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THE COllllllllON-BATTERY TELEPHONE SYSTEllil OF THE 
CITY OF NEW YORK. 

Perhaps a few electrical engineers fully appreciate 
the sco.pe o.f the impro.vements which have been made 
in telepho.ny since the time when the telepho.ne was 
first exhibited at the Cen-

leading to o.ther exchanges. It is the functio.n o.f the 
o.perato.rs o.f the "B" board to. co.nnect the subscribers 
o.f o.ther exchanges, who.se calls are received o.n "inco.m­
ing trunk-lines," with the subscribers o.f the particular 
exchange under discussio.n. 

Each o.perator o.f the "A" bo.ard co.ntro.ls seven 
vertical panels o.f the multiple switchbo.ard, which 
panels are each sub-divided into. small sectio.ns re­
ceiving o.ne hundred so.ckets o.r "jacks," numbered 
to. co.rrespo.nd with the sub-statio.n lines leading to. 

tennial Expo.sitio.n o.f 1876. 
But the great army o.f 
subscribers certainly kno.w 
no.thing o.f the brains and 
money which have been 
lavished upo.n the elabo.ra­
tio.n o.f a telepho.ne system 
that has reached its high­
est develo.pment in the 
land o.f its birth. The 
transmitter and receiver 
are all that each sub­
scriber sees; and these 
sho.w but little o.f the 
change which has been 

. wro.ught. One apparently 
trifling departure, ho.w­
ever, which has o.f late 
been no.ticed in the sub­
scriber's apparatus has 
to.ld the telepho.ne users 
o.f New Yo.rk that an o.n­
ward step has been taken; 
and that departure, the 
o.nly public sign o.f this 
step, is the abo.litio.n o.f the 
magneto. - generato.r used 
in calling the central o.f­
fice, and o.f the sub-statio.n 
battery. 

The system which has 
thus discarded the mag-
neto.-generato.r and the statio.n-battery 
is technically kno.wn as the "co.mmo.n­
battery system," fo.r the reaso.n that 
it centralizes the so.urces o.f energy 
hitherto. distributed amo.ng the vario.us 
sub-statio.ns. 

The change fro.m the magneto. to. 
the co.mmo.n-battery system has ren­
dered it necessary to. reco.nstruct every 
telepho.ne-exchange in New Yo.rk-a re­
co.nstructio.n which has been effected 
witho.ut any inco.nvenience to. the sub­
scriber, even tho.ugh new statio.ns 
were added to. the system at the rate 
o.f o.ne tho.usand per mo.nth. Only o.n 
the co.mpletio.n o.f the new installatio.n 
were the o.ld bo.ards abando.ned. 

The co.mmo.n-battery system em­
.plo.yed thro.ugho.ut the United States 
is -the result o.f the labo.rs o.f many 
men, amo.ng who.m may be mentio.ned 
Scribner, Hayes, Dean, O'Co.nnell, 
McBerty, and Carty. It is no.t the 
purpo.se o.f this article to. dwell o.n 
the technical features o.f the system; 
fo.r they wo.uld be o.f interest o.nly to. 
electrical engineers and telepho.ne ex­
perts and wo.uld require 
many numbers o.f the 
SCIENTIFIC AMERICAN to. 
do. them full justice. The 
labo.rs o.f Scribner and his 
co.mpeers must therefo.re 
give place to. a curco.ry de­
scriptio.n o.f the wo.rking 
o.f an exchange-that po.r­
tio.n o.f the system which 
is perhaps o.f mo.st interest 
to. tho.se who. use the tele­
pho.ne in the affairs o.f 
daily life. 

The telepho.ne exchange 
which we illustrate is 
equipped with the mo.st 
perfect apparatus that has 
yet been devised. Its lo.ng 
multiple s w i t  c h b 0. a r d 
meets the demands o.f 
some 5,300 subscribers' sta­
tio.ns, the aggregate num­
ber o.f who.se calls reaches 
a to.tal o.f 41,000 .per day. 

The multiple switch­
bo.ard in questio.n is di­
vided into. two. sectio.ns, 
kno.wn at the exchange, re­
spectively, as the "A" 
bo.ard and the "B" bo.ard. 
It is the functio.n o.f the 
o.perato.rs o.f the "A" bo.ard 
to. co.nnect the subscribers 
o.f the exchange with each 
o.ther o.r with lines, called 
"outgo.ing trunk - lines," 

GENERAL VIEW OF THE lIIIULTIPLE SWITCHBOARD OF A TELEPHONE EXCHANGE. 
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PANEL OF AN "A" BOARD IN DETAIL, 

.0 

.2 
0 

6 .-0 

.g 

.11 
0 

.0 

. ' .> .� .4 .3 .8 .' .a .9 
Afttlt/?Ie-Jack.y 

.2 .2 .2 . ' .2 . .2 .2 .> I 2 3 4 j 7 8 9 

.' I .' Z .4 3 -: -i .: .' 7 . ' 8 •• 
9 

.� .6 
2 

.8 
3 

.6 
4 

.6 
5 

.6 
6 .8 

7 
.6 

8 .g 
.e 

I 
.8 

Z 
.8 

J 
.8 

4 .8 
� .� .11 7 .g .8 

9 

.'  .e .3 .' .5 .6 .7 .8 .9 

� .2 .� .2 .2 
·3 • 8 0 

.� .3 
• .� .3 II .� 

.� 
· • 4 • .4 ., S ·6 9 

Q a Q 0 � 0 Q a a � G ' 'l. '!I Ar. � � ''l 'b � \.� .R�3!DrI�Jt.." It' .,� .. 

..Hrn$''!Y.f� <:) e 0 00 <:) 0 0, <:) '0 C> 
" 3.. � ... � � ., � � 8.6''1''/''.9' A'I! 8· 

.Nllt.!ll".i' tJ '40 Cl c::o � CII C) co c c 

PANEL OF A "B " BOARD IN DETAIL. 
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the exchange. Every o.per­
ato.r cail reach all the sub· 
scribers o.f the exchange. 
Beneath the multiple jacks 
the o.utgo.ing trunk-jacks 
fo.r co.nnecting subscribers 
o.f the exchange with sub­
scribers o.f o.ther exchanges 
are lo.cated. And beneath 
the trunk-jacks are "an­
swering-jacks," which co.r­
respo.nd with the statio.ns 
o.f subscribers who.se calls 
the o.perato.rs must answer. 
A certain number o.f sub­
scribers o.r "answering" 
jacks are assigned to. each 
o.perato.r. Beneath each 
answering-jack is a small 
incande,scent lamp, which 
flares up whenever the co.r­
respo.nding receiver at the 
statio.n is taken fro.m the 
ho.o.k, ahd is auto.matically 
extinguished when the 
o.peratPr co.nnects with the 
answering-jack to. answer 
the call. In additio.n to. 
the lamps o.f the answer­
ing-jacks a "pilo.t-lamp" is 
used, which glo.ws as lo.ng 
as any subscriber's lamp 
is alight. It is the purpo.se 

o.f the pilo.t-lamp to. serve as an addi­
tio.nal means o.f attracting the o.per­
ato.r's attentio.n to. her subscribers' 
lamp, and to. enable her to. respo.nd 
to. the call o.f a subscriber who.se lamp 
may have been burned o.ut. On the 
ho.rizo.ntal bo.ard befo.re each o.perato.r 
two. sets o.f plugs with their co.rds are 
seated, in fro.nt o.f which are two. 
series· o.f lamps (superviso.ry lamps, 
they are termed) co.rrespo.nding in 
number and arrangement with the 
plugs, and serving as Signals to. in­
fo.rm the o.perato.r when a called sub­
scriber has answered and when she 
must disco.nnect two. subscribers. Sets 
o.f ringing and listening keys co.mplete 
the equipment o.f �ch "A" o.perato.r. 

- When a subscriber calls up the ex­
change, the pilo.t-lamp and the lamp 
o.f the co.rrespo.nding answering· jack 
glo.w. The "A" o.perato.r inserts o.ne 
o.f the disengaged plugs o.f the rear 
o.r answering series in that answer­
ing-jack and asks the number desired. 
If the number be that o.f a subscriber 
in the same exchange, the o.perato.r 

first taps the edge o.f the 
multiple-jack o.f the sta­
tio.n warlted with the tip o.f 
the secbnd plug fo.rming 
part o.f the circuit which 
she intends to. use. If the 
line is "busy" she gets a 
peculiar click in her re­
ceiver, a warning no.t to. 
intru.de. If the tapping 
do.es no.t betray a "busy" 
line, the plug is fully in­
serted. When the two. 
plugs are in their res.pec­
tive jacks the two. lines are 
co.nnected and then the two. 
co.rrespo.nding superviso.ry­
lamps sb:ow the state o.f af­
fairs. 'The inner lamp, 
co.nnected to. the answer­
ing-co.rd�' is o.ut because the 
calling supscriber has his 
telepho.ne o.ff the ho.o.k; 
the seco.nd lamp remains 
alight until the called sub­
scriber takes do.wn his tele­
pho.ne, when it is auto­
matically extinguished and 
the o.perato.r then kno.ws 
that the two. subscribers 
are in communicatio.n. If 
the called subscriber fails 
to. answer, the o.ne super­
viso.ry signal will glo.w un­
til by persistent ringing 
the subscriber is made to. 
respond. When a con vel" 
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sation has ended and both subscribers hang up their 
receivers, the supervisory signals both again glow, 
thus commanding the operator to disconnect the two 
lines. 

If the subscriber called for be in another exchange, 
the "A" operator, after having inserted an answering­
plug in the jack of the calling subscriber and ascer­
tained the number desired, presses 
a key to her left, which places her. 
in communication with the desired 
exchange, informs the "B" 'Operator 
there what number is desired, and 
inserts her connecting plug in the 
particular trunk·jack designated by 
number by the "B" operator � the 
other exchange. The desircu con­
nection is then completed at the 
second exchange after the usual 
"busy" test has been made. The 
supervisory lamp-signals are here 
again used to inform both oper­
ators when the lines are to be dis­
connected. 

J Citutific jtutriclu. 
ators and chief operators who answer calls and make 
connections with a celerity not always appreciated; 
its supervisors who see to it that the operators do their 
work promptly and aid them if necessary; its monitors, 
seated at properly-equipped desks, assisting the oper­
ators in making difficult connections; its manager, 
who is the commander-in-chief of this regiment of 

This distortion of convergence, it Is needless to say, is 
caused through the camera not being placed level when 
the negatives were taken. This might easily have 
been avoided if the camera had been used 'On a stand, 
but not so easily if it were held in the hand, notwith­
standing that it ·might be provided with spirit or 'Other 
levels: Again, it is often impossible to obtain the 

whole of a high building in a pic­
ture unless the camera fs pointed 
upward, and comparatively few 
hand cameras are furnished with a 
swing back, 'Or rising front, which 
would enable the distortion caused 
by the tilting to be avoided. Even 
if the hand camera were provided 
with a swing back it is doubtful if 
the novice would always employ it 
with sufficient judgment to obviate 
the convergence of the lines, for 
the image, as seen on the finders, 
does not always coincide with 
what is included in the negative. 

If the camera is provided with 
a rising front, with sufficient rise 
to avoid the trouble, we are met 
with the difficulty that the majority 
of hand cameras are supplied with 
lenses that are only capable of fair­
ly covering the plate when they are 
fixed at its axis, and, if they are 
raised much beyond that, the lower 
corners of the negative suffer. The 
case would be different if all cam­
eras were provided with lenses of 
the an�stigmatic type, which have 
a great c'Overing power, and even 

The "B" board of every exchange 
is provided with multiple-jacks ar­
ranged in panels similar to those 
of the "A" board, so that each "B" 
operator can reach all the sub­
scribers of the exchange. No. an­
swering-jacks are provided; nor are 
any required, since the operators at 
the "B" board merely connect other 
exchanges with called subscribers. 
Only one set of plugs (incoming 
trunks in· this instance) and one 
set of supervisory lamps are needed, 
for the reason that the connec· THE STORAGE BATTERIES AND A SECTION OF THE 'BEPEATING-COIL RACK. illumination over a wide field. Al-
tions are half completed at the 
calling exchange. Ringing-keys are provided, which 
when depressed ring the called station's bell at regular 
intervals until the subscriber takes down his tele­
phone, when the ringing-key automatically resumes its 
normal position. A line of auxiliary keys correspond­
ing in number with the ringing-keys is also provided, 
the depression of one of these keys serving to restore 
a ringing-key to its normal position when a subscriber 
absolutely fails to answer. Each operator of a "B" 
board answers the calls from one exchange. The "A" 
operator at the calling exchange, after having answered 
a subscriber, speaks to the "B" operator over a service 
wire and instructs her what number is desired. The 
"B" operator designates what disengaged trunk-line 
should be used by the ".A:" operator and then inserts 
the correspondingly numbered incoming plug of her 
"B" board in the multiple-jack of the station called 
for, the usual "busy" test having first shown 
that the line is free. The glowing of the 
supervisory signal in the circuit of the 
particular incoming trunk-line used and of 
the supervisory signal on the board of the 
calling "A" operator, indicate when discon­
nection is to be made. 

The boards are so arranged that the work 
of each operator is reduced to a minimum. 
Only a second is required to ascertain 
whether or not any given subscriber of the 
exchange is "busy; "  a few more seconds 
suffice to notify a calling subscriber whether 
any other station in New York and vicinity 
is "busy; " a minute or two is all that. is 
required to gather similar information from 
Boston, Philadelphia, or other outlying 
towns. 

operators, supervisors, and monitors; and its wire­
chief, whose business it is to superintend the technical 
department. 

• ,. I •. 
Distortion In Lantern Slides and Its Cure. 

When one sees a lantern show at the present time, 
one cannot but be reminded of the general superiority 
of the slides as c'Ompared with those produced a dec­
ade or so ago. Not that the commercial slides are so 
much better, but because those now made by amate·urs 
are infinitely superior to the dense black-and-white 
things that used to be considered good enough to show 
at the time to which we refer. This superiority, in a 
great measure, is due to the excellence 'Of the plates 
now supplied, specially for transparency work. Till 
these were on the market the amateur had, perforce, 
to be content with the 'Ordinary plates that were in-

though the lines may be 'out of the 
perpendicular in the negative, there is no reason why 
they should be in lantern slides made from them, for 
the evil may be corrected. 

Supposing we have a negative of a building in 
which the lines converge toward the top, owing to the 
camera being pointed upward when it was taken in 
order to include the whole 'Of the subject in the pic­
ture. Now, what we ha ·'e to do to render the perpen­
diculars parallel is to enV,rge the upper portion of the 
image and reduce the lower portion, then we shall get 
the picture as it should be. This, of course, can 'Only 
be done when the slides are made by camera printing. 
If we put the negative in the dark slide of a camera 
with a swing back, and adjust it so that the top of the 
negative is nearer the lens than the bottom, and the 
image Is received on the ground glass of a second 
camera placed in front of it, the perpendiculars will 

be seen c'Orrected, provided, of course, that a 
suitabie slope be given to the negative in the 
swing back, and that is easily adjusted. But 
it will be obvious that, as one portion of the 
negative is nearer the lens than the other, 
all parts will not be in sharp focus with its 
full aperture, therefore it must be considera­
bly stopped down in order to get all p'Ortions 
sharp. The best method of obtaining that in 
practice is to first sharply focus the center 
of the picture with a medium stop, and then 
put in the smallest one with which the lens 
is provided. 

If the negative requires a very great slope 
to correct the distorti'On, it may be found 
impossible, even with the smallest stop, to 
get all parts sharply defined. In that case 
it will be advisable to make the correction 
indirectly, making a transparency in which 
the convergence is but partly cured and then 
from that adopti1,lg the same means, making 
a new negative, which may then, if desired, 
be used for contact printing. If this proced­
ure is found necessary, the transparency 
should be more fully exposed and made 
denser in the development than if it. were to 
be used direct as a lantern slide. 

The multiple switchboard is the most ex­
pensive and at the same time most efficient 
central office apparatus ever invented. Its 
cost is about $1,000 per foot; its elements 
are numbered by millions. The addition of 
a number of multiple· jacks to a board means 
an addition not to one section of the board 
alone, but to every section; for it is the 
primary purpose of the multiple board to 
enable each operator to have within her 
reach all subscribers' lines connected with 
the exchange. The multiplying of jacks en­
tails enormous expenditures. But the price· 
of this increase is not the only outlay which 
may be lavished.upon an exchange. So rapid 
and so radical are the advances made in 
telephonic communication that an exchange 
may often be entirely refitted to incorporate 
a new improvement. Next year's telephone 
exchange is almost certain to reveal some 
departure from this year's apparatus. The 
changes may be slight. They are costly. 

A PORTION OF THE "A" BOARD, SHOWING IIULTIPLE-IACKS, OUTGOING 
TRUNK-lACKS, ANSWERING·1ACKS, AND PI.UGS. 

As some may not have a second camera, or 
one with a swing back, then an ordinary 
copying camera, such as is used for lantern­
slide making, may be utilized by fixing the 
negative in the camera in a sloping position. 
This may easily be done with the aid of a 
wedge-shape strip of wood or a couple of 
wedge-shape pieces of cork, adjusted so that, 
while one end of the negative is in the rab­
bet of the holder, the other is kept the re­
quired distance away by the wooden wedge 
or the corks, as the case may be. This ex-

But they increase the efficiency of the system; and 
for that reason alone the end justifies the means. 

Remarkable as the technical achievements in modern 
telephony undoubtedly are, it cannot be denied that 
New York owes its admirable telephone service large­
ly to the admirable organization of the exchanges. 
;EaCh exchange has its highly-trained corps of oper· 

tended for negatives. At times, however, one does 
see slides !!hown that, though in all respects pho­
tographically perfect, are marred by the distor­
tion of perpendiculars. This is most unpleasant 
to the eye when seen upon the screen, particularly 
if the lines happen to come in close proximity 
to the edges of the mask. and that 1s rectangular •. 

temporized arrangement is readily secured 
in p'Ositi'On with a few drawing pins. When the slope 
necessary for the negative is very great, it will be a 
good pla� to place a piece of ground glass an inch or 
two from it, at the back, so as to insure its even illu­
mination, which, in some circumstances, might not 
otherwi�e be' attained.-The British Journal of Pho­
tography. 
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