is slightly tapered and will draw
the pole pieces and magnet to an accurate bearing.

From an electrical standpoint, the coil spools should be
made of some non-metal. Some receivers employ a spool
made of fibre or similar material, while others use spools
which are pressed from brass or similar sheet metal, but if
made of metal the spools should be laminated. Tt is usual
to press the spools on to the ends of the pole pieces and
depend on friction or a slight heading of the pole piece
after the receiver is assembled to retain them in place.

The method of attaching the receiver cord to the pole
piece coils is a point of great structural weakness. Prefer-
ably the last few turns of the receiver coils should be made
of quite heavy wire, which is lashed firmly into place on
the coil with strong silk. Then leading-in wires of about
No. 18 or 20 gauge are soldered to the end of the coil and
extended to the rear of the receiver. Now there is a choice
of two methods. Some models carry the leading-in wires
to binding posts on the tail piece and then solder them,
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and attach the cord to the posts outside of the receiver.
Others secure the leading-in wires firmly to a block bolted
to the magnet and bring the entire cord through a hole in
the tail piece and make the electrical connection at the
magnet block. This latter design presents many points of
excellency, for then the leading-in wires become an in-
trinsic part of the receiver mechanism, and when the in-
strument is dissected, are never broken.

The receiver cord consists of two flexible conductors,
which must be overlain with the strongest possible braid.
This cord should be carried inside the tail of the receiver
and substantially secured to either the case, or the magnetic
system, by an extension of the braid, so that under no cir-
cumstances will any strain be brought upon the conductors
themselves. It must possess the greatest flexibility and
strength and secure good electrical continuity. A common
construction uses two insulated conductors composed of
braided or twisted fine wire ; another uses one conductor of
stranded wire surrounded by a spring wrapping of bronze
wire, but this presents the objections of considerable re-
sistance and inductance. The stranded conductors are uni-
versally made of very fine copper or copper bronze wire,
. or what is technically called tinsel, and the finer and more
numerous the threads the better. The conductor insula-
tion is usually made of silk, to stand the severe usage im-
posed on the cord, but it is desirable to apply some water-
proofing in order that moisture from damp hands may not
affect the cord insulation.

It is the universal practice to use cord tips in connect-
ing the cords with the sub-station instruments. The cord
tip is usually made by inserting a sharpened wire into
the end of the cord. This wire is turned over into a hook
and the tinsel of the receiver cord soldered thereto. The
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tip is then wrapped with wire over which a protecting
funnel is soldered. The general details of this are shown

FIC. 31.— DETAILS OF CONNECTING CORD.

in Fig. 31. Finally the receiver is an instrument of pre-
cision and its construction should receive the very best
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machine work in every respect and a high degree of finish.
A poorly-built receiver is sure to mean large maintenance
expense and constant complaint from subscribers.

The adjustment of the diaphragm and pole pieces is the
most important detail. The requisites are: First, the dia-
phragm must be exactly perpendicular to the pole piece
in all directions. Second, it must be as near the pole piece
as possible without any possibility of coming in contact
with them. Third, it must always retain this adjustment
under all changing conditions of temperature, etc. Some
receivers, like the Stromberg-Carlson, arrange the dia-
phragm to be adjustable. Scientifically this is admirable,
but is more expensive to build and is a temptation to the
curious. Other models grind the face of the case and pole
pieces flat after the instrument is assembled, and then with
a die, dish the diaphragm, two or three sixty-fourths of an
inch in the center. This is exemplified in the American
and others. Models using a threaded case, machine a bear-
ing on the top of the thread, and fasten a plate or stop on
the magnetic system, which is brought to a bearing on this
shoulder, and is supposed to bring the pole pieces into a
correct relation to a flat diaphragm. Each plan has some
excellences and some defects, but if carefully made each
can secure the desired result.

Probably the acoustic properties of the diaphragm have
received less attention than any other portion of the re-
ceiver, for as the general properties of vibrating plates
emitting sound have been studied from time to time, in-
vestigators have probably concluded that there was
nothing left worthy of investigation; this is- far from
the truth. When any body like a receiver diaphragm is
acted on by a force it is set in motion, and the tendency
is for it to vibrate as a whole, emitting a more or less
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deep note called its fundamental, and also to split up into
parts, each one of which vibrates on its own account and
so produces a series of higher notes called overtones. It
is these overtones which confer that peculiar character
whereby we are able to distinguish one musical instru-
ment from another, even if all play the same air, In the
case of the diaphragm the varying magnetic field furnishes
the impelling force, and the first tendency is for the dia-
phragm to vibrate as a whole and give forth such a note
as is oalled for by its mass and elasticity. There is also a
tendency for it to split up into many small parts, each
one emitting the note peculiar to itself. In addition, the
problem is still further complicated by the fact that the
diaphragm is clamped at its margin and by no means free
to move as it may wish. Such clamping damps out the
vibrations which it would make if free, and artificially in-
troduces others totally foreign to the plate itself. Thus it
is seen that there are several causes which operate to dis-
tort the fidelity with which a receiver can reproduce the
sound initiated by the changing magnetic field ; so the ac-
curacy attained is indeed marvelous. These considerations
have led to the idea that the ability of the receiver to talk
was really due not to a molar motion of the plate as a -
whole, but to a molecular motion of its component atoms,
and there is much to support such an hypothesis. How-
ever this may be, it is generally believed that while a
thick diaphragm can be made to give a very loud sound
the distinctive overtones are wanting, there is little crisp-
ness and sharpness, and it is difficult to understand single
words. With a thin diaphragm clearness is greatly im-
proved, but at the expense of volume. A similar result
can be obtained by clamping the diaphragm between sharp
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metal rings set around its circumference, or by dishing it.
Too thin a diaphragm makes communication appear to be
unnaturally shrill and high-pitched, so one has to steer be-
tween a Scylla of shrillness on the one hand and a
Charybdis of “boomy ” volume on the other; and in this
connection it should not be forgotten that all the cavities
of the receiver act as resonant chambers which should be
made as small as possible, and in every design attuned to
reinforce the fundamental note of the diaphragm.

An analysis of the telephone receiver indicates that
it may be viewed from three different standpoints. It
may be considered magnetically, electrically or mechan-
ically. There is no receiver now manufactured which is
best from all of these various standpoints, but each one
contains certain admirable features which make it superior
for a particular purpose, and so the manager of a telephone
plant must weigh the various advantages offered by each
model and choose that which seems best suited for his par-
ticular service. Receivers for local battery exchanges must
be utterly different electrically from those designed for
common battery installations. Where many toll lines
exist, and a large proportion of the business is long-distance
. work, a type of receiver entirely different in design, both
electrically and magnetically, is desirable from that which
is sufficient for the country village whose conversations are
relatively of less importance and never traverse more than
a mile or two of wire. Mechanically, the highest types of
receiver are more expensive to conmstruct, produce better
results and last longer than the cheaper varieties. Natu-
rally a small country exchange, can use a type of receiver
which would not be tolerated by the city plant having tens
of hundreds of subseribers.
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Viewed from the standpoint of the magnetic circuit.
receivers may be subdivided into four classes:

1st. Single-pole receivers.

2d. Double-pole.

3d. Single-bar magnets.

4th. Laminated magnets.

Electrically, according to the design of switchboard into
which receivars are to work, there are two divisions:

1st. Local battery receivers.

2d. Common battery receivers.

Mechanically, it is possible to class receivers into two
divisions, depending upon the method of assembling.

1st. Receivers in which the magnetic system and dia-
phragm are rigidly connected together, independently of
the case, and

2nd. Those in which the case forms the supporting
foundation for the entire mechanism. Under the two
classes of this division there are two sub-classes, namely
(a) receivers with external cord connections, and (b) those
with internal cord connections.

It is proposed to examine and describe a few of the
more familiar types. As comparisons under all eir-
cumstances are invidious, none will be drawn, though
subsequently methods of testing, applicable to both trans-
mitters and receivers, will be developed, whereby perform-
ance of either the receiver or transmitter may be tested
and conclusions formed as to the type of service to which
any particular instrument is best fitted. Manufacturers
are constantly improving in receiver building, and the re-
ceiver itself is so complex a machine that even with the
most perfect system of interchangeable manufacturing it
is difficult to produce two instruments that are exactly
alike; nor has interchangeability been carried to anything
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like perfection that is witnessed in watch works, the sewing
machine factory or a gun shop; and so, while the models
described may be taken to be fairly representative, it is
quite certain that other examples from the same shop may
differ considerably in many of their properties.

The first models of the receiver manufactured by the
American Bell were of the single-pole variety, shown in
Fig. 7. This design has been so universally supplanted
by the bipolar type that the earliest form is merely of his-
toric interest. 'The bipolar receiver is shown by dimen-
sion drawing and sectional photograph in Figs. 8 and 9.
The complete receiver is given in Fig. 32, while in Fig. 33
the instrument is dissected. The case is made of hard rub-
ber and consists of three parts: the body, 4, Fig. 33, the
tail piece, B, and the diaphragm cap, C. The magnetic sys-
tem shown at D consists of two rectangular bars 31 in.
long, the outer corners of which are chamfered. The bars
are .63 in. wide and .26 in. thick. At the rear end the
bars are bolted together with a soft iron filling piece and

FIG. 32.— ASSEMBLED BELL RECEIVER (COMMON BATTERY TYPE).

iron bolt, while in the front the filling piece and bolt
are of non-magnetic material. Between the bars a lead
weight is cast, so that the receiver may be sure to hold
the hook switch in proper position. At the front end the
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filling piece carries a screw thread whereby the entire
magnetic system may be secured in the body of the case in
which a similar thread is cut. The pole pieces are recessed
between the front filling piece and the magnets and all
clamped by a substantial bolt. The magnet bars are
placed 4 in. apart and exercise a tractive effort of 1.13
pounds (588 grams). The sectional area is about .164
sq. in. (1.06 sq. cm). This corresponds to a tractive effort
of 550 grams per sq. em, which would indicate a reme-

B
¥IG. 33.— DISSECTED BELL RECEIVER.

nance of 4,200 gausses. The pole pieces are set 3 in. apart
centers. They are .54 in. wide, .086 in. thick and 1.36 in.
long, giving an area of .046 in. (.3 sq. cm) so the pole flux



94 TELEPHONY.

would be 9,800 gausses. The coil spools are .09 in. deep,
.40 in. wide and .43 in. long, made of brass, giving a wind-
ing volume of .06 sq. in. (.385 sq. em). The winding is
No. 34 or 36 B. & S. silk-covered copper wire, for the com-
mon battery receivers, both coils being connected in series.
The usual resistance is about 60 ohms, but receivers are
wound as low as 20 ohms and as high as 100. For locai
battery stations the winding is one or two gauges finer and
the resistance carried to about 75 ohms. The diaphragm
is of ferrotype metal No. 31 B. W. G. .01 in. thick, 2.25 in.
in diameter over all, with a free diameter of approximately
2 in. As a protection from moisture, the diaphragm is
thoroughly varnished. The body of the case is faced pre-
sumably at right angles to the thread cut to hold the mag-
netic system, and the magnets screwed into the case till
the pole pieces are from 1/64 to 3/64 of an in. away from
the diaphragm. TUpon the outside of the tail piece, B,
a pair of binding posts are placed, to which leading-in
wires of cotton-covered copper are soldered and extend
alongside of the magnetic system through a fibre disc
which is placed just beneath the pole pieces and are
soldered to the ends of the line coils. Thus, it is impos-
sible to take the receiver apart without unsoldering some
of the electrical connections. The tail piece is secured in
place by being %hpped over the end of the case body and
held by a screw that is tapped into the rear of the mag-
net. The mouth noticeably flares much more than most
of the other models and the resonant cavity enclosing the
diaphragm is considerably larger. Fig. 34 is a phantom
with the diaphragm removed. The field is quite uniform
and symmetrical, but not sufficiently intense to affect the
iron filing't over the entire area of the plate. Fig. 35 is
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# phantom with the diaphragm in place, from which it
appears that the field is fully sufficient to saturate the
diaphragm at least in the immediate neighborhood of the
pole pieces. The diaphragm is secured between the cap

FIG. 34.— PHANTOM WITHOUT DIAPHRAGM. BELL RECEIVER.

and the case, consequently adjustability is attained only
by loosening the tail piece screw, and moving the magnetic
system in and out of the case.
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When a receiver is in constant use it becomes burden-
some to constantly hold it to the ear, and it is customary
to build a very small and light instrument, which may
he supported on the head by means of a band or cap, and

FIG. 35.— PMANTOM WITH DIAPHRAGM. BELL RECEIVER.

thus adjusted to the proper place at the ear, leaving the
hands free to follow other avocations. Such telephones
are a necessity to switchboard operators. One of the
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models of this form manufactured by the Ameri-
can Bell is illustrated in Figs. 36 to 41, inclusive.
The assembled receiver is shown
Fig. 36. In Fig. 37 the cap and dia
phragm are removed, while in Fig. 3¢
the instrument is dissected. The re
ceiver case consists of a light shell o
pressed brass, about the size of a watcl
case, and so these instruments are fre- F16. 36.— BELL HEAD
quently denominated “ watch receivers,” FECEIVER ASSEMBLED.
The case is about 2 in. in diameter and 11/16 in. deep.
The edge is chamfered to form a bearing for the dia-

FIG. 37.— BELL RECEIVER CAP AND DIAPHRAGM REMOVED,

phragm, and on the exterior is a screw thread engaging
with the rubber diaphragm cap. The magnetic system
consists of two bars of steel 4 in. thick, 7/16 in. wide,

7
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forged into circular segments as shown in Fig. 39.
The laminated magnet thus formed is placed on the bot-
tom of the brass case and secured thereto with one screw.
To each end of the magnet a soft iron pole piece is at-
tached which, as is seen in Fig. 38, extends inwardly
towards the center of the magnet, and is there turned up-
wards at right angles. The pole pieces are .357 in. wide,
.085 in. thick and 3} in. deep. Upon the pole pieces the
line spools are placed, made of brass .37 in. wide, .68 in.

FIG. 38.— BELL HEAD RECEIVER DISSECTED.

long, and .31 in. deep. The spools are usually wound with
No. 38 wire to a resistance of about 60 ohms. Between
the ends of the magnet a fibre block is screwed to the case,
to which the terminals of the line coils are attached. The
receiver cord is often made of two strands, each of which
carrying its appropriate tip passes through a hole on the
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of

FIG. 39.— MAGNET OF BELL HEAD RECEIVER.

FIG. 40.— PHANTOM OF BELL HEAD RECEIVER WITHOUT DIAPHRAGM.
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side of the case, and is clamped in the fibre block by means
of two screws (I'ig. 38) that connect the tips with the
terminals of the line coils. The diaphragm is of ferro-
type metal .01 in. thick, 2 in. in diameter over all, with
a free diameter of 1.93 in.; it is perfectly flat. The

FIG. 41.— PHANTOM OF BELL HEAD RECEIVER WITH DIAPHRAGM.

magnets of this receiver exercise a tractive effort of 1.313
pounds (477 grams). This corresponds to a tractive effort
of 690 grams per sq. cm, and indicates a remenance of
3,500 gausses. The weight of the entire receiver is 53
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ounces; this is not an uncomfortable burden even if con-
stantly worn against the ear. Fig. 40 is a phantom of the
magnetic system with the diaphragm removed, showing
an evenly distributed though not very intense field. Fig.
41 is a phantom with the diaphragm in place. At first

STROMBERG-CARLSON,
FIG. 42.— RECEIVER ASSEMBLED. FIG. 43.— SECTIONAL VIEW OF RECEIVER.

sight this appears strange, as there is distinet evidence of
a field around the circumference of the case. A little con-
sideration, however, shows that this is caused by leakage
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from the circumference of the circular magnets to the dia-
phragm, and thence through the diaphragm to the pole
pieces in the center.

The Stromberg-Carlson is a highly developed instrument
and of great interest. The assembled receiver is shown in
Fig. 42 and a sectional view in Fig. 43. In Fig. 44
the magnetic system is removed from its case, while in
Fig. 45 the receiver is completely dissected. The case
shown at 4 in Figs. 43, 44 and 45 is composed of a single

FIG. 44.— STROMBERG-CARLSON RECEIVER PARTLY DISSECTED.

piece of hard rubber, on one end of which a screw thread
is cut, while at the rear the case is reinforced and the cord
passes through a hole in the center to reach the terminals
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of the line coils. On the front end a brass cap, B, is se-
cured. This cap is very substantial and carries in its
center a projection, .X' (Fig. 45), to which the pole pieces

FIG. 45.— STROMBERG-CARLSON RECEIVER COMPLETELY DISSECTED.

and magnetic system are secured as in Fig. 43, by a bolt
which passes directly through both of the poles and the
projection, so that this cap forms a solid foundation for the
whole instrument. On the outside the cap is threaded and
a circular brass ring, C, is cut to engage with this thread.
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The diaphragm is placed on the inside of this ring and
secured against a shoulder by means of a follower ring, D,
threaded into the inside of the cap, C. Thus the dia-
phragm is clamped firmly between two sharp circular brass
rims, and the adjustment of the diaphragm with reference
to the pole pieces can be made with the utmost nicety. To

FIG. 46.— STROMBERG-CARLSON RECEIVER PHANTOM WITH DIAPHRAGM
REMOVED.

secure the cap, C, in its place, a follower ring, E, which
acts as a lock nut, is secrewed up against the cap when it is
in its final position. The diaphragm is of sheet iron tinned
.01 in. thick, 2.19 in. in diameter over all with a free diam-
cter of 2.12 in. The magnetic system consists of one
TUl-shaped bar of steel .625 in. wide and .24 in. thick, with
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its outside edges slightly chamfered.. There is a distance
of .35 in. between the sides of the U, while the magnct
is 4.60 in. in length. The pole pieces are of soft iron

FIG. 47.— STROMBERG-CARLSON RECEIVER PHANTOM WITH DIAPHRAGM
IN NORMAL POSITION.

.590 in. wide, .10 in. thick and 1.18 in. long. The coil
spools are of fibre .44 in. wide, .860 in. long and .50 in.
deep. The winding of the local battery instruments is of
No. 38 wire, having a resistance of from 90 to 100 ohms,
with about 1,200 turns, the line coils being connected in
series. The tractive effort is 2.940 pounds (1,332 grams).
This corresponds with tractive effort per sq. em of 1,755
grams, giving an induction in the pole pieces of 13,100
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gausses, corresponding to a remanence in the permanent
magnet of 5,800 gausses. The receiver cord passes through
a hole in the rear of the case. On the inside a large and

FIG. 48.— STROMBERG-CARLSON RECEIVER WITH DIAPHRAGM 14 IN.
FROM POLE PIECE.

heavy knot is tied in the cord, which forms a flexible stop,
and prevents the weight of the receiver from producing
any strain upon the terminals. Between the faces of the
magnet a fibre block is placed to which the line wire ter-
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minals are carried by means of two pieces of okonite wire
that pass through the cap, B. These terminal wires carry
two brass terminal pieces that are secured to the fibre block

STROMBERG-CARLSON.

FIG. 49.— WATCH CASE RECEIVER. FIG. 50.— WATCH CASE RECEIVER
WITH HEAD BAND,

by means of screws, to which the cord tinsel is connected.
Figs. 46, 47 and 48 are phantoms from this model. Fig.
46 is the phantom with the diaphragm removed, exhibiting
a most powerful field. Fig. 47 is the phantom with the dia-
phragm in place, showing the diaphragm fully saturated,
while Fig. 48 is a phantom taken with the diaphragm re-
moved 4 in. away from the pole pieces, and illustrates the
effect of changing the adjustment with reference to the
pole pieces. '

Figs. 49 and 50 illustrate the Stromberg-Carlson watch
case receiver. In general design this receiver adopts as
far as practical the model and the prineiples in the hand
telephone, departing therefrom only in so far as necessary
to secure the requisite lightness. In Fig. 50 the assembled
receiver inclnding a band, whereby it may be supported
from the head, is shown.
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The American receiver exhibits another method of se-
curing adjustment between the pole pieces and the dia-

FIG. 51.— AMERICAN RECEIVER DISSECTED.

phragm. Fig. 51 shows this receiver dissected. The case
consists of two pieces of composition. Upon the front the
diaphragm cap is threaded, while the receiver cord passes
through a hole in the rear. The magnetic system consists
of a U bar .655 in. wide, .25 in. thick and 4.25 in. long,
the U heing formed so that there is .32 in. between the
parallel sides. The pole pieces are .61 in. wide, .10 in.
thick and 1.5 in. long, and are recessed in the top of the
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U bar. Before the pole pieces are put in place a wash-
dish shaped cup of brass is set under the pole pieces and
on top of the U. This wash-dish piece is pressed on by a
die and after it is in position the face of the dish and
the face of the pole pieces are grounded exactly in line.
The diaphragm is of sheet iron tinned and as is shown in
Fig. 51 is dished, the dishing being sufficient to carry
the center of the diaphragm about .C3 in. away from the
pole pieces. The edge of the diaphragin rests upon the
face of the brass dish that is secured between the pole

FIG. 52.— PHANTOM OF AMERICAN RECEIVER WITH DIAPHRAGM
REMOVED.

pieces and the magnet. The receiver is assembled by slip-
ping the magnet into the case, placing the diaphragm on
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the face of the dish, and clamping the whole with the dia-
phragm cap. It is evident from this mode of construction
that there is no means of making any adjustment of the

FIG. 53.— DIFFERENT TYPES OF RECEIVERS.

A — KELLOGG RECEIVER. B -— MANHATTAN RECEIVER. G — ERICSSON
RECEIVER. D — WESTERN TELEPHONE COMPANY RECEIVER.

distance between the diaphragm and the pole pieces after
the process of manufacture is once completed. The re-
ceiver cord enters the instrument through a hole in the
rear of the case and is then knotted after the fashion of
the Stromberg-Carlson model. The terminals pass to a
block placed between the parallel faces of the magnet and
are there connected to the leading-in wires. From this
block the leading-in wires of heavy copper pass through
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holes drilled in the brass dish to the line spools. The line
spools are made of brass .40 in. wide, .90 in. long and .62
in. deep. The winding is of No. 36 wire and the resist-

FIG. 54.— A — KELLOGG RECEIVER DISSECTED. B-— MANHATTAN WATCH
CASE RECEIVER ASSEMBLED.

ance about 125 ohms. The tractive effort is 2.170 pounds
(964 grams). This corresponds to a tractive effort of
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1,240 grams per sq. cm., indicating an inductance of
10,900 gausses in the pole piece. The remanence is 4,750
gausses. Fig. 52 is a phantom with the diaphragm
removed.

The characteristics of the receiver of the Kellogg
Switchboard and Supply Company are illustrated in
Figs. 53 to 58, inclusive. At A, Fig. 53, the assembled
receiver is shown. TIn Fig. 54 it is dissected into its com-

ponent parts. Figs 55 and 56

show sectional drawings. In one

model the case consists of three
picces: the diaphragm cap, the
case body and the tail piece, as
. shown in the sectional drawing

(Fig. 56). In the mcdel of Fig.

54 there are only two parts: a

body and diaphragm cap. The

magnetic system (Fig. 54) con-
sists of two bars .630 in. wide,

.24 in. thick and 3} in. long.

These bars are secured by means

of a non-magnetic bolt and block

at the pole-piece end and iron
screw and magnetic filling piece
at the rear. The diaphragm is

of ferrotype .011 in. thick, 2.18
in. over all in diameter, with a free diameter 1.93 in., and
is perfectly flat. The line coils are wound upon brass
spools .41 in. wide, .90 in. long and .62 in. deep; the wire
is No. 30 and the resistance from 65 to 70 ohms. The pole
pieces are .54 in. wide, .10 in. thick and 1.25 in. long; they
are secured to the magnet by recessing the ends of magnet
bars and by holting the pole pieces with the same bolt that

FIG. 55.— SECTION OF
KELLOGG RECEIVER.
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secures the ends of the magnet. In order that the receiver
may be heavy enough to hold the switch hook in its proper
Place a lead weight is cast between the magnet bars. The
tractive effort is 2.437 peunds {1,170 grams). This cor-
responds to a tractive effort 1,620 grams per sq. em., indi-
cating an induction in the pole pieces of 12,300 gausses,
and a remanence ‘n the magnets of 5,400 gausses. The
case is faced off perpendicular to the axis of the magnet

FIG. 56.— ANOTHER MODEL OF THE KELLOGG RECEIVER.

and the diaphragm secured by clamping it between the
face of the case and the underside of the cap. In Figs.
54 and 55 it will be noticed that between the pole pieces
and the magnet bars a round disc of non-magnetic metal
is placed, which is parallel with the face of the pole
pieces. The inside of the case carries a shoulder which is
machined to be parallel with the face of the case. When
8
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the magnetic system is dropped into place the disc bears
against this shoulder and the whole magnetic system is
secured in place by four screws, which pass through the
disc and into the case. '

In Fig. 56, a somewhat different model of the Kellogg
receiver is shown. Here a threaded block, b', is placed on

FIG. 57.— POANTOM OF KELLOGG RECEIVER WITH DIAPHRAGM REMOVED,

the top of the magnet bars, which engages in a screw
thread on the inside of the case. By this means adjust-
ability is secured between the pole pieces and the dia-
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phragm. Fig. 56 also illustrates the method of attaching
the receiver cord. On the rear of the case is a cap, e, which
is secured by means of a screw thread. Underneath this
cap a partition is formed in the receiver case having a
hole in its center. The leading-in wires from the line
coils pass along through the case beside the magnet and

FIG. 58.— PHANTOM OF KELLOGG RECEIVER WITH DIAPHRAGM IN PLACE,

through a hole in the center of the partition, a®>. On the
top of this partition are two screws, d, to which the leading-
in wires are attached. The receiver cord passes through
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a hole in the tail cap, e, and is then knotted at f'. From
the receiver cord the conductors pass to the screws,
d', thus securing electrical connection with the leading-in
wires. Figs. 57 and 58 are the phantoms of the Kellogg
receiver, Fig. 57 is taken with the diaphragm removed,

d

FIG. 59.— MANHATTAN HAND TELEPHONE DISSECTED.

while Fig. 58 shows the field with the diaphragm in place.
The phantom of Fig. 57 is noticeable for the uniformity
of the field which is produced, while Fig. 58 indicates
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that the magnetic relations between .the diaphragm and
the field are well preserved.

The Manhattan hand telephone is illustrated in Figs. 53,
59 and 60. Fig. 538 shows the instrument assembled, while
in Fig. 59 it is dissected. The case consists of three pieces:
the body, the diaphragm cap and a tail piece, which is
simply a composition dise, carrying two binding posts,
through the center of which a screw runs into the interior
of the instrument and is tapped into the magnetic system.

FIG. 60.— PHANTOM OF MANHATTAN HAND TELEPHONE.

The magnetic system consists of two bars of steel .628 in.
wide, .120 in. thick and 3.75 in. long. In the rear the
bars are clamped together by means of a screw bolt and
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a filling piece of soft iron, while in front there is a filling
piece cast of non-magnetic metal that carries a screw
thread which engages with a similar thread on the inside
of the case. This block is provided with a shoulder
and presumably the magnetic system is to be screwed into
the case until the shoulder reaches a bearing. This re-
ceiver is noticeable in having no pole pieces. The magnet
bars extend directly through the composition block and
on to their ends the line spools are forced. The spools are
.44 in. wide, 1.0 in. long and .54 in. deep. The winding
is of No. 34 or No. 36 wire and the resistance from 68 to
70 ohms, both of the line coils being joined in series. The
diaphragm is flat, of ferrotype metal .01 in. thick, 2.25 in.
in diameter over all, and 1.75 in. free diameter. The
tractive effort is .851 pounds, corresponding to 369 grams.
This is equivalent to a tractive effort of 1,216 grams per
square cm., showing an induction of 5,500 gausses in the
pole pieces, and the same remanence in the magnets. The
leading-in wires pass from the line spools through two
slots in the composition filling piece and thence extend to
the rear of the receiver and are soldered into the binding
posts. The leading-in wires are carefully insulated with
rubber tube. Fig. 60 is the phantom from the Manhattan
model with the diaphragm removed. The field is excep-
tionally symmetric and uniform and is less intense than
that of other models.

The Manhattan head telephone is a curious model. Tt
is illustrated in Figs. 54, 61, 62 and 63. In Fig. 548
the instrument is shown assembled, while in Fig. 61 at B -
it is dissected. The instrument consists of a wash-bowl
shaped casting of hard iron or steel. In the center of this
a small round hard steel stud is secured, which extends
upwards and is faced off even with the rim of the casting.
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F1G, 0]1.— A — WESTERN TELEPHONE RECEIVER DISSECTED.
B— MANHATTAN WATCH-CASE RECEIVER DISSECTED.
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Around this central stud is a wooden spool, which carries
the line coil. Through the side of the case two holes are
drilled and are furnished with small binding posts to
which the cord tips “may be attached and from which

T1G. 062.— PHANTOM OF MANHATTAN WATCH-CASE RECEIVER WITIL
DIAPHRAGM REMOVED.

the leading-in wires pass to the spool. The diaphragm
is flat, of ferrotype, .005 in. in thickness, 2 in. in diameter
over all and 1.75 in. free diameter. The exciting coil is a
single spool of wood 1 in. in diameter and .312 in. deep.
The receiver is wound with No. 38 wire to 70 to 80 ohms.
The pole piece, if it may be so termed, is a steel stud .280
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in. outside. The tractive effort is .344 pounds correspond-
ing to 156 grams. This is equivalent to 276 grams per sq.
cm., showing an induction of 5,300 gausses in the pole
piece. The phantoms of this model are shown in Figs. 62
and 63, Fig. 62 being the phantom with the diaphragm
removed, while Fig. 63 is that taken with the diaphragm

FIG. 63.— PHANTOM OF MANHATTAN WATCH-CASE RECEIVER WITH
DIAPHRAGM IN PLACE.

in place. The field shown in Fig. 62 is a curious one, but
is what would be expected. The effect of the central mag-
net is clearly shown. In Fig. 63 the phantom taken with
diaphragm in place it is curious to notice that the re-
luctance of the diaphragm is sufficient to cause a notice-
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able magnetic leakage from the circumference of the cast-
ing which forms the case of the instrument.

The model ad0pth by the Erickson Telephone Com-
pany is shown in Fig. 53c and in Figs. 64, 65 and 66.

F1G. 64.— ERICSSON RECEIVER DISSECTED.

Fig. 53¢ illustrates the receiver assembled, while in Fig. 64
it is dissected, Figs. 65 and 66 are the phantoms. In this
receiver a pressed brass case forms the foundation of the in-
strument over the handle portion of which a tube of rubber
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or other insulating material is slipped, which is furnished
with a tail piece that carries the binding posts to which the
receiver cord is attached and in the center of which is a
screw eye to which a supplementary cord is knotted to
support the receiver and relieve binding posts and cord
conductors of any strain. In this respect this model is
a departure from those that have been previously con-
sidered, for the foundation in the case is entirely metallic

FIG. 65.— PUANTOM OF ERICSSON RECEIVER WITH DIAPHRAGM REMOVED.

and merely enough insulation provided to protect the
user. The magnetic system consists of a U bar .622 in.
wide and .20 in. thick; the magnet is 4 in. long. Each
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pole piece is bolted to its appropriate side of the U by
means of a bolt and nut. The pole pieces are .573 in.
wide, .115 in. thick and .970 in. long. The tractive effort
is 2.595 pounds (corresponding to 1,177 grams). This
corresponds with tractive effort 1,315 grams per sq. em.,
the induction in the pole pieces is 11,600 gausses, and a
remanence of 6,000 gausses. The line coils are of brass
.41 in. wide, .88 in. long and .31 in. deep. The receiver

¥IG. 66.— PHANTOM OF ERICSSON RECEIVER WITH DIAPHBRAGM IN PLACE.

is wound with No. 36 wire with about 2,000 turns and has
a resistance of 120 to 125 ohms. After the magnetic sys-
tem is slipped in the case two holes are bored through
the sides and the magnet bars, and two screws inserted
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from the exterior. By this means the case and mag-
nets are bolted firmly together. The screw holes in
the case are slightly elongated and thus it is pos-
sible to adjust the pole pieces with reference to the dia-
phragm. The surface of the case is faced off and the
diaphragm by means of the cap clamped firmly upon the
exterior of the shell. The leading-in wires are insulated

FIG. 07.— PHANTOM OF WESTERN TELEPHONE COMPANY RECEIVER,
DIAPHRAGM REMOVED.

with a double covered paraffined cotton. They are attached
directly to the line coil wire and thence carried backward
to the case and soldered to the binding posts. The dia-
phragm is flat, of tin .01 in. thick, 2.31 in. in diameter
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over all, giving 2 in. in free diameter. The phantoms of
this model are shown in Figs. 65 and 66. Fig. 65 shows
a field that is uniform and intense. The phantom of
Fig. 66 is taken with the diaphragm in place and shows
a uniform distribution of field and that the diaphragm
is slightly ahove saturation.

FIG. 68.— PIIANTOM OF WESTERN TELEPHONE COMPANY RECEIVER,
DIAPURAGM IN PLACE.

The receiver of the Western Telephone Construction
Company is shown in Figs. 63, 61, 67 and 68. TFig. 53p
is the receiver assembled, while in Fig. 61 it is dissected.
The case is of three parts, consisting of a body, a dia-
phragm eap and the tail piece. The magnetic system con-
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sists of a U bar .627 in. wide, .24 in. thick and 3% in. long,
with a lead filling as shown in Fig. 61. The pole pieces
are .459 in. wide, .09 in. thick and .97 in. long and are
bolted to the magnet by means of a bolt that extends
through a non-magnetic composition filling piece, which is
cest between the adjacent surface of tho magnetic system.
This pole piece carries a screw thread, which engages
with a similar thread on the inside of the case. Lead is

FI1G. 69.— SWEDISH-AMERICAN RECEIVER ASSEMBLED.

cast between the faces of the magnet in order to give suffi-
cient weight. The coil spools are of brass .42 in. wide,
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.83 in. long and .37 in. deep. The winding is No. 36 and
the resistance from 95 to 100 ohms. The tractive effort is
1.188 pounds (553 grams). This corresponds to a tractive
effort of 964 grams per sq. em., and an induction in the
pole pieces of 9,680 gausses; the remanence is 4,000

FIG, 70.— SWEDISH-AMERICAN RECEIVER DISSECTED.

gausses. The diaphragm is flat, of tinned sheet iron .011
in. thick, 2.13 in. in diameter over all, and 1.93 in. diam-
eter free. The leading-in wires are rubber-covered okonite
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and extend upward to the line spools from the rear of the
case and are there attached to two screws in a partition
between the end of the body and the tail cap. The re-
ceiver cord passes through the tail cap and is there knotted

FIGS. 71, 72, 73 AND 74.— DETAILS OF S\WEDISIHI-AMERICAN RECEIVER.

and attached to the same screws. The phantoms of this
receiver are shown in Figs. 67 and 68. Fig. 67 is the
phantom with the diaphragm removed, showing an ex-
ceedingly uniform and well-distributed field. In Fig. 68
the diaphragm is in place and it is quite evident that it
ig fully saturated.

The receiver of the Swedish-American Telephone Com-
pany is shown in Figs. 69 to 76, inclusive. In Fig. 69 the
receiver is assembled. In Fig. 70 it is dissected, while
Figs. 71, 72, 73 and T4 are details. Tt consists of a sub-
stantial pressed metal case over which a tube of insulat-
ing material is slipped to form the necessary handle. The
magnetic system consists of a 1T bar and is shown in
Figs. 70 and 74. This bar is .623 in. wide, 3 in. thick,
of D-shaped steel. The distance between the face of the

9
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bar is .25 in. The magnet is 3.25 in. long. The pole
pieces are .(25 in. wide, .120 in. thick, 1.31 in. long, and
are securcd by two brass bolts which pass through the mag-
net bars, the pole pieces and the filling piece, which is in-

FIG. 75— PHANTOM OF SWEDISH-AMERICAN RECEIVER, DIAPHRAGM
REMOVED.

terposed between the faces of the magnet bars. The coil
spools are .43 in. wide, .92 in. long, .43 in. deep and are
made of brass. The winding is Nos. 34 to 36 wire to a re-
sistance of about 70 to 80 ohms. Underneath the line coils
is a wash-bowl shaped brass casting. The face of this
casting is machined to be .02 to .03 in. in advance of the
pole pieces, and the diaphragm is laid flat upon the face
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of this casting. Then the entire system is slipped inside of
the case and the diaphragm cap screwed down to a bear-
ing. . When the cap is home, the diaphragm and brass
casting are pinched firmly to the metal of the case. There
is, therefore, in this receiver, no adjustment between dia-
phragm and the pole pieces, subsequent to a final assem-
blage. The diaphragm is flat, of sheet iron, tinned, .014 in.

FIG. 76.— PHANTOM OF SWEDISH-AMERICAN RECEIVER, DIAPIRAGM IN
PLACE.

thick, 2.19 in. in diameter over all and 2 in. free diameter.
The tractive effort is 1.685 pounds (761 grams). This is
cquivalent to 795 grams per sq. em., giving an induction
of 8,800 gausses and a remanence of 4,500 gausses.
Fig. 72 shows the interior metal shell of the receiver before
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the insulating tube is slipped in place. Fig. 73 shows
one method adopted for building the pole pieces and
line coils, while in Fig. 74 the assembled. magnet, pole

FIG. 77.— HOLTZER-CABOT RECEIVER ASSEMBLED.

pieces and spools are indicated. Tig. 71 is a front
elevation of the receiver assembled and shows a model in
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which two damper springs are used for the purpose of
checking the vibrations of the diaphragm. Figs. 75 and

"6 are the phantoms. Fig. 75 shows the phantom with

FIG. 78.— M1OLTZER-CABOT RECEIVER DISSECTED.

the diaphragm removed, while Fig. 76 is taken with the
diaphragm in place.
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The Iloltzer-Cabot receiver is illustrated in Figs. 77 to
80, inclusive. Fig. 77 shows it assembled in readiness for
use. In Fig. 78 it is dissected. The case consists of two
parts, a body and a receiver cap. The magnetic system is

FIG. 79.— PIIANTOM OF HOLTZER-CABOT RECEIVER WITII DIAPHRAGM
REMOVED.

built of U-shaped bars of steel which are slightly semi-cir-
cular in section. The bar is .624 in. wide and .26 in.
thick and 3.5 in. long. The pole pieces are nearly semi-cir-
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cular in section, .47 in. wide, .15 in. thick, and 1.25 in.
long, and are secured to the magnet by a pin, which is
driven through the magnet bars, the pole pieces and a
filling piece. The coil spools fit the pole pieces and are

FIG. 80.— PHANTOM OF HOLTZER-CABOT RECEIVER WITH DIAPHRAGM IN
PLACE.

.43 in. wide, .81 in. long and .36 in. deep. The winding
is No. 36 wire and the resistance 70 to 80 ohms; the coils
are connected in series. On the inside of the shell a
bearing is faced. Between the magnet bars and the line
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spools a mon-metallic disc is set which is brought to a
bearing upon the ledge on the inside of the shell, and the
magnetic system held in place by four screws, which pass
-through this disc into the receiver case. The diaphragm

FIG. 81.— THE SOLID RECEIVER. FIG. 82.— COLUMRIA RECEIVER,

is of sheet iron, tinned, flat; .018 in. thick, 2.1 in. in
diameter and 1.87 in. free diameter. The face of the case
is machined and the diaphragm clamped between the cap
and the body. The receiver cord passes through a hole
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in the rear, the braid of the cord is then looped around
the U of the magnet, and there tied so that the entire re-
ceiver hangs by the braid attached to the magnetic system.
Between the faces of the magnet a fibre block is placed
to which the cord terminals are carried and attached by
means of two screws. Upon this fibre block two clips are
placed. The cord terminals are attached to one end of the
clip, the leading-in wires to the other, and then they ex-
tend to the coil spools. Figs. 79 and 80 are the phantoms,
Fig. 79 with the diaphragin removed. The field is almost
circular in cross-section, which would apparently corre-
spond in distribution closely to the shape of the diaphragm.
Fig. 80 is the phantom with the diaphragm in place, and
indicates an exceedingly uniform distribution with a dia-
phragm not oversaturated.

Fig. 81 is rather a unique model of receiver and is only
shown as being an attempt to produce a design which could
be subjected to any amount of abuse. The magnetic sys-
tem consists of a U bar upon the end of which the custom-
ary pole pieces are placed. Besides this U bar two leading-
in wires are placed that are attached to two binding posts
set near the end of the magnet. Then the whole arrange-
ment is placed in a mold and composition pressed around
it so that the leading-in wires, magnetic system and pole
pieces are cast into a sold block of composition. The
case is then faced off, the coil spools pressed on and ter-
minal wires soldered to the leading-in wires. The dia-
phragm is then placed on the case and the cap secured
home. Obviously there is no possibility of adjustment,
and in case of any injury to any part the easiest method of
repair is to throw the receiver away and buy a new one.

The Columbia receiver, shown in Fig. 82, is a design
using a tubular magnet instead of a bar magnet, as is shown
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in the illustration. The magnetic system consists of a
central pole piece, upon the end of which the line wire coil
is placed. This bar is enclosed in' an iron tube, which
forms the other half of the magnet system. Around this
tube a composition bushing is placed which is threaded
to fit a corresponding screw thread in the interior of the
case. The magnetic system is then screwed home and ad-
justed at the proper distance from the diaphragm. Then
a lock nut is screwed on the outside of the bushing, which
locks it against a ledge machined in the receiver case. The
diaphragm is secured in the usual manner by clamping it
to the face of the case by means of a diaphragm cap. The

FIG. 83.— THE SUN RECEIVER.

Columbia receiver adopts the method of perforating the
diaphragm cap with a number of small holes instead of
a large central aperture. This is considered an advantage,
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as it prevents the curious or malicious from poking the
diaphragm with a pencil or other object, and thus bending
it out of shape. Doubtless this is an advantage from a
maintenance standpoint, and while it is asserted that this
method of making the diaphragm cap does not perceptibly
impede the delivery of sound waves to the air, it seems
almost certain that the larger number of small holes must
exercise some perceptible retarding action upon the air
impulses.

The model known as the Sun receiver, exhibits a pecu-
liarity in the adjustment of the pole pieces to the
diaphragm. As is shown in I'ig. 83, the model consists
of a case, body and a diaphragm cap. The magnetic sys-
tem is composed of two parallel bars that are united by
two bolts and filling pieces, those at the rear being of
magnetic and those in the front of non-magnetic material.
The pole pieces are secured to the front bolt and carry the
coil spools to which is bolted a heavy brass plate, on top
of which the diaphragm is placed. The pole pieces ex-
tend through the brass plate, which is faced off and forms
a bearing for the diaphragm. This brass plate bears
against the body of the case, and the diaphragm cap clamps
the diaphragm case and magnetic system together at a
single operation. 4

For the sake of easy comparison the data of the models
illustrated is collected into the following four tables: No.
VI, the magnetic system; No. VII, the pole pieces; No.
VIII, the line coils; No. IX, the diaphragm.
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TABLE VI.
Receiver Data. The Magnetic System.
|- £t | a
E ) g . S I .
AR -IREY
S . g 817 | 8 |od|as
z Name. S g'_, . '§E gl s gggaé
s 38| & [Eg|ERET
& z ﬁ ) a2 |<|2 (2] g L
1{A. B. T. Co. hand receiver......| .630 .25 D .50(.157(8.25( 588 4250; &
2/A. B.T Co. head receiv-r 425 | e (Y| -o.|-008]....| 437(8500] 2
8({Stromberg Carison hand re-
ceiver ... ... ... 625 | .24 [] | .32|.150/4.60 1332|550/ 1
4|American Elec'ric Telephone
Co. receiver .655 .25 Q .82/.164(4.25( 964(4750( 1
5/Kellogg switchboard & Sup
Ply OO, TECEIVET ovv.vnes .. 630 | 24| () | .38'.1513.50 1170[5400] 2
6|Manhattan hand receiver .628 .120 : 81.075/8.75| 864/4300| 2
7|Manhattan watch -case  re- <o
ceiver ees  aenee Steel | Cast'g & oor] oo 156(.... ..
8|Ericsson Telephone Co. re- Q
ceiver .622 .20 .50,.123/4.00 1177(6000| 1
9|Western Telephone Construc Q |
| tion Co. receiver .... 627 .24 .88 .151/8.50| 5534000( 1
10{Swedish-Americin receiver.... .628 B .%1.142 3.75| 761/4500| 1
11/Holtzer-Cabot receiver .. ..... 62| .28 N 88, 158/8.50 1
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CHAPTER III
TELEPHONE TRANSMITTERS.

THE magneto telephone is a reversible device and can
act either as a transmitter or as a receiver ; so Prof. Bell’s
invention solved the problem of the electrical transmission
of speech by providing an instrument that could be used in-
terchangeably at each end of the line. In earliest tele-
phone installations only a magneto was provided, which
was alternately a transmitter and a receiver, but it needed
but a brief experience to demonstrate that while the Bell
instrument was so efficient a receiver that the models of
to-day show but little change, it was eminently unsatis-
factory as a transmitter, for when the magneto telephone
1s used for transmission it is only possible to converse
over very short lines, and even under the most favorable
conditions one must so shout as to make the use of the
telephone a burden to the speaker, and an annoyance to
the listener. But the electrical transmission of speech,
even in the somewhat uncertain fashion of the earliest in-
struments, was so stupendous an achievement that every
inventor was aroused to an effort to improve, each seeking
to use some different electrical principle, either to pro-
duce a hetter instrument or to evade earlier invention.

Every transmitter so far invented operates upon one of
the following three principles: First, electromagnetic in-
duction ; second, electrostatic induction ; third, microphonic
contact. '

Electromagnetic Transmitters.— Naturally first en-
deavors were efforts at the improvement of the magneto

[144]
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telephone, and it presently appeared under a thousand dif-
ferent guises: Magnets were bent and contorted into
numercus curious and grotesque forms, instruments
equipped with several diaphragms appeared, and all the
possible combinations of the various parts of the receiver
were unearthed and tried, until inventors, weary of fur-
ther quest, decided that it was necessary to seek in some
other direction for an improved transmitter, and the mag-
neto instrument was relegated to the office of the receiver.
Nevertheless, for a full survey of the subject, a considera-
tion of the principles of the magneto as a transmitter must
not be overlooked, for the operation of that instrument
is not quite so simple as at first sight appears, and ex-
perts are not unanimous in the explanations offered. Some
are disposed to credit the ability to excite electrical waves
to a molecular motion of the particles of the iron core
under the magnetic changes produced by the movement
of the diaphragm. Doubtless this action exists, but it
appears insufficient to account for the results produced.

It has been believed that there is some sort of reaction
between the spirals composing the field coils — perhaps
partly due to an electrostatic action, and partly to an elec-
tromagnetic one. But this assumption seems also inade-
quate. It is certain that the motion of the diaphragm
does cause marked changes in the magnetic circuit, which
seem to be sufficient to explain upon the basis of electro-
magnetic induction the operation of the instrument as a
transmitter, and on the whole the balance of opinion favors
this explanation, though it is probable that all three actions
are operative.

If it be true that the ability of the magmeto instru-
ment, when acting as a receiver, to initiate sound waves
depends upon a varying magnetic field produced by elec-

10
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tric currents over the line, the greater the changes in
line current the louder the receiver will talk. Hence, the
object of the transmitter should be to produce the greatest
possible variation in such currents. When the magneto
instrument is used as a transmitter, its ability to create
pulsations in the line depends upon the amount of motion
which its diaphragm can make under the impulse of the
sound waves which it receives, and its limitations under
such circumstances are very obvious.

When one speaks into any transmitter, only a small
percentage of the energy of the sound waves reaches the
diaphragm. Owing to rigidity, molecular friction, losses
in the magnetic field and the conduecting system, the little
energy that affects the diaphragm is still further reduced,
so that it has been estimated that at the receiving end
only two or three-tenths of one per cent. of the energy ex-
pended at the transmitting end reappears as sound. Natu-
rally the first attempts at improvement were concentrated
upon the diaphragm in an endeavor to obtain a greater
excursion ; but in this direction the limitations were soon
reached, for while it is easy to secure a greater volume of
sound, distinctness of articulation is almost at once sacri-
ficed by the confusion which arises from the splitting up of
the diaphragm into parts which vibrate independently of
cach other. So to secure crispness and distinetness the
diaphragm must be thin, and vibrate throungh a small
space, considerations which obviously preclude a magneto
instrument from developing powerful impulses in the
line. '

Electrostatic Transmitters— One of the earliest at-
tempts to improve the transmitter was an effort to utilize
electrostatic induction instead of electromagnetic. A tele-
phone operating upon this principle was brought out by
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Mr. Edison in 187%7. Fig. 84 shows the generai method
adopted. In the model, A, 2 resonant chamber, V, having
a mouthpiece, was provided, around the circumference of
which a number of plates, I, were placed, which were
connected through a battery to the line. Just inside of this
row of plates a second set was placed, which were free to

A B

||||

F1G. 84.— CONDENSER TRANSMITTER.

vibrate under the sound waves. As the plates moved to
and fro they increased and diminished the space inter-
vening and thus varied electrostatic capacity. A more
practical model is shown at B, in which there are a num-
ber of metal plates free to move, separated by insulating
material. One set of plates is connected to one side of the
line and the other set to the other side. Speaking against
the front plate of the system sets up a vibratory motion
between all the plates, thus varying electrostatic capacity.
Instruments of this kind are found to give exceedingly
excellent articulation, and will act hoth as transmitter
and receiver; but like the magneto instrument, they are
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very deficient in power and can only be used on the short-
est lines and under the most favorable circumstances.

Microphonic Contact Transmitters.— The next step was
to provide some exterior source of electricity which should
be entirely independent of the motion of the diaphragm,
capable of delivering to the line any desired volume of
current, and then to arrange the vibrating system to be
merely a regulator or valve to control the amount of
current, so that it shall be proportional to the acoustic
waves. A somewhat similar example is that of a gun. The
energy that propels the ball resides in the charge of ex-
plosive, and a very feeble pressure upon a properly-ar-
-ranged trigger is sufficient to release an enormous amount
of energy. It was hoped that by providing a battery to
supply the electrical energy, a vibrating mechanism could
be invented that should control this current in accordance
with the sound waves. In other words, the transmitter
ought to be a valve operated by the sound impulses which
should allow more or less current to flow. In a rough way
an ordinary Morse key operates upon this plan, for under
the touch of the fingers it injects into the line squirts
of electricity from the battery, whose relative duration and
frequency form the telegraphic alphabet.

Tt was upon this plan that the old Reis telephone was
built, which consisted of a battery and a diaphragm that
carried a platinum contact which opened and closed the
circuit with every sound wave, but for the successful
transmission of speech something infinitely finer and more
delicate was necessary. In the Reis telephone the surface
of the bearings were made of polished platinum and all
possible pains taken to obviate the resistance, which even
at that time was well known to exist in a circuit contain-
ing an imperfect contact. Therefore, when the contact
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pieces touched each other there was essentially no vesist-
ance in the circuit, save that of the metallic conductors,
and if the contact pieces were separated by ever so small
an amount the resistance of the circuit was almost infinite.
It was a dead open-and-shut affair, with no possibility of
any intermediate condition that could render the grada-
tions necessary to articulate speech, so this apparatus was
only a slightly refined reproduction of the Morse key,
capable of sending little else than dots and dashes.

For several years prior to the appearance of the Bell
telephone it had been known that an imperfect contact
introduced great resistance into an electrical circuit, and
that this resistance would vary widely with the pressure
applied to the surfaces. But all inventors had ignored the

FIG. 85.— EDISON CARBON TRANSMITTER.

possibility of utilizing this fact in the construction of an
electro-acoustic valve that would produce a more powerful
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transmitter. In 1877 Mr. Edison produced a transmitter
whose operation he explained upon the theory of varying
pressure applied to a bit of carbon. This transmitter is
shown in Fig. 85. A B is the diaphragm against which
the sound waves impinge, in the center of which is a but-
ton, C', which presses against an electrode, D, which is in
contact with a thin circular cake, E, made of compressed
lampblack. This rests against a metal button that forms
the other electrode. Over transmitters utilizing either
electromagnetic or electrostatic induction this instrument
was a vast improvement, and it probably operated on the
principles now included in all carbon transmitters.

Mr. Edison is reported as explaining the operation of
this transmitter by assuming that the specific resistance of
the carbon button varied very greatly under pressure, and
that the slight changes in pressure, due to the motion of
the diaphragm, were sufficient to account for the improve-
ment in the volume of transmission. Experiments have
since shown that with any pressure up to the actual crush-
ing point of carbon there is too little change in its resist-
ance to make this theory a satisfactory one. About the
same time, Mr. Berliner, while practising with the Morse
key. discovered that the resistance of an imperfect contact
could be greatly varied by a slight change in the pressure
applied thereto, and, on April 4, 1877, filed a caveat in
the American Patent Office covering this principle. About
a year subsequently Prof. Hughes published a deseription
of an, instrument which he termed the microphone, on
account of its apparent ability to greatly increase the loud-
ness of faint sounds.

There seems little reason to doubt at all that both Ber-
liner and Edison were the earliest constructors of micro-
phonic transmitters; but, either owing to the reticence
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imposed by patent law, or by a failure to fully comprehend
the extent of the discoveries embraced in their models,
these inventors failed to describe their inventions in so
clear a manner as to reserve to themselves the full credit
thereof. Prof. Hughes sought no patents and certainly
was the first one to fully and clearly describe the action
of the microphonic contact.

FIG. 86.— ILLUSTRATION OF HUGHES MICROPHONE.

A microphone built upon the Hughes plan is illustrated
in Fig. 86, from which it is seen that the foundation of
the instrument consists of a box which acts as a resonant
chamber. In the illustration a cigar box is used to show
how easily such an instrument can be made. Upon the
box a small piece of carbon is placed upon which a lead
pencil or any piece of carbon rod stands, the upper por-
tion of which leans lightly against another carbon block.
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A dry cell and a receiver are placed in circuit with the
carbon pencil; if, under these circumstances a faint sound
wave impinges upon the box, the receiver will emit a
greatly intensified reproduction, and by adjusting the car-
bon rod so that a very poor contact is made with the carbon
blocks, the instrument can be made almost incredibly sensi-
tive. The ticking of a watch placed upon the sound board
reappears as the roar of a boiler shop. The footsteps of
a fly become the tramp of an army, and if carefully ad-
justed the microphone talks astonishingly as compared
with the transmitters of twenty-five years ago.

In describing the operation of the microphone, Prof.
Hughes recognized that an imperfect contact, which had so
long been the béte noir of the electrician was responsible.
He assumed that in the case of an imperfect contact a great
resistance was introduced into the circuit, but that a very
slight change in pressure was able to vastly change such
resistance, with a cdorresponding increase or decrease in
the current. For telephonic purposes the very thing which
electricians had striven to avoid was the one solution of
the problem. Prof. ITughes showed that the material of
which the microphone was constructed mattered little, and
that almost any substance would be operative provided
the contract between its surfaces was poor. As shown in
Fig. 87, it is feasible to construct an excellent microphone
out of three serews, one of which is laid across the other
two, and it matters little whether they are iron or brass,
only the older, dirtier and more rusty, the better. The
operation of the microphone is explained as follows: Un-
der normal conditions the carbon rod stands loosely upon
the lower block, and leans very lightly against the upper
one. There are, therefore, two places of contact between
which the pressure is exceedingly small. Consequently,.
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the resistance of the circuit at these points is large and but
litile current will pass. Suppose a sound wave impinges
upon the apparatus, throwing all of its parts into vibration.
Owing to inertia, the carbon rod and the blocks do not

FIG. 87.— ANOTHER FORM OF HUGHES MICROPHONE,

move mathematically together. Consequentiy, the pres-
sure between the contact surface varies with every sonorous
intonation, increasing and decreasing as the wave ebbs and
flows and exaetly in proportion thereto. Now, while the
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actual change in pressure between the surfaces is exceed-
ingly small, even when measured in a fraction of a grain;
yet the fact remains that an almost inconceivably minute
change in pressure can produce a relatively very great
change in the electrical resistance of a bad contact. There-
fore, a small sound wave may produce a great variation in
the current traversing the receiver, and so excite in its dia-
phragm vibrations of great amplitude, with a production
of correspondingly loud sounds. The microphone does
not magnify sound in the same sense in which the micro-
scope enlarges the object at which one gazes, for the re-
ceiver only repeats the energy changes in the current in the
circuit, and these energy changes may, or may not, faith-
fully repeat the sound waves that originated them. The
fact that under the very best conditions speech reproduc-
tion is markedly imperfect is conclusive evidence that
microphonic reproduction is by no means infallible. While
it is certain that the success attending the employment of
the microphone as a speech transmitter is due to the
changes in contact resistance, we are quite in the dark as
to how a slight change in pressure is able to effect such a
marked change in resistance. There are four theories,
none of which is entirely satisfactory, and it is probable
that all play a part.

First, there is the theory originally advanced by Mr.
Edison that a change in pressure effects an actual change
in the specific resistance, of the material employed. This
theory has probably the least support.

Second, it is believed that upon the surface of bodies
resembling carbon, air and other gases exist in a peculiar
state of condensation about which very little is known, and
that very slight variations in pressure affect both the thick-
ness and the state of condensation of the gas envelope that
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encloses every particle. It is supposed that this variation
may be sufficient to account for the changes in resistance.
Mr. Berliner has recently advocated this explanation.*

Third, according to the atomic theory, it is supposed that
even in the densest solid the ultimate molecules are not in
contact, but are separated by spaces which, in proportion to
molecular sizes, are very great, and that the cohesive
attraction to which the strength of all bodies is attributed
is not due to actual contact between the particles, but
merely to the fact that many of them have come within
each other’s sphere of attraction. In the case of a bad con-
tact it is imagined that only a few molecules of one body
are close enough to those of the other to be within this
sphere.  So it is quite conceivable that a wery slight in-
crease in pressure might result in squeezing an enormously
greater number of molecules within each other’s orbit. On
the whole, this theory seems to be the most probable, and
has the greatest number of adherents.

Fourth, it is imagined that between the carbon particles
slight ares may form, and that as the resistance of carbon
varies very rapidly with changes in its temperature a
slight current may warm the carbon sufficiently to lower
its resistance markedly. This would cause a still greater
current to flow, with further heating, so that the carbon
would react upon itself and continually allow more and
more current to pass. That ares do form in earbon trans-
mitters, experience amply proves, but so soon as they oceur
the quality of transmission almost immediately changes
and the listener is at once made aware that something un-
usual is happening. Usnally the character of transmis-
gion is unfavorably affected, so that this explanation seems
inadequate.

* See American Electrician, March 7, 1897.
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Whether any or none of these hypotheses shall prove to
be the true explanation of microphonic contact, the future
only can decide, but whatever that verdict shall be, it is
certain that to-day every successful commercial transmitter
is a microphone in some form or other, and so a study of
commercial instruments leads to a classification according
to the way in which microphonic contacts are employed.

1st. The single-contact transmitter.

2d. The series-contact transmitter.

3d. Multiple-contact transmitter.

4th. Multiple-series transmitter, or granular instru-
ments. .

First, Single-contact Instruments.— The first micro-
phone was a earbon pencil leaning against a pair of carbon
blocks. To make a microphonic transmitter it was essen-

FIG. 88.— BLAKE TRANSMITTER, SHOWING MECHANISM.

tial to put this apparatus in commercial shape. This re-
sulted in the famous Blake transmitter, invented by Fran-
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cis F. Blake, of Boston, which for many years was almost
solely employed by the American Bell Telephone Co., and
which to-day may be seen in some localities, although the

FIG. 89.— BLAKE TRANSMITTER, SHOWING BUTTON.

more modern solid back has almost displaced it. The
general appearance of the Blake transmitter is shown in
the Frontispiece, while Figs. 88 and 89 are from two
photographs of the instrument opened. A section and
an elevation of the transmitter mechanism is shown
in Fig. 90. The Blake transmitter consisted of a
small black walnut box 5 9/16 in. wide X 6 11/16 in.
high and 213/16 in. deep, the dimensions being over all.
The object of the box was to provide a receptacle for the
induction coil and to protect the working parts of the trans-
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mitter from injury. The mechanism was placed inside
the door of the box, the center of which was, on the outside,
hollowed to a trumpet-shaped cavity, containing a hole in
the center through which the sound waves could impinge
upon the diaphragm. Fig. 90 gives a section through the
mechanism and the elevation of the inside of the door. A
heavy brass ring, e, was screwed to the door, which formed

o:_"
")

R
.

¥1G. 90.-— BLAKE TRANSMITTER, SECTION AND ELEVATION.

the foundation of the transmitter. A diaphragm of sheet
iron 2% in. in diameter and .013 in. thick, whose edges
were covered with a rubber strap, was placed in the center
of this ring, and retained in place by means of a clamp, g,
and a rubber-tipped damping spring, f. Upon the founda-
tion ring two lugs, & and 7, were cast. From the upper
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Iug, h, a U-shaped piece of brass was suspended by means
of a german silver spring, d. In the lug ¢ the adjusting
screw, 7, is inserted, which bears upon the U brass at n.
The carbon button was 2 in. in diameter and § in. in thick-
ness. It was made of the purest and most homogeneous
carbon, free from grit and with a surface as highly pol-
ished as possible. The button was spun into a case, ¢,
which may be of any convenient size sufficient to ade-
quately hold the button, and the whole affair suspended
from the upper end of the U brass by means of a small
steel sprlng .01 of an inch thick and 9/64 in. wide, over
which is slipped a rubber band to prevent vibrations. A
german silver spring, p, about .005 in. thick and 4 of an
inch wide armed at its lower extremity with a minute
globule of platmum was likewise attached to the upper
end of the plece b, and so adjusted that the platinum
bead stands in the center of the carbon button, and be-
tween the button and the diaphragm. When in proper
adjustment the german silver spring should press gently
against the carbon so as to follow the latter when it is
pulled away for a distance of about  in. and then leave it.
The steel spring is adjusted while speaking into the trans-
mitter by varying the tension with the screw, =, until the
listener reports the most favorable result. With the Blake
transmitter commercial telephony became a possibility,
and so far as clearness and fineness of articulation is con-
cerned few, even of the most modern instruments, equal
the Blake, and it is doubtful if any sensibly excel it. But
the Blake, even under the most favorable circumstances, is
so deficient in volume that even upon short lines, those
whose hearing is in the slightest below normal, ﬁnd the
use of the telephone an impossibility, and upon long lines
it is impractical for any.
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Second, The Series-contact Transmitter.— This type of
instrument is represented in Fig. 91, one form of the many
instruments proposed, which should embrace several micro-
phonic contacts in series with each other. A diaphragm,

FIG. 91.— SERIES-CONTACT TRANSMITTER.

D, was furnished with a plunger, M, behind which a tube,
T, was placed that contained a number of carbon bullets.
The rest of the construction of this model is self-evident
from the illustration. Transmitters of this description
have not been markedly successful, and from our present
conceptions of the operation of the microphone contact, one
is likely to wonder at the expenditure of so much time and
energy upon series contacts, for it is very obvious that if
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the operation of the transmitter is to be that of a valve it
is either necessary to make one valve large enough to ac-
commodate the maximum desired current or to put a nun-
ber of valves in muléiple, as it is manifestly impossible that
one valve in series with another of the same capacity can
transmit a greater volume than a single one is able to pass.

Third, The Multiple-contact Transmitter.— It was soon
perceived that it was hopeless to expect great improvements
from the series-contact instrument, and designers then
turned attention to arranging contacts in multiple in order
to obtain a greater volume of current without interfering
with the delicacy of control. A typical instrument on the

FIG. 92.— MULTIPLE-CONTACT TRANSMITTER.

multiple-contact plan is shown in Fig. 92, and all instru-

ments of this class are similar in general construction.

. There is a case, 11, provided with a mouthpiece, 13, behind
11
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which a diaphragm, 15, is situated. In the center of this
diaphragm a carbon button, 40, is secured by means of a
screw, 42, through the center of the dlaphragm - This car-
bon button has a V-shaped groove cut in the face opposite
the diaphragm. Upon the rear of the case, enclosing the
apparatus, a second carbon button, 32, is attached which
carries a similar V-shaped groove, the two buttons being
adjusted with reference to each other, so that these two
grooves are concentric. When the instrument is assembled
a series of carbon balls, 41, about as big as No. 8 shot, are
placed in the rectangular cavity formed by the V-shaped
grooves. By this means quite a number of microphonic
contacts in parallel may be obtained. The angles of the
groove are such that the carbon balls by gravity always
tend to assume the lowest position and normally lie in con-
tact with the two buttons; thus any vibration of the dia-
phragm will cause a variation in pressure between many
and probably all of the contacts thus provided. Multiple-
contact instruments have been much more successful than
the series-contact type, and at present several models are
manufactured and are fairly successful.

Fourth, Multiple-series Transmitters or Granular In-
struments— To carry the multiple-contact idea to the
extreme is to provide a transmitter with a multitude of
such contacts. The first, and most famous, instrument of
this type is the Hunning transmitter, illustrated in Fig.
93. It was an exceedingly simple device, consisting of a
case, B, containing a hollow receptacle, in front of which
a diaphragm, D, was placed. This diaphragm was in the
first model made of platinum, while the rear of the case
was lined with a similar material, and the intervening
space filled with powdered carbon, or in other words the
carbon bullets of Fig. 92 were made as small as possible
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and as numerous as possible.  This so-cailed granular in-
strument has formed the foundation of all of the modern
tvpes, and has, to all intents and purposes, practically dis-
placed every other design.

FIG. 93.— HUNNING TRANSMITTER.

The Hunning transmitter was at once recognized as
much more powerful than any of its predecessors. Unfor-
tunately, it was afflicted with a disease, toward the remedy
of which all subsequent inventors have directed their
efforts with as yet but partial success. This difficulty is
known as “packing ” and seems to be due to the gradual
settlement of the carbon granules undgr the inevitable jar-
ring and vibration to which the instrument is subjected,
into a compact mass at the bottom of the receptacle which
holds them, and under these circumstances the contact
between the granules is no longer affected by the slight
change of pressure produced by the diaphragm and the
instrument ceases to talk.

In some systematic investigations upon the relation be-
tween pressure and transmission, conducted at the Massa-
chusetts Institute of Technologv it was shown that the
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operation of a Blake transmitter depended partly upon the
pressure which the springs holding the carbon button and
platinum globule exerted, and partly upon the inertia of
the button itself. In order to eliminate one of these
factors Mr. Anthony C. White carried on an extended in-
vestigation, which resulted in the production of the “Whate
transmitter ;” usually known as the “ Solid Back,” from

FIG. 94.— SOLID-BACK TRANSMITTER.

the fact that the rear clectrode, instead of being mounted
upon a spring, as in the case of the Blake instrument, was
made as rigid and substantial as possible. The complete
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White Solid Back is shown assembled in Fig. 94. Fig. 95
shows the transmitter head. In Figs. 96 and 97 the rear
of the case is removed. In Figs. 98 and 99 the instrument
is entirely dissected, while in Fig. 100 is a full-sized sec-
tional drawing.

FIG. 95.— WHITE SOLID-BACK TRANSMITTER HEAD.

F1G. 96.— SOLID-BACK WITH CASE REMOVED.

There are four essential parts: A base plate, E, Tig.
100: This is a solid, substantial brass plate, 3% in. over all,
in the center of which a #-in. hole i9 cast and threaded for
the reception of a funnel-shaped rubber mouthpiece. The

’
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FIG. 97.— SOLID-BACK WITH CASE REMOVED (SIDE VIEW).

D .

FIG. 98.— SOLID-BACK PARTLY DISSECTED.
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inside of thig brass plate is faced off for the reception of
the diaphragm, D. This is now usually made of alumi-
num 24 in. in diameter and .022 in. in thickness. Experi-
ence has shown that the aluminum is likely to corrode
under the moisture deposited from the breath, and it is
now customary to thoroughly varnish the diaphragm as a
protection. The diaphragm is surrounded with a soft

¥IG. 99.— SOLID-BACK COMPLETELY DISSECTED.

rubber band of sufficient width, so that it laps around the
edge of the diaphragm 4 in. This forms a cushion and
affords an even bearing between the diaphragm and the
face place. A piece of brass 1 in. wide and  to 3/16 in.
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in thickness, termed the “bridge,” M, is substantially
bolted across the front of the face plate. This metal piece
is bent in the form of a U in order to afford room for the
capsule which contains the granular carbon. As is shown
in Figs. 98 and 99, this capsule consists of a brass cup £ in.

FIG. 100.— SECTION OF SOLID-BACK (FULL SIZE).

in diameter and 5/16 in deep. Upon the rear of this cup
a stud projects which passes through the bridge and is
secured therein by a nut, a set-screw and lock-nut. Upon

the bottom of this brass cup the rear electrode is placed.
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This consists of a carbon disc as hard as possible, and care-
fully and Lighly polished, 21/32 in. in diameter and 1/16
in. in thickness. Over the front of this brass cup a mica
diaphragm, O, is placed and secured by a circular ring of
brass, which is screwed down on top of the diaphragm,
clamping it to the front edge of the cup. This diaphragm
is 27/32 in. in diameter and as thin as the mica can be
readily split. The front electrode consists of a piece of
carbon similar in all respects to the rear electrode. Both
carbons are electroplated and soldered to their respective
holders. The support for the front carbon consists in «
dise-shaped piece of brass having a threaded stem, P.
This passes through the mica diaphragm and by means of
a nut, O, the electrode and the mica diaphragm are
clamped firmly together. Then the stem is inserted in a
hole in the diaphragm and secured by means of a second
nut, B. Two damping springs, ¥, made spring steel 11/32
in. wide, 1/100 in. thick, 1 7/16 in. long, bent to be at
right angles when not in place, and tipped with rubber, are
employed to check vibrations of the diaphragm, and se-
cured by two serews to the face plate, as indicated in Figs.
96 and 97. One pole of the battery is connected to the
framework, B, of the transmitter and current reaches the
rear electrode; passing through the granular carbon it
reaches the front electrode, thence to the nut, O’, and
thence by a fine wire soldered thereto, to an insulated ter-
minal, S, to which the other battery pole is attached
(Fig. 96). The essential features of the White Solid
Back are thus seen to he: A substantial support for the
rear electrode; a capsule to contain the granular carbon
between carbon electrodes, closed in such a manner as to
be air-tight and moisture-proof, and to permit the freest
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possible motion of the front electrode; a vibrating dia-
phragm rigidly attached to the front electrode, so as to
convey to it its motion in the freest manner; finally, the
whole apparatus covered by a thin cap of spun brass,
which is turned to fit against a shoulder in the face plate
and secured thereto by means of four screws.

The perfection of the solid back marked an important
era in the development of the transmitter. It was so suc-
cessful that since its completion the American Bell Tele-
phone Company have discontinued the use of other forms
and have gradually replaced those of earlier construction
with the solid back, until now it is rare to find any other
in use. Since the original design of Mr. White there has
been little change in the solid back, excepting in minor
matters of detail, and when the patent situation became
such as to invite the more courageous of independent tele-
phonists to undertake the manufacture of transmitters, the
first effort was to copy the solid back in an attempt to pro-
duce a model which should equal it; so the majority of
transmitters upon the market are more or less close imita-
tions thereof. In most respects the attempt has been made
to keep each transmitter as near as possible’to the original
type without patent infringement, but some builders have
shown considerable ingenuity in changing the details of
construction and some have even gone so far as to entirely
depart from the fundamental principles. Transmitters,
therefore, can be divided into three classes:

1st. The solid backs, or those which are, to all intents
and purposes, copies of the White.

9nd. The elastic cell transmitter, in which there is no
secondary flexible diaphragm, but the receptacle contain-
ing the carbon is made of elastio material (such as a ring
of felt) and the diaphragm is pressed directly against this
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ring. Such instruments are described more forcibly than
elegantly by the term of “ Cornplaster” transmitters.
3rd. Double diaphragm transmitters.
Considering the first class, the transmitter manufactured
by the Kellogg Switchboard & Supply Company is a prom-
inent example. A full-size section through the Kellogg

FIG. 101.— SECTION OF KELLOGG TRANSMITTER, FULL SIZE.

transmitter is shown in Fig. 101. In Fig. 102 the rear
cap is removed. In Fig. 103 the instrument is entirely
dissected and in Fig. 104 a front view of the diaphragm is
shown. The section of Fig. 101 shows the instrument to
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consist of a solid face plate, a, which is almost exactly simi-
lar to that of the White instrument. A hard rubber mouth-
piece, a' is threaded into a hole into this plate. There is
a perforated partition just in front of the diaphragm, the
object of which is to prevent injury to the transmitter from
the too curious, who often like to investigate a telephone
by poking it with a lead pencil. Across the base plate and
bolted thereto a substantial brass bridge, &, is placed. As
shown in Figs. 102 and 103 this bridge differs from that

FIG, 102.— KELLOGG TRANSMITTER,
CASE OPENED,

used in the White instrument in being perfectly straight.
The diaphragm, b, Fig. 101, is made of aluminum essen-
tially the same size and thickness as that used in the
White transmitter, but possesses a distinct feature in that
the receptacle to hold the front electrode and the granular
carbon is formed in the diaphragm by pressing a cup-
shaped depression in the center.

This construction is shown clearly in Figs. 103 and 104.
The front electrode, d?, Fig. 101, is a thin, flat piece of
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carbon highly polished and brazed to a brass dise, d, fur-
nished with a short, small stem, d'. This is inserted in a
hole drilled in the center of the bottom of the cup pressed
in the diaphragm and by means of the nut, d?, the electrode
is clamped in its place. The rear electrode, d*, in Fig.
101, is formed of a similarly shaped dise of carbon about

4 ar

FIG. 103.— KELLOGG TRANSMITTER DISSECTED.

1 in. less in diameter than the front electrode. It is also
brazed to a brass dise provided with a shank, ', placed in
the center of a circular mica disc, e.  On the outside of the
mica disc a brass nut, g, is slipped over the shank, f?, and
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clamped by means of the nut, g°. The necessary amount
of granular carbon is placed in the cup, the rear electrode
inserted ; the mica washer then covers the entire opening of
the cup. A thin aluminum ring is then placed over the
mica washer and riveted. This hermetically seals the elec-
trodes and enclosed carbon. The shank of the brass dise,
¢, is then inserted in the bridge and clamped in its proper
place by a set-screw. By this design the rear electrode is
clamped firmly against the bridge, but the entire cup con-
taining the front electrode and carbon vibrates with every
motion of the diaphragm. So the first essential difference
between the White transmitter and that of the Kellogg
Company is that in the White instrument the carbon recep-
tacle is-fixed and in the Kellogg instrument it is movable.
It is claimed that this motion of the carbon receptacle is
efficacious in preventing packing, because the carbon is

F1G. 104.— KELLOGG TRANSMITTER DIAPHRAGM.

constantly in motion. This has not conclusively been
proven, and it is doubtful if the motion of the diaphragm
is sufficient to be of material aid in stirring up the carbon
granules. There is much evidence to show that prevention
of packing is more a matter of mechanical design in obtain-
ing the relative, proper sizes of electrodes, diameter of
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carbon receptacle, thickness of layer of carbon and proper
sizing of the individual granules, than to any method of
stirring up the transmitter in order to release the granules
from a clamped position. Fig. 105 shows two comparative
sectional views of the White and Kellogg transmitters,
with all superfluous parts removed, to bring the salient
features into relief. In the White the diaphragm carries
nothing but the front electrode, and the only hindrance to
its motion is the stiffness of the mica diaphragm. In the
Kellogg there is ‘the additional burden of the granular
carbon. To form the cup in the center of the diaphragm
would seem to injure its acoustic qualities. A prior: the
White would seem the better model, but tests seem to
show that the transmitting powers of both instruments are
nearly if not quite equal. The circuit of the Kellogg trans-
nitter is very similar to that of the White, inasmuch as
the diaphragm is connected to an insulating binding post
placed upon the bridge, to which one of the line terminals
is attached. This affords electrical connection with the
rear electrode. The front electrode is insulated by the
mica washer and the rubber ring which encloses the dia-
phragm. Therefore, by connecting the other line terminal
with the transmitter case, circuit is obtained through the
carbon granules.

Not only in the general principles of construction, but
also in exterior conformation the various transmitter man-
ufacturers have closely adhered to the design of the first
solid back. This is evidenced by Fig. 106, showing a
group of seven transmitters, of which the following is a
list:

A. Swedish-American transmitter.

B. Wilhelm transmitter.

C. Intensifving transmitter.

D. Manhattan transmitter.
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FIG. 107.— AMERICAN TRANSMITTER WITH COVER REMOVED.
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FIG. 108.— AMERICAN TRANSMITTER DISSECTED.
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E. Century transmitter.

F. Ericsson transmitter.

G. Williams transmitter.

These instruments and a few other models will be de-
scribed somewhat more in detail.

The American Transmitter.— This transmitter is shown
in Fig. 107, with the cover removed, and in Fig. 108 en-
tirelv dissected. It consists of a heavyface plate carrying an
aluminum diaphragm, cushioned by a rubber strap. Across
the face plate a brass bridge is serewed, as shown in Fig.

FIG. 109.— INTENSIFYING TRANSMITTER.

107, the capsule being included between the diaphragm
and the under side of the bridge. The cover of the trans-
mitter is a hemispheric case of spun brass fastened by two
specially-formed nuts, which prevent its removal excepting
with the aid of a particular tool which will fit the nuts in
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FIG. 110.— INTENSIFYING TRANSMITTER DISSECTED.
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question. In Fig. 108 the bridge is removed and turned
upside down. The capsule containing the granular carbon
consists of a thin spun brass cup, over the face of which a
mica diaphragm is placed, and the entire capsule closed by
spinning a brass washer over the mica and the edge of
the cup. ‘

The Intensifying Transmitter.— This model is shown
assembled, with the cover removed, in Fig. 109; in Fig.
110 the instrument is entirely dissected, excepting the cap-
sule, while in Fig. 111 the parts of the capsule are shown.
The foundation of the instrument is a heavy cast brass
plate 31 in. over all. The diaphragm is of polished alumi-
num 2% in. in diameter and .021 in. thick. The rubber
strap which forms a cushion for the diaphragm is 2% in.
long X 4 in. wide. The bridge is a piece of wrought brass
3 X 4 in. thick and secured to the case by four screws. The
springs are clock springs .01 in. thick, 5/16 in. wide and
24 in. long, and bent at right angles. Each spring is
tipped with rubber. One spring bears upon the rubber
strap surrounding the diaphragm, while the other is placed
half way between the diaphragm and the capsule. The
capsule consists of a spun brass cup § in. in diameter in-
side,'3/16 in. deep and .015 in. thick. In the bottom of
this capsule the rear electrode is placed, which is § in. in
diameter and is soldered to a brass support that extends
to the bridge. The front electrode is also of carbon § in.
in diameter. Each electrode, including the brass sup-
ports, is .067 in. thick, giving a space of .07 of an in.
between the faces of the electrodes. The front electrode
is placed in the center of a mica disec § in. in diameter,
.003 of an in. thick. This disc, as is shown in Fig. 111, is
secured to the face of the cup by means of four screws and
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a brass ring. The cup is filled with 8 grains of granular
carbon. One electrode is connected to the case of the in-
strument, while -the other runs to an insulating binding
post upon the bridge and thence by means of a rubber-
covered wire to the brass washer that clamps the mica dia-
phragm.

The Transmitter of the Western Electric Supply Com-
pany.— The rear cap of this model is shown removed in
Fig. 112, while the instrument is dissected in Fig. 113.

FIG. 111.— PARTS OF TRANSMITTER CAPSULE.

There is the usual cast face plate 3% in. in diameter over
all.  The diaphragm is rough aluminum 2% in. in diam-
eter by .023 in. in thickness. The bridge is 15/16 in.
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wide and ¢ of an in. in thickness. It is surmounted in the
center by a substantial block of hard rubber 5/16 in. thick,
1 in. wide and 1% in. long. In the center of this block is
a brass bushing which supports the capsule. The leading-

FIG. 112.— WESTERN ELECTRIC SUPPLY TRANSMITTER.

in wires run to the rubber block and are thus connected
respectively to the front and rear electrodes. The capsule
consists of a brass ring 11/16 in. in diameter and £ in.
deep. Upon each side of this ring two mica washers are
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placed § in. i diameter and .005 of an in. thick. The elec-
trodes of carbon are each § in. in diameter and clamped
to its respective mica dise. The dises arc then placed
upon the ring and over each mica dise another brass ring

L I . ]

FIG. 113.— WESTERN ELECTRIC SUPPLY CO. TRANSMITTER DISSECTED.

is fitted and secured by means of four small ears, which are
pinched underneath a ledge upon the center ring. Thus,
in this model the front electrode can move to and fro with
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the diaphragm and also the entire capsule is movable
through the elasticity of the mica washer that is supported
on the rear electrode.

The Century Transmitter— This transmitter re-
sembles in some respeets that made by the Western Elec-
tric Supply Company. The Century transmitter, how-
ever, differs in having its diaphragm made of iron 2% in.
in diameter and .018 in. thick covered with varnish to pre-
vent rusting. There are two carbon electrodes each 4 in. in
diameter, the rear one screwed to a bridge made of cast

FIG, 114.— CENTURY TRANSMITTER.

brass. In Fig. 114 the Century transmitter with the rear
cover removed is shown, while in Fig. 115 it is dissected
entirely. The capsule is made of a piece of very thin
rubber tube, about § of an in. in diameter and 5/82 in.
long. It contains a piece of felt to which two mica discs
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FIG. 115.— CENTURY TRANSMITTER DISSECTED.



188 TELEPHONY.

are cemented. Each carbon electrode is supported by a
disc of brass about § of an in. greater in diameter than
the electrode, and after the capsule is filled with 10 grains
of granulated carbon the mica washers are cemented to the
felt ring, thus retaining the capsule in position. In this
instrument both the front electrode and the entire capsule

FIG. 116.— STROMBERG-CARLSON TRANSMITTER ASSEMBLED,

FIG. 117.— STROMBERG-CARLSON TRANSMITTER OPENED.

can move with the vibration of the diaphragm, but here
all comparison of the previously-mentioned transmitter
ceases. To check undesirable vibrations of the diaphragm
the Century transmitter provides two thin-pronged iron
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springs, as shown in Fig. 115. Each of these is secured
to the edge of the face plate by means of two screws, as is
shown in Fig. 114.

The Stromberg-Carlson Transmitter—The first of the
so-called ““ Cornplaster ” type transmitters, and one of the
widest known models is that manufactured by the Strom-
berg-Carlson Company, as shown in elevation in Fig.
116, and opened in Fig. 117. This transmitter differs
materially from the designs, so far illustrated. It is
much smaller and lighter, for the case consists merely of
two pieces of pressed brass. The diaphragm is of tin
and is secured in the front half of the case by two springs,
as shown in Fig. 117. In the center of the diaphragm a
piece of wire gauze, which has been gold-plated, is placed,
and serves as the front electrode. Upon the rear half of
the case there is another piece of gold-plated gauze, form-
ing the rear electrode. Between these two there is a round
felt ring which is about two-thirds filled with granular
carbon. When the ring is in place the two halves of the
transmitter are put together and riveted, so that it is im-
possible to open the instrument without mutilating it.

The Swedish-American Transmitter.— The transmitter -
manufactured by the Swedish-American Telephone Com-
pany is shown assembled at A in Fig. 106. In the bottom
of the casting, supporting the transmitter arm, the induc-
tion coil for local battery instrumrents is placed, the termi-
nals of which may be seen in the illustration. Fig. 118
shows this transmitter with the rear cap removed, and in
Fig. 119 it is dissected. The face plate is of cast brass, 38
in. in diameter. The bridge is peculiar in that it is a sub-
stantial piece of sheet brass, formed in' a die, as shown in
Fig. 119, thus obtaining one of the stiffest and at the same
time one of the lightest designs. There are two springs that
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FIG. 118.— SWEDISH-AMERICAN TRANSMITTER DISSECTED.



TELEPHONE TRANSMITTERS. 191

are screwed to the bridge piece directly, each of which has
two points; thus there are four points of spring contact
on the diaphragm to check undesirable vibrations. The
capsule is made of two pieces, one being a pressed brass cup,
into which a grooved ring, carrying the front electrode, is
placed and secured by four screws. The rear electrodes

FIG. 119.— SWEDISII-AMERICAN TRANSMITTER, CAP REMOVED.

are  of an in. in diameter and the front % of an in. and the
eup is filled with 10 grains coarse granular carbon.
Ericsson Transmitter.— The Ericsson Telephone Co.
presents a transmitter which is somewhat unique in
design and differs decidedly from most of those of Ameri-
can manufacture. In Fig. 120 a combined transmitter
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FIG. 120.— ERICSSON COMBINED TRANSMITTER AND RECEIVER.
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and receiver is shown, and also a model of the transmitter
by itself. In Fig. 121 the transmitter of the combined
model is shown dissected. In Fig. 122 the individual
transmitter is opened, while in Fig. 123 it is completely

. e—

FIG. 121.— ERICSSON INSTRUMENT DISSECTED.

dissected. In many respects the Ericsson transmitter re-
sembles that manufactured by the Stromberg-Carlson
Co.

13
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The transmitter consists of a case of two parts 4 in.
thick and 2% in. in diameter, made of pressed brass. The
front half carries the diaphragm, as is shown in Fig. 122.
This is of iron 2} in. in diameter and .012 in. thiek.
The front electrode consists of a piece of brass in which a
number of corrugations are punched, as is shown in Figs.
121 and 122. This front electrode may or may not be gold-
plated, and is secured to the front of the diaphragm by
means of a screw and carried to one side of the case and
then attached underneath one of the springs, which check
diaphragm vibrations. The capsule containing the carbon
is curious. It consists in the first place of a pressed brass
cup, as shown in Figs. 121, 122 and 123. This is lined
with a celluloid washer, upon which a spider-shaped copper
spring is placed. On top of the copper spring a carbon
electrode is secured and then around this electrode a felt
ring 5/16 in. thick and 1} in. in diameter is placed. In
the center of the electrode a little bit of felt is placed, as
shown in Fig. 121. The interior of the felt ring is filled
with 12 grains of coarse granular carbon. The carbon
electrode is 7/16 in. in diameter, and contains three cir-
cular grooves. The diaphragm is protected by means of
two heavy layers of oil silk and is cushioned by two rings
of blotting paper.

The Manhattan Transmitter.— The transmitter manu-
factured by the Manhattan Telephone Co. is shown at
D, Fig. 106. In Fig. 124 the rear cover is removed and
in Fig. 125 the instrument is dissected. There is a light
brass face plate fashioned in the usual manner, which
contains a rough aluminum diaphragm 2% in. in diameter
and .021 in. thick. On this diaphragm a heavy piece of
flannel is cemented, and in the center of the flannel is
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F1G. 122.— ERICSSON TRANSMITTER PARTS.
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FIG. 123.— ERICSSON TRANSMITTER DISSECTED.
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placed a carbon electrode 4 in. in diameter. The rear elec-
trode is designed to combine both the functions of an elec-
trode and of a capsule for retaining the granular carbon.
It consists of a round earbon block, having a deep cavity
and a sharp edge, as shown in Fig. 125. This carbon
block is ¥ in. more in diameter than the front electrode

FIG. 124.— MANHATTAN TRANSMITTER WITHI REAR COVER REMOVED.

and is filled with 8 grains of granular carbon; then the
diaphragm is placed over it so that the flannel covers the
sharp edge of the cup. The bridge, § in. wide and 1/16
in. thick, is then placed over a stud to which the carbon
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FIG, 125.=— MANHATTAN TRANSMITTER DISSECTED.
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. FIG. 126.— WILLIAMS TBANSMITTER DISSECTED.
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cup is attached and the whole placed upon the face plate,
the bridge being secured by two screws.

This design relies upon the elasticity of the felt to seal
the circumference of the carbon cup and to retain the
granular carbon in position. The general construction of
the instrument prior to the removal of the bridge may be
readily seen from Fig. 124.

The Williams Transmitter.— This instrument is shown
in Fig. 104 at G and in Figs. 126 and 127 dissected. The
general shape of this transmitter is similar to all of the
solid backs which use a hemispherical cap, but in this case
both the front and rear of the instrument are of brass
.08 in. in thickness. The diaphragm is of carbon 2§ in.
in diameter and .038 of an in. thick. It is placed directly
upon the front half of the case without any cushion. The
front of the carbon is covered with a heavy layer of var-
nish, presumably to make the carbon moisture-proof. The
bridge consists of two parts, as shown in Fig. 127, a cir-
cular ring stamped out of brass, and a cross bar which is
attached thereto by means of four insulated screws and
rubber washers. This cross piece carries a spring .018 of
an in. thick and 2 in. long. The rear electrode consists
of a disc of brass 14 in. in diameter and .022 in. thick.
This plate is dished in the center and provided with a

small spool-shaped projection having a sharp point. This
~ projection engages with the spring on the bridge, and the
point centers in an adjusting screw that runs through the
middle of the bridge plate. On the face of this electrode
a ring of felt 1% in. in diameter over all, % in. thick, with
a $-in. hole, is cemented. This is filled with 8 grains of
granular carbon and pressed directly upon the rear of the
carbon diaphragm. It is evidently the office of the spring
upon the bridge to keep the rear electrode and its ring of
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FIG. 127.—WILLIAMS TRANSMITTER LISSECTED.
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felt pressed tightly against the carbon diaphragm, while
the adjusting screw is supposed to secure the necessary
solidity by impinging upon the sharp tip which projects
from the rear of the brass plate.

rIG. 128.— WILHELM TRANSMITTER ASSEMBLED.

The Wilhelm Transmitter.— The Wilhelm transmitter
assembled is shown in Fig. 128. It resembles the Ericsson
and Stromberg-Carlson by consisting of a brass case 2§ in.
in diameter X 7/16 in. thick, made of pressed sheet metal.
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FIG. 129.— WILHELM TRANSMITTER OPENED.
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In Fig. 129 the instrument is opened. The diaphragm
consists of sheet iron 2 3/16 in. diameter and .018 in.
thick, supported upon a blotting paper ring and held in
place by two 2-point brass springs .023 in. thick and .105
in. wide. There are two carbon electrodes each £ in.
diameter. The front electrode is secured to the diaphragm
by means of a screw passing through its center and con-
tains eight circular pockets around its circumference. The
rear carbon is of the same size and similarly secured to
“the case. It, however, has a series of concentric circular
grooves. Around the rear electrode is a piece of felt, some-
thing like a circular lamp wick, which is tied to the elec-
trode. This forms a capsule which is filled with 15 grains
of granular carbon.

Double-Diaphragm Transmitters— In the archives of
the Patent Office a number of devices for transmitters are
recorded that seem to possess both originality and merit
along lines other than those embodied in the solid backs, but
for some unexplained reason few of such instruments have
found their way into practice. In fact, the double-dia-
phragm transmitter forms about the only exception. The
principle of the solid back is to provide an immovable anvil
on which one electrode rests, in front of which the dia-
phragm carrying the other electrode is placed, perpendicu-
larly to the direction of the sound waves. In the double-
diaphragm models each electrode is placed on a mobile
diaphragm, which is set parallel to the direction of the
sound waves, and both are expected to vibrate.

The essential features of most double-diaphragm instru-
ments are illustrated by the model of Fig. 130. There is
a drum-shaped case, 4, to enclose and protect the mechan-
ism, provided with a sound-receiving funnel, A’. In the
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(FULL SIZE.)

FIG. 130.— DOUBLE DIAPHRAGM TRANSMITTER, MODEL 1.
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center of the case a ring, D, is fixed. On each face this
ring is recessed to receive diaphragms B and B’, which may
be of either carbon or metal. To the center of each dia-
phragm is secured an electrode, b, usually of carbon, around
which is placed an elastic ring of felt, b’, and the space

'z
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FIG. 131.— DOUBLE DIAPHAGM TRANSMITTER,
MODEL 2. (FULL SIZE.)

between the electrodes filled with granular carbon. In the
model of Fig. 128 there is a septum, or partition, C, in
the center, and the ring, D, is made in two parts, thus



TELEPHONE TRANSMITTERS. 207

this instrument is really two transmitters placed back to
back. One battery wire, C?, runs to the center partition
and the other to C’, to both diaphragms. There are no
damping springs and by making the diaphragms very light
and properly proportioning them to the resonant cavity an
instrument of great power and delicacy of articulation
should be produced.

In Fig. 131 a different design is shown. The two dia-
phragms, 3-3, supported by the rings 2-2, form the sides
of a resonant chamber, into which the sound funnel, 11,
opens. The carbon electrodes, 5-5, are bolted to the center
of the diaphragms, and surrounded by a flexible fibrous
wrapping, 7, while the cavity thus formed is filled with
granular carbon. The simplicity and cheapness of such
designs is certainly remarkable.

The Fahnestock Transmitter.— The transmitter manu-
factured by Fahnestock Transmitter Co., represents in
many respects the highest development in transmitter
building. The assembled instrument is shown in Fig.
1382. There is a base 4 in. long, 2 in. wide, to which a
swinging arm 6% in. long is pivoted, that provides reason-
able range of motion to the mouthpiece. The base car-
ries the induction coil in local battery instruments. On
the end of the arm there is a rectangular chamber 1§ in.
X 1§ in. X £ in., which is surmounted by the usual rubber
voice funnel. The rectangular chamber contains the talk-
ing mechanism. Fig. 133 shows the instrument dissected.
There are seven principal parts. The arm, 4, mouthpiece,
B, button, C, cover, E, mouthpiece ring, D, and screws, F.
The end of the arm carrys the rectangular cavity into
which the button C, is placed. The cover, E, is then set
over the button and secured with the screws, F. Finally
the mouthpiece, B, is screwed into the cover, E, the ring,
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FIG. 132.— FAIINESTOCK TRANSMITTER ASSEMBLED.
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¥IG. 133,— FFAIINESTOCK TRANSMITTER DISSECTED,
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D, serving to take up any slack. Fig. 134 is a phantom
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FIG. 135.— THE BUTTON OF FAHNESTOCK TRANSMITTER DISSECTED.
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ing an air-tight joint. Then eachdiaphragm is secured to its
studs by the nut, F. The recess in the block is cut so large
that the diaphragms do not fouch anything except the stud
that holds them to the electrode, hence there is nothing

FIG. 136.— DETAILS OF FAHNESTOCK TRANSMITTER.

to impede or distort their vibration. Finally to prevent
the sound waves from affecting both sides of either dia-
phragm, the joint between the diaphragm and block is
sealed with a thick solution of india rubber. From each
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electrode an insulated wire runs to a screw on the top of
the block as at A’. These screws connect to leading-in
wires. From an acoustic standpoint, instruments of the
double-diaphragm type would seem to present many pos-
sibilities of which inventors have not as yet fully availed
themselves.

The Design of the Microphone.— The essential part of
the transmitter is the contact. Some transmitters use
metal electrodes, and give excellent results, but on the
whole experience is inclined to favor all contacts of carbon,
and so far no other substance is approximately as good.

The most common form of electrode is a flat carbon
plate, ranging from % in. to 1 in. in diameter, and from
1/16 in. to 1/8 in. in thickness. Electrodes should be
made of the hardest densest carbon; those which are soft
may be greatly improved by repeated boilings in a very
dense solution of sugar, after each of which the carbon disc
should be placed in a crucible covered with charcoal or
carbon dust and heated to a bright red. Many other forms
of electrodes have been tried with varying degrees of suc-
cess. Some such forms are illustrated in Fig. 137. About
the granular carbon itself a cloud of mystery has always
hung. But it is after all a simple matter, though to pro-
duce the best variety requires some practice. The Na-
tional Carbon Co., and Pinnar, of New York, furnish excel-
lent products. Fig. 138 shows four samples of granular
carbon magnified about eight diameters. Samples 4 and
B are so-called No. 24; that is to say, are sized through a
sieve with twenty-four meshes per linear inch. Samples
C and D are No. 50 carbon. Most transmitter builders
prefer to have both the electrodes and the granular highly
polished. Electrodes can be surfaced by any of the well-
known methods of polishing. An excellent way is to use
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FIG. 137.— CARBON ELECTRODES.
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carbon dust on a flat lap, with a final finish of crocus or
putty powder. But to receive a remotely satisfactory sur-
face the hardest and densest carbon must be used. With
the granular polishing is much more difficult, because the
sharp edges of the granules should be as far as possible
preserved. In Fig. 138 4 and C are specimens with dull
finish and B and D are polished. One of the most im-
portant points is careful sizing as a prevention against

FIG. 138.— GRANULAR CARBON MAGNIFIED,

packing, for this difficulty is best obviated by providing
ample room around the electrodes, and the use of a thin
layer of granular, which has by repeated sifting been sorted
till all the particles are as nearly as possible of the same
size.
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T'esting Transmitters and Receivers.—To determine the
merit of transmitters or receivers is one of the most diffi-
cult of tests. This is chiefly because there is no recognized
standard or unit of measure. People vary enormously both
in their ability to talk and to understand, over a telephone
line entirely apart from the ability of the apparatus to
transmit and reproduce sound. Hence, what to one per-
son seems sufficient will be perhaps mote than adequate
to another, and unsatisfactory to a third. It is common
to test transmitters and receivers by arranging a circuit
between two rooms out of earshot of each other, in one of
which the transmitters are placed and in the other the
receivers. An inspector at the transmitter end counts from
one to ten in a rather loud, sustained tone into one instru-
ment after the other, while another inspector at the receiv-
ing end forms the best conclusion he may as to the relative
efficiency of the various instruments. While trained ob-
servers develop an astonishing skill in detecting differences
in transmission, such a method compared with the more
exact measurements of other branches of electrical en-
gineering appears crude in the extreme.

To the practical man quality of transmission is propor-
tional to the ability to understand each word individually
without requiring his correspondent to repeat it, and that
combination of transmitter and receiver is the best which,
over lines of varying lengths, requires on the whole the
least repetition. For testing purposes, therefore, it is
necessary to provide a transmitter and receiver with which
all other instruments may be compared, and a variable
line over which tests can be made. As there is no
established standard instrument, it matters little what ones
are selected for this purpose, for all results will be relative.
enly. In a general way two of the best instruments obtain-~
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able should be taken, set aside for the purpose and used for
nothing else. For the line nothing can excel an actual
working line, but as tests should include trials over at
least a thousand miles of wire, there are few who can avail
themselves of such a plant, and it is equally difficult to
carry on experiments on a commercial circuit. 1t is, there-
fore, better to build an artificial line exclusively for test
purposes. For this purpose a number of coils of wire can
be made, each of which shall represent, by having the same
resistance, inductance and capacity, a certain section, say
10 or 100 miles of line.

The artificial line is best made by preparing 220 spools
of wood. Each spool should have a 1-in. hole through its
center and be about 34 in. over all in diameter and 3% in.
high. The flanges and core should be about } in. thick,
leaving a winding space about 8 in. x 8 in. The spools
should be made of soft wood thoroughly baked and boiled
in paraffine. To represent aerial lines No. 20 wire is a
convenient size to use, while for cable lines No. 28 or No.
30. Each spool should be wound with sufficient wire to
represent 10 miles of open wire or I mile of cable. To
secure the proper inductance more or less of the wire can
be wound noninductively, so that each spool when finished
shall have accurately the resistance and inductance of
either 10 miles of open wire or 1 mile of cable. The
necessary capacity is best secured by making a small con-
denser of tinfoil and paraffined paper, exactly like a sub-
station condenser. For each pair of open wire spools the
condenser should have a capacity of .1 mf. and for each
cable wire spool .08 mf. When completed a frame is to
be prepared having two long rubber or glass rods. On
each rod 110 coils, 10 representing 10 miles of cable wire,
and 100 each representing 10 miles of open wire, are
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placed. Between the two rods a substantial wooden strip
is arranged underneath which the condensers are secured,
and on top of which there are a number of brass plugs
gimilar to those used in Wheatstone bridges. A condenser
is joined between each pair of coils, and all coils connected
in series through the plugs, so that each plug when in its
place short-circuits a pair of coils. Thus any combina-
tion of cable and open wire up to 1,040 miles can be ob-
tained. Such an apparatus can be built for about $500,
and while seemingly elaborate and expensive is essential
for the proper testing of telephone apparatus.

For actual trials there should be three inspectors — a
speaker, a listener and a manipulator — for in order to
avoid the unconscious error due to personal equation,
neither the speaker nor the listener should know anything
about the apparatus they are testing, which should be
arranged in all cases entirely independently of their
knowledge. Three rooms are necessary, entirely distinct
from each other, both visibly and audibly. The trans-
mitters should be placed in room No. 1, the artificial line
in No. 2 (the middle one), and the receivers in No. 3.
In the following method of testing the listener must be
an expert stenographer, and the method consists in find-
ing the percentage of errors between sentences uttered in
the transmitter and those received with varying line length.
The first thing is to determine the error coefficient of the
speaker and listener. The speaker reads to the listener in
the usual conversational tone, and at a fair rate of speed,
10 sections of 1,000 words each, of 10 different subjects.
The listener transcribes the 10 selections, and the manip-
- ulator compares the transcription with the original
and counts the number of errors made. This is the error
coefficient and is usually from 3 per cent. to 5 per cent.
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The manipulator then, unknown to both speaker and lis-
tener, adjusts either a transmitter or a receiver to be
tested, for only one instrument can be tried at once. The
speaker then reads to the listener over the telephone line
10 different selections of 1,000 words each. After each
set of 1,000 words the manipulator changes the length of
the line. The listener transcribes the shorthand notes,
the manipulator compares with the original and counts
errors. The results may then be plotted as a function of
line length, and by making a number of such tests with
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FIG. 139.— CURVES OF TRANSMISSION TESTS.

different transmitters and receivers quite accurate relative
results can be secured.

The curves of Fig. 139 are illustrative of the method.
The horizontal scale is the length of the artificial line in
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miles, while the left-hand scale is percentage of erwor.
The line marked “error line” is the percentage of nor-
mal errors, when the speaker read directly to the stenog-
rapher. Curves 4, B and C show the results of tests on
three rather well-known types of transmitters working
with the same receiver. Transmitter A showed the least
percentage of error. Instrument B showed about 2 per
cent. more error on short lines and 30 per cent. more on
long lines, indicating a deficiency in volume. Instrument
C was poorer than B on lines up to 200 miles, and subse-
quently gave marked falling off in volume.

Tests as thus described show what may be termed the
general efficiency of transmission. It is also well to com-
pare volume by actuating the transmitter by an organ pipe,
blown by a blast of constant pressure, and measuring the
distance from the ear of an observer at which the sound
first becomes audibla The listener should be blindfolded
and the manipulator should noiselessly move the receiver
to and from the ear of the listener along a graduated scale,
noting both tha distance at which the sound is first per-
ceived, when the instrument approaches the ear, and the
point at which sound fatils to be heard when it recedes.
The mean of a number of such tests give relative volume.
To test for articulation the speaker should read to the
listener a list of a thousand words of great similarity, such
as fine, rhyme, dine, sign, mine, etc.; mowing, rowing,
throwing, going, ete. Also the letters of the alphabet in
heterogeneous order. These tests should be conducted on
different lengths of line and the percentages of errors cal-
culated and plotted as previously described. Finally, a
comparison of the general test, and tests for loudness and
articulation, showing the net result of all three will give
quite accurate ideas of relative excellence.



CHAPTER 1IV.
INDUCTION COILS AND SUB-STATION CIRCUITS.

Induction Coils.— The earliest telephone line was
simplicity itself. As illustrated in Fig. 140 it con-
sisted of two magneto-telephones, each of which

b= i
T 7

FIG. 140.— SIMPLEST TELEPHONE LINE.

acted as transmitter and receiver alternately, united
by a pair of wires, or even one wire could be
dispensed with, and the “ground” employed as a
return, as shown by dotted line. But such a circuit
could be employed only over short distances, because the
impulses of the magneto-telephone are too feeble to be in-
telligible over long lines. The invention of the battery
telephone, which acted as an electric valve to allow power
from a source independent of the transmitter to be avail-
able, rendered it practical to talk over much longer lines;
but with this improvement simplicity had to be sacrificed.
It was necessary to provide a separate receiver and trans-
mitter at each station, and introduce a battery as a source
of electricity, something as shown in Fig. 141. Consider
such a circuit in the light of the transmitter operating as
[221]
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an electric valve. The effect on the receivers will be ap-
proximately proportional to the changes in the currents
that traverse the circuit, and not to the actual volume of
electricity. These pulsations are produced solely by such
variations in the total opposition offered to the flow of
electricity from the battery, as are due to the increase and
decrease in the resistance of the microphonic contact in
the transmitter set up by the changes in pressurc on its
diaphragm caused by the sound waves that impinge
thereon. A circuit of this kind may be divided into four

FIG. 141.— LINE WITH BATTERY TRANSMITTER.

parts, each of which presents its own individual barrier
to the passage of electricity: First, there is the opposition
due to the receivers. The ohmic resistance of the receiver
may vary from 20 to 100 ohms; but as its coils are wound
upon an iron core, its reactance is large, and, at the high
frequency of telephonic currents, its impedence is con-
siderable. Second, there is the opposition offered by the
line wire, which will vary with its length, material and
size. Assuming the line to be essentially straight, and of
average length, say, about a mile, its opposition will be
chiefly due to ohmic resistance, because its inductance is
inappreciable, and the entire impedence of this portion of
the circuit will not exceed, say, 100 ohms. Third, there
is the opposition of the battery that is entirely non-indue-
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tive, and, even in the case of high resistance cells, will not
exceed a dozen ohms. Finally, there is the variable,
though non-inductive, resistance of two transmitters, either
of . which may, from time to time, change from a fraction
of an ohm to several hundred ohms, though it is rare to
find transmitter resistance of more than 60 or 80 ohms.
So a telephone line connected, as shown in Fig. 141, will
offer an impedence of a thousand ohms or more, though its
ohmic resistance would rarely rise above 200 to 300.
Now, to make a favorable assumption, suppose the trans-
mitter to be endowed with an ability to produce a maxi-
mum variation of 50 ohms ; it would then be able to change
the total impedence of the circuit about 5 per cent., and,
therefore, its power of producing pulsations in the line
current will be correspondingly small. To enable a trans-
mitter to produce a greater effect, the circuit must be so
planned that the change in the transmitter resistance will

'r||c c UK -
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FIG. 142.— LINE WITH INDUCTION COIL.

be much a greater proportion of the total circuit impedence.
This Mr. Edison accomplished in 1878 by the aid of a
transformer, or, in telephonic language, an induction coil.
Mr. Edison’s arrangement, and one which still survives
unchanged in local battery installations, is shown in Fig.
142. Two receivers (RR) are united by a line, at each
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end of which a sub-station transformer (C') is introduced.
This transformer consists of an iron core upon which there
are two windings, one of coarse wire, having relatively
few turns, and of low resistance, while the other is of fine
wire, much higher resistance and many more turns. The
fine wire is placed in series with the line and receivers,
while the coarse wire forms a local circuit, having a trans-
mitter and battery in series with it. Fifteen years ago
the theory and use of the transformer was but little known
and practised, the spark coils of Rhumkoff and others
being about the only application of the principles of in-
duction. While Prof. Gray had previously employed an
induction coil in telegraphic work, Edison’s application
to the battery transmitter must be regarded as one of the
great inventions of telephony.

The induction coil performs four entirely separate and
distinet functions: First, it provides a local circuit for
each transmitter, that by proper design can be made of
so Jow an impedence that the variations in the resistance
of the microphonic contact shall form a very large per-
centage of the total electrical opposition of the circuit.
Second, it removes both transmitters from the line circuit,
thus decreasing its resistance. Moreover, as the trans-
mitter is of variable resistance, its direct presence in the
talking circuit is exceedingly objectionable. Third, the
analogy of the transmitter to the electric valve leads to the
belief that all the impulses it produces are positive quan-
tities, or, so to speak, the transmitter injects jets of elec-
tricity into the line. Its action may be illustrated by
Fig. 143, in which AB is the line of no current, CD the
current line when the transmitter is at rest, and EF a
representation of positive impulses superimposed upon
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the line AB. Even under the most favorable conditions,
the impulses produced by the transmitter are small in
comparison with electrical quantities that are met with
under other circumstances. A few measurements upon
transmitter currents have been made, the most recent of
which are the experiments by Prof. Cross at the Massa-
chusetts Institute of Technology. The various vowel
sounds were pronounced in as uniform a tone as possible
in front of various transmitters and the result on line cur-

E Pulsating Current F

Current Line
Transmitter Quiet

Line of no Current

FIG. 143.— DIAGRAM OF CURRENT FROM A BATTERY TRANSMITTER.

rent measured by a dynamometer. These tests are sum-
marized in Table No. X.

TasrLE X.

Line Currents From Various Transmitters with Different
Vowel Sounds.

Kind of Transmitter. Vowel Smﬁ}ﬂ?a::;iergl.lrrents in

a o u i
Hunnings ........ R ... 73T 787 503 213
Fitch .................... . 450 548 442 264
Blake .................... 123 144 114 ...
Edison...........coo. ... . .088 .123 .144 .072
Magneto .................. .123 .260 .238 .103



226 TELEPHONY.

Subsequently, other tests were made with a solid back,
to test the effect upon the line current of varying pitch of
the voice an octave. These results are shown in Table

No. XI.

TasLe. XT.
Relation of Line Current to Pitch of Sound.
Vibrations per second. Vowel Sounds and Current in Milliamperes.
a [ i o u
128 300 270 250 .350 .200
236 670  .620 .420 .680 .540

Fourth, the addition of the transformer changes radi-
cally the form of the impulses, because a pulsating current
impressed upon the primary gives rise to a wave in the
secondary which is an alternating one, and is more efficient
in exciting the diaphragm of the receiver. This is illus-

IV VR VAR

FIG. 144.— DIAGRAM OF CURRENT WITH INDUCTION COIL.

trated in Fig. 144, in which AB is the line of no current,
corresponding to AB of Fig. 143, while C'D represents the
current wave in the secondary, corresponding to E'F in
the primary. Fifth, it is well known that one of the most
valuable properties of the transformer is its ability to
vary the current and pressure relations of its primary
and secondary circuits. This variation is nearly in
proportion to the ratio of the number of turns in the pri-
mary to the number of turns in the secondary. Thus, if
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there are P turns in the primary and P’ turns in the sec-
Pl
ondary, the ratio is R If V volts be applied to the pri-

mary producing in the secondary a current of C' amperes,
VP

the volts at the terminals of the secondary will be

and the current will be Now, line losses in any

4
transmission system are proportional to the square of the
current which is employed, while the energy transmitted
is proportional to the product of the pressure and the cur-
rent. Consequently, by reducing the current and increas-
ing the pressure, the same amount of energy may be trans-
mitted, accompanied by much less loss. Owing to arcing
at the microphonic contacts it is impossible to operate a
transmitter excepting at low voltages; but the induction
coil affords the ability to transform the low pressure and
relatively large current of the local circuit into corre-
spendingly small current and high pressure in the sec-
ondary circuit.

Enough has been said to indicate the importance of the
induection coil, and, therefore, the desirability of obtaining
such a design as will secure a maximum of the advan-
tages thus outlined. Unfortunately, records of experi-
ments made to determine the best proportions for induc-
tion coils are few and difficult to secure. A valuable set
of experiments upon a number of coils made by the Swiss
Telephone Department is reported by Sir William Preece.
The results of these experiments are summarized in
Table No. XII
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The tests referred to were made by taking the induction
coil of a Blake transmitter as a standard and comparing
therewith, over various lengths of lines, the coils desig-
nated in the first column of the table. Unfortunately,
the electrical properties of the standard coil were not
recorded. "

A number of experiments upon induction coils have re-
cently been made in the Electrical Engineering Laboratory
of the Towa State College. A set of 23 coils was obtained,
four of which were those commonly made by well-known
telephone manufacturers, while the remaining nineteen
were experimental coils constructed for the purpose of trial.
These coils were tested by selecting No. 21 of Table
No. XIII, as a standard and comparing all of the other
coils therewith, first over a line of six miles in length, and
then over a line 106 miles. The results of these tests are
shown in Table No. XIII. The left-hand half of the table
gives the electrical properties of each coil. The right-
hand half is divided into two parts, one of which gives the
results of the tests with the 6-mile line, and the other those
obtained from the 106-mile circuit. The opinions of the
investigators making these experiments is expressed in the
columns headed volume and clearness. The figures therein
contained show the idea which was formed as to relative
intensity and clearness of articulation of each coil as com-
pared with No. 21.

Unfortunately the results shown in Tables XIT and XIII
do not lead to the formulation of any rules as to the best
proportions to be observed in the design of induction coils.
On the contrary, these experiments seem to teach that coils
of quite widely varying properties yield fairly satisfactory
results. Theory indicates that to secure the very highest
efficiency the coil should be proportioned to the particular
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TABLE XIII.

Tests on Induction Coils, Iowa State [ niversity.
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transmitter, receiver and line with which it is to be con-
nected. In commercial operation this is impossible, so it
is perhaps fortunate that practice shows it to be feasible to
work over widely differing lines, with coils of many de-
signs and obtain sensibly the same results. Probably,
therefore, the best guide to the plan of an induction coil
is to be found by dissecting a number of coils, that have
survived the test of time and experience, and building
along the lines thus indicated. As an aid to the designer
the proportions*used by half a dozen or more of the prin-
cipal manufacturers will be found in Table XIV, and the
succeeding sketches,
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SpEcCIFICATIONS FOR Fic. 145.

Frame.— Two heads, maple painted black § in. thick
1} in. by 14 in. Core tube, paper, made of a sheet 6% in.
wide, 9 in. long, .004 in. thick rolled around a mandrel
4 in. diameter and glued. Tube glued into heads.

Base.— Hard wood, varnished, 8% in. long, 3 in. wide,
£ in. thick.

Core.— Best annealed iron wire, varnished, cut 6% in.
long. Diameter of wire, .016 in. .

Primary.— Single white silk covered copper wire. No.
28 B. & S. To be wound in two parts, each having 1,550
turns. Resistance, 16 ohms. Terminals to be reinforced
with stranded wire and soldered to clips. Winding to be
in two layers.

Secondary.— Single white silk-covered copper wire
No. 28 B. & S., to be wound in two parts, each having
1,550 turns. Resistance, 28 ohms. Terminals to be re-
inforced with stranded wire and brought out and soldered
to clips. Winding to be in two layers. Coil to be wrapped
with black “ seal cloth.”

SpEcIFICATIONS FOR FIg. 146.

Frame.— Two heads to be made of maple, varnished,
shaped as at 4, B, Fig. 146. Heads to be 11-116 in.
thick, 1 5-116 in. in diameter. *

Core Tube.—To be made of a sheet of paper 6% in.
wide, 9 in. long, .004 in. thick, rolled on a mandrel % in.
in diameter and glued. Tube to be glued into heads.

Base.— Hard wood, varnished, 11 in. long, 1% in. wide,
2 in. thick.
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Iron Shield—Annealed wrought iron pipe, 6% in. long,
1} in. diameter inside, recessed as shown. Two caps } in.
thick cut to fit pipe. Heads to be secured by upsetting
pipe after coil is in place. All to have two coats of black
paint.

Core.— Best annealed wrought iron wire cut, 6% in.
long, varnished. Diameter of wire, .016 in.

Primary.— To be of best white single silk covered cop-
per wire, No. 27 B. & S. To be wound in two parts, each
having 1,565 turns, and a resistance, 14 ohms. Each part
to have two layers.

Secondary—To be of best white smgle silk covered
ccpper wire, No. 27 B. & S. To be wound in two parts,
each having 1,565 turns, resistance to be 21 ohms. Each
part to have two layers. Coil to be wrapped with black
“ seal cloth.”

Terminals.— The terminals shall consist of two pieces
of stranded wire of the same description as that specified
for the winding of the coil. That part of the terminal
which extends beyond the iron sheath shall be covered with
a braided cotton covering.

Finish.— The coil and its accessories shall be assembled
and finished in a workmanlike manner.
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FIG. 147.— COIL USED WITH BLAKE TRANSMITTER.
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SPEMFICATIONS FOR Fic. 147.

Core: Bundle of No. 24 soft iron wire.
Diameter of core, 9/32 in.
Length of core, 24 in.
Winding space, 17/16 in.
Paper insulation around core, 1/32 in. thick.
End blocks, £ in. thick, 14 in. square.
Winding: Inside winding.
Resistance, .6 ohms.
290 turns No. 22 single silk covered wire.
Two layers of common paper insulation around
it.
Outside winding.
Resistance, 250 ohms.
3,000 turns No. 36 single silk covered wire.

T L
e——-1"— = |¢-§§—+—' _— e3>
[ ——— 7N
I N , N\
! o \ / 3
© ) L ©)
| o | o
\ / \ — /
] / T Ty
S’ R A

FIG. 148.— LOCAL BATTERY COIL.

SpecIFicaTIONS FOor Fig. 148.

Core: Bundle of No. 24 soft iron wire.
Diameter of core, 9/32 in.
Length of core, 3% in.
Winding space, 23 in.
Paper insulation around core, 1/32 in. thick.
End blocks, ¢ in. thick, 1 in. square.
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Winding: Inside winding.
Resistance, 1.76 ohms.
400 turns No. 26 single silk covered wire.
Two layers common paper insulatioi.
Outside winding.
Resistance, 21 ohms.
1,600 turns No. 28 single cotton covered wire.

FIG. 149.— COMMON BATTERY COIL A.

3
SprEeciFicaTiONs FOR Fia. 149.

Core: Bundle of No. 24 soft iron wire.
Diameter of core, 7 '16 in.
Length of core, 4} in.
Winding space, 34 in.
Paper insulation around core, 1,32 in. thick.
End blocks, § in. thick, 12 in. square.
Winding: Inside winding.
Resistance, 23 ohms.
1.000 turns No. 33 single silk covered wire,
wound in three layers.
Two layers of common paper insulation.
Outside winding.
Resistance, 31 ohms
2,500 turns of No. 2% single cotton covered
wire.
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Terminals: 1 and 2 outside winding.
3 and 4 inside winding.
1 to receiver.

2 to hook.
3 to condenser.
4 to hook.
2
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FIG. 150.— COMMON BATTERY COIL B.

SpPECIFICATIONS FOR F1a. 150.

Core: Bundle of No. 24 soft iron wire.
Diameter of core, 7/16 in.
Length of core, 4} in.
Winding space, 34 in.

Paper insulation around core, 1/32 in.

End blocks, £ in. thick, 1% in. square.
Winding: Inside winding.
Resistance, 28 ohms.

239

thick.

1,404 turns No. 31 single cotton covered wire.
Two layers common paper insulation around it.

Outside winding.
Resistance, 17 ohms.

1,705 turns No. 26 single cotton covered wire.

Terminals: 1 and 2 to outside wiring,.
3 and 4 to inside wiring.
1 to line.
2 to hook.
3 to condenser.
4 to hook including receiver.
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SeecirFicaTiONs For Fig. 151,

Core: Bundle of No. 24 soft iron wire.
Diameter of core, 4 in.
Length of core, 6% in.
Winding space, 6 in.
Paper insulation around core, 1/32 in. thick.
End blocks, § in. thick, 1§ in. square.
Winding: Inside winding.
Resistance, .5 ohms.
380 turns No. 18 single covered wire wound in
three layers.
Two layers of common paper insulation around
it.
Outside winding.
Resistance, 84 ohms on each side = 168 ohms
total.
2,500 turns on each side=15,000 turns total.
Wound from end to center and from center to
end.
Secondary. Two coils separated by hard rub-
ber ring 1/16 in. thick.
‘Terminals: Primaries to operator’s telephone.
L. L. to keyboard.
T. T. to telephone.
G. to center of telephone or ground.

Considering the importance of the induction coil, too
much pains cannot be taken in its design, or too great
liberality allowed in its proportions. In its construction
and assemblage the very best material and the highest
standard of workmanship should be used. Under increas-
ing competition there is a great and mistaken tendency to
skimp both in quality and quantity. The general aim of

16
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design should be to produce a coil of the least possible
impedence and the greatest mutual inductance. To this
end the primary should be of large wire, the core ample
in size and long enough to accommodate the necessary
turns of the primary, which should not be less than 300
turns in two layers. The ratio of transformation between
the primary and secondary should be from 8 to 10, and
the size wire employed in the secondary such as to enable
the requisite number of turns to be obtained in not to
exceed five layers. For both primary and secondary white
single silk covered copper wire should be used, and it is
desirable that each coil should be wound with a single
piece without splices. In the winding care should be taken
to wind evenly and uniformly without piling or crossing.
any of the turns. Between the primary and the secondary
an insulation of at least four thicknesses of paraffined
paper should be provided, and it is well to interpose two
thicknesses of paper insulation in the middle of the sec-
ondary. The terminals of both primary and secondary
should be reinforced by means of stranded wire extended
from the inside of the winding through holes drilled in
the heads and soldered to clips secured either upon the
head or upon the base. The stranded terminal wire should
be heavily insulated with a silk or cotton wick. The core
should be composed of the very best and softest Swedish
iron wire, thoroughly annealed. The wire should not be
over a No. 20 B. & S. gauge and preferably No. 26 or 28.
It should be thoroughly varnished, cut to proper length
and packed into the core tube, and each piece of wire com-
posing the core should be the full length of the tube.
Short pieces or spliced pieces should not be allowed.

For the coil frame fibre heads about % in. in thickness
and from 1 in. to 1} in. square, mounted upon a fibre
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tube } in. in diameter and from 4 to 6 ins. in length is
preferable. While many makers use paper tubes and
wooden heads fibre is much more desirable.

The mounting of an induction coil usually depends on
the place where it is to be used. - Coils which accompany a

FIG. 152.— INDUCTION COILS IN TRANSMITTER ARM BASE,

wall or cabinet set are merely wound on a spool and
placed in a chamber made by expanding the base of the
transmitter arm, as ‘llustrated in Fig. 152. For switch-
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boards and desk sets when the coil is to be attached to
neighboring woodwork it is usually mounted on a wooden
base. Fig. 153 is from a photograph of the group of coil
dissected to form Table XIV.

As an aid in designing the winding of induction and
other coils Table XV is appended, collected from experi-
mental data gained in the winding of many coils with
various kinds of insulation.
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TABLE XV.
Data for Winding Coils.

TELEPHONY.
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TABLE XV —(Continued).

Data for Winding Coils.

INDUCTION COILS.
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Owing to the scarcity of data upon induction coil con-
struction, the design of a new coil is more or less a matter
of experiment, and for this purpose it is well after roughly
designing the windings to construct experimental coils
which shall enable the design to be tested. For this pur- -
pose it is advantageous to arrange the primary and sec-
ondary to be separable so that the combination of various
primaries with other secondaries may be tested. For ex-
ample: Assume that a coil having 300 turns in the pri-
mary and 2,500 turns in the secondary be considered de-
sirable. Assume the core to be from 4 in. in diameter
and provide a winding space of 5 ins., construct five such
cores; wind one with two layers of No. 24 wire. This
will give approximately 300 turns. Wind one other core
with No. 13 wire, obtaining 100 turns and one with No.
19 wire, giving 200 turns; also one with No. 27 wire, ob-
taining 400 turns and one with No. 32 wire, giving 500
turns. Construct in a similar manner five secondaries,
each wound upon a paper tube so that they may be slipped
over any one of the primaries. One secondary should be
wound of No. 33 wire, giving 2,500 turns in five layers;
one with No. 24 giving 1,000 turns; one with No. 28,
giving 1,500; one with No. 36, giving 3,000, and one
with No. 35, giving 4,000 turns. As each secondary may
be tested with any one of the previous primaries, the con-
struction of five coils will give twenty-five combinations.
A trial with each of these will show which combination
gives, on the whole, the best results under the particular
circumstances the coil is to be used, and from a prelimi-
nary test of this kind the probable final proportions of the
most desirable coil can be readily determined.
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Subscribers’ Circuits.— Every substation has four func-
tions: (1) To receive signals, (2) to send signals, (3) to
receive conversation and (4) to transmit conversation. It
is necessary that apparatus should be in a condition succes-
sively to perform all of these functions, for when a subscriber
is talking he neither wishes to signal others nor be called.
When he is not talking, the transmitter is out of service and
it would be wasteful to allow its battery to discharge. Ap-
paratus must therefore be arranged so that each part shall
perform its function. at the proper time. This must be
accomplished with the least possible machinery, constructed
in the simplest and most substantial manner, for substa-
tions are counted by millions, are placed often in the hands
of the.ignorant, sometimes in those of the idly vicious, so
nothing that is not as near “ fool-proof ”’ as possible is even
remotely suitable; and as experience shows that the annual
maintenance of the substation is from a fourth to a third
of the entire expense of service, the necessity for a design
to reduce this cost to a minimum is evident.

Substation apparatus is usually classified into two divi-
sions depending on the method of supplying current to the
transmitter. When each station has a battery of its own
it is termed “local battery.” When all connected to one
central office are supplied from one battery located in that
office they are termed ‘common battery.” The phrase
. ““ central energy ” is frequently employed to mean the same
thing, but seems less preferable than the older and more
accurate “ common battery.” Substations are also classi-
fied according to the method of signalling. Those which
are supplied with a small hand dynamo or a “ magneto ”
are called “ magneto stations,” while those which use a
battery at the central office are called “ automatic signal
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stations,” because the apparatus is so arranged that the
removal of the receiver from its hook automatically signals
the operator. Magneto stations may or may not be operated
by common battery, and a local battery station may or may
not be arranged for automatic signalling. As a matter of
practice it is reasonably accurate to say that all magneto
stations are “local battery,” and that all “ common bat-
tery ” stations have automatic signalling. But it is not
true to say that all automatic signal stations are common
battery, for because of the patent situation, many small
exchanges have been built having local batteries for talk-
ing and with a signal battery at the central office.

The arrangement of conductors and apparatus at the
substation whereby the subscriber may successively. place
the different portions into proper relations for use is called
the substation circuit. To recite every combination which
has been tried for this purpose, or to attempt to depict
all the circuits that the larger manufacturers commonly
use, would be impracticable. But there are certain funda-
mental principles of circuit design which are common to
each class of circuits,— these it is proposed to discuss.

The magneto local battery circuit.— In this class there
are seven elements. Three of them — the transmitter, its
battery and induction coil — constitute the talking ap-
paratus; two, the magneto bell and generator, form the
signal receiving and sending apparatus. A magneto tele-
phone is the conversation receiver; and finally a switch is
employed to place the various pieces of apparatus in proper
relation to the line.

An early telephonic difficulty was an adequate sub-
sceribers’ signal. It would seem that the inevitable trans-
mitter battery, with the addition of a push button and
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vibrating bell costing a couple of dollars, would have sup-
plied an ideal calling device. But, excepting in intercom-
municating systems of a small number of stations, the bat-
tery bell has never been popular. It is believed to be un-
reliable, but why more unreliable in telephony than in
other cases is hard to see. A vibrating bell costs much less
than a magneto bell to say nothing of the expensive genera-
tor, and it would seem as if a considerable saving in in-
stallation investment could cover some extra maintenance.
Be this at it may, the hand generator and magneto bell are
universal factors in substation equipment and must be
dealt with accordingly.

To perform the various necessary circuit changes the
carly telephone station was provided with a switch which
the subscriber manipulated by hand, and which immedi-
ately developed into an unbearable nuisance. For the sub-
seriber always forgot to turn it on when he wished to talk,
and was equally oblivious to change it when conversation
was completed. Though the Patent Office records several
inventors, history leaves us somewhat in doubt as to who
was the first to suggest the simple expedient of combining
a switch with a hook on which the receiver should be sup-
ported when not in use, thereby securing an automatic cir-
cuit changer that was reasonably independent of the sub-
scriber’s memory, though even now, one of the greatest
substation troubles is forgetfulness to hang up the receiver.

Consider now how these seven units may be arranged to
best suit service. There are four essential conditions:
(1) When the line is not in use for conversation, the bell
must be ready to receive a signal. (2) When the sub-
scriber wishes to signal, the generator must be connected
to the line. (3) During conversation the receiver must
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be connected to the line, and the transmitter, battery and
coil placed in a local closed circuit. (4) On the com-
pletion of connection the battery circuit must be opened.

The series circuit.— In the earliest circuits most of the
apparatus was placed in series in the line. This is illus-
trated in Fig. 154 in which L and L’ are the two sides of

FIG. 154.— THE SERIES CIRCUIT.

the line, R the receiver, T the transmitter, H the hook
switch, B the magneto bell and G the generator. The gen-
erator, bell, receiver and secondary S of the induction coil
are all placed directly in series with each other and the
line connected to the hinge of the hook switch. The
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primary of the induction coil P, the battery b and the
transmitter 7' are in scries in a local circuit one end of
which is attached to the hinge of the hook switch, while
the other terminal passes to contact 1. When the re-
ceiver is on the hook II, the contact 1 is open, and the
battery ecircuit severed. In this position a signalling
current traversing the line passes through the generator,
bell and secondary. When the hook switch is raised
the transmitter circuit is closed; speaking into the trans-
mitter varies the resistance of the local circuit causing
pulsations to circulate. Between the primary and second-
ary of the induction coil these impulses are raised in
voltage, and pass through the line traversing the receiver,
bell and generator. To keep the resistance as low as is
practical the bell is never wound with more than 80 ohms
resistance and sometimes less. The ringing generator is
constructed so that when out of service a shunt is placed
around the armature, thus cutting it out of the circuit.
The shunt is opened when one pushes upon the crank and
thus the act of ringing automatically introduces the arma-
ture into circuit. This arrangement can be worked either
grounded or metallic, for if the conductor L’ be removed
and a ground connection E substituted, as shown by dotted
line, the old-fashioned grounded circuit is obtained.

The bridging circuit.— But a short experience was
necessary to demonstrate the inexpediency of placing the
ringing apparatus in series with the line, and to Mr. J. J.
Carty belongs the credit of successfully arranging signal-
ling devices so that they could be placed as shunts, hav-
ing large impedance across the line. Such circuits are
termed “ bridging circuits” and are shown in Figs. 155
and 156. In Fig. 155, L and L’ are the two sides of
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the line. At the points a and ¢ a bridge or shunt is
placed between L and L', and in this the bell B and the
generator ( are in series. . From a point near the hinge of
the hook switch II the battery b, primary of the induction
coil P transmitter T and contact 2 are in series. In a
continuation of L the secondary of the induction coil S,
the receiver R and the contact 1 are placed. When the re-

FIG. 155.— BRIDGING CIRCUIT, GENERATOR AND BELL IN SERIES.

ceiver is on the hook the switch is depressed, contacts 1 and
2 are opened and nothing but the bell and the generator
remain in circuit. The generator is of the shunt type, and
therefore when out of service offers no resistance to the
reception of the ringing current. Upon the removal of the
receiver from the hook switch contacts 1 and 2 are closed,
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and the local circuit of the transmitter is the same as in
Fig. 154; while by means of contact 1 the receiving circuit
is completed. There is, therefore, a permanent bridge
across the line which might appear injurious as tending
to shunt both incoming and outgoing talking currents. But
the bell is wound to 1,000 or even 2,000 ohms, and in addi-
tion presents a great impedance to the high frequency of

FIG. 156.— BRIDGING CIKCUIT, GENERATOR AND BELL IN PARALLEL.

telephonic currents. So great is this opposition that prac-
tically no difference can be detected whether the circuit
ac is or is not closed.

In Fig. 156 a modification of Fig. 155 is shown. Here
there are two paths between L and L’ for signalling. The
path ac contains the bell B, while the generator has been re-
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moved and placed in a line by itself. When this form of
circuit is used a different style of generator is employed,
one in which the armature is no longer shunted, but the
bell is provided with an automatic switch, which is operated
from the crank in a manner similar to the automatic shunt,
but with the difference that when the hand releases the
crank the generator circuit automatically springs open and
is no longer a bridge across the line. Such a generator is
usually termed an “ open generator.” In all other respects
Fig. 156 is similar to Fig. 155, nor is there much to choose
between these two circuits. Either of them may at pleasure

L
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=t

¥1G. 157.— BRIDGING CIRCUIT, BELL AND GENERATOR DISCONNECTED
DURING CONVERSATION.

be worked as a metallic or as a grounded line. For by the
omission of the wire L’ and the substitution therefor of a
ground E, as shown by dotted line, the metallic circuit is
converted into a grounded one.

In circuit Fig. 157 a different arrangement or apparatus
is shown. Here the hook switch is provided with three
contact 1, 2 and 3, Nos. 1 and 2 being similar to the cor-
respondingly numbered contacts in the preceding circuits.
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Contact 3 is underneath the hook switch and is closed
when the hook is depressed. No. 3 is connected to the L
side of the line by means of the path acd, the bell and gen-
erator being in this conductor. When the hook switch is
depressed the receiver and transmitter are cut out of cir-
cuit and the bell and ringing generator are connected.
Conversely the removal of the receiver disconnects the bell
and generator and connects transmitter and receiver. In

L

FIG. 158.— “ RING GROUND, TALK METTALIC.”

this circuit there is no bridge, for all apparatus which is

not'in service is disconnected. The bell B and the genera-

tor G may be arranged in series as shown at cd, or in two

separate lines as indicated by the dotted portion of the dia-

gram. This circuit can easily be operated either grounded
17 '
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or metallic by substituting for the line L’ the ground E.
While this circuit has the advantage of entirely disconnect-
ing the signal apparatus at all periods when it is out of
service, it has the disadvantage of requiring an extra con-
tact on the hook switch. But with the perfection that has
now been obtained in apparatus of this deseription this ap-
pears slight. '

In Fig. 158 another modification is shown which is com-
monly called the circuit to “ ring ground and talk metal-
lic.”  The talking portion is arranged as in Fig. 157, the
contacts 1 and 2 on the top of the hook switch closing re-
spectively the transmitter local and the receiver line as soon
as the receiver is removed. Contact No. 8 is underneath
the hook switch and is closed upon the replacement of the
receiver when Nos. 1 and 2 are opened. This contact goes
to ground E, the bell B and generator G being in series
therewith. When the operator desires to signal she rings
over the L’ side of the line with a grounded generator. As
shown by the supplementary diagram the generator and
bell may be either a shunt generator in series with the
bell or an open generator in parallel. In this circuit as
soon as the receiver is removed from the hook the signal-
ling apparatus is entirely disconnected. Circuit of Fig.
158 has been widely received in practice. The principal
objection to it is the presence of the ground through the
ringing apparatus. It is argued that such an arrangement
is likely to introduce foreign currents into a telephone sys-
tem that may either injure the substation or the switch-
board, or may make any or all lines noisy. These are valid
objections, and, where trolley roads exist, the possibility of
danger is not to be lightly regarded. Injury, when it
occurs, however, is chiefly confined to the ringer and the
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generator and if the ringers be reasonably high wound,
their impedance is so great that noisy lines are not as
imminent as many suppose.

Circuit of Fig. 159 is a modification of those of Figs.
155 and 156. Here the transmitter 7', battery b and term-
inal of the induction coil are attached to the hinge of the
hook switch. The secondary of the coil runs to the same
point and is in series with the receiver R to the L’ side of the
line, and to terminal 2 on the upperside of the hook switch.
The L' side of the line runs to terminal 8. The ringer B and

a L
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FIG. 159.— COIL TO HOOK SWITCH TERMINAL.

generator G are connected from the point a at the L side of
the line to the hinge of the hook switch. A bridging bell
and shunt generator or a bridging bell and an open genera-
tor as shown by dotted lines are used. In this circuit the
ringing apparatus is constantly closed to the hinge of the
hook switch. When the receiver is in place the transmitter
circuit and L side are open, while the L’ side is closed to
the receiver, secondary and contact 3.

Circuit of Fig. 160 is an ingenious arrangement, pro-



260 TELEPHONY.

posed by the IToltzer-Cabot Mfg. Co., devised, it is reported,
to evade the Carty bridging bell patent. The generator and
bell have no physical connection with the line, but there is
a transformer, the primary P’ being in a local circuit while
the secondary S’ is bridged across the line at a’ ¢’. The
generator is of the open type, and the bell B is bridged
across the local circuita cde. 'When the generator is oper-
ated, current is transmitted through the primary P which
induces smaller current and higher potential waves in the
" secondary S. These traverses the line and operate any
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FIG. 160.— HOLTZER-CABOT CIRCUIT.

form of signal at the exchange. Conversely, when a sub-
scriber’s station is signalled, the ringing current traverses
the secondary &', inducing a lower potential and greater
current in the primary P’ than that which circulates
through the line. Such a circuit presents many points
that are curious and interesting. For example: The ring-
ers and bells may be made of lower resistance and con-
sequently more cheaply, while the secondary S’ can be
made of as great impedance as is thought desirable.
Substitution of local storage for local primary bakteries.
~— Where the invention of the battery transmitter wonder-

1
t
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fully improved the transmission of articulate speech, it was
not long before operating companies found themselves con-
fronted with an exceedingly serious problem in the main-
tenance of the substation. Experience indicated that the
Fuller battery was an excellent form to use in this con-
nection but in order to give satisfactory service the cells
should be renewed two or three times per year. In New
York, there are upward of 100,000 subscribers. If these
were operated with local battery there would be 300,000
cells to be replaced every year, or about 1,000 cells per day.
It needs but the slightest reflection to perceive that such
a task is of the gravest kind and not only entails a very
serious expense, but requires an enormous plant and execu-
tive administration of no mean order. More than a decade
ago the formidable dimensions of this problem became ap-
parent and many attempts were made to devise some other
method of supplying electricity to the subscriber’s trans-
mitter. It has been shown that the advantage of the local
battery lies in the possibility of placing the transmitter in
a circuit whose resistance should be very small in com-
parison with its own. In order to retain this feature, it
was proposed to substitute a small storage battery for the
primary battery and to charge this battery over the sub-
scriber’s line by means of electricity supplied from the
central office. Several circuits for this purpose have been
suggested, Fig. 161 showing one which received an ex-
tensive and successful development in practice. The draw-
ing indicates the entire subscriber’s circuit including the
central office apparatus, because with the local storage sys-
tem it became possible to remove the generator and to pro-
vide subscribers with devices for automatic signalling. The
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1s grounded. Evidently when the receiver is in place elec-
tricity from b”will pass over the line through the local
storage battery and to ground, and by properly proportion-
ating the voltage b” and the combined resistance of the line
L', ringer B and resistance coil R’ to the counter electro-
motive force of the storage battery b”, the requisite current
can be maintained to keep the cells b” constantly charged.
At the central office, the line terminates in a two point
jack J, having the contacts 1 and 2. These contacts are
in series with the battery b’ and the relay R”. So long
as contact 1 is open no current flows from &’, but if the
subscriber removes the receiver the circuit b’ is completed,
the relay R” energized, contact 4 is closed, and the signal
lamp is illuminated. This circuit makes calling automatic
by the mere removal of the receiver. As a storage battery
has the smallest resistance of any electric generator it is
particularly adapted to the transmitter, and as the battery
is kept fully charged up to within a very few seconds of
the commencement of conversation, it is always in the best
possible condition and its voltage considerably above that
obtained with primary local battery.

Against the circuit of Fig. 161 it has been urged that the
ground might become either a source of danger or of noise,
and that charging local cells over one side of the line re-
quired a generator of objectionably high voltage at the
office. Mr. Stone’s circuit, Fig. 162, meets this objection.
A battery b’ is placed at the central office with one pole
grounded, the other pole passes to the center of a retarda-
tion coil ac which is bridged across the line. At the sub-
station, the secondary of the induction coil is placed across
the line as shown at @’ ¢’. From the center of this coil there
is a tap to the contact 2, thence to contact 1 and the center
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of the primary P which is placed in a local cireuit includ-
ing the transmitter 7, the storage battery b and the ground
E. When the receiver is removed the current will flow
from b’ over both sides of the line meeting in the center
of the secondary passing thence through the center of the
primary and around the local circuit in both directions.
A portion of the current will pass directly through the
transmitter ; another portion will traverse the battery B
and charge it. The signal circuit is completed by placing
the bell B and generator G in series with contact 3 on the
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FIG. 162.— STONE LOCAL STORAGE CIRCUIT.

1

underside of the hook switch. This circuit allows the
battery b to charge only during such time as the receiver
is removed from the hook, and at first sight it would appear
that it would be insufficiently replenished to give good ser-
vice. But this is far from being the case, for a circuit
of this kind is really a kind of common battery circuit and
the battery b may be entirely removed and good trans-
mission still be obtained ; or it may be replaced by a con-
denser or an electrolytic cell, whose current storage capac-
ity is almost infinitesimal and yet give transmission of an
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eminently satisfactory character. Probably the chief ob-
jection is the ground upon the circuit during conversa-
tion and which in spite of the fact that both sides of the
line are in parallel may become a prolific source of noise.

Common battery circuits.— Though local storage cir-
cuits were a marked improvement upon the primary
battery, both in quality of transmission and in the econ-
omy of service, they still remained a notable source of
maintenance expense, and the next step was the entire
elimination of the subsecriber’s battery and operation of
the transmitter by a supply of electricity direct from
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FIG. 163.— DIAGRAM COMMON BATTERY CIRCUIT,

the central office. Such circuits are known under the
name of “ Common Battery Cuwrcuits.” To clearly per-
ceive the requisites of a common battery circuit its evolu-
tion must be traced, and in Fig. 163 four substations 4 B
C and D are shown connected to a central office. In the
figure all accessories of the circuits are stripped away so
that the talking factors only are indicated. At each sub-
station the transmitter T' and receiver R are in circuit with
contact 1 and hook switch H which puts them into con-
nection with the line L L’ which terminates in a jack J.
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‘A common battery B is placed at the office, its positive
‘pole a being connected to say the tip side of every cord at
the points ¢ and d, while the negative side is connected to
the sleeve side at points ¢ and e.  When a pair of subserib-
ers A B are connected by such a cord, current will evidently
flow to the points a ¢ and then will divide passing over each
line and through each subscriber’s receiver and transmit-
ter. Such a circuit is subject to all the defects previously
pointed out for batteries at a distance from the transmitter
and, in addition, there are three other difficulties. If the
line to 4 is of much lower resistance than that to B the 4
station will rob the B station and prevent it from obtain-

FIG. 164.— STONE €OMMON BATTERY SYSTEM.

ing its fair supply of current. As the battery B is of low
resistance and no impedance, the talking currents from
either 4 or B will be shunted through the battery and pre-
vented from reaching their proper destination. When an-
other pair of subseribers is placed in connection as shown
at C and D violent cross talk appears because the voice cur-
rents from each station are directed to all of the others.
A multitude of remedies have been proposed, three of
which have come into general use. One of these is the
Stone system; Fig. 164 shows a diagram of each central
office cord. Between the battery B which is common to



SUB-STATION CIRCUITS. 2067

all independent retardation coils R and R’ are placed one
for each side of each cord. These coils are wound upon
iron cores with large wire to have low ohmie resistance and
high impedance. The coils do not prevent the battery
from supplying current to both subscribers as fast as the
transmitters may demand it, but the high impedance offers
so great a barrier to the voice currents that they are not
short circuited by the battery, but traverse the line from
station to station. This is successful to prevent cross talk
it does not, however, entirely obviate an equal distribution
of current between two subscribers whose lines are of
widely different resistance.

FIG. 165.— HAYES COMMON BATTERY SYSTEM.

The Hayes circuit in Fig. 165 is an effort to remedy this
objection. Here the retardation coil R’ of Fig. 165 is re-
placed by a repeating coil, one winding of which is com-
mon to each side of each cord. By this device each sub-
scriber’s circuit is individualized and its battery supply
taken directly from the buss bars. The voice currents
from each station circulate through the repeating coil and
one-half of each cord repeats to the other half. When
properly designed the repeating coil injures transmission
but a few percent. To make a still further improvement
Mr. Secribner has bridged the repeating coil by means
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of a condenser C as shown in Fig. 166. Some observers
report that this circuit is a slight improvement, but others
are of the opinion that the introduction of the condenser
is of insufficient value to be worth the additional expense.

A third arrangement invented by engineers of the Kel-
logg Switchboard & Supply Co. is shown in Figs. 167 and
168. In Fig. 167 the central office is supplied with two
distinet batteries. The answering half of each cord being
connected with one battery while the connecting half is
attached to the other battery. All cords are supplied with
a repeating coil B and R’. This device evades the patents
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FIG. 166.— SCRIBNER COMMON BATTERY SYSTEM.

of Stone, Hayes and Scribner, and while somewhat more
complicated, gives equal or even better service. In Fig. 168
the double battery common battery cord circuit is slightly
modified. The batteries B and B’ are connected to the re-
spective halves of each cord through the retardation coils
R R’ R” and R'. These retardation coils are usually
portions of the supervisory signals and consequently serve
a double purpose. Between the two batteries the repeating
coil R (' is placed which repeats from one side of the cord
to the other, and, in the center, each half is open by means
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of the condenser C' (”, so that the battery is never short cir-
cuited. For the condenser a plug switch may be easily
substituted if desired.
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FIG. 167.— EKELLOGG COMMON BATTERY SYSTEM WITH REPEATING COIL,

¥1G. 168.— KELLOGG COMMON BATTERY SYSTEM WITH REPEATING AND
RETARDATION COILS.

Returning now from a consideration of the office arrange-
ment of the common battery to the substation, Fig. 169
shows the complete subscriber circuit. At the office there
is a 24-volt battery B. Each line is connected to this bat-
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tery by means of the contacts C and C’ in the cut-off
relay R”. From the contacts C and C’ the two sides of the
line L and L’ extend to the subscriber’s station. The trans-
mitter is placed in the side L', near the hinge of the hook -
switch H. Just before the transmitter is reached, a bridge
AB is placed across the line which contains the condenser
¢ and the bell B. The condenser prevents any flow of
current through the bell. The L side of the line passes
through the secondary of the induction coil to the contact
1 and thence, when the receiver is off the hook, to the hook

LL

FIG. 169.— COMMON BATTERY CONDENSER CIRCUIT.

switch. The local circuit comprises the contact 2, trans-
mitter T, receiver R, primary P of the induction coil and
condenser ¢. As soon as the receiver is removed from the
hook, battery current passes over the L’ side of the line
through the transmitter and thence finds two paths, one
through the contact 2, receiver R, primary P, bell B to the
point B; and the other through contact 1, secondary S to
the line L. The battery also charges the condenser c.
When the transmitter is spoken to its resistance varies,
and pulsations of battery current traverse the line, but, as
has been previously pointed out, the transmission of such a
circuit would be inferior to that of a local battery, because
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the variation in the transmitter resistance is but a small
fraction of the total resistance of the line, and consequently
current variations are small. It has been shown in circuit
of Fig. 162 that the condenser acts as a local reservoir of
electricity. It is kept constantly charged by the battery,
but with each instantaneous variation in transmitter resist-
ance the charge of the condenser varies, and acts like a
spring to store up and release energy that is supplied from
a foreign source. Thus the presence of the condenser is
twofold ; it not only prevents waste of battery through the
bell, but redeems the common battery ecircuit from the
disastrous effect of the removal of the battery to a distant
point.
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FIG. 170.— CONDENSER CIRCUIT NO. l.

In an effort to secure the best results in transmission with
a common battery a great variety of combinations have
been tried. Experience has sifted out three types of cir-
cuit upon some one of which nearly all existing common
battery systems now operate. In the simplest circuit, illus-
trated in Fig. 170, the transmitter T' and receiver R and
contact 1 are in series across the line, and bell B and con-
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denser C are either bridged permanently between the sides
of the line L and L’ or are placed around the line in com-
bination with the contact 2. In this latter arrangement the
ringing apparatus is entirely removed when the hook switch
is raised and contact with transmitter and receiver made.
For reasons already pointed out this circuit does not give
entire satisfaction.

The circuit usually employed by the Bell Companies is
shown in Fig. 169 and has been fully described. This
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FIG. 171.— CONDENSER CIRCUIT NO. 2.

L

FIG. 172.— CONDENSER CIRCUIT NO. 3.

arrangement often goes by the name of the condenser cir-
cuit and on the whole has been found one of the most satis-
factory. Modifications of this circuit are shown in Figs.
171,172,173 and 174. In 171 the receiver and the second-
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ary are placed across the line, while the primary, transmit-
ter and condenser are in the local circuit. In 172 the posi-
tions of the secondary and receiver are reversed. In 173
the receiver and primary are in series and are also in
parallel with the secondary. None of these have proved

FI1G. 173.— CONDENSER CIRCUIT NO. 4.
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FIG. 174.— CONDENSER CIRCUIT NO. 5.

superior to that of Fig. 169 and usually have been found

less advantageous. The modification shown at 174 is some-

what peculiar. In Fig. 169 the receiver, transmitter,

condenser and one winding of the induction coil, are in
18
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series in a local circuit. Hence the transmitter if sensi-
tive and powerful picks up all local noise, and the “ side
tone” of this circuit is apt to be annoying. In 174
the transmitter is placed in the main circuit with one wind-
ing of the induction coil, while the receiver, condenser and
other winding are in a local circuit. In this circuit a high
wound receiver can be used, and “side tone” is much
reduced.

To evade patent complications circuit Fig. 175 has been
used by a number of independent manufacturers, notably
the Kellogg Switchboard & Supply Co. There is no in-
duction coil in the true sense of the word. Between L and
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FIG. 175.— COMMON BATTERY CIRCUIT WITH RETARDATION COIL.

L’ the transmitter is placed in series with a retardation
coil and the contact 1. Beyond the point a the condenser
is inserted and then the receiver is placed between the bell
and condenser, and the retardation coil and the trans-
mitter. The chief object of the retardation coil seems to
be to prevent the receiver from being short circuited by the
transmitter and at the same time perhaps remove from the
transmitter the necessarily large impedance of the receiver.
This circuit has given satisfactory results and has obtained
a wide currency. Fig. 176 is another modification, often
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employed by the Stromberg-Carlson and American Electric
Co. The bell and condenser are placed across the line be-
tween points a and b. Beyond this bridge the secondary
of an induction coil 8, the transmitter T and contact 1 are
in series. The receiver is placed in a local circuit by itself,
in which is the primary of the coil. By this means the
receiver is entirely removed from the line and the operation
of the induction coil is to reduce the voltage and increase.
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FIG. 176.— RECEIVER IN LOCAL CIRCUIT.

the current in the receiver circuit and thus produce a more
powerful effect upon its magnet.

The operation of an induction coil in a common battery
circuit is somewhat perplexing and is likely to be con-
fused by the meaning ordinarily attached to the terms
“ primary ” and “secondary.” These phrases have their
origin in electric lighting, when transformers were used
originally to raise the voltage of a generator circuit in order
to reduce line losses. The coil which is connected with
the source of electricity is usually termed the primary, be-
cause it is of coarse wire and few turns, while the line
coil is of fine wire and many turns. When transformers
are used in common battery circuits no such marked dis-
tinction exists, and it would be much better to use the
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terminology “ line coil and local coil,” rather than primary
and secondary. The operation of the transformer in a
common battery circuit may be best explained by reference
to Fig. 177, which shows eircuit No. 169 as it is usually
connected. The sides of the line are represented by L and
L/, the office battery by B’. Between the points x and g
the bell B and condenser C' are permanently bridged. At
the point E a tap runs to one side of the receiver B and
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FI1G. 177.— OPERATION OF INDUCTION COIL.

thence to point 7, which is called the “ inside terminal ” of
the primary of the induction coil or preferably the ¢ local
coil.” This coil has a resistance of 30 ohms and contains
1,400 turns. From the point o, the outside terminal of the
local coil, a conductor passes to the contact 1. From this
contact there is a conductor to ¢’ which is the inside ter-
minal of the secondary or, preferably, the ““ line ” winding
of the induction coil. This winding has a resistance of 17
ohms and contains 1,700 turns. From the point o', the
outer terminal of this coil, a conductor runs to the L side
of the line. The transmitter T is inserted between the
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hook switch and the point g. Assume the transmitter T'
to be at rest; it has a certain resistance, and under the
pressure of the battery B’, a current will flow from the
positive side in the direction of the arrow, along the L side
of the line, through the line winding of the induction coil
in the direction of arrow 1 to the hook switch, thence
through the transmitter and back to the negative side of
the battery. Between the points  and there will be a
certain difference of potential and the condenser C will be
charged to the same pressure. Suppose the transmitter be
spoken to and its resistance suddenly decreased, not only
will a greater current flow through the path just described,
but, in addition, a portion of the charge in the condenser
will pass from the positive side in the direction of arrow 2,
through the local winding P of the induction coil, and
along the L’ side of the line to g and thence to the negative
side of the condenser, the same direction as before. This
current traversing the P winding, in the direction of the
arrow 2, will induce in the § winding a current in the di-
rection of arrow 3 the same as arrow 1. As this is in the
same direction as the previous current it will be added to
it. Therefore the discharge of the condenser combined
with the action of the coil increases the effect of the trans-
mitter. If this arrangement is beneficial it is pertinent to
inquire why a still greater ratio between the two sides of
" the coil would not improve matters. Telephonic apparatus
is so sensitive to the minutest variations in current that it
is difficult to give mathematical proportions for the induc-
tion coil and it can only be said that these windings have,
on the whole, been sanctioned in practice.
Only a single cycle has been described, but it is easy
to see that the same sequence will be repeated for every
sound wave which impinges upon the diaphragm, and
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those who wish to test this explanation experimentally can
readily prove the value of the induction coil by inter-
changing the connections at 0 and 4 or at o’ and +, when it
will at once be found that transmission is seriously im-
paired. '

Mr. Dean has proposed a common battery system which
is shown in Fig. 178 and is recognized as a modification

FIG 178.— DEAN COMMON BATTERY CIRCUIT NO. l.

of his local storage circuit. At the central office the com-
mon battery B’ has one pole earthed at E, while the other
runs to the center of a retardation coil C bridged across
the circuit. At the substation there is a second and similar
coil C’, from the center of which there is a conductor to
contact 2. When the hook switch is raised 2 is connected
to 1 and thence current passes to a local circuit which
contains the transmitter T’ and the local winding of the in-
duction coil P. This circuit is earthed at E. Between
the points a b the receiver R and line winding S of the
induction coil are placed in series. While between a and
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3 the bell B and the generator G are placed. The operation
of this circuit is similar to that of the Dean local storage
circuit, excepting that no storage battery is introduced,
and transmission depends entirely upon the current flow-
ing over both sides of the line and through the local cir-
cuit to ground.

Another of Mr. Dean’s circuits is shown in Fig. 179
which has many points of merit and has been satisfactorily
used by the Kellogg Switchboard & Supply Co. Between
the points a and ¢ on the two sides of the line the bell B
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FIG. 179.— DEAN COMMON BATTERY CIRCUIT NO. 2.

and condenser C are bridged. At the point b a tap is taken
off including the receiver R and transmitter T’ extending
to the L side of the line. Between the point ¢ and the
hinge of the hook switch H a retardation coil B is intro-
duced. The condenser C' prevents current from entering
the receiver. In many respects this is a distinet advan-
tage, for if current flows through the receiver its mag-
netism will be increased,-if it be properly connected, but
in making common battery installations installers too fre- |
quently misplace the receiver and reception is impaired.
It is possible to use a high wound receiver because it is
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removed from the transmitting circuit and its impedance
does not oppose the transmitter.

Among many proposed common battery circuits those
of Figs. 180 and 181 appear worthy of notice. Iig. 180
is a Russian device, and though complicated and expensive,
would appear likely to produce exceedingly good transmis-
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FIG. 180.— RUSSIAN COMMON BATTERY CIRCUIT.

sion. At the points ¢ and b on the L and L’ sides of the
line the conductors split; one runs from a through the bell
B, condenser (" to the contact 2. Another passes from a to
b through the retardation coils A A’ and the transmitter T,
while a third passes through the receiver B, the secondary §
of the induction coil and the condenser C'. The trans-
mitter has a local circuit including the condenser C" and
the primary P of the induction coil. A little considera-
tion will show that through retardation coils 4 A’ the
transmitter is supplied with current, but these operate to
choke back the voice impulses which are thereby confined
to the local circuit T' C P, which operates exactly like a
local battery circuit, and by the secondary of the induction
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coil § produces in the line a similar effect. The condenser
C opens the receiver circuit to the battery current.

Fig. 181 is a circuit proposed by Mr. Scribner. Across
the two sides of the line the signalling apparatus is placed
between the point @ and contact 2. From a there is a path
to the contact 1 upon the upper side of the hook switch.
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FIG. 181.— SCRIBNER COMMON BATTERY CIRCUIT.

This includes a peculiar coil wound in two parts A B’ and
CD. From the center of this coil a circuit is carried
through the receiver that is opened by means of a con-
denser C". The transmitter is connected between the coils
A and B’ and C and D. This ingenious arrangement pro-
vides a coil which operates both as an induction coil and
as an impedance coil, and though this circuit does not
appear to have been widely employed it seems to have
much promise.

As a partial evasion of common battery patents, many
exchanges have been installed in which the substations are
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provided with local battery for the transmitters, while at
the central office a common battery is installed to furnish
automatic signalling. The local battery automatic signal
circuit is shown in Fig. 182. Between a and ¢ is the usual
bell and condenser, and the local circuit from the hinge
of the hook switch through the transmitter T, battery b,
primary and secondary of the induction coil and receiver B
will be readily recognized.

Receivers and transmitters designed to operate upon
common battery circuits have such a degree of sensitive-
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FIG. 182.— CIRCUIT FOR LOCAL BATTERY TALKING AND COMMON BAT-
TERY SIGNALING.

ness that they readily reproduce all sounds which occur in
the neighborhood, and with undesirable intensity the voice
of the speaker often becomes audible in the receiver of the
set to which he is talking. This peculiarity is termed
“side tone” and there have been many attempts to ob-
viate it. These have frequently taken the form of an
endeavor to reduce the sensitiveness of the transmitter
either by interposing a resistance in the battery circuit or
by so constructing the microphone as to decrease its power.
While such efforts have decreased side tone, they have
correspondingly impaired general efficiency of transmis-
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sion, and the problem has now been attacked from the
standpoint of the induction coil, as is illustrated in Fig.
183. Here the induction coil consists of three windings, a
primary P and two secondaries S & 5. The primary P is
wound with No. 26 wire to a resistance of 30 ohms, while
each secondary is composed of No. 31 wire wound to a re-
sistance of 26 ohms. Each secondary covers one-half the
length of the primary. In the secondary § is a 75 ohm
‘receiver, making a complete local circuit, while a second-
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FIG. 183.— CIRCUIT TO REDUCE ‘‘ SIDE TONE.”

ary &' is in series with the transmitter 7', the hook switch
H and the condenser C. Under these circumstances it is
possible to employ a high wound receiver and to decrease
its sensitiveness to side tone by the use of a fraction of the
primary winding. With a receiver of greater resistance a
less step down effect is needed for the proper reception
of the line impulses, and by the introduction of the other
secondary &', all of the features of the ordinary common
battery circuit are retained. While this device has not as
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yet received the sanction of extended introduction, limited
experience therewith has been exceedingly satisfactory.

The diagrams embody the salient features of the cir-
cuits most commonly met with in practice. To attempt to
depict all the circuits that are employed by the various
manufacturers in the numerous substation equipments
which are offered would be a hopeless task, both in quan-
tity and because each day sees new designs in which slight
details are altered. So it only remains to show two or
three typical examples of substation wiring and to suggest
that the telephonist thoroughly familiarize himself with
the relations which the various component parts of substa-
tion apparatus bear to each other so thoroughly that they
become alphabetic and that both brain and hand shall be
nimble in sketching the fundamental characteristics of cir-
cuits. If this be done it will require but a few moments
inspection of any substation outfit to determine exactly to
what type of circuit it belongs and to trace unerringly its
connections.

Fig. 184 shows the usual method of wiring a local bat-
tery series substation. In the lower right hand corner a
skeleton diagram is given, in which the various binding
posts of the instrument are numbered, and similar nu-
merals are attached to the complete picture. The line
enters at binding posts 1 and 3, 2 is the lightning arrester
to ground. The receiver is connected between 4 and 5,
the battery between 6 and 7, while the hook switch and
induction coil are between posts 8 and 9.

Fig. 185 is a similar illustration of a complete wiring
diagram for a bridged substation. This is sufficiently
plain to need no further description. Fig. 186 is the cir-
cuit of a magneto desk set, while Fig. 187 gives a wiring
diagram for a common battery desk set.
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FIG., 184.— DETAIL WIRING SERIES STATION.
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FIG. 185.— DETAIL WIRING OF BRIDGING STATION.
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The circuit survey is incomplete without reference to the
hook switch, which it is evident from what has preceded
is one of the most important pieces of substation apparatus.
Upon this device almost endless time and ingenuity have
been expended to produce a contrivance which should be
thoroughly reliable. No other piece of apparatus has in
the past given so much trouble and no other has appeared
so simple. Some of the earlier forms of hook switch are
shown in Fig. 188. At A4 the contacts are merely pieces of
spring which press against the side of the casting which

FIG. 188.— EARLY TYPE OF HOOK SWITCH.

forms the hook lever. Switches made in this manner are
unreliable. The constant friction on the springs soon cuts
away the metal both on the lever and the spring itself. Ac-
cumulations of dust and grit, notwithstanding the springs
form a rubbing contact, open the circuit and produce no
end of vexation. The models at B, C and D are open to
similar objections, for the contacts become inoperative and
the coil springs usually give out.
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FIG. 189A.— SWITCH DOWN.

189B.—KELLOGG HOOK SWITCH — SWITCH UP.
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Fig. 189 A and B shows a recent model of the Kellogg
Switchboard & Supply Co. At A the switch is shown de-
pressed and at B elevated. The contacts are formed by a
series of long and flexible German springs, into the ends
of which platinum points are inserted. The springs are
overated by a flexible lever held in a slot upon the switch

FIG. 190.— STROMBERG-CARLSON SWITCH A.

FIG. 191.— SWEDISH-AMERICAN SWITCH.

arm. Experience has shown that this general type is on
the whole the most reliable.

Figs. 190 to 194, inclusive, are types of hook switches
of various designs, all of which, however, embody the prin-
ciples described. The desk set presents the hardest prob-
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FIG 192.— A. FREQUENT TYPE OF HOOK SWITCH.

FIG. 193.— STROMBERG-CARLSON SWITCH B.
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194.— HOOK SWITCHES WITH VERTICAL SPRINGS.

FI1G.
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lem to the designer of hook switches, for it is necessarily
so compact that it is exceedingly difficult to obtain room
for the apparatus. TFig. 195 illustrates one form of desk

FIG. 195.— DESK SET HOOK SWITCH.

set hook switch which is self-explanatory. Numerous other
types might be cited but the examples given appear to
illustrate sufficiently the desirable features of construction.



CHAPTER V.
TRANSMISSION AND CURRENT SUPPLY.

Bor little experience was needed to demonstrate the
superiority of the battery transmitter over the magneto.
Then the question of current supply therefor became of
vital importance. A quarter of a century ago there were
no dynamos or storage batteries, so early telephonists had
to content themselves with such primary batteries as com-
merce afforded. The volume of transmission depends on
the energy which is given to the transmitter, but it is also
necessary to design the transmitter for the current to be
supplied to it. A transmitter built for heavy currents will,
when operated on a small current, give results which are
much inferior to one particularly designed for low amper-
age, and conversely. So the selection of a standard of
transmission implies the adoption of an arbitrary current
strength as the energy supply, and the design of a trans-
mitter which shall with this current produce a maximum
volume. When the White solid back was invented the
Fuller battery was selected as the most reliable and cheap-
est source of current, because at that time nothing better
was known. It was believed that three cells of this battery
would not entail an excessive maintenance expense, hence
arose a standard of current supply, that has long been ac-
cepted, and such a transmitter was designed as would yield
the greatest volume of transmission when attached to such
cells. As telephone exchanges grew in number and magni-
tude other portions, such as cables, switchboard apparatus,
ete.,, followed the lead of the transmitter. Subsequently
other transmitter designs have been made which can pro-

[294]
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duce a much greater volume than those in common use, but
these require a correspondingly larger current. With an
increase in current strength the existing margin between
silence and audible cross-talk, now perilously small, dis-
appears; and as experience has shown the present trans-
mitter to be adequate for average service, there are few
reasons for an increase in volume, and many against it.
Therefore the practical transmission standard has come to
be one equivalent to that produced by a transmitter de-
signed to give the highest efficiency with three Fuller cells
in first class condition.

The Fuller cell rapidly deteriorates, so that standard
transmission is only obtained when the battery has been
freshly set up. This loss in efficiency depends upon the
amount of use to which the cells are put, so that, if the
battery is constantly in service, the length of its useful life
is greatly reduced. Furthermore, the battery is always
more efficient after a prolonged period of rest, so in prac-
tice there is a diurnal variation in efficiency, which tends

80
]
Pn
00—&)$ Y0740
i T
1 % \ +22ily
Mk ‘&9\ ~J
< =
2018 -
&
3
0 d 7|ime in ays
0 20 490 60 80 100 120 140

FIG. 196.— RATE OF BATTERY DEPRECIATION NO. 1.

to perceptibly lower the volume of transmission toward the
end of each day. This variation in the battery may pro-
duce a change of from five to ten per cent. in volume of
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transmission depending upon the time which has elapsed
since the battery was set up, and upon the use of the
transmitter.

The rapidity with which a Fuller battery depreciates
depends upon the daily use of the transmitter. Fig. 196
shows the results of experiments made to determine the
relation between the decrease in current strength delivered
by three cells of Fuller battery and the age of the battery.

Curve No. 1 shows the rate at which the battery out-
put would decrease were it used with a transmitter 40
minutes per day; while curve No. 2 shows the same cur-
rent-time relation if the battery is used 160 minutes per
day. For the majority of substations the use of the tele-
phone would probably be such as to give a time-current
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FIG. 197.— RATE OF BATTERY DEPRECIATION NO. 2.

curve between those shown, but nearer the upper than the
lower one.

As many telephone companies are inclining to the prac-
tice of using two cells of Fuller battery, rather than three,
Fig. 197 is introdnced to show the time-current relation un-
der this condition, and shows the curves similar to those
shown in Fig. 196.
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Figs. 196 and 197 show the current strengths to be ex-.
pected, and the question at once arises, how is standard
tramission affected by changes in current strength. Off-
hand, the problem seems simple — measure the current and
transmission and plot a transmission-current curve. But
this operation is beset with difficulties. There is no actual
standard of transmission, like a foot rule, and it is only
possible to take the opinion of many skilled observers as
to how far a particular case seems to depart from the re-
sults obtained with three Fuller cells. Then as the resist-
ance of every transmitter is constantly varying it is im-
practical to measure current. An indirect solution has
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FIG, 198.— CURRENT-TRANSMISSION RELATION.

" been obtained by the following method. A resistance of
5 ohms is selected as representing a transmitter and its
induction coil. A battery is arranged to give varying cur-
rent strengths from .1 amperes upwards through this
coil. The apparatus is adjusted to give a particular cur-
rent strength, say .3 amperes; then the 5 ohm coil is re-
moved and a standard transmitter and induection coil sub-
stituted, and the results obtained carefully checked by
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several observations with the three cell standard. In this
way an approximate current-transmission curve is obtained
which is shown in Fig. 198. Hence it appears that an e.m.f.
sufficient to give about 1.00 ampere through 5 ohms is
needed to yield acceptable transmission; that ninety per
cent. transmission can be secured with an e.m.f. sufficient
to give .52 amperes through 5 ohms, and that thereafter
transmission is very closely proportional to e.m.f. until
voltage is so decreased as to produce but .2 amperes
through 5 ohms.

Combining the curve shown in Fig. 198 with those shown
in Figs. 196 and 197, the results of Fig. 199 are obtained,
indicating the volume of transmission which may be ex-
pected from a solid back when used with two or with three
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¥1G. 199.— RELATION BETWEEN AGE OF BATTERY AND TRANSMISSION.

0

cell of Fnller batterv on both moderate and severe service
during such periods of time as the batteries can be consid-
ered serviceable. If a battery is subjected to severe ser-
vice it should be renewed at the end of six weeks and, if
used moderately, at least as often as once in three months,
provided the best service is desired. But it must be borne
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in mind that the average service probably lies somewhere
between the two curves for each number of cells and that,
with four renewals a year, which is common, the average
volume of transmission during the three months the bat-
teries are in use will be over eighty per cent.

However interesting the data thus developed, the prac-
tical telephonist always looks askance at the deductions of
the electrician. From time to time investigations have
been made on transmission from substations in service.
These tests go to show that there are three causes that
detract from a realization of the highest efficiency. There
are variations in batteryv condition, changes in tranmitters
and resistance of the subscriber line. Table XVI shows
the probable changes in transmission due to battery age:

TasLe XVI. Resvirrs in PracTick.

Diminution in Transmission Due to Battery Age.

2 Cells of Fuller Battery.

Age in days. Vol. of Transmission.

20 92%
30 88%
40 84%
50 80%
60 76%
70 T0%
80 62%
90 54%

Taking a number of tests in several places an average
battery condition of eighty-five per cent. is found.
The transmitter itself does not always retain its original
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efficiency. Like everything else it is afflicted with the
irremediable disease of old age and gradually loses at least
a portion of its power to talk. Taking practical observa-
tion again, average transmitter efficiency may be placed at
about eighty-seven per cent.

The transmission data so far entirely omits from con-
sideration the effect of the resistance of the circuit which
is external to the transmitter and coil (battery leads, ete.),
nor as far as the writer is aware has there been any exten-
sive investigation on this not unimportant question. Turn-
ing to Fig. 198 one might argue that because 1 ampere
through 5 ohms gives one hundred per cent. transmission
it is only necessary to apply an effective e. m. f. of 5 volts
to a transmitter to get the best effect. This is by no means
the case. To put a transmitter on a 500 volt circuit in
series with 495 ohms will not yield the same result as to
put the same instrument in circuit of little or no resistance
with a 5 volt storage battery. Yet the effective e. m. f.
at the terminals of the transmitter is the same in both cases.
Transmission depends in a large measure upon the energy
changes in the circuit due to the varying transmitter
resistance, and if this is but a small percentage of the
total resistance the transmission is relatively poor. So
in designing the transmitter circuit, the resistance of
the conrce of current supply is as important a considera-
tion as its e. m. f. It would also follow from Fig.
198 that in calculating the amount of energy required,
one ampere minute, or five watt minutes per conversation
minute should be allowed. As transmitter resistance is
constantly varying, this estimate is well on the safe side
and it is expedient to use it, especially as local action of
an unknown amount always tends to reduce the expected
output of a battery.
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It is difficult to make observations upon the demands
of transmitters for current in actual service; but so far as
experiments in this direction have gone, they reasonably
substantiate the preceding estimates.

Fig. 200 shows in the form of curve some observations
made upon' busy transmitters. The horizontal axis gives
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FIG. 200.— CURRENT CURVES FROM TRANSMITTERS.

the number of minutes occupied in conversation, while the
vertical axis upon the left shows the variations in current.

Even under the most favorable circumstances and de-
spite the fact that the local battery when in best condition
gives unexcelled transmission, it is expensive to install and
more costly and difficult to maintain. Its presence makes
the substation set bulky and cumbersome, its chemicals are
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tional to the resistance of the subscribers’ lines, and the
transmission quality will vary, both as the resistance
of the line, and as the proportion which this resistance
bears to the variation which the transmitter is able to
set up.

Chapter IV, Figs. 169, 170 and 178 show three forms of
common battery circuits. In Fig. 170 there is no induec-
tion coil at the substation. The circuit of Fig. 169 contains
an induction coil, while that of Fig. 178 is an arrangement
whereby both sides of the line are used to transmit the
current to the substation, and the ground employed as a
return. Fig. 201 shows five curves, plotted from experi-
ments made to compare the operatior of these various cir-
cuits, equipped with batteries of different voltages, with
local battery transmission. The results plotted in curve
A are obtained by the use of a 50 volt battery and
circuit shown in Fig. 169. Curve B is the same cir-
cuit but operated by a 24 volt battery. Curve C
shows tests of circuit of Fig. 178 operated by a 24 volt
battery, while curves D and E are comparative of the
results obtained with a 16 volt battery and the circuit of
Figs. 169 and 170. The general deductions from these
curves are as follows: First, a common battery system
equipped with circuit of Fig. 169 and 50 volts will give bet-
ter transmission than local battery, provided the length of
the subseriber line does not exceed two miles, which would
rarely be the case. From curve B it appears that the com-
mon battery system of Fig. 169 will give results equal to
or superior to that of the local battery, provided the sub-
seriber line does not exceed half a mile in length. This
about represents the average condition in large cities.
From curve C it appears that the circuit of Fig. 178 is in
no way superior from a transmission' standpoint to those
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of Fig. 169. Curves D ‘and E demonstrate that the
local induction coil produces a decided improvement
in transmission. It should be further remembered that
these comparisons are instituted between local battery
in first class condition and common battery. Experience
has shown that it is only a small fraction of time that the
local battery continues in the best condition, while the
common battery, always under the eye of the wire chief
and re-charged every night, is continuously in its best
working condition. It is fair to conclude that common
battery transmission with 24 volts will be better than local
battery transmission, unless the subscriber’s line exceeds
half a mile in length, and by the employment of a 50 volt
battery, against which little or no objection can he ad-
vanced, transmission over subsecribers’ lines over two miles
in length can be made equal to the best results from the
local battery and superior to it on any lines that are shorter.

Primary Batteries.—A primary battery is a contrivance
whereby a portion of the energy of chemical action may be
converted into electricity. If a piece of zinc be placed in
dilute sulphuric acid it is slowly dissolved, and as it is eaten
away bubbles of hydrogen gas make their appearance. In
this process the zinc unites with the oxygen of the water,
and is as truly burned as a lump of coal when placed on a
fire. While the solution of the zinec is progressing, the ves-
scl holding the acid becomes sensibly warm. This is due to
the heat produced by the combustion of the zine. If the
zine be touched with a piece of copper also immersed in
the acid three things happen: first, the zine is dissolved
more rapidly; second, less heat makes its appearance, and
third, a current of electricity passes between the metals.
It has been supposed that in a liquid there is a constant
interchange of atoms between the fluid molecules. In the
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simple cell just assumed we may suppose the arrangement
of the molecules to be symbolically as follows:

Zn H, SO, H, 80, Cu
Zinc. Sulphuric Sulphurie Copper.
acid. acid.

When the metals are electrically connected, the zine
pushes out the hydrogen from the molecule next to it and
takes its place; the “ Sulphion,” or SO, part of the acid,

[
==

FIG. 202.— DIAGRAM OF BATTERY ACTION.

repeats the process with the next one, and so on till the
copper plate is reached. This is illustrated in Fig. 202

20
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which is an ideal section of such a cell, in which 4 rep-
resents the zinc plate and B the copper one connected
by the wire C. Experiment shows that in the air through
the wire C a current passes from B to A, hence the
copper 1is called the positive pole or anode and the zine
the negative pole or cathode. But under the liquid
the conditions are reversed, for the current travels from
the zine to the copper, and hence the zinc is called
the positive plate and the copper the negative plate.
The queries at once arise as to what the function of the
copper is, why does it not dissolve equally in the acid,
what makes the current flow? In answer, about all that
can be said is that when equal weights of oxygen are used
to burn zine and copper, the zinc produces 2.35 times as
much heat as the copper, hence it is argued that the affinity
of the zine for oxygen is so much greater than of the copper
that it is impossible for the oxygen to attack the copper so
long as zinc is present. In other words, the oxygen is by
chemiecal attraction pulled toward the zine more than twice
as hard as toward the copper, and this chemical energy
produces in some unknown fashion the electromotive force
which causes the current. Accepting this as a working
hypothesis a primary battery must possess the following
characteristic constituents: Some substance which can
combine with two others, one of which has a greater chemi-
cal affinity for combination than the other. Thousands
of such combinations can be formed, but so far as the
telephonist is practically concerned, zinc is always used as
the positive plate; carbon or copper as the negative:
chromic acid, sodium hydrate, salammoniac, or sulphate of
copper as the electrolyte, or combining solution.

Before considering the various market forms, one other
phenomenon must be noticed. Fig. 202 shows that the



TRANSMISSION AND CURRENT SUPPLY. 307

hydrogen is pushed toward the negative plate. In the
simple zinc-copper cell the gas soon accumulates on the sur-
face of the metal in such quantities as to almost completely
coat it and stop action. This is termed “ polarization ™
and must be prevented if the cell is to be used continu-
ously. Two methods are employed, one, mechanical, such
as roughening the plate in such a manner as to prevent
the gas bubbles from clinging to its surface; the other,
chemical, which consists in introducing into the cell some
compound which will absorb and combine with the hydro-
gen as fast as it is formed. The latter is the preferred
plan. When a cell is in service only for a few minutes at a
time succeeded by relatively long periods of rest, polariza-
tion is not troublesome, for the hydrogen does not have
sufficient time to accumulate while the cell is in service
and during rest it has a chance to escape. Hence batteries
are divided into open circuit and closed circuit cells de-
pending on their ability to maintain for longer or shorter
periods a steady current. From the telephonie standpoint
the following list comprises the chief closed circuit cells,
or those best adapted for service when transmitters are in
constant use and a high grade of transmission demanded.

The Bichromate or Fuller.

The Sulphate of Copper or Gravity.

The Oxyde of Copper, Edison-Lalande or Gordon.

The earliest form of closed circuit battery was invented
by Prof. Daniell, and bears his name. This cell consisted
of a positive zine plate immersed in a solution of sulphate
of zine and a negative one of copper in a solution of sul-
phate of copper. Usually the plate was rolled into a cylin-
der, inside of which was a porous cup, containing a roll of
copper placed in a saturated solution of sulphate of copper.
This cell was expensive to construct and equally expensive
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te of copper is considerably heavier
t is possible to omit the porous cup
ruction. This has resulted in the
'y which is illustrated in Fig. 203.

3.— GRAVITY BATTERY.

pon the bottom of which is placed
into a spider form as at 4. From
wire extends upward out of the jar
Jle. Zine is cast into a form shown
'al resemblance to a crow’s foot this
he name of the Crowfoot battery.
in crystals of copper sulphate, the
lled with water. Presently the sul-
es and owing to its superior specific
bottom, while the zine is suspended
which is gradually converted into a

1fold the copper strip so as to form
the bottom of the jar. Suspend the
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zine about four inches above the copper. Pour clean water
into the jar so as to cover the zine. Then drop in blue
vitriol in small lumps, not over six or eight ounces per
cup. The resistance may be reduced and the cell be made
immediately available by using instead of water about
haif a pint of solution of sulphate of zinc from a battery
already in use or by pouring into the water four or five
ounces of pulverized sulphate of zine.

Blue vitriol should be dropped into the jar as it is con-
sumed, care being taken that it goes to the bottom. The
need of the blue vitriol is shown by the fading of the blue
color, which should be kept as high as the top of the copper,
but should never reach the zinec.

The chemical reaction of the sulphate of copper cell is
as follows:

| | |
Zn, | z':n 8O, | Zn'SO, | Cl:l 80, | CuSO, | Cu,
- 1 .

Zne, | Zn 8O, | Zn SO, |l Ca SO, | Cu80, | Cu,,

The e. m. f. of the gravity cell is usually about 1.08
volts and it is often taken as a fair standard of e. m. f. Tt
has, however, a high internal resistance, from .8 to 1.5
ohms and for this reason is rarely used in telephony ex-
cepting for transmitters at the switchboard and sometimes
for small common battery exchanges. For these purposes
it is an admirable cell to employ.

Experience has shown that the purity of zine which is.
employed in primary batteries has a great effect upon
the life of the cell. If impure zine is used, what is called
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local action is set up, that is to say the zinc is rapidly
dissolved by the electrolyte, even when the battery circuit
is open and consequently is quickly wasted. To secure
immunity from this action it is necessary to procure the
very purest zine. It has also been found that coating the
zine with mercury largely reduces the tendency to local
action. This is termed amalgamation and is best per-
formed by dipping the zine either into dilute sulphuric or

kydrochloric acid and then immersing in, or brushing over

FIG. 204.— EABRLY TYPE OF FULLER CELL.

with mercury. The action of the mercury seems to be its
ability to brlng to the surface pure zine, while forelgn
substances are left behind, and therefore amalgamated zine
acts as if it were chemlcally pure.

Instead of amalgamating zine as above descrlbed it is
possible to use an alloy of zine and mercury from which
battery plates may be manufactured, and this gives results
which are decidedly superior. Some experiments have
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shown that unamalgamated zinc wastes from 50 to 10,000
times as fast as that which is amalgamated.

The Bichromate Cell has, on the whole, proved itself the
most popular cell for telephonic circuits. It consists of
zine for the positive plate, and carbon for the negative,
immersed in a solution containing chromie acid, the object
of which is to act as a depolarizer and absorb hydrogen.
The usual model of this cell is called the Fuller, and pos-

FIG. 205.— IMPROVED FULLER CELL.

sesses a high electromotive force, about 2 volts, little or
no local action when upon open circuit and a reasonably
low resistance, about # of an ohm, so that it is particularly
advantageous for transmitter work.

Fig. 204 shows the common type of Fuller cell. There is
a glass jar into which a porous cup is placed which con-
tains a pyramidal block of zine. The porous cup is filled
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with diluted sulphuric acid or a common salt solution.
The glass jar is filled with a solution of chromic acid and
into this a carbon plate is placed. An improved form of
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FIG. 206.— TESTS ON FULLER CELLS.

Fuller cell is shown in Fig. 205. Here the elements are
suspended from a rubber or wooden cap which closes the
jar, the zinc is in the form of a cruciform casting, while
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the carbon is a complete cylinder that surrounds the porous
cup. Fig. 206 gives the results of some tests made in the
following manner upon the ordinary Fuller cell:

A chronograph was arranged to close the battery cir-
cuit through a given resistance of from 5 to 10 ohms, for
two minutes out of every six, or for twenty minute§ per
hour, and the cells kept on trial from eight to nine hours
per day. Measurements of electromotive force, current,
and cell resistance were made and are plotted as shown in
the curves, which are designated as follows:

A — electromotive force, morning.

A’— The same in the evening.

R — resistance.

C — average current.

The solution to be used in the Fuller battery is prepared
as follows:

Sulphuric Acid.— The sulphuric acid should have a
specific gravity not less than 1.831, and contain not less
~ than ninety-two per cent. of sulphuric acid. The acid
should be colorless, or nearly so, and free from arsenic.

Sodium Bichromate.—The bichromate of sodium should
be completely soluble in water and contain at least sixty-
eight per cent. of chromium trioxide.

Water.— The water should be distilled or pure soft
water should be used.

Solution.— The solution shall be prepared by mixing
the materials above mentioned in the following propor-
tions by weight:

Sodium bichromate ........... 9 per cent.
Sulphuric acid .............. 25 per cent.
Water ............. Cereenans 66 per cent.
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The bichromate solution should have a specific gravity
of 1.20 or greater and on analysis shall yield not less
than eight per cent. of sodium bichromate (Na,Cr; O;)
and not less than twenty-three per cent. of sulphuric acid
(H;80,).

The solution should be prepared in stone-ware or por-
celain lined vessels and glass or porcelain rods should
be used for stirring. The sodium bichromate should first
be dissolved in the water and then the sulphuric acid
should be slowly and cautiously added. As considerable
heat is generated by the action of the sulphuric acid, it is
necessary to allow the solution to cool before using.

It is sometimes convenient to ascertain whether battery
solution is correctly prepared, and for this purpose the
following tests may be found of value:

First: Specific gravity should not be less than 1.20.

Second: Dissolve ten grams, of fine iron wire in hy-
drochloric acid. To the hot solution, add, drop by drop,
a solution of stannous chloride until the yellow color dis-
appears, but avoid excess. Dilute with four or five times
its volume of water and cool. Then add about twenty c.c.
of a saturated solution of mercuric chloride. A white
precipitate will form, rendering the solution turbid. To
the solution thus obtained add one hundred c.c. of battery
solution and stir, and then add a few drops of potassium
ferricyanide solution. If a deep blue precipitate forms,
insufficient bichromate of soda has been used.

Third: Take ten c.c. of battery solution. dilute it
with several times its volume of water, add two c.c.
of alcohol and heat nearly to the boiling point, until the
color of the solution becomes a deep, pure green. Then
add one and five-tenths grams of freshly fused sodium
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carbonate previously dissolved in water, and stir. Con-
tinue to heat for a few minutes. If a dense, flocculent,
greenish precipitate forms after this treatment, insufficient
sulphurie acid has been used.

The reagents are made as follows:

Stannous Chloride Solution.— Dissolve one part of the
crystallized salt in six parts of water acidulated with
hydrochloric acid, and keep in the solution a few pieces of
metallic tin.

Mercuric Chloride. (Corrosive sublimate).—A satur-
ated solution.

Alcohol.—About ninety-five per cent., strength a good
quality.

Sodium Carbonate.— Pure sodium bicarbonate heated
to dull redness for ten minutes, to expel one-half of the
carbonic acid. Should be used as a ten per cent. solution.

Briefly stated the chemistry of the Fuller cell is as fol-
lows: When a solution of sodium carbonate is treated with
sulphuric acid chromiec acid is formed.

N82 Crg 07 + Hz SO4 = Nag 804 + Hgo + 20!‘03

The value of the chromic acid CrOg lies in its ability to
act as a depolarizer by oxydizing the hydrogen as follows:

6H + 201‘ 03 + 3H2804= 6H2O + Crg (804)3

So, finally, sulphate of zinc is produced at the positive
plate and sulphate of chromium, sodium and water in the
cell.

The Bichromate battery has appeared in a great number
of different forms and under a variety of different names,
none of which, however, show any particular advantage



316 TELEPHONY.

over the Fuller cell, which has on the whole obtained the
widest practical application.

The oxyde of copper cell is a valuable one to the tele-
phonist. In the cells so far described the depolarizer has
been in the form of a solution, for in this state it is usually
most efficient, but the oxyde of copper cell is based upon
the ability of oxyde of copper to give up its oxygen in
the presence of hydrogen, becoming reduced to metallic
copper. So the oxyde of copper cell consists of a positive
plate of zinc immersed in a solution of sodium hydrate,
and of a negative plate consisting of oxyde of copper, either
pressed into the form of a slab or carried in a basket or cup.
The chemical reaction of the oxyde of copper cell is as fol-
lows:

y

I | | I
Zn, | 2NaOH || 2NaOH | CuO|CuO
I | | |

~
—

Zng, | Na,ZnO, | 2NaHO | H,O | CuO,, | Cu

From this it appears that when the cell is exhausted there
is found a considerable amount of chemically pure copper
which may be sold at a fair price, and thus the by-products
are of some value which is not the case in any other make
of cell. The Oxyde of copper cell is best known under
the names of the Edison-Lalande and Gordon, ceil. The
cell is shown in Fig. 207, A giving a side elevation and B
an end elevation. There are two similar zinc plates, one
of which 1s shown in Fig. 208, between which a slab of
pressed oxyde of copper is placed. This is held in a frame
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FIG. 207.— EDISON-LALANDE CELL.

FIG. 208.— EDISON-LALANDE PLATES.
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FIG. 209.— EDISON-LALANDE ELEMENT.

FIG. 210.— GORDON CELL.
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work suspended from the cover, as in Fig. 209 the zincs
being hung in a similar manner. The jar is filled with
a solution of sodium hydrate and the elements suspended
from the cover. The arrangement adopted by the Gordon
Battery Co. is shown in Fig. 210. A porous vase is
arranged into which the oxyde of copper is placed. This
is suspended from the jar cover, while surrounding it is
a circular zine plate resting upon insulators, secured to the
porous vase.

FIG. 211.— THE NUNGESSER OXYDE OF COPPER CELL.

The Nungesser type of this cell is shown in Fig. 211,
and differs little from others excepting in unimportant
mechanical details. The most reliable tests upon the cop-
per oxyde battery are those made by Dr. A. E. Kennelly
and are abstracted in Table XVII.
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TasLE XVII. Data or CorpPEr OxYDE BATTERY.

Type of Cell.

4 Mean Working
: E. M. F. Volts.

a

Fuller Bichromate.. .
Western Union Car-
bon,  Bichromate
Type...oovevn ont 1.8
Partz Motor Cell... 1.83
Hussey Eclipse .... 1.4
Leclanché. ..... 1.5 t0 0.5
Gravity, Daniell,
Western Union

Type....cocvu.. 1.0
Edison Primary:

Type BB ....... 0.667
Type Q......... 0.667
Type Z ......... 0.667
Type V ........ 0.667
Type AA ..... .. 0.667
Type RR ....... 0.667
Type S ......... 0.667
Type SS........ 0.667
Type W ........ 0.667

e Inter-
esistance

§:

o Aver:
NS nal
> Ohms,

0.40
0.51
0.8
0.5

0.5

0.089
0.070
0.089
0.070
0.043
0.043
0.025
0.025
0.020

ery Current

W~ Maximum Deliv-
Amperes.

[$43
(=]

2.0

7.495
9.528
7.494
9.528
15.511
15.511
26.680
26.680
33.350

=) Capacitﬁin Am-
pere Hours.

o]

65
45

100
150
100
150
300
300
300
300
600

Continuous Cur-
rent Amperes,

1.5
2.5
1.5
2.5
4.0
4.0
6.0
6.0
7.0

A form of cell known as the Harrison has lately ap-
peared, which would seem to possess many advantages for
the telephonist. It consists of a positive zinc plate with
a negative of peroxyvde of lead, in a dilute solution of
sulphuric acid. It resembles a storage battery, having a
low internal resistance and high electromotive force, from
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2 to 24 volts. After the battery has been exhausted by
service, it is possible to recharge it in the same fashion as
the storage battery. Fig. 212 is an illustration of this type
of cell. It has a capacity of 40 ampere hours.

The only open circuit battery which has obtained ex-
tended application in telephony is the salammoniac cell in

FIG. 212.— HARRISON BATTERY.

its various modifications which include most of the dry
batteries. In this cell zinc is the positive plate, carbon the
negative, and a solution (or paste in a dry cell) of am-
monium chloride or salammoniac. In some makes depolar-
ization is affected by making the carbon surface very large
and rough, in others by surrounding the carbon with man-
ganic dioxide, which gives up its oxygen to the hydrogen
in the formation of water.
21
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The chemical reactions are as follows:

| |
Zo, | ¢NHC | 2NHC | 2Ma0, | C
| |

Zn,, |ZnCl|2N H,ClI2N H, | Mn, 0, | H,0| ©C

The salammoniac battery first appeared under the name

FIG. 213.— LECLANCHE CELL.

of the Leclanché cell, and-is illustrated in Fig. 213. Since
its first appearance the ccll has undergone many modifica-

\
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tions, chiefly directed to the removal of the porous cup
which contained the dioxyde of maganese. The prism
battery shown in Fig. 214 is an effort in this direction.
From the illustration it appears that the negative element

FIG. 214.— PRISM BATTERY.

is a carbon plate which is elamped between two blocks by
means of rubber straps. These blocks contain the dioxyde
of manganese which is employed as depolarizer.

In Fig. 215 the Bag battery is shown. Here the de-
polarizer is contained in a bag, which is a cheaper sub-
stitute for the porous cup.
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found between cast and rolled zine, although the latter is
usually considered preferable. The salammoniac should
be pure and should yield on analysis at least thirty-one and
five-tenths per cent. of ammonia, sixty-five and five-tenths
of chloride, and leave not more than three per cent. of
residue when ignited. The best strength of solution for
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FIG 217.— TESTS ON LECLANCHE CELL.

the salammoniac cell is practically a saturated solution
made by dissolving three parts of salammoniac in ten of
water, and for this purpose only clean soft water should be
used. '
Fig. 217 gives the results of tests made upon salam-
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moniac cells in a manner similar to those already deseribed
for the Fuller cell.

Dry Batteries.— To avoid the maintenance expense and
other difficulties attending the use of the cells described,
together with the possibility of injury to the subscribers’
premises due to the employment of corrosive chemicals,
the use of the so called dry cell has recently been much ex-
tended. In a sense the term “ dry cell ” is a misnomer, for
no cell that was desiccated, in' the true meaning of the
word, would deliver anycurrent. The term is usually under-
rtood to mean a cell so manufactured as to be non-spillable.
Most dry cells are composed of a pasteboard case called a
carton into which a negative zine element is placed. This
is either surrounded by a porous substance, such as cellu-
lose, saw dust, gelatine or a similar spongy material which
is capable of absorbing and retaining the electrolyte, or
else some kind of a pasty composition is employed. In
the center of the mass is placed the positive element, which
is usually some form of carbon and peroxide of manganese,
so that the dry battery is really but a convenient modifica-
tion .of the salammoniae cell. This description appiies to
those which are chiefly used for telephonic purposes for
there are many other forms commerecially obtainable, and
it is easyv to conceive that many additional combinations
might be easily contrived. The dry cell differs chiefly
from the wet in having a greater internal resistance and
smaller output in watt hours, in being exceedingly port-
able and considerably cheaper in initial expense. The
greater internal resistance is objectionable from the trans-
mission standpoint, but, to offset this, transmitters particu-
larly designed to work in connection with dry cells, pos-
sessing a resistance of from 30 to 80 ohms, are now com-
monly manufactured, and while, so far as the writer is
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aware, there are no tests which demonstrate that the high
resistance transmitter and dry cell produce transmission
which is equal to that of the wet cell, the results which
are obtained are sufficiently good for local service; con-
sequently such installations are well adapted to service
in which there are few or no toll line connections, such as

FIG. 218.— DRY CELL, ROUND TYPE.
FIG. 219.—DRY CELL, SQUARE PATTERN.

are found in the smaller towns and villages and in rural
communities. Here the decreased maintenance cost has
made this type of installation a favorite. The typical dry
cell is represented in Fig. 218, which shows it to be
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cylindrical, about three inches in diameter and about six
inches in height. Various makers produce cells of various
sizes and capacities; some adopt a square form, as in
Fig. 219, instead of the cylindrical one. “But in general
there is little choice, for as the cells vary in size their out-
put and price correspondingly changes. The electro-
motive foree ranges from 1.5 volts to .5, depending on the
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FIG. 220.— TESTS ON DRY CELL A,

make and age, and the internal resistance from .5 ohm to
2 or more.

Figs. 220, 221 and 222 give the results of some tests
made upon three different styles of dry cells which have
received a considerable employment in telephony. In order
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to meet a rapidly increasing desire to employ the dry cell,
some of the independent manufacturers, notably the Kel-
logg Switchboard & Supply Co., have perfected transmitters
particularly designed to operate in connection with dry
cells,and having an internal resistance, from 30 to 80 ohms.
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FIG. 22]1.— TESTS ON DRY CELL B.

Mr. R. H. Manson of the Kellogg Switchboard & Supply
Co. reports results obtained with dry cells and high resist-
ance transmitters which are interesting, particularly in
connection with telephonic installations in rural districts,
where service conditions are easy. Mr. Mamson assumes
that the terminal e.m.f. of a transmitter must not fall he-
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low 1% volts, and based upon this assumption he shows the
curves of Fig. 223, and calculates the telephonic life of dry
cells, based upon eight calls per day of 2§ minutes each, as
follows: DBattery A 3.55 years; battery B 2.58 years;
battery C' 1.94 years, and assuming dry cells to cost 25
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FIG. 222.— TESTS ON DRY CELL C.

cents apiece, and allowing 50 cents for expense of renewal,
the cost per substation by Mr. Manson’s results would vary
from about 28 cents to $1.00 per year per station. It is
not known how the transmission under these circumstances
compares with that given by older practice; but from
considerable practical experience in substations operated
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by dry batteries, the writer fears while the transmission
might be considered adequate for a small exchange, it
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FIG. 223.— COMPARATIVE TESTS IN FOUR DRY CELLS.

would be insufficient for the important districts of larger
cities and would be utterly inadequate for toll service over
long distances.



CHAPTER VL
SIGNALLING APPARATUS.

WiLE the invention of the magneto telephone rendered
the electrical transmission-of speech possible there were
many problems to be solved ere a telephone system could
become practical. One of the most vexatious was that of
providing some form of signal that should attract atten-
tion to the telephone when a call was to be answered. For
this purpose the voice of the magneto receiver itself was so
feeble as to be utterly useless. Many experiments were
tried in the hope of producing some sort of mechanism,
such as a tuning fork, which, vibrated in front of the
transmitter, would cause the receiver to emit a sound of
sufficient intensity to attract attention, but without suc-
cess. With the advent of the battery transmitter at-
tempts were made to employ a bell, actuated by an electro-
magnet, and to use the transmitter battery to operate it.
Grave difficulty was experienced with the burning and
oxydizing of the bell contacts, and it was found that the
two or three celled battery emploved for the transmitter
was too feeble a source of electro motive force to work the
bells over lines of more than a few hundred feet unless ex-
cessively large wire was used. Various forms of visual
signals to be operated electro-magnetically by the trans-
mitter battery were tried, for substation calling, but all
proved inadequate either for the preceding reasons, or be-
cause a visual signal is useless unless some one is watching
it, and this, for the substation, is impracticable. The
final solution was found in the invention of the so called
“ magneto-bell ” or ringer, which has proved itself so

[332]
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superior to all other forms of telephonie signals that it has
replaced every other device and is now universally used
at the subscribers’ station. Fig. 224 is a view of a typical
magneto bell, removed from its case; Fig. 225 shows the
magneto mechanism with gong removed, while Fig. 226
shows the bell dissected. The ringer consists of a cross
piece or yoke A A, to which the gongs ( (7 arc attached.

FIG. 224.— RINGER ASSEMBLED.

The cross piece also supports two electro-magnets B B
and a permanent magnet N S bent into a kind of U. A
clapper C attached to a wire arm is operated by an arma-
ture D that is pivoted in front of the poles of the electro-
magnets. A magneto ringer is always actuated by an
alternating current and so a small alternating current
generator is always used to operate telephone bells, for
thev cannot be used with a battery or direct current. The
philosophy of the ringer can be better understood by refer-
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ence to Fig. 227. In this illustration G is an alternating
current generator connected to the ringer by the conductors
LL. 1In the ringer N”§ is the permanent magnet.
This magnetizes by induction the pivoted armature a, pro-
ducing a south pole at S and two north poles at each end
of the armature N’”. This magnet also energizes the
cross piece A producing a north pole N” in the middle,
and two south poles S”” one at the end of each of the core.
Now, as there is a north pole N'”’ opposite each south pole

D
FIG. 220.— RINGER DISSECTED.

8" at each end of the armature, and as these are of ap-
proximately equal strength, the pull at each end of the
armature is equal, so that it is balanced and remains
quiet. If the alternating current generator be rotated an
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electric wave or pulsation will traverse the line L L' and
the coils wound on the cores B B’. With every revolution
of the generator there will be two waves, one positive and
the other negative. It will also be noticed that the wind-
ing on coil B is opposite in direction to that on B’. Sup-
pose, when the generator is started, the first wave is in
such a direction as to increase the strength of the south
pole 8" in the end of the core fy. This wave will then
weaken or reverse the pole at the end of ex. Hence the
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FIG. 227.— DIAGRAM OF RINGER.

armature will be unbalanced and pulled toward f caus-
ing the clapper to strike the gong on the left. A fraction
of an instant later the generator produces a wave in the
opposite direction. This weakens or reverses the S” pole
at f and strengthens the S” pole at ¢, hence the armature
is drawn in the opposite direction, and the clapper strikes
the right hand gong. Consequently so long as the genera-
tor is actuated the armature vibrates to and fro, and by
means of the pair of gongs a clear continuous ring is given.
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Owing to the operation of the permanent magnet to in-
duce magnetism in the armature and yoke, bells of this
kind are sometimes called polarized bells.

There are many advantages in a bell of this description.
As there are no contacts whatsoever there is no burning
or oxydization, and no difficulty from open circuits save
that due to an occasional actual rupture of a conductor.
The little generator g can be easily made to deliver a
much higher voltage than can be obtained from a primary
battery, and as there are no acids to corrode, or liquids to

FIG. 228.— COMPARATIVE SIZES OF RINGERS.

evaporate, the maintenance of the magneto generator is
much simpler and less expensive than any form of cell.
When magneto bells were first employed it was custom-
ary to wind the magnet spools to as low a resistance as
possible, say 80 ohms, in order that a number of statibns
might be placed in series upon a line, and yet not inter-
pose a resistance so great as to render the bell inoperative.
Subsequently, Mr. Carty devised the ‘ Bridging Bell.”
In this ringer the spools of the bell are bridged, or placed
22 '
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directly in shunt, across the line, and are often perma-
nently connected thereto. Therefore they must have suffi-
cient impedance so that the branch cireuit which they
offer will not seriously divert the voice currents from
the transmitter from reaching their proper destination.
To accomplish this result bridging ringer spools are usu-
ally wound to at least 1,000 or 1,600 ohms and sometimes
to 2,000 or 2,500. Fig. 228 shows the relative appearance
of a series and a bridging bell. Sometimes ringer spools
are made of high resistance by using fine German silver
wire for a part of the winding. This is a fallacy, because
the amperage of voice currents is so small that they are not
seriously affected by resistances, even of many thousands
or even millions of ohms, but their frequency is so high
that a coil of any kind, particularly one containing iron,
offers a very great impedance. So what is needed in a
bridging magneto bell is not great ohmic resistance, but
great impedance, and this is best secured by winding the
bell with relatively large wire and with a great many
turns. Experience also shows that it is expedient to make
the ringer cores long and slim, giving a correspondingly
long shallow winding, for this makes a much more sensi-
tive bell, one which can be used with a generator of higher
frequency and one which acts more promptly and quickly
than if the magnets are short and fat. In order to pre-
vent the armature from sticking to the core tops from
residual magnetism, a thin film of some non-magnetic ma-
terial should be interposed between the armature and the
ends of the core. This is readily done by driving a cop-
per rivet into the core, or armature, or by plating either
with copper, or some similar metal, which prevents actual
contact between the core and the armature. To secure
satisfactory operation the armature should be made ad-



SIGNALLING APPARATUS. 339

justable with reference to the poles and the magnet in
order to attain to attain proper sensitiveness. Sometimes
this is accomplished by threading the ends of the rods
(Fig. 228) and securing the cross piece carrying the arma-
ture between two nuts which permit it to be placed in any
desired location with reference to the cores.

Another method is shown in Fig. 229. This ringer is
manufactured by the Stromberg-Carlson Co. Here the
armature C is supported by a spring plate D that has two
holes to receive the ends of the cores. There is a cross bar
F which is placed over the poles and into this a screw B
is threaded which passes through a hole in the magnet A.
This screw has a shoulder which bears on the plate D.
By turning this screw to and fro the plate D is caused to

FIG. 229.— ADJUSTMENT OF STROMBERG-CARLSON RINGER.

advance or retreat from the cores and thus secures adjust-
ability for the armature.

An ingenious ringer, shown in Fig. 230 is manufac-
tured by the Williams Electric Co. There is a U shaped
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magnet O which is so charged as to have a consequent
pole .V in its center, and two south poles § 8" at the ends.
These south poles are prolonged by the bars B C' and con-
nected to the ends of the core of the coil A. Directly
under N the armature @ is pivoted. Evidently the pole of
the permanent magnet N produces a consequent south pole

FIG. 230.— WILLIAMS RINGER.

directly beneath it at R in' the armature and two north
poles N and N’’’ at the ends thereof. Also the two south
poles S and S’ of the magnet are continued by the bar
B and C and form south poles directly under the north
poles N’ and N"” of the armature. When an impulse
from the generator traverses the coil A in one direction
the south pole 8”, for example, is weakened and 8"’ is
strengthened, then the end N’ of the armature @ is at-
tracted and the gong on the left hand side sounded. When
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the next wave traverses the coil the operation is reversed.
Fig. 231 is a reproduction of the phantom in iron filings of
the magnetic circuit of the ringer. Note the strong field
produced by the consequent pole in the center of the per-
manent magnet, tending to polarize the armature. Ad-
justability is secured by making the pole picce N movable
so that by shifting it to and fro the polarization of the
armature can be varied.

FIG. 231.— PHANTOM OF WILLIAMS RINGER.

Another ringer of somewhat similar design is shown
in Fig. 232 manufactured by the Williams-Abbott Co. A
U shaped magnet is provided so charged as to have say a
consequent north pole at N and two south poles at S S.
Across the poles S S is secured an iron yoke and upon
this yoke two electro magnets are mounted, consequently
the upper end of the cores of these magnets are also
south poles. The armature O is pivoted below N and is
magnetized by induction. Obviously this ringer operates in
a manner very similar to the Williams ringer previously
described. Both of these designs are exceedingly com-
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pact. The upper parts of the ringer are protected by the
magnet and the whole apparatus can be easily made strong
and substantial.

In the polarized bells so far deseribed the armatures and
magnets are so designed as to mutually balance each other,
therefore the clapper is responsive to any electric wave
whether positive or negative that may traverse the coils of
the hell. :

For some kinds of service, that of polystation lines, for
example, a selective signal is desired, or one which will

FIG. 232.— WILLIAMS-ABBOTT RINGER.

respond to only one kind of impulse in order that the
central office operator may ring one party without disturb-
ing others joined to the same circuit. For this purpose
a “Biased Bell” is used. This tvpe of ringer is illus-
trated in Fig. 233 and differs from the common polarized
bell only in the addition of a light spiral spring which is
attached at pleasure to either one side or the other of the
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armature. The effect of this spring is to destroy the bal-
ance that exists in its absence, and the armature is tipped
out of center with reference to the magnets. It will thus
only respond to one kind of wave, for example a positive
one, such as will cause the pole of that spool which is not
nearly in contact with the armature to attract it. Obvi-
ously the spring can be placed on cither one side or the

FIG. 233.— BIASED RINGER, 2,500 OHMS.

other of the armature pivot and by changing the location
of the spring the responsiveness of the bell is reversed and
can be easily made responsive to a negative or positive
current. Experiment is necessary to determine upon
which side of a given bell the spring should be placed
in order to make it sensitive to a predetermined current.
For ringers of this kind very careful adjustment of both
armature and spring is necessary in order to secure even
remotely satisfactory operation, yet in spite of the narrow
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margin upon which this apparatus operates the biased bell
is an important form of substation signal. A host of
different designs in polarized bells can be found, for each
manufacturer has some pet design which he follows.
Nevertheless the bulk of those on the market correspond
at least in general design to the examples given.

Ringing Generators.— The ringing generator is a small
dynamo machine. To describe all of the principles that
the designer must take into consideration in planning the
ringing generator would be to write a treatise on dynamo
clectric machinery. This far transcends the scope of the
present work, but a very brief account of fundamental laws
involved, in so far as they apply particularly to the ringing
generators used in telephony, may be apropos.

Experiment shows that the neighborhood of every magnet
is filled with a mysterious something to which the name
“lines of magnetic force” has been given, and further,
that if a wire be moved in the vicinity of such a magnet
in such a manner as to cut these imaginary lines of mag-
netism, there will be a tendency to produce a current of
electricity in the wire. The reason for this lies buried far
deeper in the secrets of nature than any investigator has
yet been able to penetrate, so a bare statement of facts must
suffice. This tendency to produce an electric current, or
to create an electro-motive force, depends upon the speed
at which the wire moves and the density of the magnetic
field through which it travels, hence by arranging the wire
in the form of a coil so that successive turns may intersect
the lines of force the e.m.f. may be greatly augmented.
Essentially therefore a dynamo machine consists of a
magnet, to create the necessary magnetic field, and a wire
so arranged that it may be moved therein. A diagram-
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matic representation is shown in Fig. 234. Here N S rep-
sents a section of a horseshoe magnet, while a coil of wire is
placed between its poles so that it may be rotated. The ends
of the wire terminate in two rings placed on a shaft which
supports the coil, and upon these rings a pair of conductors
bear. When the shaft carryiﬁg the wire is turned, its
rotation through the magnetic field produced by the poles
N and 8 causes currents to flow as shown by the arrows,
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FIG. 234.— DIAGRAM OF A DYNAMO.

and these by means of the conductors may be carried to
and utilized at any desired location.

Experience shows that air opposes a high resistance to
magnetism, while iron does not; consequently, by winding
the wire upon an iron spool, a greater quantity of mag-
netism between the poles can be secured, and this enhances
the output. By supplying the magnet with cheeks or pole
pieces the air space may be still further reduced, and then
the cross section of the machine appears as shown in Fig.
235. Here N S is a horseshoe magnet, P and P’ a pair of
cheeks placed upon its extremities which surround a shuttle
shaped iron spool 4 upon which the coil is wound. The
fundamental organs therefore of a ringing generator con-
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gist in one or more permanent magnets to create the mag-
netic field, a coil of wire wound upon an iron core (called
an armature) a crank or other means for turning the arma-
ture and a pair of rings (or similar device) upon which two
sliding conductors are placed for the purpose of collect-
ing the electricity generated. When these parts are as-
sembled the ringing generator takes the general appearance
of Fig. 236. Fig. 237 is an imaginary skeleton view, in

N S

FIG. 235.— DIAGRAM OF MAGNETO.

which the magnets are drawn as if they were transparent,
thus permitting a view of the interior. In Fig. 238 the ma-
chine is completely dissected. From these illustrations a
ringing generator is seen to consist of a frame, Fig. 238,
which is usually made to form the pole pieces; a set of mag-
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FIG. 236.— RINGING GENERATOR.

FIG. 237.—SKELETON VIEW OF MAGNETO.

AT
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116, 238.— MAGNETO DISSECTED.

FIG. 239.— MAGNETO WITII MAGNETS REMOVED.



SIGNALLING APPARATUS. 349

nets are bolted to the frame; two bearing plates that
are bolted to ends of the frame each of which contains two
bearings one for the armature shaft and one for the crank
shaft; an armature with its pinion; the crank shaft
with its crank; the gear with collar and the shunt
springs. In Fig. 239 all the parts of the generator are
shown assembled excepting the magnets. The bearing
plates are bolted to the frame with the armature and crank
shaft in place, together with the shunt springs secured
to plate opposite the crank.

FIG. 240.— A COMMON SIZE OF MAGNETO.

The e.m.f. produced by a generator depends upon the
strength of the magnetic field. It is only possible to en-
dow permanent magnets with a certain, not very large,
quantity of magnetism. In order to obtain greater power
the number of magnets must be increased. This has given
rise to the classification of ringing generators depending
upon the number employed. The smallest sizes usually
have two or three magnets, while others have four, five or
even eight. A common size is shown in Fig. 240. So
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generators in the trade are often termed as 3, 4 and 5
bar machines depending upon the number of magnets.
There is another method of rating which is that of stating
the number of ohms resistance through which a generator
can ring its own bell. Thus a 10,000 ohm machine’ will
ring through 10,000 chms. Generators of 10,000, 25,000,
50,000 and 100,000 ohms are common and those of
150,000 or even 200,000 can be procured.

The precautions necessary to the successful manufacture
of permanent magnets have been discussed in the sections
on receivers, in which will be found an outline of such
chemical composition as experience has indicated desir-
able, together with an idea of the best method of manu-
facturing and charging magnets.

The armature is another vital organ of the ringing
generator. It was formerly customary to construct the
armature of a cylinder of cast iron along the sides of which
a pair of slots were cut to receive the wire. A solid bar is
a poor design, for the magnets in addition to setting up
desirable electric currents in the coil of wire surrounding
the bar initiate wasteful currents in the material of the
core itself. This may be prevented by building the arma-
ture of a number of thin sections of sheet iron which are
slightly insulated from each other by varnish, thin paper
or even rust. Fig. 241 shows the general method adopted
by the makers of all desirable machines. A series of iron
punchings cut from sheet iron, from Nos. 24 or 28 B.W.G.
are made; each is shaped like a dumb-bell with a hole
through the shank whereby it may be threaded upon a
shaft. After the proper number has been assembled to se-
cure the required length for the armature, pairs of bolts are
inserted in holes punched in the heads of the disk thus
clamping together the entire pile. The material should be
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FIG. 24]1.— ARMATURE LAMINATIONS.

FIG, 242.— ARMATURE READY TO WIND.
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the softest and best of Swedish sheet iron, or what is nearly
as good, the mildest of so called structural steel. Each
disk should be so varnished or oxydized as slightly to in-
sulate it from its neighbors, and shaped to form two longi-
tudinal channels, whose office is to receive and protect the
wire of the coil. Fig. 242 is an illustration of a com-
pletely finished armature ready to receive the winding.
The winding should be done with the very best silk
covered copper wire. The size of the wire, the number of
turns, and consequently the resistance of the armature,
will depend upon the service which is demanded of the

FIG. 243.— COMPLETED ARMATURE.

machine. By winding with fine wire a greater number of
turns can be secured and consequently a greater e.m.f., but
this is accompanied by a corresponding increase in resist-
ance. It is rare to wind generators with less than No. 30
wire, and it is equally rare to use a finer than No. 38; 34
and 36 are the most common sizes with which the resistance
will vary from 300 to 1,000 ohms. A completed armature
1s shown in Fig. 243.
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‘When the generator is in service its armature must be.
connected in series with the line, but to allow the impedance
of the coil to remain in the circuit excepting when the gen-
erator is actually turning is objectionable, so, whenever the
generator is not in use, the armature should be removed
from the circuit. This is done by providing a very low
resistance shunt around the armature so that when the
generator is at rest its resistance is cut out. Obviously this

FIG, 244.— WESTERN ELECTRIC SHUNT.

device must be arranged so that the armature will be cut
into circuit as soon as the crank begins to revolve, and be
short circuited when it stops. It is impossible to depend
upon the memory of the subscriber to press a button or turn
a switch for this purpose, so that it is necessary to make the
shunt automatic.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>