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Preface

This book contains the single best and most detailed "eye witness" account of the early development of
automatic systems that I am aware of. Arthur Bessey Smith was surely one of the most knowledgeable early

telephone engineers. Most of his other writings saw the light of day in book form. This one apparently did
not.

Much early information on the development of automatic service has been forgotten, and has left the public
consciousness. Some of the forgotten information appears here. Without this book, many important details
on the history of automatic systems, probably would no longer be available to the public.

The "book” came to the Institute as a scrapbook of clippings, apparently gathered from some long-
discontinued publication. The most likely suspect is Automatic Electric's excellent journal Automatic
Telephony. Unfortunately, we have been unable to get access to issues of this magazine prior to 1919. No
name of the careful collector appears in the book nor was there a date. We do not know whether the "book"
is complete. The collector may have missed some of the materials.

While using information from this book, one day it came to me that I had never seen any credits or
acknowledgments in other writings that this material had been published in book form.” A check through
several dozen books and journal articles confirmed this suspicion. I have been unable to locate any reference
to it, in either journal or book form.

When did Smith complete the articles? He discusses the Los Angeles system as having one manual and seven
automatic offices. This dates that part of the manuscript not later than the fall of 1906. There is a short
reference to the system at Columbus, Ohio in the spring of 1907, but several large dial systems ordered or
installed after 1907 are not mentioned in the text.

Smith makes no mention of the new two-wire Strowger systems, which were first installed in 1908 at Pontiac,
Illinois. There is no mention of the first automatic intermittent ringing, installed shortly afterward for the
new dial system at Lansing, Michigan. And there is no mention of the landmark system at San Francisco, cut
over in September, 1909. This was the first large city to use two-wire automatic equipment, and the first large
city to have automatic ringing, and to provide subscriber-audible ringing signals. These were major
improvements in automatic systems. Had the manuscript been written in 1908, it would surely have
included all these new capabilities.

Most of the data on Lorimer systems reflect that system as it stood in 1901. Lorimer developments after 1901
are not mentioned. But the latest date in the book, used in one place only, refers to a Lorimer system in 1909.
There is no conclusion, thus it is possible that later "chapters" are missing completely.

The original publications have a few chapter or section headings scattered through the book. Where Smith
used these, I usually retained his heading exactly. Where there were no headings, I made them up.

A few incorrect dates — in the published versions — were later corrected in remarks printed in later
clippings. These are retained in this book. In each case, the correct dates are widely known. I have hand-
written the correct dates over each erroneous printed one.

There are two different figures numbered 26, and figures 78, 122 and 127 are missing.

Printing quality must have been satisfactory when originally published. Unfortunately, the paper in the
scrapbook has aged and the ink has deteriorated.



You see the original type. This means that there are several different type fonts and sizes, and that columns
are of slightly different width and length, reflecting the several original sources. One part of one page is
from a different publication than that on another part of the same page.

The book was not intended to be a chronology of all the earliest automatic systems. Smith usually discusses
only the first system of each new type of equipment, or each significant new change. In a few cases he

mentions additional cities that used the same type of equipment. But, in most cases, he discusses only the
first.

The story told in this book by Smith is not complete. There is no reference to Clark, Ness, Globe, Munson
and others who were producing automatic systems at the time. Bell's Queens system went into and then was

withdrawn from public service during the time period covered by the book. The original publications may
have contained chapters on these systems also.

Smith includes only two systems outside the USA. One was the pilot system that went into service at Berlin,

Germany on 21 May 1900, the second automatic system in Europe. And Smith mentions a Lorimer system
being installed at Brantford, Ontario.

Smith may have covered these systems either in a fuller version of this manuscript, or in other publications.
A portion of the manuscript may never have been published, and/or other portions may have been
published in journals which were not available to the scrapbook maker.

Stanley Swihart

Telephone History Institute
Dublin, California

1995



1. Background

“Now faith is the substance of things hoped
for, the evidence of things not seen’—He-
g brews I11:1.

THE great things of the world have been the prod-
ucts of faith. The men who have written their
&~ names high have conquered by faith in their mis-
ision. From Abraham to Edison there is an inspiring
Yecord of achievements due’to courage. If Cyrus W.
7Field had not been a man of sublime faith the Atlantic
stable might mot have become a working reality. If Dr.
fAlexander Graham Bell had not believed it possible to
transmit speech electrically he would not have been able
1o carry his experiments to their successful conclusion.
‘And the growth of the automatic telephone is more due
o faith in possibilities- than to anything else.

. The importance of ready means of connection for

itelephone instruments has been recognized from the first.
Private party lines soon reached the limit of their service.
To-converge all the lines at one central point for inter-
lconnection was the only way to extend the use of the
#elephone to meet the rapidly increasing demand. As
‘telegraph lines had been switched by hand for years and
Hwas somewhat relatéd to the newcomer in that it also em-
iployed relatively weak. currents, electricians adapted the
Pplug board to telephoneé use. From this beginning we
shave developed to the modern manual switchboard.
7. In the month of September, 1879, about three years
‘after the invention of Bell’s telephone, an application for
patent was filed, which covered the first attempt at the
automatic switching of telephone lines. The devices de-
scribed were crude and ineflicient, yet they were a be-
‘ginning. They failed to make it a success. Yet sigge
that time inventor after inventor has attacked the prcb-
lem. It is a thing which could not be let alone. In spite
of the hindrances of unskillful mechanics, their ignor-
ance of electrical laws, and the manipulations of pro-
moters, the automatic system has grown in efficacy and
favor. Though men have been wrecked by the wayside,
step by step the obstacles have been overcome till but
few remain. It is my purpose to trace, as best I can,
both technically and generally, the growth of the system,
and to throw on the history such side lights as will be
helpful from the lives of the merd who did the work,

2. Connoly and McTighe system

© M. Daniel Cofinolly, of Philadelphia; Thomas A.
Cdnnolly, of Washington, D. C., and Thomas J. Mec-
Tighe, of Pittsburg, Pa., are the earliest known workers
‘in this line. Their first patent was applied for Septem-
ber 10, 1879, and issued December 9 of the same year
under the number 222,458. The condition of manual
switchboards at that time may be guessed at by the
following extract from the patent:

“The operation of making these connections is now
altogether a manual work, and requires not only constant
attention but much dexterity in order that there shall be
as little delay as possible; but in exchanges comprising
many members the work of the central office is very great,
- requiring many employes to meet the wants of the com-
munity. Even then there are incessant delays, much con-

“fusion, and consequently many mistakes and annoyances
: whicll it is highly important should be obviated.”

-+ .. While the drawings in the patent specifications are
~fairly clear, they are not in the best-form for publication
- to-show the essentials of their circuits. Accordingly I

havée redrawn the scheme in Figure 1. The substation

o S

2

-y,

outhit consists of a talking circuit, containing the receiver,
a signal circuit containing a polarized bell, and a selecting
circuit containing a dial interrupter, a pole-changing
switch, and several cells of battery. Two arrangements
are shown in the patent, as at station No. 1 and station
No. 3. In the latter the dial is entirely in the selecting
circuit, while in the former it forms a part of the com-
mon circuit and must therefore be normally closed. This
point is not definitely stated, though “interruptions” are
mentioned as being made by the dial. This indicates that
the dial was normally closed, but in selecting a number
the circuit was broken instead of made a certain number
of times. The bell was polarized so that positive current
must enter at the Linding post marked () in order to
ring it. The reverse current would produce no effect.
The central office switch consisted of a number of
wipers, W,, W, etc, mounted on the same shaft. On
the end of each wiper was a hook. Arranged in the form
of a quadrant around the shaft were a number of con-
tact bars, B,, B,, B,., etc, each bearing as rmany hooks as
there were wipers. Each wiper could he moved around
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Figure 1,

on the axis and in so doing would engage a hook on each
of the bars in succession.. MM is a motor magnet which
could move a wiper by a ratchet and pawl device. There
was one motor magnet for each wiper. The line from a
station was normally grounded at central through the
contact of the switching relay, SR, which was polarized
as indicated. Its armature was so arranged that it would
stay in cither position, not returning to its former position
unless made to do so by currert of the proper polarity,
The private magnet, PM, was zttached to a contact bar,
and was arranged to pull the whole bar out of the path
of the wipers. It was polarized, and there was one for
each bar. It would stay in whichever position placed,
the same as the switching relay.

In making a call there were three things which
the user had to operate—the switch, Sw, the dial, and the
pole-changer, PC. The switch 'stood normally on the
center point, leading to the bell, and the pole-changer was.
up, connecting the positive pole of battery to the line.

- First, throw the switch to the lzft-hand point, connecting

the battery to the line. Second, operate the dial. This
interrupted the current and advanced the wiper. In so
doing the current took the following path: From ground
up through battery, through the dial to lifte, over the line
to central, through the motor magnet, MM, through the
switching relay, SR, to the wiper, through.the contacts
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of SR to ground. As the current flowed in the wrong
direction through the switching relay, the latter would
not be operated. In moving along to reach'the desired
bar, the wiper hooked into a hook on each intervening
bar in succession, but passed on without disturbing them.
Having arrived at the contact bar of the line with which
our subscriber desired connection, he would, thirdly,
throw the pole-changer down, thus reversing the battery.
This reversal of battery produced three results—it oper-
ated the switching relay, SR, cutting off the ground at
central; it operated the private magnet, P}, which pulled
the contact bar, B,, for instance, out of the way of any
other wipers which might come around, at the same time
carrying the hook on the wiper, ¥/, along. The third
effect was to ring the bell at the called station. Fourth,
the calling subscriber shifted his switch, Sw, to the center
point and waited for an answering signal from the other
party. The called subscriber was supposed to answer by
throwing current on the line in such a direction as 10
ring the calling subscriber’s bell without reversing the
current through the private magnet and the switching re-
lay. Then they would both switch aver to their receivers
and talk. At the end of conversation the called subscrib-
er switches back to the bell, while the calling subscriber
switches to battery, reverses battery to push the bar, B,,
back in line, and bring. the ground back on the wiper by
means of the switching relay. The wiper was then free
to go to any other line or return home.

Privacy, or non-interference, was secured in two
ways.  The calling subscriber’s line passed through a
contact, C,, between the private magnet and the motor
magnet. The first move of the wiper as it starts out to
find another line breaks this contact, effectually prevent-
ing any other wiper from getting in on that line. The
called line is protected by the withdrawing of the contact
bar as above described.

There are several “bugs” in the system, which read-
ily appear.

No. 1. It was expected to arrange the contact bars
on a portion of a circle, which they called a quadrant.
This would limit the number of subscribers very closely.
Even if they had arranged a complete circle, the total
number of lines possible to be served would be far too
small to be practical.

No. 2. The work laid on the motor magnet is too
heavy to be handled successfully by current over a long
line to a sub-station. The battery to be maintained at
the latter point would be enormous.

No. 3. Moving the contact bars back and forth is
too heavy work for magnets, especially for polarized
magnets, such as the private magnets.

No. 4. It was expected to be able to reverse the line
current quickly enough to prevent the motor magnet
from responding. This could not be done. The inventors
made twg suggestions of ways to make it sure. One
was to provide a mechanical interlocking device so that
when the switching relay, SR, pulled up it would block
the motor magnet and prevent it from moving. But the
same current which energizes the switching relay also
energizes the motor magnet. As the latter is supposed
to be quick enough in action to follow the impulses of
current from the ‘dial, the former would have to be ex-
ceedingly quick to pull up and block the motor magnet in
time to do any good. The other suggestion was to make
the contact on the hooks broad enough to allow the wiper
to make one step without breaking contact. Tt must be
noted in this connection that it required several impulses
to move a wiper from one bar to the next. :

No. 5. It will be impossible to get the answering
ring as expected. In order that the positive selecting

tion.

current shall not ring the bell its plus terminalighl
to earth as shown. This must be the case at al}
tions. The selecting current will pass from statig
to central, the ringing and switching currentimy
from station No. 3 through central to stationZg
This direction is necessary to ring the bell at No*3;
out disturbing PM and SR. Now when the called
scriber answers, he must throw his current -of-th
in the same direction ; that is, from statipn No,;
tion No. 1. This is the wrong direction for ris
bell of No. 1. He could ring. it by sending ¢
the opposite direction, but that would opérate PM:; 3
and sever the connection by grounding the line.
No. 6. 7t would be necessary to talk through
coils, the molor magnet of each line and the swit
relay and the private magnet of the calling line.&
too much for good service. R
No. 7. There was no provision for release;.th
for automatically returning the wiper to its hoxﬁe
If the switch had been made in the form
complete circle it would be possible to return hg
going on around the circle. The inventors sugges
complete &ircle for the purpose of increasing the s
of lines, and even thought it possible to arrange?
contact bars in a plane, with the hooks or wx_p‘g,
on a narrow belt running crosswise. BE:
- One suggestion of value was to run a separate gif
for operating the switching relay and the private magn#
doing away with the reversal of current. This:pg
seems not to have been embodied in the patent. Av
cial application of their switch which the inventorgs
pected to use was in the case of an office with a line
distant factory. The switch could be placed at thi’s
of the line in the factory and allow the office to pigkis
and converse with any department in the plant.
But to my mind the greatest obstacle in this sys]
was the high percentage qf connections which' the
sisted on handling. The maximum traffic is whe;
subscribers are connected by twos. This gives a ratig
cord circuits to lines of fifty per cent. It was this 3
mum which they tried to retain. Theoretically, it
good thing for all the subscribers to be able to
once, but if telephpne companies were to try to proyids
such facilities, telephone rentals on manual boards wgtls
be up in the clouds and the automatic would be ag:j
possibility. o
That the inventors themselves discovered the draw
backs of their system to same extent is shown by the g
velopment, brought out about two years later. Aygud
29, 1881, the same men applied for a patent on anim
proved system, which was later issued as No. 262,643
In this they show that the difficulty of working the.m
ncts by line current had been found, and they get aroy
it by using relays to control the magnets, the latter bei
supplied from battery at the central office. Figures
shows the essentials of the improved system. There
some discrepancy in the way the station was intended 4y
be wired. In one drawing the strap of the switch, Sy
is shown as running to the plus terminal of the bell;;
indicated by the broken line at station No. 1. In anothegs
drawing it is run to the other terminal of the bell accords§
ing to the dotted line. Undoubtedly the former, they
broken line, is the correct connection, for otherwise the?
bell could not be rung by an incoming call.
In this system the dial is clearly stated to be norf
mally open. The pole changer, PC,, is mounted on the}
dial in such a way that it will be automatically thrown?
to the reverse position when the impulses have endcd;f'{
The operations of the subscriber are thus simplified. {3
The switch at the central office has been changed ma-?
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Bterially. Each contact bar, B,, B,, ctc., is carried by a
Epivoted arm, C, at top and bottom, so that it can be
Ewung away from the path of the wipers. In swinging
Sidway it can operate a switch which breaks the contact Dbe-
ftween B and F and connects the bar directly to the line.
e wiper arm carries a device called a “line trippgr,”
Evhose pian is shown at L7,. The line from the,station
Ecomes into the switch at F, passes through the contact
%40 the spring B and to the polarized operating relay, OR,.
#From here it goes to the wiper arm, P, out to the line

Baripper, LT, through its back contact to P, and thus to
Ethe ground. .

¥ . At the station Sw, is normally kept on its ground
Eoint so that calls may be received on the bell. When a
tall is to be made the subscriber puts the switch in the
tmiddle, which leaves it out of contact. The rotation of
ithe dial sends impulses to central, positive current going
oser the line from the station. The operating relay
‘,: ses and opens the local circuit of the motor magnet,
MM, causing it to move the arm by a ratchet movement.
e first few impulses of current pass through the oper-
ating relay, OR,, and go to ground through P,. When the
arm, P,, has advanced far enough, it engages the next
contact bar, B,, pressing it out with a toggle-like move-
fnent of its line tripper. This brings the bar into elec-

Figure 2.

“tricai contact with the spring leading to station No. 2,
~breaking off the connection to the operating relay of that
“line, At the same time the motion of the line tripper,
.LT,, breaks contact with its back spring, thereby cut-
sting off the ground connection. The impulses for fur-
“ther advancement must now pass from the line tripper
“through the contact bar, B,, tc line leading to station No.
"2, and to earth through the bell of that station. As the
“impulses continue to come, the arm carrying the line trip-
sper-goes on, pushing past the bar so that it falls back to
its normal position. This restores the connection of sta-
tion No. 2 with its own operating relay and gives the
-line tripper, LT, its direct ground through P,. Thus in
- advancing around the circle the impulses alternately find
greund directly through P, and through the lines past
‘which the arm moves. When the impulses cease, the line
“tripper will be resting against the bar of the line sought,
spressing it. out so as not to be caught by any other line
“tripper which may be putting up a connection. This re--
“mives the ground, P,, and cuts off the operating relay,

+ORy, of the called line, giving a direct line to the called
i1 Wheéh the dial stops, it automatically throws the
ipole-thanger, PC,, over and reverses the polarity of
“thé Battery. The subscriber now places the switch, Siw.,
~Gn the right hand contact, which sends current aver the

3

line to the called station. ringing the bell.  As the hattery
has been reversed, it will not affect the operating relay.
An answering ring was intended to be sent the same as
in the first system.  Disconnection was effected by step-
ping on around the circle to the home point.

We have seen how privacy is secured by having
the line tripper push the contact bar away from the cen-
ter so that other trippers can not touch it. But another
station might call on the home bar of the calling station
if means are not taken to prevent it. A cam is arranged
which rests in a notch as long as the arm is in the home
position.  When the arm starts out to find another line
the cam rides up on a disc just enough to hold the bar
heyond the reach of passing line trippers, but not enough
to break the contact between B and F.

When the line tripper is in its home position it would
be expected to he in contact with its own contact har.
This would press the bar out and break the contact B-F,
which would cut the operating relay from the line. To
prevent this, a notch is cut in the bar opposite its own
line tripper, so that it can not he moved by the latter.

3y going over the seven objections to the system
which were mentioned above when treating the first pat-
ent, let us see how many of them have been remedied.

No. 1. We are still limited by the number of bars
which can be placed in a circle of reasonable diameter.

No. 2. The motor magnet has been taken from the
line and placed on a local circuit where it can have any
reasonable strength of current without much expense for
battery. The control of lacal circuits by relays is good
and sound.

No. 3. The private magnet has heen aholished. In
its place is a light, pivoted device which ought to give
less trouble. _

No. 4. The reversal of battery current has now no
effect on the motor magnet as in the first system, as the
magnet is now in a lacal circuit and the operating relay
is polarized.

No. 5. The answering ring is no better than before,
unless, as the inventors suggest, the ringing current be
employed, which is much weaker than that required to
operate the operating relay.  In this case, the called sub-
scriber could send an answering ring to notify the call-
ing station that he was there. The fancicd nccessity
for the answering signal has entirely disappeared in
these days. It must he that telephone subscribers were
cxceedingly slow about answering at that time:

No. 6. The numher of coils through which conver-
sation must be carried has been reduced from four to
onc. This is a very good move.

No. 7. The release is fairly good, though if a step
should be lost or gained occasionally, afier a time the
subscriber might find himself far from home.

A few more troubles have appeared in getting rid of
old ones. If wired as shown, the selecting current will
ring the bell of its own station, for the polarity of the
battery coincides with the wiring of the bell. It would
be better to connect the contact point to the line side of
the bell, according to the dotted line. In working around
the circle the resistance of the working line is very great-
ly changed. At one instant it is merely that of the call-
ing line, the next it is the sum of that line and the line
past which it is moving. In these days of perfected re-
lays this would occasion very little trouble, but relay mak-
ing was not a finished art then. Thev had to he adjusted
quite carefully for the length of line over which they were
to work, and were very sensitive to changes.

October 29, 1881, M. D. Connolly, one of the orig-
inal three, applied for a patent on improvements designed
to overcome the difficulties above mentioned. The pat-
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ent-was issued under the number 263,862. The changes

are not sufficient to warrant a drawing and are as fol--

lows: To equalize the current flow while working around
the circle, he introduced a resistance in the ground wire
at the central office, equal to that cof the longest line.
Further he inserted resistances in all lines except the
longest to make them of equal resistance. If line No. 7
was the longest line, with a resistance of 20 ohins, and
line No. 10 had 14 ohms resistance, he would add six
ohms to the_latter line to make it equal to the iormer.
This method of getting rid of difficulty by “‘taking the
bull by the horns™ has something of the heroic init.  In-
stead of improving his relays, he equalizes the lines.
While it ought to make all lines~talk equally loud, it
would hardly find favor today. It reminds one of the
Thompson-Houston arg (dynamo which had u spherical
armature ‘of high reactance. = To get rid-of ‘the ¢xcessive
sparking at the commutator, a small fan was built into
the machine to blow out the arc by a blast of air.
Another improvement which Mr. Connolly made
was the insertion of a polarized annunciator or drop
the ground circuit of each line at central. The polarity
was so arranged that selecting current would not throw
the drop, but if the called line was busy and connection

therewith could not be obtained, when the calling station

reversed the current to ring, it would throw the drop
and let an attendant at central know that something was
wrong. The need of a busy signal had been felt, and this
was the best that could be done at that time. It had also
been discovered that the switch did not always act as de-
sired, and this pelarized drop gave the opportunity for
reporting or indicating cases of trouble.

A little later (Nov. &, 1881,) Mr. Connolly clianged
the polarized drops to common drops in locul circuits,
controlled by polarized reiays in the ground circuirs.

The first semi-manual was invented by M. D. Counolly
and he applied for patent Nov. 29, 1831. Ile merely re-
moved the operating relay and put a drop in its place. A
push button was placed on a desk in front of an attend-
ant by means of which the arm carrying the line tripper
could be moved by closing the circuit through the motor
magnet. The subscriber pushed a button on his tele-
phone which sent battery current over the linc and threw
the drop. The central attendant cut into the circuit, got
the desired number, cut out again, pushed the button to
operate the motor magnet the required numher of times,
and let the calling station signal the cuiled. This left the
drop of the calling line in circuit for clearing out pur-
poses, after which the operator had to work the button
to bring the line tripper to its home position. .

- This return to manual operation was undoubtedly
caused by the recognized imperfections in the apparatus
as developed up to that time.

In the short interval over which we have traced the
history a number of néeds had made themselves nanifest
to the inventors. They may be enumerated as follows:

1. Relay operation of motor magnets, the latter to be
worked by battery at central. The operation of motor
magnets by current which must come over the line from
the substation is out of the question and Lntlrely im-
practical.

2. They had begun the introduction of mechanical
devices to do the work of at least part of the clectro-
magnetic apparatus. This is shown in the abolishment of
the switching relay and the private magnet.

3. Simpler movements for the subscriber. The
first system had too much for him to do, resulting in tco
large a number of mistakes. About the only improve-

. as far along as they did.

B

ment was m inaiking e sty D0 dhe goic-chunger au-
tomatic. :

4. A better mudke of relays. As thien coustructad,
they were uuduly affected by clianges i line resistance.
In these days (1907) it is possible to make w relay which
will pull up reliably through 1,000 oluns and not stuek or
“frecze” when closad througl a dead shore cireuit,

500 A busy test. e show the calling subsenber that
the line called is busy. This was provided by inserting
the polarized signal in the ground circuil to nouty an at-
teudant. 1t was not an automatic busy 1¢st.

0. An off normal indic;iliuu. Switehics, like all
other machines, will occasionally wot ot of order wand
refuse to complete their work. Sumcthins s needed to
sliow an attendant that some defect exist.\: without wait-
ing for the subscriber to su)d 4 post: al curd or cull in per-
son with a gun. N S

7. Skilled attendance.  While it ineve bieen
thouglhit possible to make an automatic switchbouard which
could be set to rutinnig and allowed o take cure of dtseld,
1t was demounstrated thar attenduce was veore destrable
It will be noicd that even in this day of vasily improved
switches somie ane must be on hand o tuke cure of the
little things that o wrong even in the best of exchanges.

The above weeds were felt by the early inventors,
and some attemipts made to All then. That they were not
successful is not thar fault. {15 mdeed wonderiul dhat
in the short spuce of time they brought the development
Bur there addditional
points whlclx they apparently did not ebserve, which have
béen raught by the experience o1 tie years intervening
between their wine and ours.

1. The great desirability of getting away from ]u~
larized rd‘.\q currents.

2. The Sy alen
trom one or wore centrally located batteries, in place of
battery at each station.

3. The answertng ring froin the called stauon wias
uscless. It had its origin in the wuncicut manmer of work-
ing private lines, as between w honse and & store, in
which the person calling always wuited for the person
called o ring Lack bLefore taking the receiver irom the
huok. Peoplc motions were slower thien than now.  The
telephone was exceedingly new.  Thev hid not become
used to s ways. Ji the telephone bell raug ey finished
their tusk before answering it Now the telephone s
answered before anything clse.

4. The need for a better rcieuse. U is @ puor ex-
pedient to make the subscriber step his switch around
the rest of the circle to get home, for it takes time and
brings in the possibility of added -errors.  The release
should be positive in its action, bring the wipers or line
trippers home (o a fixed stop, wiping out the effects of
any crrors that may have occurred.

il

are a lew

il

sdramtage ot warhing alic winic

5. - The use of one wire with ground return was
then the accepted plan. Their sw itchbos ard was modeled
consistently along this line.  Metallic circuits are now
known to be the only way to give satisiactory transmis-
ston of speech.  This would have given themn three cir-
cuits over whicli 10 sclect, simplitving the switching cir-
cuits. But there is a tendency in these days to return to
the single circuit plan of sclicting, while. retaining the
metallic circuit for talking purposes.

Attention should he called o the fact that the call-
g subscribee held the key to the releases The called sub-
scriber could do nathing to get wway trom u conngcuon
till the culling sul)\ullur releised hi,



the use of the then imperfect magnets, T. A. Connolly.

l N the attempt to get rid of the difficulties incident to

brought out a switch which contained only rectilinear
conductors-arranged in two planes. The patent was ap-
plied for April 10, 1883, and was granted with the num-
ber 295,356. Tigure 3 shows the plan of arrangement.
It is novel in that it employed power drive to make the
connections, also that the current impulses were made
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Figure 3.

and broken at central and the movement of the dial was
controlled by the switch at central. B, B, etc., are hori-
zontal bars which carry each a sliding contact block, D.
There is one pair of horizontal bars for each line, and the
sliding block on them is the device by means of which
the line hunts up another line for connection. Behind the
bars, B, B, etc., are other bars, B2, B3, in pairs, each pair
being connected with one outgoing line. This gives each
subscriber’s line a pair of horizontal bars with which to
connect to other lines, and a pair of vertical bars for re-
ceiving calls. The vertical bars carry contact blocks also,
which are kept always in motion, sliding up and down on
the bars by a power driven sweep as indicated at the left
in Figure 3. Each contact block on the horizontal bars
has a cord or flat tape attached to it running to the right,
over a pulley to a weight.. This tends to move the block
- to the right, as shown in the simplified sketch, Figure 4.
Attached to the shaft which carries the pulley is a notched
wheel, W, a stud ou the back of the armature of
magnet M, fitting into one of the notches, preventing the
rotation of the wheel and keeping the block in its home
position at the extreme left. A contact wheel, C, is also
mounted on the shaft, it having as many contact bars as
there are notches in the wheel, I¥/. The brush, B, car-
- ries the subscriber’s line to the wheel, C, and the other
- brush, B, is arranged to be in contact whenever a notch
. 1S opposite the stud on the armature of M,: Sw, is an
- auxiliary switch connected with the block. :

The subscriber’s line goes from the magnet, M, to
the dial at the substation.  Mounted on a shaft is an arm,
A, which carries on its under side a spring, .S, insulated
from the arm. The line comes to this spring, which tends
to make contact with K. The pin, P, carried by another
arm on the same shaft, but insulated from it, is connected
-to the telephone set, T, which has apparatus for talking
-and ringing.  The contact, K, is attached electrically to

the arm, 4, which goes to the marget, M,, and thence
through a switch to battery and ground. In the normal
condition, arm A4 is at zero, with P resting against S, giv-
ing us a complete circuit from T to central. To call No. 3
on the board, the arm, 4, is rotated till it is opposite that
number on the dial. This closes the contact between S
and P. The switch, Sw,, is now closed, allowing current
from Ba to flow through magnet M,, contact K, spring §,
line, magnet M, brush B, wheel C, brush B, switch Sw,,
to ground. This energizes M,, withdrawing the stud from
the notch in the wheel, I¥." This allows the weight to
pull the contact block along its rods. The stud is pre-
vented from engaging the notches as they pass, owing to
the contact of brush B, which occurs just when the notch
comes opposite the stud. These impulses of current also
operate the dial magnet, M,, causing it to let the arm
carrying pin P advance one step for each pulsation of cur-
rent. When P reaches S, it presses the latter away from
its contact, K, breaking the circuit, and allowing magnet,
A,, to catch and hold the wheel, W. ,

The contact block is now opposite the vertical bar
of the line desired, and in a short interval of time the
block which is moving up and down on that vertical bar
will engage the block on the horizontal bar, operating
switch, Sw,, cutting off the ground so that both lines are
connected through. The ringing current was intended to
be so weak or of such a nature as not to affect the mag-
net, M,.

When through talking, the calling subscriber had to

Figure 4.

operate his dial in such a manner as to move his horizon-
tal contact block on till it reached the end of its run.
There a mechanical device was automatically thrown into
play. which allowed the block to be caught by the sweep,
F, (Figure 3), on its next trip, and be carried by it to
the extreme left, where it was held normally.

The prominent features of this system may be sum-
marized as follows: ‘ '

1. The line terminals are straight bars, parallel, car-.
rying sliding blocks for making contact. .
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2. The terminal bars were divided into two groups
those for orignatng calls, all in one plane, and those 1fox
receiving calls, which were in another plane, paralle h_to ,
the first, but with the bars at right angles to the other !

bars. - .

3. Power drive was used to move the blocks in

making a connection. _ )

4.g The movement of the block by the power drive
made the interruptions in the current whx_ch moved the
dial at the substation, and the dial determined the point
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at which these current impulses should cease and stop the
movement of the block. ) s

5. In releasing, the subscriber had to step his switch
on to the end of its movement, but the relga.se from thali{:
point was automatic and complete, carrying th¢ bloc

back to its zero position in a positive manner. - bied
6. There were many mechanical devices employe

to do electrical switching in preference to using relays.
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Figure 5.

3. Smith Automatic Telegraph Trurk Selector

November 2, 1889, there was application made for a
patent on an automatic switching system for telegraph
lines. The patent was later allowed under the number
481,247. This invention, though not intended for tele-
phone use, embodies some principles which have since
been improved and applied to automatic telephone switch-
ing. These principles are so important and widely used
that it is well worth our time to take a brief look at the
system. - . :

The inventor was trying to cheapen the cost of giving
private wire service to brokers and others who desired
telegraph connection from their offices in one city to those
in another city. He observed that if there were as many
_wires run between two cities as there were circuits leased,
most of them would be-in use but a comparatively short
portion of the day. His idea was to provide only enough
trunk lines to serve the maximum number that would be
in use at any one time. Any telegraph subscriber should
have access to any of the trunks, and the switching done
automatically. To prevent two subscribers from getting
in on the same trunk, he invented a device of very in-
genious nature for hunting for the first trunk which was
not busy.- - - -, .. s o
™ " The general plan is best shown in Figure 5. The
subscriber lines terminated in switches, which we may
call “first selectors” since they make the first selection,
the picking out of a non-busy trunk. There was one first
selector for each line. The trunk lines were multiplied to

" which holds the wipers in their home position.

the bank of contacts on each first selector, so that each -
line could connect with each trunk. Each trunk line ter-
minated in a switch best known as a “connector,” since
it makes the final connection with the line desired. There
was a connector at each end of each trunk, so that the
line could be used in either direction. All the subscriber
lines were multiplied to the banks of all the connectors.
A detailed diagram taken from the patent specifications
is shown in Figure 6. Two first selectors are shown at 1
and Ia and one connector at the right. The last is to
receive calls from the other city, which is wired in a very
similar manner. Main line refers to the trunk. Both the
first selector and the connector are seen to consist of a
circular bank of contacts which form a complete cylinger.
There is a set of four contacts for each trunk line and a
sét of two contacts for the “home point” of the subscriber
line to which the switch belongs. Through the center of
all the selectors runs a shaft which is kept in rotation by a
small motor or other source of power. Rigidly attached
to the shaft is a disk, 5, in each selector. The magnet, 7,
together with the wiper arms, 11, 12, andr3, and the com-
mutator are mounted on a sleeve which fits the shaft
loosely. The wipers are fixed on an arm or lever which
carries a stud, 10, and an iron armature which is under
the influence of the clutch magnet, 7. There is a circle
of holes in the disk attached to the shaft and the stud on
the arm is able to fit into any of them. It is prevented
normally from doing so by the attraction of the magnet,
1f the
magnet be released, a spring will pull the arm over, car-
rying the wipers away from their contact points and al-
lowing the stud to slip into one of the holes in the disk.
This clutch-like acton causes the whole arrangement, mag-’
net, arm, wipers, etc., to revolve with the shaft till an idle
trunk has been found. The clutch magnet will then be
energized, pulling the stud out of the hole and stopping
the wipers. The same actioh brings the latter into con-
tact with the springs of the trunk line selected. :

H

A~ TIAG.

Hermal.

-

Figure 6.

Having explained the mechanism, the circuits will
be more easily understood by reference to Figure 7. This
is merely a schematic arrangement of the circuits with
which we wish to deal. Many details have been omitted
for the sake of greafer clearness in the actions which in-
terest us. The bank of contacts has been shown as if on
a plane: r4is the home point for the subscriber who uses
this selector, and is connected to the “normal line” or line
over which calls may be received; 17 is the contact to
which is connected the trunk line shown, other lines being



connected to the like springs to the right; 22 is the busy
contact and is normally connected to ground through zo.
The spring, 22, is multiplied to all like sprngs in all the
selectors which have access to this set of trunks. The

ground connection is looped from 20 through all the sim-

ilar contacts in all the other selectors in the group. The
two wipers, I and 13, are under the control of the clutch
magnet, 7, so that when the latter is energized the wipers
are pressed upward, bringing 17 into contact with I14.
When the clutch magnet is de-energized the lever moves
over, carrying the wipers down, so that the lower point
of r3 is in a position to wipe over 22 and all similar
springs; 26 is an “off normal” switch, which is a repre-
sentation of a portion of the duty of the commutator
shown in the preceding figure. Its two contacts are touch-
ing only as long as the wipers are in'their normal posi-
tion, being broken as soon as the clutch has moved them
away. :

Attached to the wiper, 11, is the line, L,, which leads
to the subscribers’ instruments. It passes through a dial
magnet, 702, and through resistance to ground. This dial
magnet is arranged to move a wiper, 425, by a step-by-
step movement. There is a circle of holes under the
wiper and a plug, 430, which may be inserted into any of
the holes. This plug carries ground, and is high enough
to touch the wiper.

At central the clutch magnet is kept normally ener-
gized by a small battery, 30, which is closed through the
off normal switch, 26. A relatively strong battery, 37, is
in a second line L,, leading to the substation to a switch,

42, normally open. ’

' To make a call the plug, 430, is placed in the hole
corresponding to the number of the line desired at the
distant city. Then the switch, 42, is closed. This allows
the battery, 31, to furnish current which weakens the
clutch magnet, 7, to such an extent as to cause it to let
go. This carries the two wipers down and lets the stud
slip into one of the holes in the disk. Since the disk is
constantly revolving, it now carries the wipers with it.
The first motion opens the off normal switch, 26, thus
throwing the battery, 30, out of circuit. It will be seen
that the continued rotation of the wipers is dependent on
keeping the clutch magnet dead. Since the wiper, 13, is
the terminal of the battery and magnet, if it can get con-
nection with ground, the circuit will be completed and
the magnet energized. In this simple way the wiper, 13,
constitutes a “feeler,” which touches spring, 22, and all
similar springs on its way around the circle, hunting for
a ground. Let us suppose that the first trunk is not busy,
so that its busy spring, 22, will have ground. As soon as
wiper, 13, touches 22, the clutch magnet will be energized
and release the clutch, stopping the wipers. The same
action pushes the wipers up, bringing I7 into contact with
17 and 13 into contact with 20. In touching 20 it is pushed
away from its normal contact, 271, thereby taking ground
off z2 and the other springs in other selectors correspond-
ing thereto. The circuit for 13 is now completed to
ground through 20, holding the clutch magnet, 7, ener-
gized. If, now, some other subscriber sends his selector
around hunting for an idle trunk, the busy wiper will find
no ground on 22, and its clutch will therefore not be
pulled out. So the other wiper will be carried by this par-
ticular trunk to test and find the next one.

» We are now secure in the possession of our trunk to
Boston. In the connector in which our trunk terminates
there are the same general features of cylindrical bank
of contacts, power driven shaft, wipers, clutch magnet,
etc. The clutch magnet, CM, has two windings. One of
them, 62, is normally connected to ground on one side and
through the off normal switch, 971, to battery and ground

. 1

on the other. In this way it is kept energized. The three
wipers, 66, 69, and 68, are thus held up, so that 66 presses

against spring 71. It is not in electrical contact with it.-

The trunk line comes through winding 61 of the clutch

magnet and goes to ground through spring 71 and its.

contact, 70. When the wiper at New York came into
contact with the trunk line at its terminal, 17, battery rr2
caused current to flow as follows: From ground at Bos-
ton through winding 6r of the magnet, over the line to
New York, through 112, through wiper 11, over the sub-
scriber’s line, through dial magnet 102, and through re-
sistance to ground. This flow of current in winding 6r
of the clutch magnet at Boston neutralizes the effect of
the current in 62 with the result that the magnet releases
and slips the clutch into action. This same motion moves
the wipers 66, 68, and 69 down. Spring 7I now touches
72 instead of ground. The main line circuit is now ex-
tended from the line through winding 61, to springs 71
and 72, ending in wiper 69. As soon as the wipers begin
to move under the rotary action of the shaft, the off nor-
mal switch, 91, breaks contact, putting battery ¢ out of
use. :
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Wiper 69 being down, is in a position to wipe over
spring 80 and all similar ones. They are connected to
ground. As the wipers proceed, this will give rise to a
series of ground connections, each of which will energize
the dial magnet, 702, and step the wiper around one notch
for each line passed. The resistance, R, was designed to
limit the flow of current to such an extent that it would
not affect the clutch magnet, CM, at Boston. But when

the wiper on the dial reaches the plug, 430, the resistance ~

will be cut out and winding 67 of the clutch magnet, CM,
energized. This stops the wipers at the desired line in
Boston, 68 touching 7¢ to lock the magnet in position,
while 66 touches 76 and completes the circuit to the called
station. As the selector and the connector are held in
position by auxiliary circuits, the main line may now be
opened or closed and regular telegraphic communication
carried on. . -

It is not my purpose to make a critical study of this
invention, for we are not interested in it as a telegraphic
device, But as regards the automatic switching, the fol-
lowing points are to be noted as of great interest: A

1. A Trunking System.—The attempts at automatic
switching of telephone lines which we have just studied,
tried to get the maximum ratio of connections, i. e., fifty
per cent. In other words, they thought it necessary to
provide for the inter-connection of all the subscribers at
once. This device of J. G. Smith would have given the

~



early inventors the right idea of automatic switching, that
of only enough trunking apparatus to take care of the
business. It would have required some changes to have
adapted the system to telephone use.

2. The Circular Bank—In this the system was
along the most advanced lines of work of today. Numer-
ous attempts have been made to get up a system of auto-
matic switching employing rectilinear movements in a
. plane, but they ‘have failed.

3. ‘Power Drive.—It seems that the early difficulties
of getting accurate mechanical construction in the wipers
and banks of contacts were very great and gave rise to
considerable friction. To overcome this and move the
wipers with certainty was too much for the magnets of
that .day. .Since then the friction of moving parts has
been reduced in a remarkable degree by correct mechan-
ical construction, and the power of magnets incredsed
also. But there are still some who contend that power
drive is the best for automatic switching.

4. Central Energy for Selecting.—As far as I know,
this is the first attempt at applying strictly central bat-
tery to do all the switching. It was not common battery,
for each line required its own battery. .

5. Automatic Selection of Non-Busy Trunk.—This
was accomplished by allowing the feeling wiper to hunt
for a certain electrical condition in the contacts which it
touched. This broad principle-is applicable in a great
variety of ways, and is very valuable.

6. Control of Dial from Central.—As we have seen,
this idea is not entirely new, as the same general idea was
used by Connolly & McTighe in the last board described.

Though the system possesses grave defects, it is a
pity that some one did not take hold of it and remodel it
into a good automatic telephone sw1tchboard In some
points it was ahead of its time.

Early history of the Strowgers

Almon B. Strowger and William Dennison Strowger
were brothers, born and reared in good old New York
state. Both attended the common schools and the univer-
sitv and obtained excellent educations. A. B. Strowger
was especially inclined to scholarly pursuits. But the ex-
citement of the Civil war broke in on his studies, as it did
with many others, and he served through the war as a
bugler. After the war was over, he completed his edu-
cation and entered the teaching profession. He had a
special liking for mathematics.

W. D. Strowger became a nurseryman at Oswego, N.
Y. He was much inclined to inventions, in fact, invent-
ing seemed to be in the family. He had invented various
subsoilers, ditchers, a band saw, and other things. His
son, Walter S., was born at Oswego, March 3, 1863.
After attending the public schools and the high school, he
was sent to colleoe at Fulton Ill., where he took a sci-
entific course.

On one of his vacations when he was home with
his father, the two had a long talk as to what they would
do when the son graduated. All along the father and
. son had been associated in inventive work, but this time
a retrospective feeling led the father to recite his past
work, his experiences, his successes and failures, and at
length to enlarge upon the possibilities of the future.
They talked over many . things upon which they could
work together. The father even suggested air ships, and
finally the .possibility of an automatic telephone switch-
ing device. - He had no plans, but with the usual faith of
inventors though it could be done. This was about 1830.

. On account of ill health, Walter S. Strowger was
obliged to go west for employment in the open air. In
1883 he went on a ranch in Kansas. where he worked
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for three years. He settled on a farm near Eldorado
ran it for two years, after which he moved to Eldorad
After teaching for some years, Almon B. Stro
moved to Topeka, Kan., where he engaged in.under k—
ing. Later he removed to Kansas City, Mo. He wg; -©
a retiring nature, nervous and sensitive. .In using the
telephone he often suffered from the mistakes- of the
operators, It is not to be supposed that girls were ansf
more careful then than now. These mistakes, delays, curf
answers, negligence and interruptions annoyed him be:
yond measure. In his vexation, he vowed that he wouId
do away with them. This led to his- mventmg the sys-
tem which bears his name. - . ‘/ Ly
How many of the advances of life have come through
the apparent thwarting of our desires! A man was once
annoyed by the crying of his child. On asking the reasor
for the crying, his wife replied that it was a pin sticking
the baby. The man made some remark about her ability,
to insert the pin in such a manner that it would not cause
pain, and received the reply that it was impossible, for
the pins would work loose in spite of the best pmnmg"'
His spirit was roused by the situation and he 'declared

‘that he could make a pin which would not stick anyone,

And he did, for he gave to the world the ﬁrst safety
pin. ~§1

Another man, reduced to such poverty that his wxfe
had to take in sewing, sat one day-in their poor attic
watching her nimble fingers as they deftly passed the
needle in and out through the goods. The thought of the
purely mechanical nature of the operation’ strick him
forcibly, and he wondered if a machine could be made to
do the work. But he did not stop with the mere wonder,
for he went to work with such energy that he succeeded
in finishing a machine which not only would sew, but did
it faster and better than could be done by hand. 5

If the baby had not cried at the right time, the
safety pin might not have been invented as it was. If
Elias Howe had been in comfortable circumstances, he

might not have been led to study sewing and bring out
the sewing mtachine. If the telephone operators had been
quick and sure. and polite, or if Mr. Strowger had been
one of those good natured men whom nothing angers, he
probably would never have turned his attention to the
automatic telephone. , S

A. B. Strowger's determination to do away with
manual operators started him to active work and his ideas
took tangible form in an application for patent on his
system, which he filed March 12, 1889. Shortly after
this, his nephew, Walter, came to visit him at Kansas
Clty, Mo. He told Walter of his trouble with the op-
erators and that he was then working on the design of
an automatic switch to do away wlth them. To 111us-
trate his.idea he walked into'the bedroom, picked up a
collar box, and with it he showed how he proposed to
arrange the terminals in rows on the inner surface of a
cyhnder He explained that some sort of an arm would
be arranged to swing on a shaft and be able to come into
contact with any of the terminal wires. After talking
over the matter for some time, he asked Walter to work
with him in developing the invention. The nephew was
about twenty-six years old at this time, full of energy
and willing to work. He readily consented, and from that
time on he lived at his uncle’s house.

,.. The first thing to be done was to begin the construc-
tton of a model accordmv to the best ideas which they
had at that time. They expectcd -that difficulties would
develop, and that the only way to find them was by actual
construction. Realizing that the switch would doubtless
call for exact construction. they went to Wichita and hired



-

9

a jeweler and helper at $5.00 each per day to make the
first model.™ o -
© " Of the trials of these early days it is difficult for us
to get an adequate conception. 1t would be suposed that
above all other men jewelers would be able to put up exact
and true construction, to make all the parts so tl}at they
would operate like clockwork, with ease and certainty. It
is very likely that they could have done so, but they did
not. They had no faith in the project, their heart was
not in their work. One of the early writers has said that
Without faith it is imposible to please God,” and we may
add that without faith it is impossible to do any great and
lasting work. But with faith in the outcome, \ylth‘hxs heart
in the work, a man can do almost the impossible.. )
Although Almon B. Strowger was the inventive
genius who devised the circuits and mecbamcal parts, a
great part of the responsibility for getting those ideas
reproduced in wood and metal fell on hls_neghew, Walter.
Many a night the latter worked till midnight planning
the work for the next day, so that the wo'rkmen‘ could
proceed along the lines laid down by the inventor. It
seemed almost impossible to get the workmen to get the
idea or to construct the machine with sufficient accuracy.
A. B. Strowger’s retiring nature shrar{xk from’the strug-
gle and often gave vent to the words, “We can’t get them
to do it!” But what the older man lacked in courage
the nephew made up, and threw. his whole energy into
the task. Walter’s mother also stood by him and always
encouraged him to go ahead and make it a success. »
There were those among the friends of both men
who enjoyed throwing cold water on the whole business.
One of them told Walter Strowger that he had better

go and hire out to a farmer, as he would make a better

success and more money. N. F. I'razier, a man of consid-

erable means, living in Eldorado, proved himself a great
friend during these times. He loaned them money and

encouraged them in their work. . During the first two:

years of the development \Walter S. Strowger sold every-
thing that he had in the way of property, sometimes get-
ting only a quarter of the value of it. Upon this money
and that generously advanced by Mr. Frazier the first
two years’ work was done. .
Joseph Harris was at that time a traveling clothin
salesman. "Having a brother-in-law in Eldorado, he used
occasionally to stop there. It was known locally that

- W.'S. Strowger was_working on an automatic telephone

system and Mr. Harris heard of it. . R

Thinking this would make a good investment, Mr.
Harris approached W. S. Strowger and offered to make
a contract for the idea. Mr. Strowger did not act -on
the offer, but told Mr. Harris to wait till the model was
completed. ’

In working out the circuits for operating the switch
which he had invented, A. B. Strowger attacked the
problem from an entirely new point of view, which it is
well for us to understand clearly. Preceding attempts
at the construction of automatic systems had clung to
the single wire idea, trying to operate all sorts of mech-
anisms and electrical apparatus over one wire with
ground return. Mr. Strowger proposed in his first ma-
chine to use as many wires as he needed and thus get it
to operating. Then he would try to reduce the number
of wires as rapidly as possible, not attempting to sacrifice
simplicity and certainty for a small number of wires.

5. First Strowger automatic switch

1. essentials of A. B. Strowger’s first automatic
l switch are shown in Figure 8 The terminals of
all the lines in the exchange were brought to rows
on the inside of the cylinder, 4. There were planned
to be ten rows of 100 terminals each, giving a total
‘capacity of 1,000 lines.” aa represents the terminals and
B the lines. In the axis of the cylinder a shaft D was
arranged, capable of both vertical and rotary motion.
This shaft carried an arm, C’, which was the wiper to
make contact with the line terminals. In the first ma-
chine made the cylinder was wood and the terminals
were brass escutcheon pins. The vertical motion was
secured by the step by step action of a magnet, KV,
which had a pawl on the end of its lever. Another pawl
was provided to hold the shaft during the return stroke
of the magnet. A : '
, There were two rotary magnets. One of them,
KR1, was capable of rotating the wiper past ten ter-'
minals at a step. The other, KR2, could rotate the
wiper only one terminal per step. In this way the
vertical motion selected the hundred, the rotary motion
,of ten notches at a jump selected the. ten, and the last
rotary motion of single notches selected the wunit.
Mounted on or near each magnet lever was another
magnet adapted to release the mechanism by pulling the
pawl out of the tooth in which it was resting.
Figure 9 gives a general view of the machine and its
circuits. .At the left is the subscriber’s instrument, with
the battery for operating the magnets of the switch.

w

d L
Figure 8.

Four push buttons were on the telephone box, each but-
ton controlling a wire, while the fifth wire was for talk-
ing.  Each of the four wires had but one function, in
striking- contrast with previous systems which we have
examined. Thus the vertical wire ran from the button

on the telephone marked G’ to the vertical magnet on



10

the switch. The two rotary wires, Rr and R2, run from
buttons H’ and /” to their respective magnets, XRr and
KR2. The release line, R,, runs from button P’ to the
switch and loops in scries all the release magnets. Al

Figure 9.

these lines after passing through their magnets in the
switch terminate at ground. The fifth or talking wire
goes from the talking set in the telephone to the wiper
in the switch, also to the proper line terminal in all the
cylinders of other switches in the office. )

The operation -was as follows: Suppose that the
number desired was 345. The subscriber would push
the G’ button three times, thereby lifting the shaft three
notches and bringing the wiper opposite the third row
of terminals. He would then press the H’ button four
times, which would rotate the shaft and wiper four
times ten notches. Pressing the I’ button five times
would rotate the wiper five more spaces, thus arriving
at 345. The ringing of the called subscriber was done

with a magneto or battery. "When through talking, the

button P’ was pressed, which energized all the release
magnets at once, allowing gravity and a spring to re-
turn the shaft and wiper to their normal or zero position.

A number of points of interest are prominent in
this machine, and I shall briefly mention them.

1. The arrangement of the contacts in rows on a
curved surface. This has become almost standard. It
may be regarded as very fundamental.

2. The wiper rubbing over the contacts in suc-
cession. . . :

3. Vertical and rotary motion. For many years
this has been regarded as the ideal action, but some are
coming to regard a simple rotary motion as better. In
the attempt to get away from the mechanical complica-
tions of the vertical and rotary motions, some very com-
plicated electrical circuits have been evolved. But it is
to be hoped that these circuits may be simplified.

4. Rotary motion in jumps of ten for the tens,
followed by single jumps for the units. This action has
no very good ground for being, and has been abandoned
by all who have tried it. )

5. Complete release to zero or initial position.
This is the first switch in which the release was at all
satisfactory. When the release button was pressed, the

user had the satisfaction of knowing that all his mistakes

had been wiped out.

" 6. Five wires and ground. * This was excessive,
but in the plans of the inventor he was to reduce the
numbér. As stated before, he intended to take as many
wires as he needed to work the switch and then, reduce
them by careful experiment. S

7. Local battery. This was a very bad feature.
It is not clear why all these magnets could not have been
operated by battery in the ground wire at central as well
as in the ground wire at the substation,

i
i
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8. Calling subscriber controlled the release. This
is still the case in some modern automatics, but is re-
ceiving attention.
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9. No privacy. Any one could get in on a con-
nection by intention, or accident. Also it will be noticed
that in selecting a number, the wiper actually connec’ged
the telephone to all the lines lying in the path over which
the wiper moved, though it might be but for an instant.

Some timie in the year 1890 the first model was com-
pleted. It was set up and exhibited in the office of the
Kansas & Missouri Telephone Company (Bell). Its
operation, though in a crude state, was satisfactory
enough to show its possibilities. The local manager of
the Bell Company was very much interested and im-
pressed. He mentioned to the Strowgers the possibility
of selling the invention to the Bell Company, and said
that he was willing to get them an audience with the

" company if they wished. But he advised them to de-
velop it before trying to sell, as in its present shape they
would have to take the company’s terms. He said fur-
ther that telephone switchboards ought to have been
automatic from the start. Manual was only a make-
shift and there was in his opinion no question about the
future of the automatic. It was only a question of time
and money to perfect it.

During this time the matter of the patent had been
dragging along in the hands of a lawyer. Seemingly it
was too slow in being allowed. Finally the lawyer in-
formed the Strowgers that it had been allowed. Later
they found that it was not true, and that the matter was
in a very much mixed up state. When the patent authori-
ties asked questions, the attorney attempted to answer
them himself, without referring it to the inventors. Not
being an electrical expert, he got things badly mixed up.
When this state of affairs was discovered, the StrO}v-
gers took matters into their own hands, and. dealt .w1th
the patent office directly. They succeeded in stralght-
ening out the errors and had the satisfaction of having
it allowed within six months after they took it up them-
.selves. Ladmey v TR R :

6. Exhibiting the system

.- Joseph Harris and M. A. Meyer now urged A. B.
Strowger to come to Chicago and set up his machine.
Mr. Harris was connected with the World's Fair, which -
was at that time scheduled to be held in ¥962. He told

A 195+



Mr. Strowger that on account of its position Chicago
was a much better place to work. There were people
from all parts of the country and the world and theré
was an excellent chance to get them interested in the
invention. Both Harris and Meyer wanted to contrack
with the Strowgers, but offered to pay all expenses of
the Chicago venture even if they failed to make the
agreement, : : '
In the fall of 1890, A. B. and W. S. Strowger agreed
to come to Chicago and exhibit their invention. This
they did in the early winter. The next day after arrival
in Chicago the four-men signed up a contract. Accord-
ing to the terms, each of the Strowgers was to receive
a certain sum and a salary and an interest in a stock
company which was to be formed later. The plan of
operation was to raise money to carry on the further
experiments developing the invention, and then to put
the system on the market. From the date of the con-
tract Harris and Meyer began an active canvass for the
money for pushing the work. iy
In the meanwhile the inventors were busy setting
up the model which had been completed and operated at
Kansas City. Mr. Harris had an office in the Rookery
building and here the exhibit was wired up. A lineman
from the Chicago Telephone Company was secured to
help wire. This lineman had a friend by the name of
Frank Lundquist, who was visiting in the city at that
time. Mr. Lundquist was also a lineman and came along
to help with the work. He became greatly interested
in the idea of an automatic switch. . VoL
There were many visitors to see the new wonderf
and among them was the ever present newspaper re-
porter. There were a few paid write-ups of the usual
order which attracted the attention of the people of the
city. But there were occasionally humorous attacks by
the papers, trying to discredit the invention by holding
it up to ridicule. One of them said, “What is the use
of these_ plebeians coming here to do what Bell, Berliner,
a'nd Edison .failed to do?” Indeed, the staid electrical
!xghts' of Chicago looked on it as presumptuous in these
inhabitants of wild and woolly Kansas to attempt what
they were attempting. But the whiskery new-comers
had been working on the problem too long not to know
their ground, and were more fitted to speak on the
subject than their critics.” ) :

There were many visitors from abroad, Germany

b4

Figure 11.

France, and other European countries. The general
public looked on it as a very hard problem. But these
electrical men from abroad said that the idea was all
right and expressed their faith in its ultimate success.

The patent which had been applied for when in

Kansas City was formally issued March 10, ¥6%, under

the n}xmber 447_,918.‘ (41

7. The flat disk switch n

Owing to impertections in the first machine it was

thought advisable to change the form somewhat. It
seemed that it was very difficult to make the cylinder,
shaft, and wiper accurate enough to be sure of always
hitting the proper terminal. The margin of error allow-
able was too small, or the actual variation of the moving
parts too great, for the wiper would not act with cer-
tainty. Thinking that it would be easier to secure ac-
curacy on a plane surface, the bank of terminals was
changed to a flat disc. The line terminals were arranged
in circles around the center, with the same number in
each circle. It was first planned to have but one circular
row of 100 terminals. The wiper was mounted on a
shaft which was run through the disc at right angles
to its plane. Having but one motion, the machine was
very much simpler, though its capacity was only 100
lines.’ B

Having worked out the design of the new switch,
of which there is unfortunately no illustration at hand,
the Western Electric Company was asked to estimate
and bid on its construction. This company had been
friendly to the extent of selling the experimenters any-
thing they wanted. When the company sent over their
expert to figure on the job, W. S. Strowger was left to
explain what was wanted. Mr. Strowger explained the
limitations, and how closely the parts must work. After
listening to all of Mr. Strowger’s conditions, the expert
remarked: - ~

“What do you want such fine, chronometer work
for? You might as well keep the girls as to have such
fine machines.”

" Mr. Strowger replied:

“Do you want to bid on the job?”

“Yes,” was the answer: .

- The Western Electric Company at this time stood as
a company against the automatic idea, and stood back
from participation. But individually the Western Elee-
tric people were very kind and accommodating.

_ The job of constructing the new machines was finally
let to the Union Model Works, which was run by Mr.
Brown on Clark street, about half a block north of the
present postoffice building. There were twenty ma-
chines made at a cost of $60 each. W. S. Strowger
had gone into the matter of costs and made the predic-
tion that if made in their own factory under his super-
vision the cost could be reduced to $5.00 per switch. It
took three years to reduce it to that point.

In accordance with the contract, the automatic coi-
pany was incorporated October 30, 1891, under the name
“Strowger Automatic Telephone Exchange.” The 1u-
corporators were as follows: M. A. Meyer, president;
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° Figure 12.
A. B. Strowger, vice-president; Joseph Harris, secre-
. tary; W. S. Strowger. '

- *I'he capacity of the flat disc switch was now in-
creased by giving it ten circular rows of 100 terminals
each. The principles involved are clearly shown in the
patent which was afterward applied for (Februafy_19,
1892). A general idea may be obtained from Figures
10 and 11. the former being a vertical section and the
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latter the plan. In Figure 10, 3 is the table or rubber
disc upon which the line terminals, 5, are mounted. The
vertical shaft carries a radial arm, 12, on which slides
the wiper proper, 15. By a very ingenious mechanical
arrangement the magnet, 62, can move this wiper out
along the arm from row to row, thus enabling it to select

AN RN AR

A TS T R Y

Figure 13.

any hundred. The rotary motion is given by two mag-
nets, as in the first machine. Magnet 41 rotates the
wiper by jumps of ten, while magnet 35 makes single
steps. In this way the hundreds are selected by magnet
62, tens by magnet 47, and units by magnet 35. The re-
lease is accomphshed by two magnets, 46 and 55, which
release the rotary and radial motions respectively. The
principles of the release are identical with those of the

first machine, namely, the pulling out of the pawls which .

hold the advance motion, allowing the.springs to pull
the moving partg back to their zero position.

To avoid the friction which had been found to be
quite a source of trouble heretofore, a peculiar mechan-
ical action was employed in making the wiper shaft
jump up and down for each movement, radial or rotary,
which the wiper made. This was secured by putting an-
other magnet at the bottom of the shaft with its armature
arranged to lift it. The winding of this magnet was cut
in series with all the working magnets, so that with the
working of any of them the “jumping” magnet would
work.

Figure 12 shows the plan of circuits from one tele-

phone. At the left, Tel is the telephone, which may be
of any variety. ¢35 is a strap key which is used to make
the magnets work. A dial switch was devised to work
in connection with a magnetically operated switch at
central for controlling the impulses which were sent in
over the upper line wire.
This gial switch has five contacts, marked R, H,
T, U, and Tel. All the points are tied together to bat-
“tery, 90o. The lever of the switch, 92, was attached to
the lower line wire and at central went to ground
through the magnet, 5. This magnet was capable of

acting with a ratchet on another switch whose wiper, 86,.

was adapted to move into contact with any one of ten
terminals. The upper one of these terminals was wired
to the two release magnets, 46 and 55 and to ground
through the “jumping magnet,” 3I.

The second point on the switch, 86, ran to the
magnet, 62, which made the radial movement of the
wiper. The third point connected to the magnet, 41,
which rotated the wiper by jumps of ten, while the fourth
point went to the magnet, 35, which made the single
steps. The fifth point ran to the wiper itself, 75, and
was for talking purposes; it constituted the cord cir-
cuit or rather the connecting plug.

.#%..3. .The reduction to two line wires.

In this way the switch, 86, acted as a distributer
for the impulses, directing them to the proper magnet
at the right time. Suppose it were desired to call 234.

"~ The switch at the substation, 92, would be turned to the

point marked H. This sent one impulse over the low
line wire, advancing the switch, 86, one notch, bringing

Figure 14.

the upper line wire into connection with the hundreds
maguet, 62. Then the key, 95, would be pressed twice,
energizing both 62 and 3I, making two jumps upward
and outward with the wiper, r5. Then the switch, 92,
would be turned to the point marked 7, which shifted
the connection of the upper line wire from the radial
magnet to the tens magnet, that is, 47. Key 95 would
now be pressed three times to move the wiper in a
rotary direction three times ten notches. In this way
the units were also selected, finally switching the upper
line wire onto the wiper itself for ringing up the called
station and 'talking. There were ten terminals on the
switch 86, with opposite ones tied together. In this
way the switch had to move through only a half circle

- in mal\mg one call and releasing.

One of the mechanical devices to which I would
like to call attention is shown in Figure 13. In the
upper half of the figure is shown the exact manner in
which the tens and units magnets were arranged, to-
gether with the release magnet for the rotary. At the
lower left hand is shown a special ratchet corstruction
which was designed to prevent the inertia of the moving
parts from carrying them farther than intended. As
the movements of an electromagnet are very quick, there
was danger of giving the shaft a sudden kick, and the
momentum carrying it past the point. This was obvi-
ated by providing a set screw, 86, which held the pawl
firmly against the wheel, 32, as long as the magnet was
energized. This gave a locking action to the ratchet
which was very effective. The sketch in the lower right .
hand corner shows the ratchet pulled up in locking posi-
tion. Another neat point of ratchet construction was
the set screw, &5, which prevented the pawl from touch-
ing the wheel when the pawl was in its normal position. -
The spring, 33, tended to keep the paw! against the
wheel, but when the magnet lever moved back, the back
end of the pawl hit the set screw and moved the point
out of contact with the wheel. The advantage of this
is most apparent in connection with the release making
it unnecessary to have any release magnet to pull this
pawl away.

We may now review the sglient features of the
system as follows:

1. The flat disc construction.

2. The lifting action to avoid {friction at the con-
tacts. ‘This seems to have been the great bugaboo of
all the early inventors. ~
.One of these,
the upper in Figure 12, was the impulse or step-by-step
wire, and may be roughly likened to the vertical wire
of recent systems. The other, the lower line wire in
the same figure, was the controlling or directing wire,



determining what magnets the other wire should |
upon. It may be likened to the rotary wire in mod
practice. But it'must not be forgotten that the u
wire was also the talking wire, with ground return.

4. The special switch at central for d1strxbutmg
the impulses of the upper line wire.. This may in many.
respects be called the “side switch,” as it acts like th_e_
side switch of modern connectors. The macmet whu:h
operated it might be called the “private magnet,” thoﬁéﬁ
it has no protective action in this case. There is ong
fault which we must find with the “side switch” in that
its correct action, indeed the correct operatmn of . the
entire machine depended on the “side switch” keeping
in perfect step with the dial switch, 92, at the sub-
station. If by any means they got even one notch
out of step, it would result in dire confusion to the sub-
scriber. And the latter had no means of correcting 1?‘
. 5. There was no privacy provided. Any person
could get connection with any other line, no matter
if it were already connected with another.

6. The locking device on the ratchets. This is, &
very good point, and is still used on some of the best
machines.

7. The aim seemed still to be to get the maximum’
number of stations connected at any time, by prov1dmg‘z
each with a switch. The’ percentage idea had not yet.
been applied.

This patent was issued November 29, 1892 with
the number 486,909.

The effort to reduce the number of line wires led
the Strowgers to attempt to use polarized magnets in
connection with the flat disc machine which has just
been described. On the same day, February 19, 1892,
they applied for a patent on their single wire system,
which was later granted and issued as No. 492,850,
Without repeating the details of the former machine,
Figure 14 shows the way in which the selecting was
accomplished over one wire.  All the magnets were
made polarized, so that each required current to enter
at the terminal marked “+4” to work it. Current in the
opposite direction would have no effect on it. These
magnets are as follows:

- I=magnet of side switch,

35=rotary release magnet,

36=radial release magnet,

3%=hundreds magnet,

37=tens magnet,

38=units magnet,

40="jumping magnet.”

I .
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Figure 15,

The magnet, I, of the side switch was the only one
which worked on current coming in over the line, all
the others requiring current to flow up from the ground. =

At the substation the dial was arranged in the form’ E
of two concentric rows of contacts. Those marked with
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a roungd sy mbol are short enough not to be touched by
the t\\p wipers, 5, unless they are pressed intentionally
against the contacts. The other contacts, ‘shown by
long marks, are high enough so that in turning the
\\xpersr 3, around they will always touch. One of the
wipers; is attached to ground and the other to line. The
battery is attached to the two rows of contacts, all the
short pins havmg negative battery on the outside, while
the long pins have positive on the outside.

Normally the lever, 5, of the dial was intended to
be kept between the two pins marked R and the long
pins at the top. To call 234, merely move the arm, 5,
over to H and press it two times into contact with the
short pins. Then move it to the 7 pins and tap three
times, then to the U point, and tap four times, finally
to the Tel point and press once. To release, turn to
the pins marked R and press once.

The operation of pressing the lever, 5, down on
the short contact pins had the effect of sending impulses
of negative current over the line, which operated which-
ever magnet was at that time in connection with the
line through the side switch. But it had no effect on
the magnet of the side switch. When the lever was
moved from one short pin to the next, the wipers were
automatically made to touch the long pins, thereby send-
ing an impulse of positive current over the line, which
operated the magnet of the side switch and sh1fted the
circuit to the next magnet.

It is unnecessary to comment on the unde51rab111ty
of bringing back the use of polarized magnets. As far
as known this board was never used.

Early in the year 1892 the Brush Electrlc Company
of Baltimore sent Mr. A. E. Keith to investigate the
merits of the Strowger automatic telephone system.
After a thorough study of it, Mr. Keith was so favor-
ably impressed with its possibilities that he entered the
employ of the Strowger Automatic Telephone Exchange
soon after. Being a practical man, expert in factory
work, his coming was a valuable addition to the forces
engaged in so great a task.

The fact that the automatic system as thus far de-
veloped was not private was a great hindrance to the
prospective investor and to the public in general. The
financial promoters met the objection by the statement

~ that the system had been made secret, and then called

.

on the inventors to make it good. Th1s Mr. W. S.
Strowger did in a way which satisfied the need of the
moment. Figure 15 shows the principle. L are the
wires which connect the line terminals of all the switches
together. He made the wiper of line No. 1 to rest
normally on a “home” contact, as did No. 2 and all the
others. Under ordinary conditions, when No. 1 moved
his wiper around to talk with No. 2 they were safe
from interruption by calls which might come in by
any one else trying to call No. 1. The third party would
find the home point of No. 1 open. But if he called

- No. 2, who is the called party in the connection, the

- third person could gef in on the line.

. To make it
entirely private, Mr. Strowger provided beiween each
two subscriber’s switches a private line, terminating on
the same number on each switch, as for instance, No. 35.
Then if the two men wished to converse without inter-

- ruption, they would agree to shift their switches simul-
. tancously to No. 35. As this line appeared on their

two switchés only, no one else could connect with them.
That this was wasteful of space in the terminal bank is
apparent, but it met the need for the time being.

About this time a company was organized in Canada
for the purpose of pushing the automatic telephone in
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that territory. DBut there is' no record of their having
done anything. ‘
The twenty machines which had been made by the

Union Mqdel Works were now put into service as ex-
At all the places where it was’
shown, and all over the country, it roused great in--

hibits.in various cities.

terest. As usual, people took sides, some declaring it
a foolish and impossible scheme, others seeing its possi-
bilities and wanting to buy it up. One of the prac-
tical results of these exhibits was the discovery that
when the common public used the apparatus, they got
electric shocks at times. Inquiry showed that these
shocks came through ‘the exposed binding posts on the
receivers, which were of the ordinary Bell type which
was then the standard. This led to the adoption of a
type of receiver which had the binding posts concealed
in the inside of the shell.

In the fall of 1892 W. S. Strowger went west to
California to exhibit the system and raise money for
its development. He exhibited in both San Francisco
and Los Angeles. At the latter place, he was approached
by a man who offered to buy out the whole invention.
He proposed to get up a syndicate and trade Los Angeles
real estate at full value for the automatic stock at
quarter value. Mr. Strowger refused to deal with the
man. He was afraid that if the automatic got into the
wrong hands, the whole thing might fail. Since that
time the real estate which was offered for trade has
advanced till it is now worth several millions of dollars.

The spring of 1893 Mr. Strowger returned to
Chicago.

8. The first public system

HE object of the exhibits which the automatic people
T had been making in various cities was for the pur~
pose of enlisting capital, and as well to secure some.
place where the system could be tried out by the public.
Finally a contract was secured for a plant to be installed
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at LaPorte, Ind. This has the honor of being the first auto-
matic exchange in public service. In May, 1892, Mr.
A. E. Keith began its installation. The switch used was
the flat rubber disk type which has been described. It
had but one movement for the wiper and one circular row
of contacts. This limited its capacity to 100 lines. The
wiper was carried on an arm which lifted while rotating
to avoid the friction on the contacts, which would other-
wise have impeded its movement. This was accomplished
by the “jumping magnet” which was described in the
December issue. The tens were selected by jumps of ten
notches each and the units by single notch movements,

The board was opened to public use November 3, ¥62:-181L

This was the first time that the Strowger system had

-been actually used for commercial purposes by the gen-
eral public. That it was successful in a certain way and

was favorably received by the public is shown by the
letters written by the users. :

But it began to be noticed that occasionally a switch
failed to release entirely. This was found to be due to
the slowness with which the switch returned to its initial
position. The ordinary subscriber would press the release



button as long as he thought necessary, and if his call had
been for a low number there would be time for complete
release. But if a high number had been called the wiper
arm was drawn almost around the circle. It would there-
fore require a longer time in which to swing back to the
zero point. Of this fact the subscriber had no knowledge,
or if he did it was impossible to get all people to observe
it and hold the release button longer for a high number
than for a low one. Uniformity of operations is one of
the fundamentals of a good telephone system, especially
an automatic.

To remedy this deficiency Mr. Keith, in the spring
of 1893, invented an automatic release attached to the
hook lever on which the receiver was normally hanging.
Placing it in this position made it unnecessary for the
subscriber to pay any attention to the release.

Figure 16 shows the details of this device. A small
box having two compartments was attached to the lever
of the hook. In the lower portion of the partition were
two small holes. Just over the holes and in the compart-
ment nearest the pivot of the lever were two terminals
fixed. One of these was attached to battery and the other
to the release line. In either compartment was a suitable
quantity of mercury.

In the normal position, the receiver on the hook, the
left-hand space was lowest and would contain all the mer-
cury. When the receiver was lifted from the hook to
begin the conversation the mercury would gradually run
out through the two holes into the right compartment.
In so doing it would not touch the release wires. When
the receiver was hung on the hook at the end of the con-
versation the lever was again tilted downward, causing
all the mercury in the right compartment to flow down-
ward and cover the release wires, while gradually escap-
ing to the other compartment. This held the release

closed for an ample time. It was known as the “pill box
release.” The patent was applied for on this device Sep-
tember 16, 1893, and was issued December 29, 1896,
Number 573,884.

The automatic system was exhibited at the World’s
Fair all during the summer of 1893 and attracted a great
deal of attention. Engineers and scientists, especially

those from abroad, seemed t0 be greatly impressed with
the desirability of automatic switching and with the merits
of this particular system. o

During the year 1893 Mr. T. C. Martin came 1nto
the employ of the Strowger Automatic Telephone Ex-
change as an engineer.

19

W. S. Strowger, who had returned from California,
was sent to install a small system in Fort Sheridan, IlL,
for the United States government. The switch was the
same flat type as had been installed at LaPorte, Ind., mak-
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Figure 18.

ing the rotations by lifts and jumps. - Some trouble was
experienced owing to dust which lodged on the contacts.
As the wiper jumped up and down and did not actually
wipe across the terminals, occasionally the dust would pre-
vent proper contact and the wiper could not clear itself.
The system was finished in October, 1893. i
About this time was the beginning of the famous
panic of 1893. People must have groceries and clothing,
but expensive luxuries like automatic telephones pould be
dispensed with. This was especially true of the investor,
whose aid was so necessary in developing the automatic
system. Money became “tight,” with the rgsult that it
became exceedingly hard to keep things going, and all
new ventures like the automatic telephone were in danger
of going to the wall. However, by proper measures the
automatic business was piloted through the storm.

q. The Erickson System and Lundquist

Frank Lundquist and the Erickson brothers (John
and Charles J.) had been boys together in Kansas. The
latter lived on a farm near Lindsborg. The Ericksons
were born experimenters, Nothing suited them better
than to get hold of some paper like the Scientific Ameri-
~an and read all through the many inventions that were
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continually being brought forth, then to try to make the
things which seemed the most interesting to them. They
made all kinds of electrical instruments—coils, bells, mag-
nets, medical coils, etc. They had been working on a
printing telegraph and had even started the construction

of an electric pianola or piano player. Reading of the in-

vention of Bell, they at once made several telephone re-
ceivers which talked. Lacking battery for their experi-
ments, they hunted up the proper materials and made it.
Being at a great distance from good supply centers like
Chicago and New York made it difficult for them to get
many of the supplies which they needed. They bought
bare copper wire and insulated it on a home-made ma-
chine. : C

In the meantime Frank Lundquist had gone out into
the world and had received his introduction to the auto-
matic telephone at Chicago. In the fall of 1892 he re-
turned to Lindsborg, Kansas, and induced the Erickson
brothers to take up the invention of a better automatic
than the Strowger. This was a greater work than any
which they had yet attempted. Before that, to use their
own words, they had only worked on “foolish things,”
but now they had a problem worthy of their genius.

But their earlier activities were not altogether “fool-
ish things,” for all their experiments with bells, batteries,
telephone receivers, etc., had taught them in a practical
way the nature of electricity and how to handle it. It
was a training which was very necessary in view of the
scarcity of good writings on the subject.

So when a boy spends all his spare time tinkering
with all kinds of mechanical or electrical things, don't
harshly drive him away from his beloved pursuits. Ob-
serve what results he gets, provide suitable time for such
employment, and give him a chance to develop.

Realizing that the work of the development of an au-
tomatic system would require considerable money, Mr.
Lundquist induced John and Gus Anderson, of Linds-
borg, to furnish the funds. Little by little they advanced
money till between them several thousand dollars had
been furnished.

The three men working together evolved two switch-
ing systems which resembled each other in the main, the

second being an enlargement and improvement of the

first. : :

The first system is shown in Figures 17, 18, 19 and
20. Figure 17 shows the plan of the switch. The line
terminals, 15, are arranged in ten rows of ten each on a
flat, rectangular surface.
of an arm, 16, which is carried by a carriage, 18. The

Figure 19.

latter is mounted on a rod, 19, which can move to the-

right, longitudinally. The arm, 16, can move upward,

transversely, by sliding in the carriage, 18. This action.

is shown by Figure 18, which presents two end eleva-

tions, the upper one being from the left and the lower

from the right side. A magnet, not shown in the figures,
is adapted to move the rod, 19, longitudinally, to select
the tens. Magnet 38 moves the wiper arm, 16, trans-
versely to select the units. A single cord, 23, and weight,
22, tends to draw the wiper and rod back to the zero
point. :

~ pole-changing switch, PC. 132

The wiper, 17, is on the end

~

The release magnet, 43, unlatches both ratchets, al-
lowing weight 22 to pull wiper 17 back to the zero posi-
tion. The circuit feeding current to the release magnet
is controlled by two contact points, 55 and 56. If the
wiper, 17, be moved out transversely one space beyond the
upper row of terminals, the points 55 and 56 will be
closed, bringing the release magnet into play. The con-
tact points will not be opened till the zero point is reached.

Figure 19 shows the general wiring of one switch-

. and sub-station. The various parts have the same desig-

nations as in the preceding figures. There are two wires
to the sub-station, the operating wire, 167, and the talking
wire, 168. Wire 167 runs from a polarized operating re-
lay, 74, to the latch, 150, of the magnet, 145. From there
it" goes through a weighted shutter, 153, to a
in a switch which
is provided with an arm and insulated end piece,
162, adapted to come into mechanical contact with the
shutter, 153, whenthe switch, 132, is on its lower contact.
129. The switch, 132, will stay in either position.

The operation is as follows: With the switch, 132,
on its upper contact, 130, the subscriber pushes the pole-
changer, PC, as many times to the right as there are tens
in the desired number. This sends that many impulses
of positive current over the line, 167, to the operating re-
lay, 74, causing it to swing to the right and operate the
tens magnet. This moves the wiper, 17, longitudinally to.
the right to the proper tens row. The subscriber then
pushes the pole-changer, PC, as many times to the left
as there are units in the number. This sends negative
impulses over the line, making the armature of the oper-
ating relay, 74, swing to the left, operating the units mag-
net. The latter moves the wiper, 17, up to the desired
unit ; that is, to the terminal of the called line. From the
telephone, T, any kind of signalling current is sent to call
the distant station, the ringing current passing.through
magnet 145 but not necessarily operating it.

Figure 20.

.~ To disconnect, the end piece, 162, is pushed against
the shutter, 153, thereby shifting the switch, 132, from
130 to 129. The pole-changing switch, PC, is now pressed
to the left a number of times, sending negative current
through line 167 to the operating relay in such a way as
to move the wiper up beyond the called line terminal.
When the wiper goes beyond the highest terminal in the
row, contact 55 will be forced mechanically against 56,
energizing the release magnet, 43. The release magnet



~then pulls up and restores the switch to the zero position.”
When the release magnet pulls up, besides unlatching the
step-by-step mechanism, it pulls its armature spring, 179,
away from contact 175 and brings it into contact with
177. This places a dead ground on line 168, so that
magnet 145 at the sub-station is energized, pulling 150
down and letting shutter 153 fall as an indication that tne
release of the switch at central had taken place.

It will be noted that during the time that the sub-
scriber is-giving the impulses to carry the wiper beyond

100-199 ] 200-299| ETC.
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the row of contacts, the working circuit through the line
167 has a shunt on it through the magnet, 145, line 168,
wiper 17, and the called line and all lines in succession
over which the wiper passes.

The system of numbering the line terminals in the
bank was from O to 9 in the first row, 10 to 19 in the
second row, and so on up to 99 in the tenth row. The
wiper of each switch rested on O as its home point, to

which its wire was connected and through which all in-
coming calls were received. If the wiper A is moved up ~

to call another line, B, a third party, C, on attempting to
call A will find A’s line open. The wiring is shown in
Figure 20. It shows a vertical section of the terminal
banks of three switches, Nos. 1, 5 and 8. Zero is the
home point for the wiper of each. The wiper, 17, car-
ried by the arm, 16, is permanently connected to the
subscriber’s line. Taking No. 1 for an example, there is
a wire multiplying together the No. 1 contacts of all the
banks except on Switch No. 1, on which the wire runs to
the zero contact. This normally connects it to the No.
1 line so that any of the other subscribers by moving
their wipers can connect with it. But if subscriber No.
1 has moved his wiper over and up to call some one, any
third person calling No. 1 will find the line open. But if
the third person calls the called subscriber, he can get
in on the connection. .

The main points of this system, the first of the
Ericksons, may be summarized as follows:

1. Terminals arranged in a flat, rectangular bank.
This seems to be an imitation of the face of a switch-
board as used in manual practice, substituting terminals
for jacks. '

2. One hundred lines capacity. Most inventors
have started out with this as their limit.

3. Fifty per cent switching. That is, all subscrib-
ers could be talking at once. ‘

. 17

4, Rectangularly moveable wiper, longitudinal mo-
tion for tens, transverse for units,
5. Wiper held on terminals by weight.
" rather unusual in the line of early automatics.
‘ 6. Local battery at sub-station. This was very
common, and to be expected, as the idea of “centralizing
all battery at the exchange office had not materialized
to any extent in those days. : N
7. Working magnets on switch controlled by a re-
lay. This was a good point.
8. Operating relay polarized. A bad thing and to
be avoided.

This is

PRIVATE |100-199] 300339 |500-5939 700-799] 200929
GENERAL|0-99 | [200:299] H400499 1600-699 [800-899
« PRIVATE GENERAL
GENERAL i PRIVATE
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Figure 22. h

9. Two levers on sub-station instrument, one for
tens and one for units. This reminds us of Strowger’s
buttons.

10. Complete release. A good point.

11. Release signal at sub-station. This avoided the
trouble which we have just recorded on the LaPorte
system of the Strowger automatic. The subscriber was
to keep on working the units lever till the shutter fell,.
which gave him the signal to quit.

12. Partial privacy. ‘ :

A patent was applied for covering this system
March 28, 1893, and issued December 27, 1898, as No.

616,714.

Realizing the limitations of their 100-lin€ board, the
inventors now turned their attention to larger capacity
and complete privacy. They secured the increased ca-
pacity by placing side by side ten banks of 100 contacts
‘each. See figure 21. Each bank was presided over by
a wiper, and all the wipers were mechanically fastened
to the same shaft but insulated from it. This shaft was
capable of a longitudinal and a transverse motion, so

" as to bring the wipers to any point in their banks. An
auxiliary switch determined which of the wipers should

be used and so fixed the hundred.

This in brief was the way in which they proposed

. to secure the increased capacity, but there are other in-

teresting features which make it worth while to go into
the details. Complete privacy was a thing which they
felt to be imperative and which they provided as de-
scribed below: '
In the upper part of Figure 22 is shown the ar-
rangement of the ten banks in two rows. They were
numbered as indicated. Under these ten banks were ten
other banks exactly like them and placed in exact line
below them. The lower part of figure 22 shows an end
-view from the left. For each line in the switchboard
there were two contacts, one for general use, the other
for private conversations. In the nearer row of banks,
0-99, 200-299, 400-499, etc., the general contacts were
above and the private wire contacts below. That is,
line No. 50 had its general wire contact in the proper
place in the upper bank of the 0 hundred, Directly be-
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low it was its private wire contact. In the other row of
banks, 100-199, 300-399, etc., the general wire contacts
were below and the private wire contacts above. There
was a shaft, 25, which ran lengthwise between the two
sets of banks, upper and lower.
wipers, which were springs adapted to touch the con-
tacts. Thus 32 was a spring which could touch contacts
on the back row of banks. If the shaft 25 were rotated
to the left, or counter clockwise, 32 would come into

contact with some terminal in the lower bank, which.

was the general. At the same time the other spring, 39,
was brought into contact with the upper bank, which
was also the general. If the shaft were rotated in the
opposite way, both springs would be made to touch the
private banks. .

In Figure 23 is shown the ten wipers or springs
mounted on the shaft 25. Each wiper is connected to one
of the contacts of the auxiliary switch just below. The
lever, 83, of this switch rests normally on the left con-
tact, which should lead to the wiper which presides over
the O-hundred. The subscriber’s line is connected to the
lever, 83, so that its position will determine which of
the ten banks the line will be connected with. The shaft,
25, can be moved by a step-by-step magnet longitudinally
to select tens, and transversely to select units, the same
as was done in the first Erickson system. ’

Figure 24 shows the general plan of wiring the ma-
chine. At the center of the diagram is the auxiliary
switch which is termed the “selective switch.” This is
the one whose lever, 83, determines the hundred. To the
left of it is another switch which looks very much like
it. It may be termed the “side switch,” and is moved by
the “operating magnet.” The lever, 139, of this side
switch is connected to the base plate, 20a, of the machine,
which at the bottom of the figure goes through line wire
215 to the sub-station. This wire is the talking wire of
the subscriber and by means of the side switch is nor-
mally connected to a wire leading to other machines for
incoming calls. The second contact of the side switch
leads to the selective switch magnet, the third to the
longitudinal movement magnet, the fourth to the trans-
verse movement magnet, the fifth to the general wire
magnet, the sixth to the private wire magnet, and the

last to the release. In the lower right-hand corner of
the diagram is the sub-station controlling magnet which
comes between grounded battery and the line wire, 214.
We must now look at the sub-station, Figure 25, to see

what is capable of happening there to affect the central

office machine, o

At the upper right hand of the figure is a sort of
dial. It has six terminals, 222, 223, 224, 225, 226, and
227. These are arranged in a circle and strapped to-
gether and grounded. Three other contacts, 228, 229,
and 230, are strapped together and connected to the tel-

This shaft carried the-

~

ephone, 250, which goes to the ground. There was a
crank and worm movement arranged to move two springs
around the dial. Spring 234 could touch only the outer
circle of contacts, and was connected to the ‘line wire,
214, which connects at central with the sub-station con-
trolling magnet, 161. Spring 235 on the dial can touch
only the three inner contacts which are connected to the
telephone and 223 and 224 of the outer circle, which
project inward. It took six turns of the crank to move
the springs once around the circle, going counter clock-
wise. The spring 235 is connected to line wire 215,
which is the talking wire. .

In tracing the operation of selecting a number the
two figures, 24 and 25, must be constantly compared,
though two of the relays of the central office machine
are redrawn in Figure 25. In the normal position of the
dial springs the telephone is connected to line 215 and
can receive calls.

Line 214 is grounded through spring 234, so that
relay 161 is constantly pulled up. To make a call, the
crank is given one complete turn. This moves sprin
234 off contact 222, opening line 214. Relay 161 falls
back, closing two other circuits. One of these is that
of the operating magnet, pulling it up and advancing
the lever, 139, of the side switch to the second contact.
The other is a circuit from battery 208, through the push
button magnet, 157, through contact 167 and lever 162 .
to line 215. This ends in the push button at the sub-
station, which the subscriber now pushes as many times as
there are hundreds in his call. This operates magnet
157 the same number ‘of times, which in turn steps the
selective switch magnet, 92, to the proper group or bank.

The crank is now given another turn, In so doing
it moves spring 234 over contact 223 and stops between
223 and 224. In wiping over 223 it grounded line 214
for an instant. This pulled relay 161 up, breaking the
circuit through the operating magnet, 142.- Then when
spring 234 slipped off contact 223 it made relay 161
fall back again, energizing the operating magnet so that
the lever, 139, is advanced to the third comtact. This
gives the push button control over the longitudinal move-
ment magnet, selecting the tens. Another turn of the
crank and more pushings of the button picked out the
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Figure 24.

units. The spring 234 is now between contacts 224 and

.225. Another turn of the crank carries the spring 234

past 225 and leaves it resting on 226. In passing contact
225 it stepped the side switch to the fifth contact, where
it leaves it. This energizes the general wire magnet,
117, tilting the shaft, 25 (Figure 23), so as to bring the
wipers into contact with the general banks. As the se-
lective switch, 83, has been moved to the position con-



necting with a certain wiper, the talking wire, 215, from
the telephone will be connected to the desired tine. The
subscriber then rings the called station by a magneto and
they converse. It will be noticed that during the conver-
sation spring 235 on the dial is resting on contact 228,
connecting the telephone to the line. Also spring 234 is
resting on contact 226, holding relay 161 energized. *
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If the subscribers wish to converse in private, the
calling subscriber tells the called to get in on his private
line, at the same time giving him his (calling subscrib-
er's) number. The calling subscriber then gives the
crank of his dial another complete turn, which moves
wiper 234 from contact 226 to 227. This energizes and
releases relay 161 once, stepping the side switch, 139, to
the sixth point. During the movement of spring 234
from contact 226 to 227 the spring 235 made momentary
contact with 223. This grounded line 215 for an in-
stant, thereby pulling up the private wire magnet, 127,
tilting the wipers in the opposite direction so as to touch
the private wire banks. The particular wiper to which
the calling subscriber’s line is attached through the switch
83 will now rest on the private wire leading to the called
subscriber. _ '

While this has been going on, the called subscriber
has been going through the operations of calling the
number of the calling subscriber. On getting the con-
nection, he moves his dial on to the 227 contact, which
gets him also on the same private wire, where they may
converse without possibility of being interrupted.

The release was accomplished by turning the crank
of the dial one more turn, bringing spring 234 onto con-
tact 222, where it rested normally. In slipping off con-
tact 227, line 214 was opened, which allowed relay 161
to fall back and energize the operating magnet, 142,
moving the side switch to the last point. While this is
happening, spring 235 wipes slowly over contact 224,
grounding line 215. This pulls up the push button mag-
net, 157,’which' in turn energizes both of the release

- 19

magnets, 74 and 102. The first current flow through
the release magnets comes through lever 139, of the
side switch. As the operation of the release magnet
will restore 139 to its original position, it would cut
off its own current. To avoid this there is arranged a
contact, 191, which is touched by the lever, 103, of the
release magnet. This closes the circuit independently
of the side switch, and as long as the spring 235 on the
sub-station dial remains on contact 224 the release mag-
nets will be held up to perform their work. It was ex-
pected to make the width of the contact 224 such that

“there would be ample time for a complete release to

occur.

The system of private wires is of interest in show-
ing to what complications the inventors went to secure
this end. Figure 26 shows the system. Portions of three
exchange systems are shown, being those of telephone
Nos. 12, 15 and 20. The lower half of each is the gen-
eral bank. All the contacts numbered 12 are wired to-
gether and connected to the first contact of switch 83 of
machine No. 12. The same is done with all the other
lines. The private wire between No. 12 and No. 15 will
be found in the upper half of the banks. It runs from
contact 15 in No. 12 to contact 12 in No. 15. All the
rest are arranged in the same way, as will be seen from
inspection.
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The summary of the points of this system will show
much that is yet embodied in the Strowger system of
today.

1. One thousand line, secured by assembling ten
banks of contacts of 100 each on each machine. This
was rather wasteful of material and could never have
made a compact system as a whole.

2. Separate wiper for each bank. Considering the
former effort of Strowger to have a single wiper travel
over the whole 1,000 contacts, this was a very neat device.

3. Relay-operated magnets. As remarked before,
this was in line with substantial progress and may be
counted as one of the fundamentals of modern telephone
engineering.

4. Ratchets stood free from teeth.

5. Ratchet stop to prevent errors due to inertia.
These two last points are mentioned because of their
similarity to the Strowger devices which we have de-
scribed.

6. Zero not used as home point.

7. Wipers stood free from contacts. They were
not strictly “wipers,” for they did not wipe. They got
rid of the difficulty of friction very neatly.
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8. Battery at central. This is a very great point,
it may be said to be a beginning of common battery
working. It, however, did not affect talking, which was
either magneto or local battery.

9. Battery normally flowing over one side of line
to sub-station. Not a very good point, as wasteful of
current.

10. Side switch. The operation of the device in
this system which I have termed the “side switch” is so
much like that of the side switch in the present Strowger
machine, especially the connector, that it deserves to be
noticed in particular.

11. Vertical and rotary relay action. Though there
was no vertical or rotary action, yet the relations between
the push button magnet, 157, Figure 24, and the sub-sta-
tion controlling magnet, 161, are strikingly like the re-
lations between the vertical and rotary relays of the mod-
ern machine. The push button magnet, 157, corresponds
exactly to the vertical relay in that it is the step-by-step

relay. By it the subscriber advances the wipers a notch.

at a time to the desired point. The sub-station controll-
ing magnet, 161, is very like the rotary relay, for it di-
rects the activities of the push button magnet. The op-
erating magnet, 142, is like the private magnet of the
modern switch, for it is under the control of the “rotary
relay” and moves the side switch to certain points, di-
recting what magnets shall be stepped up by the push
button magnet. Thus we have typified here the vertical
and rotary relays, the private magnet, and the side switch.

12. Complete privacy by special wires. This meth-
od of getting the result was rather crude and compli-
cated, but better than nothing.

13. Fifty per cent switching.

10. The piano wire switch

Frank Lundquist and. John and Charles Erickson decided
that it would be advisable to move their shop to Chicago and
continue their operations there. Accordingly, in the middle of
March, 1893, the move was made. All the automatic machines
and parts of machines were packed up and taken along, together
with the unfinished pianola. The latter the Erickson brothers
hoped to be able to finish in leisure hours. But the leisure
hours never-came, and the electric piano-player was forgotten
in the greater work.

A storeroom on the South Side was rented and fitted up as an
experimental shop. Here they again took up the development’
cf their apparatus. March 28, 1893, they applied for a patent
on their first system, which they had invented previously in
Kansas.

All the operations up to this time had been carried on by
means of the money which was furnished by John and Gus
Anderson, of Lindsborg, Kan. This money was now exhausted
and no more was to be had. For a time it looked as if the
inventors would starve or be forced to drop the work for
something which would pay. Finally terms ‘were arranged with
Masten & Son, of the South Side, under which they were to
put up the money for developing the invention. The Erickson
brothers were. to make four switches and make them operate.
The terms of the contract are described as being of the “freeze
out” varjety, being almost entirely in favor of the lenders.
Though disliking the terms, the inventors signed up, as there
was nothing else to do.” "~ - B
- After a time the four switches were completed and set up in

~operation in the-Omaha Building; but for some reason Masten

& Son refused to furnish the money which had been promised. -

Again the Ericksons had to seek financial aid, and the Western
_ Electric Company was offered the invention. They sent a man
to laok at it, but no further action was tali'qn by them. Things
began to look very discouraging, but in the midst of all this
financial embarrassment th)_eQ Erickson brothers never lost faith
in the automatic system.. Not.that they believed that they
had already perfected it, but they had confidence that it could

“he made to work.: ;During this_time Frank "Lundquist had not
itéentidle, and  his activity now resulted ‘in.:gettiglg‘ the St’rowger
ipeople to look at the exhibit which, the: ricksons had working.
$in the.QOmaha’Buildin, ting’th ;\Ykork\anq_g!gnws%

uil thee e e the sémploy; of “the™Strowgef,
Eaiitomatic Té Ex Eﬁ‘ég‘_ii—‘ﬁjja‘x}uét‘y,v_ 1894. ~During this

year (18g4) Walter S. Strowger severed his connection with
the Strowger company. He went into farming and the real
estate business in Kansas. After entering the employ of the
Strowger company the Erickson brothers started to get out a
new system, which should be a marked improvement on their
previous efforts. The disadvantage of the old form of terminal
bank, namely, the complexity of wiring to multiple all the lines
to ail the selector switches, had been apparent. In casting about
for some way to simplify this they struck the idea of stretching
a series of wires over a frame somewhat like the arrangement
of wires in a piano or a zither. These wires would all be
within reach of a sct of wipers arranged at right angles to the
wires, the latter being made long enough to accommodate as
- many wiper shafts as desired. This gave rise to the famous
“piano wire” board which was first installed at LaPorte, Ind,
in the fall of 18g4. The hest description of this board which
is -available is found in the patent which was later issued cover-
ing its fundamental principles. This patent was applied for
“'Nov. 7, 1894, and was issued with the number 540,163.
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The plan of the switchbeard is shown in Fig. 26. At the left
are parallel lines representing the wires forming the terminal
bank. They are prolonged as far as necessary for the number
of machines. .4, B. C. D and E are the groups into which the
wires are divided, there being 10 wires in each group. The
main shaft, 2, carries the wipers, each electrically and mechan-
ically connected to the shaft. But instead of being in line, the
wipers are staggered in regular spiral order around the shafr.
One step i the rotation of the shaft brings the left-hand wiper
into touch with the first wire of the group A. A second step
in the rotation of the shaft brings the next wiper into contact
with the first wire of the B group; at the same time the left-
hand wiper is moved beyond and out of contact with its wire.
In this way, by successive steps, the shaft may be electrically
connected with the first wire in each group. The shaft 2 has
. also a longitudinal motion, by means ‘of which all the wipers
“may be brought into line with the second, third, etc., wire of
their respective groups, after which by rotation any particular
wire may be connected to the shaft.. Fig. 27 shows more
clearly the arrangement of wipers on the shaft.
The longitudinal motion is produced by means of the usual
.ratchet motion, worked by an electromagnet. In the figures, 31
is the longitudinal magnet, which operates lever 32 and pawl 33.
. This pawl acts on, the wheel 26, which.is also geared into a
‘circular ‘rack on shaft 2.. The. rotary -motion-comes from
fimagnet.12, acting through lever:13 and.pawl.14 on a bevel gear,

arrangement, 17 and 18. " In the normal position, Fig.; 27, the
i-detents 38 and 24, which prevent the backward motion of the
longitudinal and rotiry, are disengaged.. To operate the switch
it is therefore.necéssary to give a preliminary motion with the
{'.mtary.._magnet. .- This unlocks. the -wire 41 from its caught

i




: J)ehmd a'prOJcctxon 3 _lev_gx: 13, lettmg the detents
ity into posmon on “théir wheels, Then as many -
~are des1rcd aresent” through the longitudinal -
ereby. movmg the shaft and -wipers’ so that the latter..

sita’a’ certam wxrc “of” ‘each” group.” =T hcy are: “then

'mch wnll be clear from inspection of Fig. 28. This figure
three groups of mrcs and threc sthchcs We would

’!

:. s e

Al

xpect, from our knowledge of the decimal system of numbers,
%0 find the units grouped in groups of tens, so that one group
%ould contain numbers from oI to 09, "the next 11 to 19, the
;1?xt 21 t0 29, etc. But here the arrangement is the reverse.

the “one’s” are in the first group, all the “two’s” in the

d, and so on. Thus the first group has from o1, 11, —,

~to "91, the next group has 02, 12, — to 92, etc. The necessity
Tor the preliminary rotary movement to bring the detents into
ctxon causes the placing of figure “1” in hundreds place, though
there are pot as many as 100 lines on the switchboard.
** The release, as far as the switch was concerned, was obtained
by a mechanical interaction of the longitudinal and rotary
‘magnets. Reference to Fig. 27 will give some idea of this
action. When magnet 12, rotary, is energized it lifts wire 37,
ghich tilts pawl 13 back so as to be in line with the notch in
he lower end of 39. If, while this magnet is held energized,
: ent be sent through magnet” 31, pawl 33 will be forced
%pward into the notch, letmg both detents from their ratchet
wheels The rotary magnet, 12, is now released, and the
fstormg springs can pull the shaft around and back to its
;orma.l position. Last of all, the long1tudma] magnet, 31, is
:glgased, buat the detents cannot fall down again, as the wire, 41,
'has" caught' behind the projection on lever 13 of the rotary
‘magnet_ In the lower part of Fig. 26 is shown in detail the
‘portion of the shaft having to do with the longitudinal motion.
It will be seen that there are a ‘number of teeth cut into the
shaft, extending clear around it; further, that there is a longi-
tudinal groove cut through these tectl‘L There is a safety stop,
hxch normally rests in this groove.” This safety stop is fixed
‘position on the base of the sthch. _There is width enough
“the groove to allow the shaft to” rotate one notch without
: ttmg the safety stop into one of the circular teeth. When the
dongitudinal motion is being made the shaft slides along with
‘.ﬂJe safety stop in the groove. When the next rotary move is
made the safety stop enters the space between two of the teeth
and prevents the shaft from moving longitudinally. When the
release is being made this safety stop prevents any longitudinal
motion until the shaft has rotated back as far as it will go and
o wipers are in contact with any wires. It was and is a very
effective and simple means for preventing damage to the wipers
by accldcntal longitudinal motion occurring when the wipers
are in contact.

The electrical features are-shown in Fig. 28, The three
switches are shown in three different positions, the bottom one
being in the normal position. The longitudinal magnet is
Fepresented at 31 and the rotary at 12. Both are tied to common
‘battery in the central office. The talking wire, R, from the
substation is connected to the frame of the switch and thus to
the shaft 2 and its wipers. The home wire, or “normal,” J, is
€onnected to a spring 21 close to the bevel wheel 15 that moves

by the. rotary magnet till "the - proper’ group has been
’I‘lus quc ‘of -selection led to the rather novel num- .

o T v T

" the rotary. On this wheel is a pin 20 in electrical ‘contact with
- the frame. In the normal position of the sthch ‘this pin rests
“against the normal spring 21, so that incoming calls. may_ be
reccwed through it to line R.. The rota.ry magnet is ‘perma-’
ncntly ‘connected through line~ P to" the substation ‘instrument
“and keyboard. On the later there are foéur buttons; !ettered to
"indicate hundreds, tens, units and release. Pressing the hun-
dreds button once gives one impulse to the rotary magnet, which
we have seen is necessary to bring the detents into action on
the ratchet wheels. Also, in making this motion of wheel 15,
Fig. 28, the pin 20 is disconnected from the normal wire J and
connected to the longitudinal magnet 31.. Pressing the tens
tutton now grounds the R line, and through the rudimentary
side switch just described energizes the longitudinal magnet.
Pressing the units button grounds the P line, which operates
the rotary magnet to rotate the shaft and wipers to contact
with the desired wire. This same rotation also causes pin 20
to break away from spring 50, cutting the longuudmal magnet
out of circuit.

It was evidently intended to work this system thh only two
line wires, but it requires only casual inspection of the opera-
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tions and circuits just described to show that, as arranged, re-
lease will be impossible. This is because of two facts: a. The
release depends on the mutual action of the longitudinal and
rotary magnets, and at the same time. b. The last act of sel-
lecting disconnects the longitudinal magnet so that it carmot
co-operate with the other in making the disconnect.

The features of the system may be summarized as follows:

1. Connector bank one continuous arrangement of .paraH
wires. Wires grouped in groups of 10 wires each.

2. Shaft with plurality of wipers, staggered.

3. Longitudinal and rotary motions. ‘

4. Both magnets acting on the shaft through gear wheel
Let this be compared with present practice, in which the actic
is direct.

5. Spring return for both motions. Gravity could not
used for one of them, as the shaft was horizontal.

6. Longitudinal groove, with safety stop. This was the t
ginning of the same device which is stil]l found on the switch
of to-day. i

7. Initial motion of rotary to bring detents into action.
the modern machine this is done more simply by the first n
tion of the vertical magnet.

8. Release by mutual action of rotary and longitudinal m
nets. This point is worthy of note, since in modern syste
the release is accomplished by very similar action, not -
magnets, but of line wires and line relays.

9. Common battery selecting. A good point.

10. Side switch of two contacts. It was a very limited

kl
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imperfect switch, which later
and vital usefulness.
11, Limx‘t,‘go lines, from 101 to 199, omitting 110, 120, ete
12. T?vo-hne wires. This was the plan, but i;l pu,tting.' the
system 1into operation it required more,
13 Button keyboard at substation,
tice which obtained up to that time.
- developers was absorbed in making
all _tha§ coyld be asked, and it is not surprising that the sub-
station dC‘{lCCS should not be developed as fast as the switches
4. Parflal privacy. If some one called on the calling line -of
a conm?ctzon he could not interfere, but if he tried to get th
called line he would be connected with it, g e
5. Busy test. When ringing with the magneto hand gen-
erator of the substation set, if the line were the callin !ing f
anoétheerconnection, it would ring open. gnee
16. ease electrically i i i i
tudinal magnet was notyix:n;?rc::susiltl.)]e, % 2t that time the tongi-
The switchboard above described was built in the fall of 189:
to replaFe the old flat disk board at LaPorte, Ind., which h 3
teen <‘iomg service since Nov. 3, 1892 Samso’n batzery a fo -
of primary cell, was used at central to operate the ;witch::
The lines were mostly, if not entirely, open wire lines anci
great tro?ble was experienced from grounds, The t'roublé
not felt in its effect on the magnets, for it took so much :,as
rent to operate them that a small thing like a tree “r(;
vv:oqu not affect it; but it was very bad on the batte o
ning it down rapidly, so that the item of battery renew?l’s was
very.la.r.ge. Later the expense of this became so h o be
prohibitive, o ey as o 'be
le‘e.con’t’acts obtained between the wipers and the wires of
the “piano arrangement were very good, and no trouble was

was expanded to a very great

This continued the prac-
The main attention of the

felt from that source. Being a common return system, ther
was a very great deal of cross talk. There were three, wir:
and a common return, which made quite a wire plant for th':
days when a single wire with ground return was thought by mo:
magne.to telephone men to be good enough. The practicf
operation of the buttons at the substation also caused sox:
trouble, as it seemed hard for some people to learn to use th :
properly. ; o
' In spite of these troubles there were evidences that the pubj;
liked the automatic switchboard. Letters were written t::
users of the system, after the improved board had been put i
at LaPorte, which expressed satisfaction with its working, ;

11. Revised piano wire switch

The new switchboard at LaPorte before long began to reach
the limit of its capacity, which was about 100 lines. The engi-
neers of the Strowger company realized that this board was
only a step, for they had at once started to design a 1ooo-line
board of the “piano wire” type. They thought that by extend-
ing the shaft which carried the wipers they could cover 10
groups of 100 wires each. They proposed to make the shaft in
sections, one for each hundred, insulated from each other. All
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of the sections would make contact at the same time with a wire
in their own groups, while an auxiliary switch determined
which of the sections of the shaft should be connected to the
line. In this way it was theoretically possible to select any one
of 1000 subscribers. Though the board which was designed
along these lines was never constructed, a patent was taken
out on it, and it possesses a place in the development which is
important,

Fig. 29 shows two side elevations of the working parts of the
switch, with the piano wire bank indicated by a portion of one
hundred. The sectional shaft, 4, is horizontal, as in the former
switch, The longitudinal magnet, 17, acts directly on the
shaft 2, as also does the rotary magnet 9. The form of the
ratchets looks very much like those now in use. Fig. 30 shows
the plan of a portion of the board, with three individual
switches, the center one being complete, the outer ones partly
dismantled to show details. The longitudinal detent 19 is
normally in the longitudinal groove of ratchet cylinder 15. On
the first rotary motion it enters the space between two of the

ratchet teeth. When the shaft is moved longitudinally detent
19 clicks from tooth to tooth.

The auxiliary switch which selects the hundreds is just at the
right of the bank wires. Of the wires 27, there is one for
every hundred bank wires. At 26, Fig. 29, is a series of wipers
on a loose sleeve, which is mounted on shaft 2, but insulated
from it. The wipers are staggered around ‘the sleeve in the
same manner as are the wipers in each group of the main bank.
Each of the metal strips 27 is wired to one section of shaft 40.



By successive turns of one notch each the metal sleeve 23, “"ﬂl.
its wipers 26, can be connected to any one of the sections of
the main shaft go. The rotary magnet 9 is so arranged as to be
able to operate either the auxiliary switch or to rotate the:
shaft 2. In its normal position it will act on the auxxhary
switch, but after the shaft 2 has been moved even one notch”
longitudinally the mechanical connection with the auxxlm-y
switch is cut out, and that with the shaft 2 cut in. The e_m
details of this mechanical switch-over are too complicated to
warrant giving space to a complete description here. Theres
are other details also which can be studied out by careful read:$
ing of the patent and attention to the drawings by any one who?
wishes to take the time, but in this discussion it is the purpogg
merely to state what happens and how it happens only fars
enough for the reader to get a good idea of the essential points,
The “normal” or incoming call line is attached to the post 87,
Fig. 30, while the talking wire from the substation is perma-’,
nently attached to the shaft 2, through its bearings and the'
frame. The pin 88, attached electrically and mechanically to.
shaft 2, normally bears against post 87 so as to have the talkmgj
wire connected for receiving calls. But when the switch is in
use the normal line is cut off from this “off-normal switch.”
The longitudinal magnet is normally disconnected from the
line. Near the shaft 2 is the spring 14, which is connected to
the longitudinal magnet. The pin 13, on the shaft, will touch

i

Fig. 31.

the spring 14 when the shaft is turned one notch only, and will
break contact if the shaft be turned further. An initial motion
of the rotary magnet is required with this switch, as with the
first piano wire board, but instead of its bringing the detents
into play it rotates the auxiliary switch and shaft 2 one notch
each. Subsequent motions of the rotary magnet rotate the
auxiliary switch only. It has part of the functions of a side
switch. For the details of the main side switch one must refer
to the theoretical drawing of Fig. 32. Forty-nine is a spring
which is held firmly by post 5o, which is attached to the frame
and consequently to the talking line 70. The back contact 48 is
connected to the sleeve 23, and so to all the wipers 26, The
front contact is wired to the spring 14 and longitudinal magnet
17. The spring 49 can be acted on by both magnets inde-
- pendently. The rotary magnet 9 .is perrnanently wired to the

return line 67. -

In Fig. 31 is shown the hook sthch at the substation
gencral, its action is as follows:-

In

23

77" the hook is pulled down it first opens the return line 07
unds the end toward central. Then it does the same
":{or the other or talking line 70, then takes the ground oft
. ‘and closes it up again, lastly takes the ground off line
" . doscS it up also. These openings and groundmgs are
.5 by means of the spring 74, attached to the main lever, and

w75 a1ated backing which it has at 75. When the lever is
does not affect either line.

ed'to go up it .
o 33 gives the general plan of the three switches and two
connected. At the lower left-hand corner are the button
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'ke'ys which the subscriber was to operate. H is the hundreds
xSuttorx, T tens, and U units. Although the wiring of these
huttons is shown by this figure, reference to Fig. 32 will make
thcn' relations more clear. It will be seen that the H and the U
bnttons are capable of grounding the return line 67, while the
I button similarly grounds the talking line 70. The telephone
iis connected normally acros§ the two lines as if a metallic cir-
‘cuit were employed. But whenever any of the buttons is
ioperated it opens the telephone circuit.

" The complete operation may be explained by reference to Fig.
32 Let us suppose that it is desired to call No. 234. Button H
1s pressed twice. The first grounding of line 67, which may be
wlled the rotary line, rotates shaft 2, bringing pin 13 into con:
tact with spring 14, and also rotates the auxiliary switch one
POmt. The second grounding of the rotary line 67 rotates the
auxxhary switch another notch, connecting its wiper to the
“second section of shaft 4, which presides over the second hun-
’dred The shaft 2 was not moved this time. The T button is
‘then pressed three times, grounding the line 70 that many
‘txmcs One might call 70 the longitudinal line. Through the
fcontact of spring 14 with pin 13 this energizes the longitudinal
fmagﬂet three times, moving the whole shaft up three notches.
.When the U button is pressed four times it causes the rotary
;magnet to rotate the shaft four notches, bringing the proper

‘wiper into contact with the wire of the called line in the desired

‘hundred.

“The calling station can now ring the other line with the
-magﬂﬁo generator, and by means of the series bell tell whether
‘Jhe called line is open or closed. If open, the chances are that
lt is busy. Tt will be noticed that the only path for the return
currcnt is through the rotary magnet to the negative battery
terminal which is common to all lines. Thus the subscribers’
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lines would be metallic to central, but all tied together at the
office,

To release, the receiver is simply hung on the hock. As the
lever goes down it first grounds the rotary line, pulling up the
rotary magnet. This pushes spring 49 against its front contact
51, which connects the longitudinal magnet to the line 70. Then
the switch at the substation grounds the longitudinal line 7o
also, pulling up the longitudinal magnet. Now there is a me-
chanical relation between these two magnets such that if they
are pulled up in the order just named the detents which hold
the rotary motions of shaft 2 and the auxiliary switch are re-
leased. The auxiliary switch snaps back at once; the shaft
follows as soon as the hook has allowed the rotary magnet to
fall back. Shaft 2 rotates back, with safety stop 19, in a space
until it strikes the longitudinal groove, when the shaft slides
longitudinally to its normal position. Lastly, the longitudinal
magnet is released allowing the side switch 49 to come against
its back contact 48 and the detents to fall again into position.

There are many points of interest in this board as projected,
and of them will be selected those which seem of greatest in-
terest at this point in the history. They are as follows:

1. 1000-line capacity, or from 101 to 999. Piano wire bank
grouped and subgrouped decimally. Itis doubtful if this system
could have been made to work commercially. If the 100-line
board, the second LaPorte board, took so much current to work
it, this 1000-line board, with its longer shaft and more contacts,
would probably have required more current than the battery
would supply.

2 Direct action of both magnets on the shaft. The cutting
out of the gear whee!s was a good thing.

3. Initial rotation to connect up longitudinal magnet. This has
been noted in the first piano wire board.

4. Sectional shaft, each section the same as the shaft of the
first piano wire board and devoted to a hundred group.

5. Auxiliary switch to connect line to any desired one of the
shaft sections, hence to a hundred. This idea we have seen
before in the second Erickson board which the brothers de-
signed in Kansas.

6. Mechanical switching of rotary magnet from auxiliary
switch to wiper shaft. This was a very ingenious device for
doing away with one of the line wires and making the one
magnet do double duty.

5. Magnets directly in the line. This was a bad idea and one
which was productive of much trouble, as we have seen at
LaPorte.

8. Joint action of magnets mechanically in securing release.
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This has developed in our day into an electrical co-operation
which is far better. ’

9. Special release switch to connect longitudinal magnet when
releasing. This magnet was normally out of circuit, and on the
former board we have seen that this fact prevented release.
This simple addition of a switch has made release possible.

10. Talking and ringing through the rotary magnct to common
return in office. It is very likely that the ringing current would
have caused some trouble if the board had been put into :u{tual
practice, since the pulling up of the rotary magnet by the ring-
ing current would tend to disconnect the line 70 from the
auxiliary switch through which the ringing was taking pl‘acc.
How much chattering this might cause could only be determined
by trial. .

1. Buttons at substation open taiking circuit while sending
impulscs. Compare this with the action of the dial in the
present automatic telephone, either local or common_batt‘ery._

Though the piano-wire form of switchboard simplified the
multiple wiring of the banks, it still did not give sufficient
capacity. The reason is that each wire of the bank occupied
the entire row, limiting the growth of the number of lines to
the addition of more wires below. If this is compared with the
original swiich of A. B. Strowger it will be scen that it con-

Fig. 33
tained many contacts in each row, so that a large number of
lines could be reached by rotating the wiper in any one level
In the effort to increase the capacity, the engineers of the
Strowger Automatic Telephone Exchange now returned in
part to this original principle.

Patent No. 638,240 was applied for Dec. 16, 1895, and covers
the improved board, which they produced at that time. It was
the first to have the present form of bank, which is illustrated
in Fig. 34. The banks were built up of rows of contacts.
Each row consisted of 10 brass punchings, each punching hav-
ing two holes which fitted over raised places in the separators
which were used to keep the layers apart. These separators
were made of electrose, a composition which was being intro-
duced into the electrical field to take the place of hard rubber.
The whole bank, consisting of 10 rows, was then clamped in a
frame. The outer end of each punching was provided with a
hook to receive the multiple wiring, the details of which are
clearly shown. To reduce the labor of wiring it was pro-
posed merely to sever the insulation at equal distances on a
continuous wire, slip the covering back a little, and make a
half turn of the bare wire on the hook. After soldéring, the

Jinsulation would slip back and tend to cover the joint,

The wiper used was very much like that of the piano wire
board, being only slightly modified to fit the new brass punch-
ings. The idea of several banks on each machine was retained,
there being a plurality of wipers on the shaft and an auxiliary
switch to give the subscriber his choice of banks. The whole
machine was raised to the vertical position, so that it became
proper to speak of a “vertical” and ‘a “rotary” motion, just as
is done now. Thus, if the shaft made three movements verti-
cally and four in a rotary manner, all the wipers would rest
on number 34 of their own hundred. If there were three
banks, this would enable the subscriber, by attaching his line
to the proper wiper, to connect with No. 134, No. 234 or
No. 334

The ratchet cylinders for the vertical and rotary were
changed in several respects, though only by adding extra duties.
Referring to Fig. 35, 75 is the rotary ratchet cylinder, mounted
loosely on the shaft, with pin 15" projecting downward. The
auxiliary switch, 18, is mounted rigidly on the shaft, 9, while
a spring, 15, runs from an attachment on the shaft at 17 to
the pm 15" The ratchet cylinder 15 also carries a radial arm,



20, which has a hole in the end of it. The body of the switch, .
18, is made of insulating material and holds a curved row of
metal pins, 21, each of which is wired to. one of the wipers
below (22, 27, 22"). .~ TR

This arrangement allows the following action: When the
rotary magnet acts the first time it does not affect the shai:
merely turning the ratchet cylinder with the attached arm‘
20. At the end of any number of .impulses the hole in the en(j
of the arm is directly over one of the pins in the auxiliary
switch. If now the vertical movement begins, that pin will be
lifted into the hole in the arm, establishing an electrical con-
nection between the shaft, g, and one of the wipers, the latter
being normally insulated. The auxiliary switch also couples
the rotary ratchet cylinder to the shaft so that rotary impulses
will now cause the shaft and wipers to rotate to the desireg
point.

There was a complicated mechanical interaction between the
vertical and rotary magnets to secure the release. In its
essentials it was like that used on the piano wire board and,
while interesting as a mechanical device, there is not space
here to try to make it clear. The vertical and rotary detents,
which prevent backward motion during sclection, were com--
bined on one piece, very much like the present practice. They
were normally held out of the way by the rotary magnet, but
upon the first movement of the latter the detents were dropped
into place. In releasing, the rotary magnet was first energized,
placing a pin in the way of a tailpiece on the vertical pawl
Holding the rotary energized, the vertical magnet was pulled
up, the tailpiece riding upward and lifting the detents from
their cylinders. Then the rotary magnet was released, bring-
ing its pin over a lever from the detents, holding them out of .
the way. Finally the vertical magnet was released.’

To give a better idea of the general features, reference is
made to Fig. 36, which is a theoretical diagram of one machine
and its substation. At the latter is any magneto telephone,’
Tel., with the same keys as were used on the piano wire board.
The hook switch is arranged to close and open the lines on
the downward motion so as to operate the release. The
vertical line is connected to the frame at two places, through
spring 45, armature 42, and also through the off normal
switch, 32. The normal line also taps off the vertical line and
runs to the banks to receive incoming calls.

At 36 is a rude sort of side switch used fot cutting the’
vertical magnet into and out of circuit. 35 is a strip of metal.
which is in line with spring 36 as long as the shaft, 9, has

Fig. 3s.

not rotated. Spring 26 is normally kept from touching 35 Y.
the lever 40, which is worked by the detents. At 18 is the:)
auxiliary switch, whose construction and operation have beet,
described. I - L

~The rotary line runs directly to the rotary magr;eér
. which it is connected through t}‘le n}agnet 4 to n:fnde ‘
~tery. D is the maih battery Wlt}’l its ;'>osmve gr u o o
. negative end is connected to a wire which for:nﬁs the S he
~return in the office.. "Ovcr,.thx_sa common retu

ng currents on all the lines, for they are all
Besides operating the rotary motion of
ST d the wipers, the rotary magnet has
e t additional duties, chiefly concerning privacy. It is
r@with two armatures, though it has but one Both
its 41 and 42 act on the same armature, 42‘._ The latter
Slly rests against the stop, 43, on t‘he spring, 45, and
730 electrical contact with it. When 42 is energized it pulls
"Joi«in against the insulating stop, 44 But the rotary
et moves 43 by means of its insulated finger, 49. Thus,
‘the rotary magnet draws its current through magnet 42,
Fivery impulse the armature 42 is drawn down and the
x:m 45 is forced to the left and against the contact 55.
e pulling up, the rotary magnet closes the contact 52-53
exi¢ore affecting spring 45, and while falling back, contact
i 53 js the last to break.
In> selecting 2 aumber the hundreds button is first pressed
‘”éésired number of times. This grounds the rotary line,
ting the rotary magnet and magnet ¢2. The first move-
’e'ft 6iv"the rotary magnet releases the vertical and rotary
e onts - so that they will prevent any backward motion. As
Bfie Jetents fall into place, they let spring 36 come into touch.
3 he metal strip 35. The actions of the rotary magnet and
fiet 42 on each other have no effect at this point, and the
otary magnet simply moves the auxiliary switch, 18, to the
¥ representing the desired hundred. o
hen the tens button is pressed, the vertical magnet is
'ated-over the following path: From ground at the sub-
Ftation over the vertical line to the off mormal switch, 32,
'fdﬁgh shaft 9, metal strip 35 to spring 36, thence to the
& rtical magnet and negative terminal of battery D. The first
"‘”:'ix'-d movement of the shaft caused the pin on the auxiliary
s »1_t£:h‘to lock the rotary ratchet cylinder to the shaft, as
¥efore described. .
*-'On pressing the units button, the rotary line is grounded,
Lt;pérating the rotary magnet, which now causes the shaft and
?{éipers to rotate. The first rotary motion of the shaft breaks
ithe conmection at the off normal switch, 32, and also at the
i?pring 36. In stepping around to the desired number, the wiper
Brith which the auxiliary switch has connected the line wipes
fover all intermediate lines. When the rotary magnet pulls
i&p,‘ it connects magnet 47 to the wiper by means of contact
¥52-53. Current can now flow from battery E, through magnet
f41, contacts 52-53, frame, auxiliary switch, wiper, line terminal
%n bank, vertical line of line past which the wiper is passing,
ttelephone instrument, rotary line, back to common wire in the
Foffice, which is also the terminal of the battery E. If the line
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past which the wiper is moving is not in use, this current must

ﬁ.ﬂow through the bell at the station. “This is wound to 1000
sohms - resistance, so that the magnet 4 wnll not be able to
hold thc armature 42’. But if the line is in use,’ the lower =
-resxstauce of the talking set allows the, magnet 4I to hold

rmature 42 down till after the. rotary magnet has - allowed

mg 45 to return to the right. -In this way. the armature

>,4 is.caught under the insulating’ pm ‘44 and held there. _This

pens thc vertical line so that the pcrsons talking cannot be

overheard. In passing on to the next position, this open condi-
tion is removed if that line happens to be idle. If the called
line is found to be disengaged, it is rung by the magneto
generator of the calling station.

A simplified sketch of the line over which ringing and talk-
ing is done is shown in Fig. 37. It needs no comment. The
four magnets through which voice currents pass will do the rest.
Summing up the system, omitting points retained from the
piano wire board, we have:

1. Present form of bank, practically as now used.

2. Details of wiring multiple. This was very well done and
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VERTICAL < WIPLR
LINE. X SHITCH,  BANK CONTACT

ROTARY MAGNET ROTARY MAGNET

L) &
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TEL. .2
CALLING -l COMMON CALLED
STAT/ION « ) :— STAT/ON
¥
Fig. 37.

went a long way to shorten the labor and expense of this part
of the switch.

3. Vertical motion against gravity. The beginning of modern
construction.

4. Auxiliary switch used as coupler to switch the rotary
magnet mechanically from hundreds to units. Note that in
these last two systems this mechanical switching appears, and
that the tendency in these ‘days is to do the switching of
functions electrically.

5. Private cut out. This seems to be the first electrical
private device which secures privacy by opening the line of
the person trying to cut in. Note that this is present practice.

The system just described was developed during the winter
and spring of 1895. In June of that year it was installed at
LaPorte, Ind., to replace the piano wire board which had been
giving service. In August, 1895, a 200 line board of the same
kind was installed at Michigan City, Ind, also replacing a
piano wire board, which had been installed there in the pre-
ceding spring.

In November, 1895, Mr. E. A. Mellinger joined the Strowger
Compony as one of its experimenters. Mr. Mellinger had been
attendinz school at Ames, Ia.

12. Plaster of paris banks

The new form of switch having electrose banks which was
installed at La Porte and at Michigan City proved to be an
improvement over the piano-wire form, but certain bad qualities
in the insulating strips soon began to appear. It began to warp
and swell, varying the distances between the contacts and throw-
ing the rows out of line. This caused too much friction, which
is the main thing which had been bothering inventors all along.

In the summer of 1893 Charles J. Erickson, of the Strowger
company, designed a bank made of plaster of Paris. A steel
mold was made, having its inside of the form desired for the
insulating part of the bank. The mold was built up in such a
way that the brass contacts cduld be laid into it in rows, certain
recesses holding them in perfec.t §hgnment Plaster. of Paris
was now poured into the mold and allowed to set. When suffi-
ciently hard, the mold was r:moved and the casting dned ina,
moderate oven. Here the moisturé was completely driven’ off ’
To prevent its re-entrance, tHe bank was boiled in parafﬁne ki
thoroughly filled. - The contacts were then cleaned by careful"
buffing with walrus hide. - D

This produced a bank which was superior to the electrose
bank and was used as late as 1902 or 1903. The first board
having these plaster banks was installed at Rochester, an
in Novémber, 1895. It was of 200 lines capacity and replaced_
arpiano-wire board which had previously been in service. The
switches were in other respects like those at Michigan City,
which have been described. '

'With the growth-of exchanges came increasing cost of ap-
paratus and of giving service, and about this time party lines
were beginning to he a very'live qvcsuon as an aid in cutting
down expenses. The automatic® system as yet had been able
to supply only individual line service. To meet the argument
on this ling Mr. Strowger and Mr. Keith devised a lock-out
party line system im the fall of 183 or winter of 1895-6. The



13. Party line systems

patent was applied for on Feb. 19, 1896, and issued under the
number 589,768.

As this party line system was designed to work with the type
of board known as the first piano-wire board of La Porte, it
will be well to recall the manipulation of its line wires in mak-
ing a call.
ratchets and required a preliminary impulse on the rotary line
(o let them down. Then the vertical wire was contacted to
earth, moving the shaft and wipers longitudinally. Finally the
rotary was again used to turn the shaft to bring the proper
wiper into touch. Im releasing, thc rotary line was first
grounded to move a certain pin on the switch into the path of

the longitudinal magnet. Holding the rotary closed, the longi- -

tudinal magnet was energized by the other wire, lifting the de-

The detents were held out of contact with the -
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tents off the ratchets so that the shaft could retdrn to its normal

“position. Then the rotary was released, followed by the longi- :
. tudinal, leaving the detents c.car of the ratchets. )

. Referring to Fig. 38, we have a three-station line shown in

" diagram. A telephone receiver represents the entire magneto

“telephone, which was used :for finging and talking. Each inter-

mediate station, as B .ot C, has two magnets with -interlocking
springs. . Spring 11 tends to go to the right and rest against
contacts 15 and_»i4'.‘ ,Magnet 10 can pull to the left and, by
‘means of its. lever 9, push spring 11 until the latter catches
‘behind the dog of “bell-crank 16. While energized, ‘lever *¢
breaks pon't"act with spring 18. ~Magnet 17 when energized,
releases spring IL.- °

Thisgertical sidelbf the line 34 runs from central and loops

- :in sérieswthrough magnet 17 of each intermediate station. But,

in the normal position, magnet 17 is short-circuited by the con-
tact between lever ¢ and spring 18. The rotary side of the
line 35 goes through the hook contact, 7 and 8, of each station.
and also through magnet 10. Thus from each station there
is a clear vertical line of minimum resistance to central, but
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¢ary line must go through all the magnets 10 and hook
of the intermediate stations.

S Suppose that station B desires to call some number, such as
i He would first remove his receiver from the hook, thereby
“tting off the rotary linc from all the stations between him
édbthe end of the linc. He would press the H button twice.
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SFig. 41.—Side View of ‘Dial Sender, Showing Arrangement of Parts.

Aichigan City type of switch, with the plaster of Paris bank.
A few may be mentioned as follows:

March, 1896, Albuquerque. N Mex., 400 lines.

March, 1806, Trinidad, Colo. Mr. E. A. Mellinger took
charge of this plant.

May, 1806, Amsterdam, N. Y., 200 lines.

T'his spring Mr. Frank A. Lundquist left the employ of the
Strowger Automatic Telephone Exchange.

14. The first dial

Up to this time the old keyboard had been used for impulse
transmission at the subscriber’s station. ‘The entire attention
of the group of engineers had been directed toward developing
a good switch. We have seen how the necessity for an auto-
matic release was the first improvement in the substation to
force itself to the front and demand attention, resulting
the mercury “pill box” release and the latter type of springs
associated with the hook. The array of buttons remained as
a valid objection to the automatic, since it made the operaiinn
of calling rather complex. During the spring of 1896 the engi-
neers were engaged in inventing a device to take its place and
produced the first dial sender which approximated the present
form. It must be remembered that the dial idea had been used
by Connolly and McTighe certainly as early as 1883, as well as
by the Strowgers in 18g1. The patent for the dial which is
described below was applied for Aug. 20, 1896, and bears the
patent No. 597,002

The work which this dial was required to do was as follows:
Ground the rotary line as many times as desired for the
hundreds; ground the vertical line similarly for the tens; and
ground the rotary fine again for the units. Hanging the re-

hagnet 10 at each station between station B and the office.
Atact 7-8 by the spring contact 11-12-13,
= bell crank 16. Button T would then be pressed three times,
i The rest of the
“magneto generator, and if the called
.}‘g—"l‘o release, the same manipulation was
otary line pulled up all the magnets 10
:'{:’_“_beﬂ crank would be pulled up and re-
ntion :
2 2. The terminal station, which was dif-
The use of series magnets through
ine station called and selected in exactly
-l&?n_,the stations on a system should be -

ddition to operating the switch at central, this magnetizes
Y?_hle_n magnet 10 pulls up it cuts off the H and U buttons on the
eyboard by breaking contact 15. It also short-circuits the hook
ontact which is locked by
ﬁxch would affect only the switch at central, since the spring
ntact 18 on lever g9 acts as a short-
reuit on the magnet I7.
el . PO . . . . .
operation is as if on an individual line.
inging was done by the subscriber with
paffty was also on a similar party line,
Eqde ringing was used to get the proper
station.
ii‘equired as for an individual line and was
e
gc;'formed by the hook. Grounding the
etween the calling station and the office.
ais took the short-circuit off magnet 17
.that when the vertical was grounded
case spring 11. ~ Thus all the stations
mere restored to their normal condition.
s With reference to this system we may
o The series feature, which requires
both line wires to be looped into each
tation. B
terent from the rest on the line. It had
o special apparatus.
hlch the talking current had to pass.
éls was a bad feature, as there were
diough such magnets in the switches at
ﬁ:tral and more would only cut down
._<§15mission to a greater degree.
E‘tt- Standard operation, in that a parly
: e same way as a straight line station.
Llis was a good point and should be the
tandard for all systems. As far as possi-
anipulated in the same manner.
b 5:'{!115 lock-out system was tried out on

3 party line at La Grange,
SYStem then operating at that place. :

Juring the spring of 1896 there was considerable activity
N exchange installation, the Strowger company using the

1lL., in connection with the automatic

Fig. 40 —Rcar View of the Dial Sender.

ceiver on the hook must reset the dial to its normal position.
Fig. 39 shows the appcarance of the dial as it appeared in use.
Instead of holes, there were projecting vanes C’. The back is
shown in Fig. 40. The dial € is mounted rigidly on a hollow



shaft B, Fig. 41, which shaft extends from B® to B. Wheel D
is mounted securely to the inner end of shaft B and carries a
number of equally spaced metallic pins G, Fig. 42. Between
the supporting frame and the shaft B is a coiled spring F, which

Fig. 39.—First Dial Sender of Type Now Used on Automatic Telephans:‘.

is under a slight tension and tends to rotate the shaft in the
direction opposite to that indicated by the arrow, Figs. 39 and
40. The pins G on the wheel D, Fig. 40, serve two purposes,

e T T

Fig. 42.—~Detail of Step-by-Step Circuit Breaker.
namely, to engage the pallets H and H’; whereby the speed of
the dial is limited, and also to move the spring I, which makes
the step-by-step contact at 7 and I*. Wheel D, with its acces-
sories, are termed the “step-by-step circuit breaker.”

29

At D', Fig. 42, a pawl, L, is mounted on wheel D. It is
adapted to engage the teeth of a ratchet wheel, X, Fig, 40,
whenever wheel D is moved, but is so arranged that after moy.
ing ratchet wheel K a little more than one notch the paw] L
will be withdrawn so that it cannot turn it further. In the
normal position of the dial C and the wheel D a small upwardly
projecting wire strikes a stop and holds the pawl away from
the teeth of ratchet wheel, K. Mounted on the latter are seven
pins, which serve as cog teeth, and four of them as contact
points for the springs P and P". Pins N,N',N* and N* are of
metal and can touch the above-mentioned springs, P being
wired to the rotary line and P’ to the vertical line. The other
pins, O, O', O are too short to touch the springs P and p’.
This device is called the “circuit changer.”

Though not essential to the operation of the dial, an indj-
cating device was added in the form of a sector, R, Fig. 43,
where it is shown in its normal position. This sector is mounted
on a solid shaft, R’, Figs. 40, 41 and 43. This shaft runs through
the hollow shaft B and carries on its inner end a segment of°
cogs, R?, Fig. 40. These cogs mesh into the pins on the ratchet’
wheel K. ) 3

In making a call the receiver is taken from the hook and®
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Fig. 43.~View Shouing Indicating Device of Dial Sender.

the separate digits of the number pulled as in the modern auto-’
matic. On the down stroke the pins G on wheel D slip past
the pallets H and H’ without moving the governor. They also,
slip around the end of spring 12, moving it in the downward
direction so that contact 13 is not made. e

Near the beginning of the down stroke the pawl L acted on
the ratchet wheel K, pulling it around one notch. This catlSCd‘
spring P to come into contact with pin N’, and also moved the
sector R, Fig. 43, to expose the word “Hund,” instead of “Tel7:

\When released the dial slowly clicked back to the norma}?
position, the coiled spring F, being held in check by the gov’
ernor acting through the pallets P P’. During this motion ‘hf;
pins G on wheel D, Fig. 40, caused spring I to make COﬂta‘?ti
with I* as many times as the digit pulled. I® goes to gfo““@"}'
spring [ is attached to the frame of the sender, as is also whe‘%ﬁ
K with its metal pins. This causes the grounding of the rofaf;.fg
line. ' R

On pulling the next digit, wheel K is rotated another ﬂotd.”.'f-
bringing pin O under spring P, insulating it, as it is too SBOTY
to touch, while spring P’ touches pin N*. On the return Oftb%
dial, the vertical line is now grounded. Finally pin N is brougi,
under spring P and the grounding of the rotary line is secur€lx:
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- At each of these steps the sector R, Fig. 43, has been moved
" along SO as to indicate the digit which was then being puiled.
- In case the subscriber pulls another time, the signal shows

e

«Qut,” indicating that he is out of connection and must hang
up and try again.

.. When hanging up to release, the lever of the hookswitch bears

down on the lever (), Fig. 4o, which pulls the detent M out of
contact with the ratchet wheel K, and lets it fly back to normal.

The first exchange to be equipped with this dial was an in-
terior system in the city hall of Milwaukee, Wis., which was
installed during June, 1896.

15. Early trunking systems

We have now arrived at a very interesting stage in the de-
velopment of automatic switching, for in the summer of 1896
the engineers of the Strowger Company started work based on
an entirely new principle, one which they had never before tried.
This idea was to use primary and secondary switches, instead
of trying to make one switch of sufficient capacity to reach
every line in the exchange.
them, it had been suggested by.others before. J. W. McDon-
ough, of Chicago, Ill,, applied for a patent on such a system
May 21, 1891. (See patent No. 538,975.) Before him, James G.
Smith, of New York City, patented a trunking scheme for tele-
graph lines which could have been easily adapted to telephone
work. It was described in a previousComjef2r., -

On Feb. 18, 1893, Mr. Smith Applied for the
patent No. 550,728, which was an adaptation of his old tele-
graph system to automatic telephony. He also got out another
system (Patent No. 550,720) about the same time, by means of
which he proposed to operate toll lines between cities. Jan. 10,
1896, Moise Freudenberg, of Paris, France, applied for a patent
(No. 556,007) in this country on a system of primary and sec-
ondary selectors, being an extension of another system which he
aned Apostoloff had previously worked up. (Patent No. 546,
-25.) As these systems previous to the summer of 1896 were all

rather crude and in some respects impractical, only 2 brief men-
tion will be made of each.

The nature of the system of J. W. McDonough is indicated
in Fig. 44. The central switch 4 consisted of a number of rings
arranged one above the other. Between the members of each
pair of rings was a carriage holding a magnet and certain levers
and catches. There was a vertical shaft in the center of the
switch, and to the shaft were rigidly attached as many arms as
there were carriages. The shaft was power-driven, and the
arms pushed the carriages continually around the circle. Each
of the groups of o, 1, 2, etc, consisted of 10 wires, and all the
wires in each group run from the central to another particu-
lar switch, as for instance, group o to B. From the switch B
extend 10 groups of wires of 10 wires each, and each group
runs to the last switch, €. From therc run the subscriber
lines, 10 in number.

In general construction the switches A, B and C are alike.
Around the outer edge of the rings are vertically arranged 10
or 100 “gates.” These gates could be touched by the carriages
in their rotations. The gates were each attached to one of the
radiating wires. While the carriages were being revolved by
the arms, there was a succession of signals sent out on each
fine. Thus. in making a call, subscriber 0-0-6 was expected to
take his receiver from the hook, listen to the signals, 0-0-1,

0-0-2, 0-0-3, etc., and press a button when he hears his own
number. 0-0-6. This stops a carriage in switch € and connects
him to a line to B.

Although this was a new idea to -

As the carriages in B go around he will hear signals as fol-
lows: o-1, 0-2, 0-3, etc. When his own division number, 0-o,
is given, he presses his button again, stopping a carriage and
giving a connection to switch A. The subscriber now hears

Fig. 44~The McDonough Asxtomatic Telephone System.

2he numbers ‘of -the gates .past which the :carriages: are passing,
*'andfon hearing ‘the first.digit ‘(5) of the ‘desired .number- (for
{nstance, .5-5-2)-.he presses -his button-again,-giving him a-trunk
to switch B of the .ifth group. ‘In.a:similar.way he .picks his
.way to the end.of the call. e e e e o e,

-The- fundamental conception .was-good, . namely, ~the -division
of the-apparatus .and subscribers’ lnes into-groups and-divisions
and trunking from omne to the other. Switch 4 was to be the
distributor for all the calls in the exchange, and any subscriber
could use any trunk to any other group or division. Another
point of interest is that as the carriages of 4 passed the 10
gates leading to any group, the signal of that group was re-
peated once for each gate. If he pressed his button for any of
them, he would get that trunk. Thus the subscriber did his
own selection of the non-busy trunk, a thing which is now done
automatically. :

Though the idea was good, the means for accomplishing
this trunking were practically unworkable. Granted that the ap-
paratus could have been made to work, it would take an expert
to pick his way to the center of the system and out again to the
called line. But it shows how early the necessity for a trunking
system was realized.

Although J. G. Smith changed some of the details of his
automatic telegraph system to suit the telephone, the main fea-
tures remained the same. These main features are power drive
through a long shaft, completely circular bank of contacts, a
ctutch-operated wiper, and an electrically-controlled dial. The
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Fig. 45.—Trunking Arrangement i the Smith System.

inclusion of some peculiarly telegraphic ideas is noticeable, such
as circuits normally closed with battery current flowing, also
the looping of battery in series with the main line. )
;_;‘M;,'_L_S_'g{_it_l}_ proposed .to increase the capacity of automatic
:exchanges in two ways: first,-by lock-out party lines; second,
by ‘trunking betweén groups by auxiliary switches. As we are
‘interested in trunking, the fofmer will not be described here. -
:His. proposal ‘as -to the latter may be stated in the following




words: “suppose that each set of contacts (in the circular
bank) instead of leading to a subscriber’s central office instru-
ment and through it to the subscriber’s circuit, should lead to
another frame with a capacity of 100 sets of contacts, and each
of the latter sets of contacts lead to a subscriber’s central office
instrument and through it to a subscriber's circuit, it will at
once be seen that the capacity of the system is increased just
100 times. Thus, with small frames which will accommodate
100 sets of contacts only, not less than 10,000 subscribers might
be accommodated at one central office.”

Fig. 45 shows the scheme of arrangement of the proposed
trunking. Only three subscribers’ lines and main switches are
shown in each group, where there are supposed to be 100. Also
the three groups are taken to represent 100 groups. If there
are 100 groups of 100 lines each it will call for 100 auxiliary
switches and 100 main switches in each group, making a total
of 20,000 switches in a 10,000-line board. Morcover, there is
only one trunk from each group to each other group, so that
only one person at a time can talk from one to- some certain
other group. We would call this 1 per cent trunking. He could
have obtained 10 per cent trunking in a 1000-line board by
utilizing his automatic selection of a non-busy line as given in
his previous telegraph system (Patent No. 481,247, applied
Nov. 2, 1889), which principle he applied about this time to

_toll line selection between cities.
. Instead of .entirely giving up the contacts of the main switches
to.-lincs-vmnningwto::auxiliary.\switches, Mr. Smith proposed
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Fig. 46.—Trunking Arrangement for Smail Exchanges.

the plan shown in Fig. 46, for small exchanges. According to
this plan the main switches will contain the contacts for the
lines in their own group, and, in addition, one set of contacts
leading to an auxiliary switch which trunks to the other
hundred. Thus we have 50 per cent trunking within the group.
but only I per cent between groups.

The system of Moise Freudenberg, which was applied for
patent Jan. 10, 1896, depended on his previous system, to
which reference has already been made. There was to be 2
plate, Fig. 47, 4 containing as many terminals as subscribers’
lines, and to which they were connected. Over this plate 2
wiper W’ was adapted to move by separate impulses of magnets
in different directions. The inventors claimed to be able to
use movements in any two directions, as well as radial and
totary. This flat-plate form, with the two movements at right
angles, reminds one very much of the system of the Erickson
Brothers, which they brought out in 1803, before going with
the Strowger Company. (See patent No. 616714, ¢ V

As originally planned, each subscriber
in the Freudenberg system was to have one of these plate
switches. Observing the waste of apparatus, he arranged the
scheme of Fig. 47 to enable any subscriber to use any switch

and cutting down the number of switches to that which would

handle the traffic.

3

B, B, etc., are metallic wagons or carriages running on rails,

C C with which they made contact. Each wagon had its own?

insulated track, which was connected to a particular -gubscriber’s.
line. Just under the tracks and at right angles to’ them were’
a number of metal beams D D, each connected to a plate switch.:
When any subscriber desired a connection he, by electrical

means, started his wagon out to hunt a beam. A projection on
the under side of the wagon hit the first idle beam, made elec-
trical connection with it and swung it down out of reach of any
other wagon. The plate switch to which this beam was con-
nected was now at the service of the subscriber, the lines of all
subscribers being muitipled to all the switches. If any other
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Fig. 47.—The Freudenburg System.

subscriber desired a connection, his wagon would pass over the
depressed beam of the switch which was in use and avoid in-
terrupting the other party. ’ .

This reminds one somewhat of the present line switch, which
gives all the subscribers in a group access to any one of a small
number of first selectors, though the method of doing it looks
crude now. The tendency seems to have been to get away from
-mechanical devices and do things electrically. And the writer
believes that this is a move in the right direction, though it may
be carried too far, resulting in an undue electrical complication
for the sake of mechanical simplicity.
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16. Frst telephone trunking system

In the summer of 1896, A. E. Keith, John and Charles J.
Erickson began work on a new line, that of devising a 1000-line
board without making a 1000-line switch. This they accom-
plished by ‘a general plan very much like that of J. G. Smith,
though the form of switch with which they had to deal was
different. Fig. 48 shows the scheme of wiring, in which the
switches shown at the left are the same style of connector as
had been used at Michigan City, Ind, and elsewhere, with the
plaster of paris bank. At the right, numbered 12, 13, 14 and 15,
are groups of “selectors.” These are special switches, with 10
vertical steps, but only one rotary.. There is one for each sub-
scriber and but one trunk from one group to any other one.
Thus any subscriber’s line will end at the central office in two
places: first, in one of the selectors at the right, by means of
which he can call any group and line in that group, and, sec-
ond, in the bank of one of the connectors at the left, through
which calls may come to him from other lines. The selector
switches are grouped 10 in a group and 100 groups. The con-
nectors are grouped in 10 groups of 100 switches each.

Fig. 49 shows the selector switch, front and side views. The
bank, as shown, is made up of wires like the zither or piano
wire-board, but it was drawn this way only for convenience.
The plaster of paris bank was to be used. B’ is the vertical
magnet, F’ the rotary magnet. PM is the private magnet. All
three magnets are permanently connected to battery. 39l and
35L’ are the line wipers, while L’ is the private wiper. The two
line wipers are connected to the two springs 29 and 30 which
form the side switch. Normally, the wipers are not connected
to the lines. )

Although Fig. 49 shows the general design of the selector, .
reference to the simplified diagram of Fig. 50 makes it easier
to explain its working. There are also some mechanical move-’
ments which must be explained, not being clear in tHe Patent
Office drawing, Fig. 49. The vertical magnet B’ in addition to
lifting the wiper shaft, operates a contact 100 which connects
the rotary magnet to the frame. There is also a downwardly
projecting hook on the lever which holds the detents away from
the ratchet cylinders. The detents are released on the first up-
ward motion of the magnet. The rotary magnet, besides rotat-
ing the shaft, operates a switch 101 which normally holds the
private wiper L’ on-ground, but may switch it over to the
‘private magnet PM. A

The side-switch, 29 and 30, is under tension tending to close
the contacts 31 and 32, which lead to the lines. The springs
20 and 30 are connected mechanically to the shaft and rotary
magnet by means which can only be clearly represented by ex- -
aggerating the dimensions of some portions. 104 is an insu-
lating number which connects to lever 105. The four levers
105, 106, 107 and 108 are here represented as in one piece,

pivoted at the center. In reality a much simpler lever does the
work. Acted on by the transmitted tension of the springs 29
and 30, 196 would move to the right but for the lug 109 on the
shaft. When the rotary magnet pulls up, 2 finger G’ holds 107
from moving and allowing 105 to close the side switch. If the
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Fig. 48.—Scheme of Wiring Used for a 1000 Line Sw:'tchb'oard.

private magnet be pulled up, its lever 110 prevents 108 from
moving and likewise keeps the side switch from operating.
-The upper portion of the shaft is equipped with a bent wire
111 adapted to contact the spring 112 on the first upward motiott
and to break.that contact with the first rotary motion. Tts func-
tion is to connect the rotary magnet F' to the line at the proper
time.

The operation was as follows: The hundreds digits come in

on the vertical line, operating the vertical magnet which steps
the shaft up, releasing the detents on the first motion. The
upward motion of the shaft brought the bent wire 111 into con-
tact with the spring 112. The tens digits are next pulled, com-
ing in over the rotary line and operating the rotary magnet.
On the first impulse the rotary magnet pulls the shaft around
one notch, moving lug 109 from lever 106. But the lever G
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Fig. so.—Simplified Diagram of Selector Switch.



of the rotary magnet prevents the side‘switch from operating
until the shaft has rotated far enough to break the contact
111-112. Then the rotary magnet falls back and allows the
side-switch to connect the wipers to the lines. All this hap-
pens between impulses, so that only the first rotary impulse is
lost, all the rest passing on to the vertical magnet of the con-
nector, stepping it.up. The units impulses come in over the
vertical wire, but owing to the transposition of wires at X
they arrive at the rotary magnet of the connector. It will be
noted that the first tens -digit is utilized in switching through
the selector; that is, in rotating in the single step. Thus,
every hundred, and if a subscriber called
354, he would really move the wipers of the connector in the
third hundred up and around to 44.

The private contacts in the bank P are multipled through
the particular group of selectors to which a trunk is also multi-
is occupied, the private contact corre-
sponding to it is grounded by the private wiper of the switch
which is using the trunk. If another selector tries to get in on
the same trunk, the following will happen: When the rotary
impulse comes in over the line, it pulls up the rotary magnet
and rotates the wipers into contact with the bank. But the
instant the private wiper L' strikes the grounded contact, 1o1-
103. being closed, the private magnet PM pulls up, catching its
hook under the end of lever 108. When the rotary magnet re-
leases, 105 can move back a little, but not enough to operate
‘the side-switch, leaving the trunk undisturbed. ~ The rest of
the impulses would do no harm.

To release from this condition the subscriber simply hung up
as usual. This grounded the verticdl, then the rotary, then
cleared the vertical, followed by the rotary. When the vertical
was grounded it closed the contact 100 connecting the rotary
magnet to the line, Grounding the rotary pulled up the rotary
magnet, which released the detents, pressing a lever from them
under a hook on the lever of the vertical. When the vertical
relay was released this hook passed down over the lever from
the detents, locking them away from the ratchet teeth. The re-
lease of the rotary let the shaft rotate and drop back to normal.

The normal line over which incoming calls to any -subscriber
are received goes through the of normal switch K” on the top
of the shaft. If the called line is busy by having made a call,
this switch will be open and the calling subscriber will notice
that his bell rings open, as calling was done by series magneto
bells and hand generators,

17. The Automatic Telephone
Exchange Company

In the fall of 1896 Almon B. Strowger, the originator of the
system, left the employ of the Strowger Automatic Teleph?ne
Exchange and went to Florida to recover his health, which
had been failing for some time. B

On Jan. 28, 1897, the Automatic Telephone Exchange Com-
pany, Ltd, of Washington, D. C., was formed for the purpose
of carrying on the automatic telephone business. Previous to
this incorporation it had gone by the name of “Draw})augh
Telephone & Electric Appliance Company, Ltd.,, of Baltimore,
Md, and London, England” Col. T. W. Tyrer, of Wafsh-

‘ington, D. C., was the general superintendent and le.admg
spirit, and had associated with him John Bau.emschmldt as
vice-president, and Joshua Horner, both of Baltimore. It was
the purpose of this company to sell tl?e ap;?aratus'mar?ufacf-
tured by the Strowger company, and with this end in view it
entered into agreements with the . latter on the date zbove

33

mentioned. The Automatic Telephone Exchange Company
was to act as United States agent for the Strowger Auto-
matic Telephone Exchange. It was to pay a royalts-r of $g
per year “for each switch and outfit so long as such- switch ang
auxiliary device may be in use,” a‘n.d was to install 3000
switches the first year and.2000 additional each year for 10
years. Deferred royalties were to draw 6 per cent.

13. The Augusta System

In February, 18g7, the Strowger company commenced in-
stalling the last described switchboard at Augusta, Ga. As
far as known, this was the first trunking board to be put into
actual public use, although it did not possess the feature of
automatic trunk selection since there was only one trunk to
any group. .

The idea of using primary and secondary switches needs
to be carefully separated from that of automatically selecting
a non-busy trunk. The two are not necessarily the same, though
wherever automatic trunk selection is used there must be two
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Fig. 49.—General Design of Sclector Switch, Front and Side Views.

or more sets of switches, But, as will very readily be seen,
the primary and secondary switch idea is of little practical use
if we are restricted to but one trunk to each group.

The Augusta plant was completed in March, 1897, and pos-
sessed numerous points of interest in addition to the arrange-
ment of switches. There were no wiper cords ‘on the selectors
or primary switches. The rotation' of wipers to bank is shown
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by Fig. s1. The bank contacts were arranged in three groups,
cach group consisting of two vertical rows of 10 contacts each.
All the contacts in the left-hand row, L, were tied together
and connected to the vertical wire of the switch to which the
bank belongs. The right-hand contact, Ti, of each pa{r was
attached to the vertical line leading to a connector in a cer-
tain group of switches. The middle vertical rows, L, and Ty,
were similarly devoted to the rotary line and trunks, and the
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Fig. s2.—Arrangement to Separate Accidental Grounds on Line from
Grounds Occuring in the Sender,

right-hand rows, Ls %and T3, to the private. The wipers were
U-shaped and when normal, rested where shown in the front
view. If the shaft were lifted one notch and rotated one notch
all the wipers would occupy the lowest row of contacts. In
this position the vertical wiper 7 would connect together
the two bottom contacts in rows, L. and Ty, thereby project-
ing the vertical line of the subscriber into connection with the
vertical trunk to the first group of switches. The rotary
wiper, ‘R, also connects the rotary line to the rotary trunk by
connecting the two bottom contacts in the L, and T, rows,
while the private wiper, P, does the same for the .private line.
The wipers were made of two springs, as shown in the detail
portion of Fig. 51, which shows end and side views with the
wiper off and on contact. While moving vertically to reach the
desired level the ends of the wipers were between the vertical
rows, but not touching them, as seen in the plan.

The dial which was used was very much like that which

had been invented and developed during the spring and sum-
mer of 1806, covered by patent No. 597,062 However, there
was no indicator to show the order of the digit pulled, as it
was considered a needless complication. The speed governor
was a centrifugal affair instead of the weighted pallet escape-
ment which was described. It worked more quietly and gave
better regulation.
" The dial proper carrying the finger holds was attached to
its shaft by a cone fit, being held on by a machine screw in
the center of the end of the shaft. The dial was insulated
from the shaft by a layer of fiber to remove any possibility of
subscribers getting shocks. The friction of this cone was not
sufficient to prevent the dial from slipping, resulting in the
user getting wrong numbers. To remedy this defect the cone
end of the shaft was covered with shellac and paper and the
dial forced on again over it. This stopped the slipping, though
it made the removal of dials more difficult.

The ground counection was not wired permanently to the
mechanism of the sender, but was carried to an insulated spring,
as shown in Fig. 52. W is the star wheel, which carries a lever
with insulation on the end. When the sending device is in
its normal position, the receiver being on the hook, this in-
sulated end bears against the ground spring and keeps it clear
of the circuits. But the first motion of the dial pulls the star
wheel to the left and allows the ground spring, 4, to touch
the spring, C. This arrangement was made to enable the
separation of accidental grounds on lines from grounds oc-
curring in the sender. If a line acted as if grounded, but only
while calling, it was almost sure to be in the subscriber’s in-
strument. For ground this system did not depend on the earth,
but used a common return.

Since the magnets, each of 16 ohms resistance, were directly
in the line, the line current had to be relatively heavy. In
the case of the longer lines it took as high as g6 volts to force
the required current (I amp) through the resistance. As this
was too high a voltage for the shorter lines, taps were taken
from the battery at various points, giving three voltages be-

side the maximum. Even this was not closc enough regula-
tion and resort was had to the insertion of additional resistance
in each of the shorter lines to even them up with the longest
lines in their particular voltage group.

In Fig. 53 are shown the conditions which existed for one
connection through the board. Each subscriber’s line appeared
to be metallic, and such they were from the substation to the
office. But, in the switchboard, one side of each line was tied
through a magnet. to negative battery. The other side was
carried to the wiper with no attached ‘connections, and given a
clear connection through to the called line. This arrange-
ment  produced cross-talk, but as the telephone-using public
had not been educated by the quietness of a clear metallic cir-
cuit, there was no noticeable dissatisfaction. The arrange-
ment of common return wires is also indicated by broken
lines. It occasionally happened that two of these common
return voltage feeders got crossed, which resulted in running
down that portion of the battéery which was between them.
“American” storage battery was used, this being, as far as
is known, the first public automatic exchange using secondary
battery. )

As might be expected, the heavy current used to operate
the switches gave trouble by arcing at the make-and-break point
in the substation sender. . Occasionally the heat was great
enough to take the temper out of a spring. There were no
platinum contacts in the telephones, but the switches were
equipped with them. For this reason there occurred dirty
contact troubles in the talking and ringing circuits which
could not be charged to the automatic system. Where platinum
was used in the switches it was soldered on—not_riveted as is
the present practice.

Some of the lines running to Summerville were 315 or 4
miles long, and on -these special magnets of 70 to 80 ohms
resistance were used. These more sensitive magnets had to be
used, for it was not thought advisable to run the voltage any
higher than the 96 volts. In November, 187, a line was run
to the canal locks, 7% miles out. For this a ground return
was used.. As it was impossible to make the magnets work
over this line, relays were installed to operate the magnets on
a local circuit. This is one of the first, if not the first, case
of using line relays on an automatic board in practical public
use. ’ )

The mechanical construction of the switches was somewhat
crude. Soldered joints were used to connect certain parts
where a solid piece should have been made.

The rudimentary side switch, which controlled the private
wiper, was simply a combination of one movable vertical
spring between two fixed springs, all held by one.screw and
insulated from one another by bushings and mica plates. (See
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Fig. s1.—Details of Wipers, Showing Method of Rotation to Bank. '

right-hand diagram, Fig. s52.) The mica insulation used to
separate the springs often broke down. This was probably
due to the use of acid in soldering connections to the springs.
In other parts untreated fiber was used, which gave trouble
by absorbing moisture. This is now avoided by boiling out
in parafine and beeswax and not using fiber for any large
parts. )

As the frames of the switches formed one side of the cir-



cuit they were all insulated from ome another and {rom the
supporting frame. -

It was asserted by some who worked on the board that in
certain cases magnet coils became defective through electro-
lysis, since the wires showed a corroded appearance. But this
doubtless should be charged to the use of acid in soldering, for
it is well known that such results are very likely to follow
its use. Some trouble was caused by the friction of the shafts,
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Through the Switchboard.
which was sometimes so great as to prevent them from
dropping clear down on the release.

The total capacity of this board was goo lines, but only 400
were installed. The equipment was later increased to 600.

This exchange is most noteworthy in that it was the first
public installation of the first successful attempt made by the
Strowger engineers to get away from the single switch idea.
Manual switchboards had been developed on the idea of the
multiple, which makes it possible for the operator who answers
a call to reach over the terminals of the entire exchange and
‘select the called line. If we substitute for the human operator
a switch with the proper number of wipers and for the sec-
tion of multiple jacks place the bank of contacts, we shall
have the type of automatic switch which had been used up to
that time. .

The forerunner of the manual multiple switchboard was the
transfer board, in which the operator who answered a call
trunked it to the position on the switchboard in which the
called line appeared. It was relatively cheap in first cost, but
slow in operation,' since the concerted action of two operators
was necessary to complete the circuit. If we substitute for
the answering operator a selector switch, which can select the
desired group, and for the second operator place the con-
nector switch, which can select the line in that group, we shal}
have the idea underlying the Augusta board. Like the trans-.
fer board, it is cheaper in first cost. Unlike the transfer
boatd, it is just as rapid as the older single-switch systems.
The reason lies in the uniform rapidity of the mechanical

and electrical actions, which are not subject to the varying

delays which beset human beings. The ‘automatic selector
will get a trunk in a certain period or it will not get it at all,
There is no!guessing about it after a reasonable time has
elapsed.

In March, 1897, Mr. B. G. Dunham began his work for the
automatic people at Augusta, Ga. Mr. Dunham was an Iowa’
man, and had graduated from the Iowa State College at Ames,
having taken the electrical engineering course.

The Augusta board showed that the principle of trunking
is the correct one for automatics. The next problem attacked
was how to get more than one trunk to each hundred. Evi-
dently it would be easy to provide the selector switch with
several contacts in each row, each contact representing a trunk
line, all lines of a given level running to the same hundred.

. There each would terminate in a connector switch. If, orf step-
ping a selector switch up to the Tevel of the desired hundred and
rotating it one notch, the first trunk proved to be busy, the
switch wipers could be rotated another notch, or another, and

.so on until a non-busy trunk was secured. Although this
sounds easy, it proved to be a difficult problem. One of the
principles of automatic design which had by this time be-
come clearly established is that the subscriber must not be
expected to do things which will call for any degree of knowl-

—ger company in redesigning the 1000 line ‘system.
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edge of the system. The system must be so arranged that.any
person of :sound mind can operate it correctly on.the first trial
aftcr.readmg simple directions.  This prfnciple ‘restricted ' the
selection of a non-busy trunk to such means as-could be had
from the regular operation of the dial and, of ¢ourse, it was
seen 'that the subscriber could not be called u ‘
consciously in operating that,

Ip June, 1897, the engineers of the Strowger company madé
tbexr first experiments with a means for non-busy trunk selec-
tion. They proposed to insert in every number a “0” just
fafter the.hundreds digit. Thus, the number 248 would appear
in the. directory as “2048.” The hundreds digit was to lift
the wipers of the selector to the proper.level corresponding
to the proper hundred. The “o” digit was to give 10 rotary
impulses to the selector shaft. On reaching the first non-busy
tx:unk the current was cut off, so that the remaining impulses
did no harm. The last two digits were to operate the connec-
tor the same as in the Augusta board.

pon to assist

19. Company Organization

The preliminary contracts of Janyary, 1897, between the
Strowger Automatic Telephone Exchange and the Automatic
Telephone Exchange Company were followed by another con-
tract signed Aug. 10, 1897. The former company now de-
voted itself more actively than ever to development, and dur-
ing the fall of 1897 and spring of' 1898 made up a number of
exhibit boards which could be uscd to demonstrate the system
and get business. One of these was equipped with a nuwmber
of trunks between groups, the selection of the  non-busy trunk
being made by the “0” scheme which has been described. An-
other way of securing this selection had been considered, and
rcjected as not practical. It was to have the interrupied bat-

“tery current furnished by a machine at central, instead of do-

ing it by the extra motion of the dial. But hecause of the ne-
cessity which this would impose of running the interrupter ma-
chine all the time, it was considered impractical. Onc of the
exhibited boards had the magnets bridged.

_Tanu%r_v 27, 1808, anothﬁr contract was si’gncd between the
Strowger company and ‘the Automatic Telephone Exchange
Company, relating to manufacturing by the former and the
operation of exchanges by the latter. :

March 12, 1895, Mr. A. E. Keith started on a trip to Eurape

‘in connection with foreign royalties. He took with him some
exhibit boards and showed their operation in London.

In.Junc, 1898, a 400 line board was installed at Amstcrdam,
N. Y., replacing the 200 line board which had been installed
‘in May, 1896. .

" As .a beginning of. its operating projccts, the Automatic
Teleplione Exchange Company, of Washington, D..C,, sublet
part of its United States territory. October § 1893, a con-
tract was given to the New England Automatic  Telephone
Company for operating the Strowger system in New England.
December 16, a similar contract was given to the Pacific Auto-
matic Exchange Company. ’

20. The 1,000 line system

November and December, 1898, were occupied by the Strow-
The side
switch, that most important adjunct to the modern selector
and conncctor, was invented at this time. It was the out-
growth of the necd for collecting the several auxiliary opera-
tions into onc compact group, controlled with certainty by a
single magnet. Its beginmings we huve alréady seen. )

.

Another important change was the switching of both line
wires instead of one as formerly. The motor magnets (ver-
tical and rotary) were still in line, but were bridged, so

that the talking cifenit was perfectly halinced. Relave were
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" used in disconnecting. The bank was divided into three parts,
100 contacts for the private, 100 faor the vertical lines, and 100
for the rotary lines. As many of these features will appear in
the New Bedford bcard, they will not be further descnbed
here. ,

In settlement of some difficulties which had arisen between

the two companies, another contract was signed January 1, 1899‘

Fig. 54.—Front View of Sender with Hook Down

as It Receiver
Were On It .

In this contract the question of royalties was adjusted. But
the two companies seemed mot to be able to do business with
mutual satisfaction, for the Washington company brought ac-
tion in court against the Strowger company. The suit of the
Washington company was settled out of court by agreements
signed June 9, 1899, by wllich the Automatic Telephone Ex-
change Company was to run the entire business, including man-
ufacturing. The Strowger company agreed to turn over all
business and correspondence to tige Washington company and
gave it an option on the foreign patents, but retained the right
to use automatic switches in Cook county, IIl. The Automatic
Telephone Exchange Company dismissed its suit, and assumed
liability for the Strowger lawsuit, =

In accordance with the above, on Jure 21, 1899, the Wash-
ington company took charge of the factory at Chicago. '

The Strowger company having-secured a contract for a board
to be used in Berlin, Germany, spent the summer of 1899
building a 400 line board to fill the order. In August z Sep-
tember - the board was shipped. It had automatic trunking by
the “0” scheme. In October Mr. E. A. Mellinger and R. R.
Landon started the installation of the board, which was cut
into service in May, 1908, This board served till 1903, when
it was replaced by a larger board of a later type.

In October, 1899, Mr. B. G. Dunham, who had been at
Augusta, Ga., with the automatic plant of the Augusta Tele-
phone” & Electric Company,- began work for the Automatic
Telephone Exchange Company ~

The engineers of the Strowger company continued to work
on the problem of the automatic selection of non-busy trunks,
which was then the great necessity. In November, 1899, they
produced a successful selector with.a machine rotary, so that
it .was not necessary to insert the “0” in the number. A small
exchange was built, and operated in the efﬁce of the company
in November, 1899. ]

December 1;,_1890, the.Automatic Telephone Exchange Com-
pany moved the factory to Baltimore, Md., having found
that it was not possible-to work at a distance -with any satis-
faction. But in the end the Washington company gave up the
struggle, and sold excr}thmg back to the Strowger company.
This took place’ ,Tunc 6 and 9, 1900. Thc factory was moved
lnck to Chicago on June 30.

In the time that the Automatic Tclephone Exchange Com-
pany had been doing business it had installed interior ex-
changes at Washington, D. C. in the White House, the Coast
and Geodetic Survey, the Times Building, and the Bliss Buill-
ing, and also at Yuma, Ariz. In December, 1900, the comp-m\
failed and went into the hands of a receiver.

In the year 1900 the Strowger company began making its
own improved transmitters.

Mr. B. G. Dunham, who had been transferred from the
Washington company at the .time of the final settlement, left
the latter company in the last part of August, 1900, to take
a position in the automatic plant at Augusta, Ga.

21. The New Bedford System

The year 1900 is marked by the production of the switch-
board for New Bedford, Mass., which embodied for the first
time in a public exchange the principle of automatic trunking. .
It had a 10,000-line ultimate capacxty, and employed first se-
lectors, second selectors, and. connectors. There were, how-
ever, only' four thousands installed, each having 900 lines.

The substation sender is shown in Figs. 54, 55, and 36.
Figure 54 is a front view, with the lever down as if the re-
ceiver were on the hook. The dial proper has been removed,
but tle cone on which it fits may be seen at the center of the
spiral spring. The springs of the hookswitch are'2, 3, 4, 5 and
6. The piece 1, making contact with 4, is insulated from the
exposed portion of the hook, but connected electrically to the
frame. The piece 6a, connected to 6, extends toward the dial
shaft, so that in its normal position a pin on the dial tooth
wheel rests against it.

Figure 55 shows thé rear of the sender, with the hook up;
12, 13 and 14 are the release sprmgs 15 is the detent for the
star-wheel, S. W, and 16 is the pin on the hook lever whlch
operates the release of both- star-wheel and springs. Iust at
the left of the release sprmgs a portxon of the governor is
visible. - :

The reverser, 29 and 30, is- made of two disks mountpd
on the dial shaft, but insulated from it and from each ofher.
Each has half its rim cut away so that, in the position of: rest,
spring 28 rests on 29, and 27 on 30. But when the dial is
turned by the act of pulling -a digit, the two spring g:on_racts
are reversed, 28 resting on the edge of 30, and 27.on 29.
Spring 31 makes contact with disk 29 at all times. There is

Fly. 55.—Rear View of Sender with Recelver Off of Hook.

a spring, 32, -which makes constant contact with disk 30 but as
photographed it is hidden by spring 31

Figure 56 shows the mechanism in the act of pullmg the
first digit. The arm carrying the pawl, P, is rigidly attached
to the dial.shaft. The pawl acts on the star-wheel, §. W,
moving it one notch for each pull. The reverser is shown in
action.



The ground is wired to spring 17. When the hook is down
and before the first digit is pulled (Fig. 56), the detent 15
rests on a’tooth of the star-wheel, S. I., as shown." The in-
sulated head of 15 presses the ground spring, 17, away from
the contact, 1\8, the latter being the common ground donnec-
tion for all the instrument wiring.: But on pulling the first
digit (Fig. 56) the detent falls, allowing the ground spring to
touch contact 18. .

The complete wiring of the substation is shown in Fig. 5%,

all parts being numbered to correspond to the three preceding

illustrations. . The talking set consists of a docal battery pri-
mary circuit, with transmitter, battery, and primary of induc-

tion coil wired to spfings 2 and 3 of the hook, and the
secondary circuit, composed of the receiver and the secondary-

of the induction coil, wired from the rotary line to s,priné 7
of the ringing key. This is normally in contact with spring 8,
- which goes to spring 5 of the hook. The bell is connected
from the rotary line to spring 4 of the hook, -which normally
connects through contact 1 to the frame, returning through
pin 24, spring 26, spring 28, disk 29, spring 31, to vertical line.
The rotary line is thus. the common terminal for the bell and
receiver dircuits, while the wvertical line is switched from bell
to receiver by the hook. ) )

In making a-call, the receiver is taken from tihe hook,
'switching the bell out and thé receiver into circuit. The re-
ceiver has its circuit completed to the vertical line over the
following path: 7, 8, 5, 6, 6a, dial, frame, star-wheel, 24, 26,

28,\ 29; 31, to vertical line. When the dial is rotated on the .

first digit, contact 6a is broken, disconnecting the vertical and
. ‘rotary lines from each other. The spring, 19, of the dial tooth
" vwwheel does not make contact on this-motion. As the reverser,
29, is on the dial shaft, it also moves to the left the same
" angular amount. At the same time.pawl P (Fig. 55 and 56)
- 57) drop into a notch, grounding 18, also removing pin 24 from
. -58) drop into a notch, grounding 18, also removing pin 24 from
" spring 26 and causing pin 21 to touch spring 25. Now, as the
' dial clicks its way back, opposite to the arrow, spring 19 makes

a series of contacts grounding the vertical line over the path
from dial to frame, S. W., 21, 25, 27, 29, 31, to vertical line.
_ 1Just before the last impulse, the reverser, 29, changes connec-
‘tion so as to bring the impulse to the rotary line.

Fig. 56.—~Mechanism of Sender as First Digit is_Pulied.
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" The second and third digits are pulled in the same way, the
impulses coming over pins 22 aid 23, respectively, of the star-
wheel, since each pull of the dial rotates the star-wheel on
notch. 'WHhen pulling the fourth digit, the star-wheel is pulled

so that pin 23 is cleared from-spring 25 and pin 20 is made

to Trest under ‘spring 26. This makes the series of impulses
go in"over the rotary line, ending up with a single impulse

‘on the vertical. . The reason for this will be made evident in
condection with ‘a discussion of the switches at central.

To ring, the ringing key is pressed. This connects the bell
across the line and grounds its center through 2000 ohms,
cutting out the receiver while so doing. . '

To release; the receiver is simply hung on the hook, causing

.
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Fig#57.—Complete Wiring Diagram of Subscriber’s Set.

pin 16 to move downward. This momentarily closes together
all three springs, 12,13, and 14, short-circuiting and grounding
both vertical and rotary lines. Pin 16 also presses detent 15
away from tHE star-wheel, S. W., allowing it to snap back
to its original position by the force of a spring, 17, off con-
tact 18, thereby freeing the.apparatus from ground.

To sum it up in a few words, the functions of the sending
device are as follows:

1. Switch the talking and ringing circuits as in any local
battery telephone. - - .

2. On operating the dial, disconnect the receiver circuit
and ground the lines according to the following code:

First digit, V.Line — — — R. Line —
Second digit, V. Line — — — — __ __ R. Line —
Third digit, V. Line — — — — JR— R. Line —
Fourth digit, R Line — — — — __ V. Line —

3. Ring by connecting the bell across the line instead of
the receiver, and ground the center of its windings through
2000 ohms.

Release by dead grounding both vertical and rotary lines
momentarily, and resetting the star-wheel.
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The New Bedford first selector is shown in diagram in Fig.
58. Two relays, a vertical and a rotary, are placed in series
with the subscriber’s line. They are of low resistance, 30
ohms, and shunted by a 150 ohm non-inductive resistance to
permit the passage of talking current with as little impedance
as possible. Each normally draws its current from battery
through one of the two 500 ohm ringing relays.

The vertical rclay controls the flow of current through the
vertical magnet, the latter having for its duty the lifting of
the wiper shaft carrying the private, vertical, and rotary
wipers. The rotary relay controls the rotary magnet, the fun®-
tion of which is to rotate the wiper shaft. The two line relays
each carry an auxiliary contact leading to the release magnet.
If the line relays (vertical and rotary) are operated simul-
taneously, the release magnet will pe energized, pulling the
vertical and rotary detents from the ratchet cylinder.

The side switch has four members, numbered 1, 2, 3, and 4.
In the machine all four are mounted compactly in one place,
although in the diagram, for the purpose of simplifying the
drawing of the circuits they are separated. Each is shown in
its initial position. i

“S” is the end of the side switch lever and rests in the
angle of spring A4, attached to  the armature of the private
magnet, P, A spring tends to move the side switch lever, S.
to the right, as indicated by the arrow, and if allowed to move
would switch all the members to their second position. The
private magnet iS connected to the private wiper, and also
to spring 4 of the side switch, so that it is normally grounded.

“F] ¥ is a finger extending from the armature of the rotary/

magrtt, and is so adjusted that when the latter is energized
the finger presses upon and operates the armature .of the pri-
vate magnet. )

The interrupter is kept running by a small motor. The
‘off-normal switch is operated by a finger on the wiper shaft,
so that when the shaft is down in its mormal position the
contact is pressed open. Only one upward impulse is required
to close this contact. The vertical and rotary normals are
the lines from the connector banks over which calls come to
this line. The private normal occupies a contact in the private

bank of the connector switch and it corresponds in position to
- the vertical and rotary normals.

In making a call, the first digit is sent in by grounding the
vertical line a number of times, followed by one -impulse on
the rotary line. The mechanism for accomplishing this has
been described previously. The vertical impulses energize the
vertical relay, which in turn pulls up the vertical magnet, lift-
ing the wipers to the desired level. The off-normal switch
places battery on the private normal, to keep others from call-
ing this line. .The rotary impulse results in operating the
rotary magnet once, this rotating the wipers as far as the first
trunk line of the level at which they stand. At the same time
the finger, F, of the rotary magnet operates the private magnet
armature, stepping the side switch over to . its second position.
This ¢duses a number of chariges. At 1 and 3 it cuts off the
500 ohm ringing relays and the normal lines, and comects
the vertical and rotary lines directly to the wipers. At 2 it
cuts off the rotary magnet. At 4 it switches the private
magrfet from ground to negative battery through a 500 ohm
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Fig. 58.—Dlagram of the New Bedford First Selector.

lamp. This last places the “busy condition” on the private
contact corresponding to the trunk which has been taken, so
that no ‘othexj first selector can stop there. Negative battery
is the “busy condition.’

If the first few trunk lines had been busy, the procedure
would have been as follows: The rotary impulse would rotate



(e wipers until they made the first contact, the rogary magn?t
finger, I also pressing the private magnet armature. This
ailows S, the side-switch lever, to slip over the shoulder qf
spring A and strike the solid piece, M, which keeps it from
moving farther. This slight motion is not sufficient to affect
the side-switch members.  Contact C is also closed. Since the
first trunk is busy, its private contact will be “alive” with neg-
.tive battery, and the private magnet will be locked up.

\Vhen the rotary relay falls back after the single impulse,
its back contact, B, closes the rotary magnet circuit., The in-.
terrupter nNoOw gives pulsatin_g current to the rotary magnet,
causing it to step the wipers around. At every impulse the
rotary armature finger holds the private magnet armature,
while the brivate wiper slips from contact to contact. Between
impulses the current in the private magnet holds it up so that
(he side-switch can not operate: ‘But when a non-busy trunk
is finally found, there will be nothing on its private contact.
Hence the private magnet will have nothing to hold it up—
the armature will fall back, breaking contact C, and allowing
the side-switch to snap into its second position.

“The call has now been trunked to a second selector, shown’
in Fig. 59. This is identical with the first selector, except
{hat the 500 ohm ringing relays are replaced by 500 ohm re-
tardation coils, and there are no normal lines nor off-normal
switch. .

The connector, Fig. 60, necessarily differs somewhat “from
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Fig. 59.—The Second Selector, New Bedford Automatic Exchange.

the selectors in that it has no trunk selection to make, the
vertical and rotary steps corresponding to the last two digits
in the call number. There is no finger on the rotary magnet.
There is a small rod, R, attached to the vertical magnet arma-
ture, which extends through 2 hole in the solid arm, M, of the
private magnet armature and the light spring, D, terminating
in an adjustable head, H. The private magnet armature is
shown in its normal position, close to the magnet. There is
a feather cam on the wiper shaft which prevents the armature
from moving away from the private magnet until the shaft
has rotated at least one notch. A second cam is arranged to
press the pawl of the vertical magnet away from the ratchet
cvlinder when the shaft has been rotated ome notch or more.

The "operation is as follows: The impulses for the tens
digit come in over the vertical line, and lift the wiper shaft.
The above mentioned cam prevents the private magnet from
being disturbed. The single rotary impulse moves the shaft
around one .notch without causing the wipers to engage any
contacts. The units impulses come in over the rotary line and
rotate the wipers to the desired contact in that Jevel. The last
impulse. comes ir; over the vertical line, eénergizing the vertical
relay and magnet once. The second cam mentioned above
prevents this from acting on the shaft, but through the rod,
R. it pulls on the spring, D, and lifts the solid piece, M, letting
the side-switch snap over into its secand position.

The side-
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switch thus connects the vertical and rotary lines to the called
line, and performs the same other switching as in the selectors.

Thg calling station now has its lines extended to the first
selector of the called station, arriving at that point over the
normal lines. This leaves nothing across the line except the
two 500 ohm ringing relays in the first selector of the called
station. To ring, the ringing key at the calling station is

TO CALLED LINE NORMALS

Fig. 60.—Dlagram of the Connector Clircuit.

pressed. As before described, this connects the bell across the
line (in place of th€ receiver) and grounds the middle of the
bell coils througl"x' 2000 ohms. The whole scheme is shown in
Fig. 61. As will be clearly seen, this causes current to flow
from the battery, through the ringing relays, through all the
lihe relays, through both coils of the bell, and to ground
through the 2000 ohms. This would ‘pull up all the line relays,
U, V., ete. (Vertical relays), and Ry, R, etc. (rotary relays),
but for the limiting effect of the 2000 ochms resistance. Since

_the line relays are wound to 30 chms each, and provided with
. a 150 ohm non-inductive shunt, they are not as sensitive as the

ringing relays, which are 500 ohms. Consequently, the latter
alone pull up, connecting ringing current to the line. ’

A peculiarity in ringing will be noticed in that this caused
the bells of both stations to ring. In a way this seemed to
be a good feature, as it permitted the calling subscriber to
know that something was happening while he pressed the ring-
ing button. This ringing circuit was the invention of Mr. T.
G. Martin, then of the Strowger company. In common with
most schemes where. dependence is placed on the marginal ac-
tion of relays, it required very careful adjusting to keep the
switches working smoothly.

The action of the connector, if the called line is busy, will
be seen by reference again to Fig. 60. Imagine the vertical
and rotary motions to have been completed, the wipers resting
on the called line and its private, and we are ready for_ the
final single impulse which comes in over the vertical line.
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The called line being busy its private contact, on which our
private wiper is resting, will have negative battery on it.
Through side-switch 4 our private magnet is grounded, so that

“the circuit is completed and battery current will flow through

the latter, locking its armature where shown. When the final
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vertical impulse comes in, it will energize the vertical magnet
and pulling on spring D. But owing to the locking current
the private magnet will not move, and the side switch levers,
1 and 3, will remain normal, where shown in the figure. In
this way the called line can not be disturbed. While listening
for the called stations to answer, the calling subscriber will
hear the busy tone, which comes in through the twa 500 ohm
retardation coils. . :

The talking circuit of a compléted connection is outlined in
Fig. 61, which has been used to illustrate the system of ring-
ing. It will be seen that there are eight line relays in series,
four in each side of the circuit. Each is shunted by 150 ohms
of non-inductive resistance, which makes it not quite as bad
for transmission purposes as it might be. Yet it seems that
it would be bad enmough. There are two 500 ohm relays
bridged across the line with battery tied to the center and to
ground. This makes 1000 ohms of highly inductive resistance,
which is entirely permissible and good engineering. There are
fourteen contacts between the two subscribers, counting only
those in the switches. Six of them are wiper contacts, which
may be very good, since they are wiping contracts and may
have sufficient pressure to cut through ordinary dust. The
remaining eight contacts are in the various side switches, and
if made of platinum, as they were, have the possibility of doing
good work, though not as good as the modern side-switch, with
its wiping contracts.

In disconnecting, the vertical and rotary lines wcre momet-
tarily grounded by.the springs on the hookswitch at"the calling
station. This action has been described in detail. Since this
is a ground through zero resistance all the -relays shown in
Fig. 1, will be pulled up. As has been shown in connection
with the description of the first sclector, this will energize
the release magnet of each switch, restoring all machines to
their normal positions. A mechanical device also resets the
side switch by the rotary motion of the shalft.

This system possessed many features in common with the
modern automatic. It marked the beginning of modern suc-
cess, though as yet very imperfect. Two points may be men-
tioned, points which have been more or less discarded. Each

‘magnet in the switch was shunted by a certain non-inductive

resistance. This was to reduce or kill the excessive spark at
the contacts of the relay which fed current to that magnet.
One hundred volts was the battery pressure used for the
operation of the system. .

Referring again to Fig. 58, attention may be directed to the
busy test wired to the last contacts of the first selector bank.
In case all the trunks were busy, the wipers would be carried
to this last point, where the busy signal would give the sub-
scriber warning. Moreover, the chattering of this switch
would call the attention of the attendant to the fact that some-
thing. was wrong. -

22. The Fall River System

The New Bedford board was installed by Mr. T. G. Martin,
work beginning in October and being completed in December,
1900. .

In May, 1901, the plaster of Paris bank was discontinued.
Though it had served beiter than the electrose bank, it was
still far from perfect. The next move was a bank built up of
brass terminals separated by layers of paper. The use of paper
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Fig. 62.—Wwiring Diagram of Substation Ringing Key, Automatic
Exchange in Fall River, Mass.

soon gave way to hard fiber, specially treated to prevent the
absorption of moisture. ’

In the -spring of 1901 the present Automatic Electric Com-
pany was organized to carry on the business of making and
selling automatic telephone apparatus. The Strowger Auto-
matic Telephone Exchange retired from activity, merely hold-
ing the patents under which the Automatic Electric Company
operated. The personnel of the latter was as follows:

President, C. D. Simpson; vice-president and general man-
ager, J. Harris; secretary and treasurer, A. G. Wheeler, Jr.;
general superintendent, A. E. Keith; engineers, A. E. Keith, T.
G. Martin, John Erickson, Charles J. Erickson, E. C. Dicken-
son. .

The new organization was not encumbered with the business
which had harassed the older concern, gnd started with a fair
chance for success. ;

In June, 1901, an automatic switchboard was installed at
Fall River, Mass. It wés of the 10,000-line type and followed
quite closely the lines of the New Bedford board. But there
were certain distinct improvements which will be mentioned in
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i Fig.-63.—First Selector Switch, Fall River Exchange.

’ detail, as they made Fall River the dating point of the re_aﬁy

modern system.
The substation sender had the same mechanism for sending




signals, and operated on the same, code with regard to the ver-
tical and rotary lines, namely, the first three digits consisted
of a series of impulses on the vertical followed by one on the
rotary line. The last digit was reversed, the series of im-
pulses going in over the rotary and ending with pne on the
vertical line.

The system of ringing was improved so that it required the
grounding of only the vertical line to operate the ringing relay,
and no resistance was needed. The wiring of the ringing key
is shown in Fig. 62, the other substation details Eng omitted,
since they are exactly like the New Bedford systqn previously
described.

The first selector is shown in Fig. 63, and differs in several
points from the New Bedford switch. In the Fall River first
selector here shown the general connection- plan of battery sup-
ply, vertical magnet, rotary magnet, private magnet, and the
release is unchanged. But instead of shunting each relay or
magnet with a2 hon-inductive resistance, a thin copper tube was
slipped over the iron core, and the working coil wound on
that. - This copper shield had the effect of a short-circuited
secondary in a transformer, and took up much of the magnetic

- energy which would have produced very bad sparking at the
contacts which controlled it. .
The line relays were wound to 30 ohms with No. 29 wire,
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Fig. 64.—The Connector Circuit.

while the vertical and rotary magnets were wound to 138 ohms
with No. 33 wire. The private magnet was wound to 350 ohms
with No. 36 wire and the release magnet had No. 30 wire to
a resistance of 45 ohms.

The ‘rotary magnet normally had no circuit, so that if the .

rotary line accidentally swung into the ground it would only
make the rotary relay click, but not move the wiper.
The off-normal switch, which closes when the wiper shaft has
made one step upward, completed the rotary magnet circuit.

The “busy condition” in the private bank was made ground,
instead of negative battery as before. This made it necessary
to connect the private magnet through side-switch 4 to nega-
tive battery while fee'ling for a non-busy trunk. This also
throws the interrupter into negative battery instead of ground.

No busy test was provided on the last contacts of the bank,
as it was found that it was very seldom that all trunks were
busy.

The vertical and rotary normals came in to the inside con-
tacts of side switches 1 and 3 as before, but there were mno
ringing relays -here, their ‘place being taken by a relay on the
connector. If the called subscriber desired, he could get away
from the calling line by merely operating his dial to call some-
one else. In so doing he would leave the calling line on the
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two 500 ohm retardation coils, through which that line could
release. ‘

In the second selector the rotary magnet circuit was com-
pleted through the off normal switch and a back contact on the
vertical relay, as in the connector, Fig. 64. This is to keep the
magnet from being energized while releasing,

The connector, Fig. 64, was greatly improved by the intro-
duction of the ringing relay as shown. During the vertical
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Flg. 65.—Wiring Plan of Fall River Automatic Exchange.

and rotary motions, the lines drew current through two 500-
ohm resistances and the contacts of side-switches 1 and 3.
When the side-switch was snapped into the second position
(by the same means as in the New Bedford board) the 500
ohm resistances were cut out, and their places taken by the two
windings of the ringing relay. When' the ringing key at the
valling station was pressed, it opened the line and grounded
the vertical wire. This drew current from battery through all
the vertical relays and the 7 coil of the ringing relay. The
pulling up of the vertical relays did nothing. The energizing
of the ringing relay broke the vertical line and connected the
ringing dynamo to the called line. Thus only the bell at the
called station rang. All the troubles of marginal adjustments
of the line relays were avoided.

In releasing, both vertical and rotary lines were connected
directly to ground at the substation, pulling up all vertical and
rotary relays simultaneously. Though this action drew current
through the ringing relay, the latter was not energized, as the
coils were connected differentially.

The method of operation of the busy tone test on the called
line is easily seen from the diagram (Fig. 64) and was sub-
stantially unchanged, except that the ringing generator fur-
nished the tone through the induction coil. One peculiarity
deserves to be noted. If the called. line were busy, the private
magnet, finding ground on the private contact, was energized by
the resulting current. Though the wipers were resting on the
called line, the side-switch prevented any contact thereto. But
if the calling subscriber waited until the called line became
disengaged, he could press the ringing key and get connection
without further operation of the dial. Since the ringing key
grounded the vertical line, it would pull up the vertical relay
and the vertical magnet. The vertical magnet pawl could not
act on the wiper shaft because of a cam, but its armature could
pull on rod R, and. through .spring D, lift the rigid lever, M,
of the private magnet armature. Allowing the end of the side-
switch lever, §, to slip to the right as arrowed, thus moving
all the side switch members, 1, 2, 3, and 4. Continuing to
press. the ringing key would now affect the ringing relay.

The plan of wiring the exchange between switches is shown
in Fig. 65. The first selectors were grouped in five groups of
150 switches each, making a total of 750 lines served. There
were four thousands provided, 1000, 2000, 3000 and 4000, repre-
sented by four groups of second selectors, cach group contain-
ing 30 switches, Each group was subdivided into five groups of
six second selectors each. Each group of six served one of
the groups of first sclectors, A', A%, A° Thus, each first selee-
tor in A" had only the first, second, third and fourth lIevels of
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" The dial, shown by its two springs and ground, was connected’
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its bank wired—the rest were dead. Each of the working levels
had six trunks, and each group of six trunks ran to a group
of six second selectors in the proper thousand (B, B, B, 101_
B*). Each of the trunks terminated in B groups in a par-
ticular second selector. The bank of each second selector had
nine of its levels wired up, each level having four trunks. Each
group of four trunks ran to the proper group of connectors
in the thousand to which it belonged. Each thousand had 36
connectors, nine groups of four connectors each. FEach trunk
of a group of four terminated in a particular connector of a
group of four. The banks of these four connectors were mul-
tipled to the same subscribers’ lines, so that a calling subscriber
could reach the desired station in this group equally well over
any one of the four trunks.

The operation was as follows: Suppose some subscriber
in A" desired to call No. 2348, On operating the dial the first
time, his first selector switch in 4' would be lifted to the sec-
ond level and automatically rotate until it found a non-busy
trunk to- B®. It would thus gain connection to one of the
second selectors in sub-group—B%. ‘The operation of the
dial for the second digit would lift the wipers of the second
selector to the third level, and automatically rotate them until
contact was made with a non-busy trunk to the group (3,
The third dial operation would lift the connector to the fourth
level, and the last pull would rotate the wipers to the eighth
contact in that level.

An interesting feature in connection with the Fall River

‘board was the connection between automatic and manual Sys-

tems, though it was not put in at the same time. Fig. 66 shows
the essentials of the line and cord circuits. J, is the line jack,
with a line drop, for the magneto subscriber. The line is wired
in the ordinary manner for the three-point jack used. Local
calls between magneto subscribers were put up on the regular
magneto cord circuits, which are so well understood that they
need not be described here.

The special cord for connecting automatic subscribers to
those whose lines terminated in the manual board had two
plugs, Py and P. The former was connected directly to one
side of a repeating coil, the center of which was connected
through the clearing out drop to battery, the other end of the
battery being grounded. The other side of the repeating coil
was wired through the lidtening and ringing keys, K: to P,
which was designed to be inserted in the magneto jack, J. A
special cord was provided for operating the automatic switches.

through the listening and ringing key, K., to plug. Ps.

The operator’s telephone set was peculiar in the use of one

of the key contacts t¢ close the primary circuit. It made it
oy - l (£ d ud_ ] DA
(] OB=— NG = Ky LiTEN
TRUN TO AUTD . ] (&3 A}.—T r—"-' =
LSYEN =%, —» MG \ £ D
\
l«lll'l’; —

——

Fig. 66.—Line and Cord Clrcults for COnnectln§ the Manual with
- the Automatic System In Fall River.

necessary to connect one side of all the cord circuits together
at the point M, -which, it is tc be suspected, tended to produce
cross-talk. : )

Incoming trunk lines from the automatic exchange were
terminated in jacks and drops, as at J.. The jack was of the
four-point type, so that the insertion of the plug would cut the
drop completely off the line. The drop had at the center of

its winding a tap which was connected to battery. The trunk
lines’ for one-way business to the automatic exchange were
terminated in jacks like Js. .

\When a call came from the automatic switchboard, the ring-
ing current from the connector would throw the drop asso-
ciated with Ji.. The manual board operator, seeing the ‘drop
fall, answered with plug P.. On gettix;& the number, by
means of key Ki, she would plug into th& called line, J;, and
ring. When the conversation was completed the automatic sub-
scriber would hang up, thereby grounding both sides of the
line. This pulled current through both quarters of the repeat-
ing coil and through the clearing-out drop, thus giving the
manual operator the disconnect signal at the same time that
the automatic switches were released.

A call from a subscriber desiring a connection ‘to the auto-
matic system would be received over an ordinary magneto cord.
On finding that the automatic board was wanted, the operator
would disconnect her telephone set from the cord, leaving it in the
jack, J.. Inserting the special plug, P,, in the outgoing trunk,
Js, she would operate the dial for the desired number. Ringing
was done with the key K., the ringing current not being strong
enough to operate the relays in the switches. The special plug
was then pulled out, and the connection completed with the
magneto cord. On the completion of the conversation the
magneto subscriber would hang up and ring off, throwing the
clearing-out drop. The manual operator would pull down the
the connection and release by pressing a special key which
grounded both sides of the line as required.



23. The Chicago System

After the Fall River board, the next important installation
was at Chicago, Ill. The Illinois Tunnel Company had secured
a franchise for the construction of subways for telephone wires
and decided on automatic equipment for the exchange. It was
planned to serve only the down-town business district known
as the *'Loop,” bounded by Lake and Van Buren Streets, and
Wabash and Fifth Avenues.

The installation of the switchboard was begun Dec. 20, 1902.
Switches for 10,000 lines were put in, making the largest single
office automatic ‘exchange which had been installed at that
date, February, 1908 A certain special requirement was en-
countered in Chicago which made the work of the automatic
engineers more difficult than it had been at New Bedford or
Fzll River. The Chicago Telephone Co. was offering to the
public and operating successfully a measured service on a good
common battery manual switchbcard. Clearly no flat rate sys-
tem would do here. The automatic people must meter their
calls also. But'with their usual energy they had attacked the
problem, and were ready with a system which fulfilled their
needs. We shall take up the regular operation and features
first. discussing the special points as they come up.

The substation sender, with hook and release springs is shown
in its normal position in Fig. 67. A portion of the hook lever
proper is shown at the right. It is insulated from the frame-
work. - Five hook switch springs are shown at i1, 12, 13, 14

Fig. 67—Chicago Substation Sender, with Hook Down.

and 15. Spring 11 is ﬁemancntly connected to the frame
and carries the vertical line. The lug, 10, on that portion of
the hook lever which is connected to the frame, operates the
long spring 13, which, through the rubber insulation, also moves
the springs 12 and 15, above and below. Attached to the dial

43

shaft is the curvéd arm 16, resting normally on the spring 11,
acting as a stop for the latter. The straight lever 20 is made
in one piece with 16, and carries a pin, 21, whose screw head
only can be seen, the pin being on the back of the lever. The
force of the dial spring causes the lever 20 to rest against the

tFl_g. 68—Condition of Chicago Substation Sender with Hook Up.
stop 27. The irregular shaped lever, 22, is pressed downward
by a spring. The lower end of 22 locks the pin 21 on lever 20,
50 that the dial can not be turned until the receiver is taken
from the hook. The provision of this dial lock was another
step in the process of making the automatic sender “fool proof.”
The ground spring, 7, is held from contact with the instrument
ground, 8, by the insulation, 9, resting on 25, the end of lever
22.

When the receiver is taken from the hook the lever rises, as
in Fig. 68. The lug, 24, on the hook lever pushes on a prong.
23, lifting the irregular shaped lever, 22, so as to unlock the
dial. It will be noticed that the springs, 11 and 12, have closed,
as hdve also 14 and 15. Now, when the dial is rotated in pull-
ing the first digit, Fig. 69, several changes take place. The
curved lever, 16, has lifted from spring 11, allowing the latter
to break its connection with 12, thereby severing the connection
from the vertical to the rotary line through the talking set.

. Pin, 21, on lever, 20, has lifted lever, 22, so that its end, 25, no
longer holds the ground spring, 7, away. This allows 7 to fall
into contact with 8, grounding the local instrument ground
wire which supplies the impulse springs, ringing button, and re-
lease springs. The two impulse springs are not in a position
to be shown clearly. The release springs are at the right, 1

‘being the vertical, 2 the rotary, and 3 the local instrument

ground,
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tion on spring 1, bringing all three springs together momentar-
ily. On the up-stroke the lug 26 presses spring 1 away from the

rest and they make no contact. On hanging up, lug 24 presses -

the ground spring, 7, to the right and lets lever, 22, slip in to

Fig. 69—Chicago Substation Sender, Showing Contacts as They
Appear When First Digit is Pulled. .

hold it there. Thus the apparatus is restored to the condition
of Fig. 67. :

Fig. 70 shows the substation wiring.‘The rotary line is the
common return for the ringing and talking circuits in the in-
strument, both bell and receiver being permanently wired to it.
With the receiver on the hook only the bell is across the line.
With the hook up, the receiver and the secondary of the induc-
tion coil are put across the line in place of the bell. The local
battery circuit for the transmitter is also closed by springs 14
and 15. During the rotation of the dial, lever 16 is lifted off
spring 11, separating the vertical and rotary lines, while springs
4 and 6 are grounded according to the codt. This code is sim-
ple and is the same for all digits, consisting of.a series of im-
pulses on the vertical line, followed by one impulse on the ro-
tary line. Thus the necessity for the old reverser and star
wheel was done away with. To ring, spring 18 of the ringing
button is pressed, grounding the vertical line alone.

The first selector is shown in Fig. 71. At the left are the
vertical and rotary lines coming from the substation, Each
passes through a line relay, 30 ohms, a side-switch lever, and
a 500-ohm retardation coil to negative battery, the positive
terminal of which is grounded. The voltage was not far from
55 volts, The vertical ré}ay controls the vertical magnet, or
if the private magnet be energized, the release magnet. The
rotary relay controls the meter magnet directly. The metet mag-
net acts on'a mechanical message register, or counter, which is
attached to 'the framework of the selector.. The meter magnet
carries a contact which is able to ground the private magnet,
and thus operate it. Hence the rotary 'relay really controls
both magnets simultaneously. The rotary magnet has a finger
which touches the armature of the private magnet, so that the
former will actuate the latter. The interruptions for the ro-

tarfy magnet come trom a set of springs operated by a motor
which is kept running continuously, .

The various members of the side-switch are numbered 1§, g
3, 4, and 5, and are shown in their initial positions. In the
machine they are built together mcchanically, all moving to.
gether, and are controlled by the end of a lever, S, in the
springs of the private magnet. A spring tends to move the
side-switch lever, S, in the direction of the arrow, which woulq
move zll the members to the second and third positions. If
the private magnet be energized, S slips past a tooth on the
lower spring, but is caught by the tooth on the upper arm
before it has moved far enough to affect the switch contacts.
But when the private magnet is released, S slips to the left to
the second tooth on the lower spring, thereby bringing each
member to its second position.

This action of the auxiliary switching device, by means of
which the act of releasing instead of pulling up the private
magnet is made to operate the side-switch should be kept in
mind, as it appears in all subsequent switches of the Strowger
line, and need not be described again.

Fig. 72 presents the second selector with some new features
There are two vertical and two rotary line relays, distinguished
by their resistances, 30 and 500 ohms respectively. - The 30 ohm
relays are mounted together mechanically, each having a single
spring. It requires the operation of both at the same time to
bring them together, either relay alone not moving its spring
far enough to touch the other. This is utilized to operate the
release magnet. .

To the 500-ohm line relays is given the work of directing
the selecting mechanism. The 500-ohm vertical relay controls
the vertical magnet. The 500-chm rotary relay controls the
private magnet. The circuit controiled by each relay passes
through the back contact of the other relay, so that if both are
pulled up at the same time, nothing will be affected.

The connector is shown in Fig. 73. Again the 30-ohm verti-
cal and rotary relays dc not perform their usual functions, the
work being delegated to other relays, 500 ohms eath, in series
with them. They are called the vertical retard and rotary re-
tard respectively. The vertical line has permanent connection
to battery, but the rotary line, after passing through the rotary
relay and rotary retard, goes through a contact on the busy relay
to get battery. The vertica! retard breaks the vertical line and
grounds the vertical and rotary magnets. The rotary retard
breaks the rotary line and grounds the side-switch magnet.
The latter is exactly like the private magnet of previous
switches, except that it is not in the feeder circuit to the pri-
vate wiper, that function being here taken by the busy relay. )

Side-switch lever No. 4 acts ‘as a distributer of battery to the
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Fig. 70—~Wiring of Automatic Substation Sets Installed at Chicago.

vertical andwotary magnets, and the ringing magnet. In addi-
tion to operating the side-switch, the side-switch magnet cuts
battery off side-switch 1 when desired. The busy relay and
busy release relay occupy a similar mechanical relation to that
of the vertical and rotary relays in the second selector. If the



busy release relay is pulled up, spring 4 is moved over a little
more than half way toward spring B.  The busy relay must be
energized at the same time to bring them together.

As explained before, the code of signals sent in by the sub-
station sender consists of a series of impulses on the vertical
line, followed by one on the rotary line. This is repeated for
each digit. The first series is taken care of by the first se-
lector, Fig. 71. The vertical relay grounds the vertical magnet,
stepping the wiper shart up to.the desired level. The single
impulse on the rotary line pulls up the rotary relay, which oper-
ates both meter magnet and private magnet. The latter brings
the side-switch levers into their second or middle position.
Levers 1 and 2 do not effect any change. Lever 3 connects the
private wiper through the private magnet to battery, to act

-

as feeler for non-busy trunk. Lever 4 cuts off the vertical °

magnet, while No. 5 connects the interrupter (ground) to the
rotary magnet.

The first motion of the rotary magnet, while rotating the
wipers into contact with the first trunk, pushes the armature
of the private magnet against its polepiece. If the first trunk
is busy, there will be a ground on its private contact, and the
private magnet will be held up by the resulting current. But on
striking the first non-busy trunk the private wiper finds no
ground, the private magnet releases, snapping the side switch
into its third position and cutting off current from the rotary
magnet. Levers 1 and 2 connect the rotary and vertical lines
through to the trunk lines leading to the second selector, while
No. 3 disconnects the private magnet from the private wiper,
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Fig. 71i—Wiring of First Selector In Chicago Installation.
L ~
putting the latter to ground ds a protection from other first se-
lectors who might try to get in on the same trunk. The first
upward motion of the wiper shaft closes the off normal switch,.
putting ground on the private normal so that incoming calls
to this calling subscriber will get a busy signal.

The second series of impulses affects the second selector,
Fig. 72. As before stated, the 30-ohm vertical and rotary re-
lays have .nothing to do with selection, being used only for
release, and will be neglected while working through our caill.
On receiving the series of impulses over the vertical line, the
500-ohm vertical relay grounds the vertical magnet, stepping
the wiper shaft up to the proper level. The single impulse on

the rotary pulls up the 500-ohm rotary relay, causing the private -

magnet to step the side-switch over to the second position. At
levers 1 and 2 no change is made. At 3 the private wiper is
connected to the private magnet to serve as a feeler, as in the
first selector. Lever 4 disconnects the vertical magnet, while 5
connects the interrupter to the rotary magnet. The test and
selection of a non-busy trunk is identical with that of the first
selector.

The connector, Fig. 73, takes the last two digits, tens and
units, The vertical relay operates the busy release relay, but
if its mate, the busy relay, is not energized, nothing will hap-
pen, as spring A can not touch B. While stepping up and
around, the vertical relay can not affect the ringing magnet,
though connected to it, since its circuit is open at the side-
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switch lever 4. On:receiving the series of vertical impulses
for the tens digit, the vertical retard gréunds the vertical mag-
net a certain number of times, stepping the wiper shaft up. The
following ground on the rotary energizes the rotary retard,
causing the side-switch magnet to move the side-switch over to
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Fig. 72—Chicago Second Selecfor Wwiring, Showing Two Relays
For Each Side of Line. -

the second position. At lever 1 this .action connects the busy
tone to the rotary line, but as the subscriber is not listening it
has no practical effeci. Lever 2 causes no change. Lever 3
connects the private wiper through the busy relay to battery, 50
that if the called line proves to be busy it will be safeguarded.

" Lever 4 shifts battery from the vertical to the rotary magnet.

The series of impulses for the units will operate the vertical
retard, grounding the rotary magnet and rotating to the called
line. The last impulse on-the rotary line pulls up the rotary
retard, causing the side-switch magnet to step the side-switch
over to its last position. At levers 2 and 1 this action con-
nects the vertical and rotary lines to the corresponding wipers
which are resting on the called line. At # the private wiper is
switched from the busy relay and connected to ground, to make .
the line busy against others. At 4 the battery is switched. from
the rotary to the ringing magnet. The pushing of the ringing
button at the substation grounds the vertical line, pulling up .
both vertical relay and vertical retard. The latter does nothing.
The vertical relay now grounds the ringing magnet, which pro-
jects alternating current out on the. called line, cutting off the
line behind it as is done in the manual ringing key.

If the called line is busy, the effect is as follows: Supposé
we are at that point in selecting where the wipers, under the
influence of the units vertical impulses, are rotating to find the
called line. The side-switch is in the second or middle posi-
tion, so that the battery is connected through the busy relay
to the private wiper. The called line, being busy, will have
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Fig. 73—Chicago Connector, Equipped with Vertical and Rotary
Retard Relays.

ground on its private contact. When we arrive there our busy
relay will be pulled up, cutting battery off the rotary line. The
series of vertical impulses are followed by one on the rotary,
but as the battery is cut off the latter this last impulse will not
occur, as there is no complete circuit. Thus the side-switch
is left in its middle position.
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The calling subscriber, ignorant of this fact, pushes the
ringing button, grounding the vertical line. The vertical relay
is pulled up, operating the busy release relay. As the busy re-
lay is energized by the ground on the private wiper, é;iring A
will touch spring B, putting battery back on the rotary line;
but this will not move anything. The vertical retard pulling up
operates the rotary magnet, moving the wipers away from the

_busy line onto the next higher number. Then, while listening

for the called subscriber to answer, the calling subscriber hears
the busy tone through the middle contact of side-switch 1.

If the line to which the wipers have been rotated is also
busy, the busy relay will still be energized, making the rotary
line dead. This would prevent the release, were it not for the
busy release relay. When the unsuccessful calling subscriber
grounds both lines to release, the vertical relay pulls the busy
release relay up, restoring battery to the rotary line. Since the
latter is grounded at this instant at the substation, the rotary

* relay will pull up, operating the release magnet, which allows

the wiper shaft to return to its initial position. The side-switch
is also automatically reset by the release magnet. )
The normal release is from a non-busy line' with the side
switch in the third position. Here it is only necéssary for the
vertical and rotary relays to pull up, the former to supply
ground, the latter to connect that ground to the release mag-
net. At the same time the vertical retard puils up and would
ring the called line were it not that the rotary retard pulls up
the side-switch magnet, cutting off battery from lever 4. In
the first and second selectors the 30 ohm vertical and rotary
relays alone are left in the line, and through them the release

must take place. The mechanically mutual action of the 30

ohm vertical and rotary relays of the second selector has
already been described. In the first selector, Fig. 71, the
rotary relay operates the - private magnet. The latter
switches battery from the vertical magnet to the release
magnet. As the 30 ohm vertical relay is also energized, the
release magnet finds ground through its contact.

"To provide for counting messages, in the Chicago system,
2 meter was attached to each first selector. It is shown in
detail in Figs. 74,75 and 76. Fig. 74 is a front view, showing
the mechanism in its normal position. Fig. 75, shows the left
side, normal, while Fig. 76 shows the left side while a call is
being put through. The counter or message register proper

- consists of the ordinary collection of wheels and cylinders, so

arranged that ten revolutions of one are required to cause one
revolution of the mext higher. The mechanism of this forms
no part of the message register patent, taken out-by the in-
ventor, John Erickson, and has nothing to do with the princi-
ples described below.

On the end of the register proper “is ‘'mounted a toothed
wheel, 5. On the side of the wheel are ten pins, 6, each pin
representing a completed call. The meter magnet, 7, has an
armature, 9, to which is attached a lever, 10, carrying a pawl,
11. - The pawl is normally out of contact with the edge of
wheel 5, but is adapted to move it one notch when the magnet
is energized once. A detent, 12, is adapted to engage the teeth
of wheel 5, and is held in spring-like contact by spring 15. But

" when the first selector is in the released or initial position, the

torsion head, 13, of the wiper shaft, 14, bears down on the lever
and raises 12 from the wheel 5. A detent, 16, is mounted on

_a shaft, 17, with a spring, 18, arranged to cause the detent 16

to press against the pins, 6, of the wheel 5.

In Fig. 75 the detent is normal, pressing against the pin at
its left. This tends to turn the wheel backward, in the direction
opposite to the arrow, but is prevented from doing so by the
pin just above the detent pressing down on the end of 16. " In
Fig. 76 the wheel is turned forward almost far enough for de-
tent 16 to fall under the pin. It lacks one notch of so doing.
In this position there is a pressure exerted by the detent against
the pin tending to force it to the left and rotate the wheel
backward. If magnet 7 be released and detent 12 be lifted, de-
tent 16 will push to the left and turn the wheel backward to the
position shown in Fig. 75.

By referring to Fig. 71

: it will be seen
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Fig. 74—Front View of Meter, Normal Position, as tnstalied in
. Chicago Automatic System.

that the meter magnet is firmly linked ‘with the rotary line,
where all impulses over that line will energize it. In the com-
pleted call in the 10,000 system, there are five such impulses,
one for each digit and one for the release. Hence
there are five tecth -on wheel §, Fig. 75, for every pin, 6

There is a lacuna here in the
original source.



This makes 50 teeth in the whole “wheel. By refer~
ring to the connector, Fig. 73, it will be remem-
bered that when a busy line is selected the busy ‘relay ‘cuts
off battery from the rotary line. This makes one: rotary im-
pulse fail, leaving only four. Upon this difference the message
register is based. In the completed call, that is, if the'called

Fig. 75—~Side View of Chicago Meter, in Normal Position.

line is not busy, the five rotary impulses move the wheel 5, Fig.
75, five notches, so that detent 16 falls under the passing pin, 6,
locking the counter with the one added call. But if the called
line is busy, the meter magnet, 7, gets only four impulses in
all. During the last of the four, the release impulse, it assumes
the position of Fig. 76. Now, when this last impulse ceases,
the falling wiper shaft, 14, presses its torsion head, 13, against
the lever of detent 12, disengaging it from the teeth of wheel §.
The pressure of detent 16 to the left now rotates the wheel
backward to the number previously recorded,,

In manual practice it has been customary not to charge for
calls if the called station does not answer. In other words, the
telephone company undertakes to give the subscriber connection
with somebody at the desired number. The automatic could
not go as far as that at that time, but as shown above no charge
was made for calls which found the called line busy .

Fig. 77 shows the relations existing between first selectors
and connectors by means of which privacy is secured. At the
left are shown in skeleton some parts of a first selector. This
first selector is oné of a group, and the banks of all of them
are multipled together. The wires for the private bank end in
the group, merely connecting the banks. The vertical and
rotary trunks lead to other groups, where they terminate in
second selectors. When any trunk is occupied, the correspond-
ing private wire is grounded by the side-switch lever 3 being
in the third position, and the private wiper resting on that pri-
vate wire contact. Thus any other subscriber in the group will
find a ground on the private contact multipled to it and be
prevented from interfering. At the same time the off-normal
switch grounds the private normal, which comes from the group

- of connectors at the right. This group bas the duty of taking

care of all incoming calls to the subscribers whose first selectors -

are at the left. From the particular first selector which is shown
the vertical and rotary normals run to the connectors and are
multipled to corresponding points on all the banks in that
group. The private normalis also multipled to corresponding
contacts in each connector bank. 1f the line at the left is busy
by having made a call, this private normal gets its ground from
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the off-normal switch. If it is busy by having been called
through a connector, at the right, its ground will come from the
private wiper of that connector through which the call came,
since the side switch lever 3 will be slipped over to the grounded
point. .

Fig. 77 also shows how the called subscriber may temporarily

Fig. 76—Side View of Chicago Meter While a Call is Being

leave the calling subscriber and come back again. Suppose
someone has called the subseriber whose first selector is there
shown. The connector at the right has made the necessary
movement, so that connection is secured through side-switch
levers 1 and 2 of the first selector. While the calling sub-
scriber at the right waits, the called subscriber at the left can
move his dial, operating the first selector as if not connected,
and make any call desired. Levers 1 and 2 merely cut off the
calling subscriber, leaving him there with battery through the
retard coils so that he can release if he gets tired of waiting.
When the first selector releases, the levers 1 and 2 will re-con-
nect to the waiting subscriber if he is still there. This feature
was considered quite valuable. It also enabled one to get away
from a person who became annoying in any manner over the
telephone. .

The Illinois Tunnel Company desired to have special arrange-
ments made for a plurality of lines to some of its offices for
company’s business. It was desired that calls to these numbers
should be free and also select the first non-busy line. To meet
the demand for this class of service a special connector was
devised. It is known as the automatic selecting connector,
Fig. 78. A third selector built like a second selector could
have been used for this purpose were it not for the busy test
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and ringing. Comparing this special connector with the regular
connector, Fig. 73, the following changes will be noted: The
rotary magnet has been taken from the middle point of side
switch 4, tied permanently to battery, and provided with its
own side switch lever, 5. The middle point of this is grounded.
The rotary magnet has its own interrupter spring, breaking its

own circuit much Jike a common door bell. Also the finger, F,
which reached over to the side-switch magnet armature, is re-
placed, as in a selector. The wire which ran from the middle
point of side-switch lever 3 to the busy relay is cut off from
the latter and tapped to the side-switch magnet. ]

To call any of the company’s telephones thus equipped re-
quired only three digits, so that there were only four rotary
impulses in the completed call and no record on the meter.
This leaves only one digit to affect the connector. . The series
of vertical impulses lift the wiper shaft to the desired level
The final impulse on the rotary pulls up the rotary 500 ohm
retard, energizing and releasing the side-switch magnet. As
the side switch snaps into its second position, lever 5 starts the
rotary magnet to vibrating. . The first pull of the latter presses
the finger, F, against the armature of the side-switch magnet,
getting the side switch ready to snap into the third positioh
when a non-grounded private point is reached. This stops the
rotary magnet as ir a selector

24. Summary of events thru 1902

It will be profitable at this point to examine some of the de-
tails which have becn developed by the experience of the years
up to 1902. We have seen that the earliest inventors tried to
use switches moved by electromagnets, and that these motor
magnets, as they may fitly be called, were placed directly in the
line. This method proved a flat failure. Even the perfecting of
the magnet could not make it a success.

To escape the difficulty two courses seemed open. The first
was to drive the switch by an independent motor and control
its movements by magnets, the latter having very light duty.
The second was to reduce the switch friction, opei‘ate it by
motor magnets on local circuits, and control these circuits by
relays in the line. The Strowger development, which is just
now occupying our attention, follows this second line of attack.
Other systems which we shall take up later operate on the
motor-driven plan. .

To distinguish the two principal classes of electromagnets
from each other the words “relay” and “‘magnet” are used. A
relay is an electromagnet which has for its only duty the con-
trolling of other circuits, as the vertical relay, which controls
the vertical magnet, or the ringing relay, which switches on the
ringing current. A magnet is one which moves apparatus direct-
ly, as the vertical magnet, which by its magnetic pull lifts the
wiper shaft, or the private magnet, which allows the side-switch
to slip from notch to notch, thoughthe motive power comes from
a spring. The magnets are usually much lower in resistance
than the relays, and require considerable current. Those mag-
nets having only 25 ohms resistance, and receiving full battery
voltage would take two amperes if the current were allowed
to flow steadily. But it is not likely that such current ever
flows, since these low resistance magnets are operated by in-
terrupted current, which probably has not time to arrive at full
value between impulses. )

The magnet must be quick-acting and powerful; the former
to enable it to follow the impulses as fast as they come, the
latter so that it can move the apparatus promptly and cer-
tainly. To meet this need a form with a good magnetic cir-
cuit was used, one in which the air-gap is as small as possible
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Flg. 79. Form of Old Style Relay.

and yet allow considerable motion. The knife edge armature,
such as is used in the Western Electric line relay at the present
time (1908) was not a success, as there was too little iron at
the knife edge. The successful magnet is U-shaped and has



two coils, one on each limb. This gives a solid magnetic cin.
cuit in iron, except at the two armature air-gaps. The play i
the pivots is made as small as possible, Tor a little lost motiog
is fatal to high speed action. In addition, the restoring Spring
is applied in such a way that in its normal position it wij]
press the armature against the side of the pivot bearing, against
which it will be pressed by the energizing of the coils.

Fig. 80. Form of More Recently Developed Relay.

The breaking of the heavy current required by this magnet
produced a destructive arc at the contacts of the controlling
relay. This was at first reduced by a 150 ohm non-inductive
shunt placed around the winding. This has given way to a
copper shield or tube on the core. Of course the use of plati-
num contacts was found to be imperative. :

An entirely new form of relay was also necessary. The first
commercial relays were probably those used in telegraph work.
They must be sensitive, quick acting, and capable of ready
adjustment from day to day. There is no reasonable limit to
their cost, as they are used in comparatively small numbers and
form a small part of the total cost of a telegraph line. When
the common battery telephone system began to come into use,
it also demanded relays, but of a different type, though for a
time the telegraph relay was pressed into service in many places.
They need not be quick-acting. They should be adjustable,
but rather of the permanently adjustable type, for line condi-
tions must not affect them as much as- they do the telegraph.
But above all things the common battery telephone relays
must be as cheap as is consistent with good apparatus, since
their number runs up into thousands in a single office. For
this purpose the modern telephone relay of various types has
been developed.

But the automatic system calls for sill another kind of

relay, which is in some ways a cross between the telegraph
and the telephone as to requirements. It must be quick-act-
ing and accurate,—if possible more so than the telegraph re-
lay. TIts requirements as to adjustment are the same as for
the ordinary telephone relay. But there is a greater necessity
for limiting its cost, since riore are used per line than in the
manual.
The early inventors had not grasped the idea of speed. Their
switches were operated by push buttons at the substation.
The user would probably push the buttons not faster than
four impulses per second, a rate which was easy for even a
poorly designed relay to follow. It soon became apparent
that if the automatic were to win, it must act with greater
speed. The reiays were improved, the automatic sender (dial)
introduced., and the speed of impulses increased to from 10
to 20 per second. -

The general form of one of the older relays is shown in
Fig. 79. The core, A, carries the wire, B. A soft iron piece
C forms the second pole of the magnet. The armature, D,

is pivoted on the end of C. The solid piece, E, is fixed to
the armature and carries the platinum rivet. When energized

the armature pulls up toward the pole of the core A until
stopped by E striking F, the stationary contact. There was

CLAMPING NUT

Flg. 81. Detall of Wiper,

no elasticity in the contact, and no sliding action between the
platinum rivets. .

The present relay, whose form was established about 1901

or 1902, is shown in Fig. 80. At the left is a front view,
in the middle its right side without springs, and at the right
a single spring. A is the core, on which is placed the wind-
ing B. The rcturn limb of the magnetic circuit is C, which
carries the pivots for the armature D. Attached to the arma-
ture is a long arm, E, carrying an insulating plunger, F. The
latter moves the springs, which are mounted on the return
limb, C. Attention should be called to the shape of the spring,
at the right, Fig. 8o. Though limited vertically so that a
short, stiff spring would seem to be the only possibility, yet
by its unverted U shape it has the effect and elasticity of a
much longer spring.
- It will be seen that the air-gap between the armature and
pole is small while relatively large motion of the plunger, F,
is obtained. The ratio of plunger to armature motion is about
2 1/3 to 1. Also there is a very good path for magnetic lines
of force.

Working at high speed brought out the fact that the presence
of a few short-circuited turns in the winding very materially
reduces the rapidity with which it will follow signals. These
short-circuited turns prevent the armature from falling back
promptly and -thus tend to run the impulses together. So it
Was necessary to use the greatest care in winding, testing, and
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. hafldling relays and magnets for automatic work. These re-

;q“‘l'&ments are much more severe than for manual work.

7 The circuits of the automatic exchange were originally fused
. the Same as in other telephone plants. But the high voltage
',ZOf the automatic soon made it necessary to subdivide the pro-
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tection into smaller units. The heat coil replaced the fuse
at the switches, the automatic people designing and making
a type of their own. At first both battery leads, ground baf-
tery and main battery, were protected, but by the time Chi-
cago was installed the heat coils in the ground lead were
omitted in accordance with manual practice. Each switch
was provided with two heat coils, called “external main” and
“local main” respectively. The former supplied battery to
the vertical and rotary lines through the line relays, and was
so named because its current went out of the office. Tl}e
local main heat coil supplied all the rest of the apparatus in
the switch, which was on locally completed circuits.

The individual interrupter for operating the rotary magn;t
came into use about this time, [t consisted cssentially'm
providing the rotary magnet with a spring contact which
would break when the armature was attracted. This contact
was wired in series with the winding. When connected to
battery the resulting vibratory motion was not unlike that of
an ordinary battery door bell. The conditions were more
severe, as the contact had to remain closed until the‘ magnet
had completed its forward thrust and rotated the wipers onto
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'Flg. 83. Ratchet Cylinder, and Relatlons of Detents,

their next contact. It must then remain open until the arma-
ture had been pulled by its spring back far enough for its
pawl to catch the next tooth of the ratchet cylinder. .There
was not the inertia of a long lever and hammer, as in the
door bell, to lengthen the stroke. The moving parts were
light compared to the forces moving them, and the forward
stroke was against a variable resistance, The result was ﬁnall.y
obtained partly by the design of the springs and partly by their
careful adjustment, )

For the proper working of the switch it is essential that all
the movements shall be performed in a certain order. This
order is fixed by the side-switch—which is the key to the
average machine. To prevent the side-switch from I?eing ac-
cidentally moved from its initial position before the right time
is the function of an attachment of the rclease magnet. The
vertical and rotary detents are in one piece, and pivoted. At-
tached to a lever on these detents is a rod running to the side-
switch. When the release magnet is energized, it pulls up and
allows a spring loop on its armature to drop over a Jug on
the lever of the vertical and rotary detent piece. When .the
release magnet falls back, it rotates the detent piece, lifting
the detents from the ratchet cylinder, so that the wiper shaft

can’return to its normal position. At the same time that the
detenit . piece rotates, it pushes the rod runm'ngfto the side-
switch, thereby resetting the later. During idleness the re-
lease magnet retains its. hold on the detent piece, preventing
the detents or side-switch from moving. : ’

" The armature lever of the vertical magnet lies just -under’
the spring loop of the release magnet. On its first upward
motion this lever lifts the spring loop off the lug on the de-
tent piece. The detents come at once into action, but the sjde-
switch is controlled by the private - magnet as has been de-
scribed. . ) '

To keep the side-switch from going into’ its third position
too soon, there is a large cam or blade on the shaft just below
the ratchet cylinder. A lug on the side-switch lever projects

While the shaft is in its normal position, no rotary motion
is possible. This is secured by having attached to the top
of the wiper shaft a finger which drops down behind a sta-
tionary peg. This peg is just high enough to hold the finger
from moving, yet the latter will clear it when lifted one
notch.

The difficulty of securing sufficiently flexible wipers in the
small space - available was solved as shown in Fig. 81. The
effective length of the ordinary spring would be from A4 to
B, but by this device it is lengthened to the distance 4-C.

By having all parts made to interchangeable sizes the
switch was designed to be easily removed from the bank.
The latter was wired into place and expected to stay
there, for little or no trouble was experienced with it or its
wiring. But the switch proper could be removed and a new
one substituted while the old one Was, repaired, all without
disturbing the bank, To .do ‘this, and be sure that under
the conditions of average use the wipers would Iine up and
move freely over all of the 300 contacts is no small feat,

At the left of the ‘wiper shaft, opposite the vertical portion
of the ratchet cylinder, is a statiogary detent, fastened rigidly
to the framework._ Its end projects into a channel cut in
the teeth acted on by the vertical magnet. It is the duty of
this detent to carry the weight of the shaft while rotating,
and prevent any downward motion from injuring the wipers.
During the upward motion the weight of the shaft has been
held by the vertical detent, which is in one piece with the
rotary detent. Whep the rotary magnet makes its first move,
the weight of the shaft must be transferred from the vertical

Fig. 82, at the left, shows a portion of the vertical ratchet
cylinder, the upper end of the rotary portion showing below.
On each of the teeth will be seen a small downward projec-
tion, "A4. During the upward movement these projections are
in line with the vertical detent, and at every step one of them
rests on it. At the right in Fig. 82 will be seen the relation
between the detents. These little projections, A, hold the
shaft a little higher than necessary, so that the bottom of a
tooth. is a little above the top of the stationary detent (See
Fig. 83). “Therefore, when the rotary motion begins the shaft
will be let. down ‘easily onto the stationary detent instead of
being forced on.



25. The Dayton System

Though' the installations which have been described were
successful from a switching point of view, they still possessed
the drawback of being series systems. That is, there was a
30 ohm relay in each side of the line in each switch used in
the ;ompleted connection. In the 10,000 system employing
first selectors, second selectors, and connectors, this meant
six such coils. The copper shield on the core doubtless re-
duced the inductance considerably, yet the effect on transmis-
sion of speech was very appreciable. A system with no series
relays was the next step. It was worked out during the win-
ter of 1902-3, and installed at Dayton, Ohio, being the first
bridging automatic system. :

Briefly the change consisted in winding the line relays of
each switch to 500 ohms and arranging them so that the pair
is permanently bridged across the talking circuit. In this re-
.lation they are not in the path of the talking current, but form
highly inductive leaks which allow only a very small current
to be lost. )

The substation was the same in wiring as that used at Chi-
<ago. The first selector is shown in Fig. 84. The vertical
and rotary relays are connected to battery through the back
contacts of the bridge cut-off relay. The vertical relay has
for its duty the grounding of a certain wire, which the private
magnet may switch from the vertical magnet to the release
magnet. The rotary relay controls the private magnet. The
machine interrupter was used. At rest, the vertical and rotary
lines are connected through side-switch levers 2 and 1 to the
normal lines, over which calls are received from other sub-
scribers.  These normal lines are cut off by the side-switch,
which also cuts the talking circuit straight through to the
wipers. The private normal is tapped onto the private wiper,
which is wired as usual to the lever No. 8 of the side-switch.
The first contact is wired to the bridge cut-off relay, but dur-
ing operation the private wiper is switched to the private mag-
net, to act as a feeler, and finally to ground. .

The second selector is shown in Fig. 85. It differs from
the first selector in the following particulars: The vertical
and rotary relays are permanently connected to battery, there
being no need of a cut-off relay. There are no normal lines.

The connector is shown in Fig. 86, and has a number of
interesting points. The vertical and rotary lines each have a
2 m. {. condenser inserted. While preserving the continuity
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Fig. 84. First Selector Circult with Bridged Line Relays.

of the line for talking purposes, for signaling this divides the
line into two parts, the left hand end for the calling, and the
right for the called subscriber. The vertical and rotary re-
lays are controlled by the former. The back release relay
and the back signal relay are similarly controlled by the
called subscriber. )
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The vertical 'relay"has the duty of grounding and thus oper-
ating any one of four magnets. If the private magnet be nor-
mal, the vertical relay contact reaches the lever of side-switch
4, and can be switched from the vertical magnet tq the rotary
magnet and the ringer relay in succession. If the private
magnet, under the control of the rotary relay, be pulled up,
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Flg. 85. Second Selector of Bridging System, installed at Dayton.

the vertical relay will ground the release magnet through an-
other contact on the rotary relay. )

The vertical line and relay are seen to be the impulse trans-
mitting members, for over them come all the signals that de-
termine the number which shall be selected. The rotary side
of the line is the directing member, for the single  impulse

‘on it changes the activities of the vertical from time to time,

causing them to be applied where they will advance the call.
In the 10,000 system there are five sets of impulses on the
vertical in selecting and ringing a station, the thousands, hun-
dreds, tens, units, and the ringing. The series of impulses
corresponding to the thousands is applied to the first selector,
lifting its wipers up to the desired level, after which the trunk
to the thousand group is selected automatically. The hun-
dreds impulses are expended on similar activities in the sec-
ond selector. The tens impulses lift the wipers of the connec-
tor to the proper level, while the units cause the ‘same wipers
to rotate to the called line. The final vertical impulse rings the
called station. - . .

It is the function of the rotary line and relays to shift the
connections in such a way as to make possible this varied
work of the vertical. This accounts for the fact that every
digit in the call number requires a series of vertical impulses,
followed by one on the rotary, and is one of the cardinal
points in the Strowger system. It should be thoroughly mas-
tered by the beginner. .

The rotary relay of the connector has an added contact,
which connects the release magnet to the center point of side-
switch No. 3. - This allows the release magnet to be connected
to the private wiper to detect the condition of the called line,
and if that is busy it will release the connector.

The ringer relay contacts are cut into the line back of the
side-switch levers 1 and 2. The back release relay is con-
nected from battery to the vertical line on the called side of
the condenser, and occupies a similar position to the vertical
relay. It controls a tap to the release magnet. The back
signal relay similarly carries battery to the rotary line. It
grounds a connection from a contact of the back release re-
lay, so that if both be energized at once the connector wiH be
released. It also grounds the rotary line to the calling end
through 500 ohms. Owing to a transposition of the wires
between the side-switch and the wipers, the back signal relay
is connected to the vertical line to the called station, and the
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back release relay to the rotary line. 1f the called subscriber
wishes to get away from an -obnoxious person, he can do so
by moving his dial once and hanging up. The turning of the
dial is necessary to let the substation ground spring down on
the local ground wire, so that when the hook descends it will
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Fig. 86. The Dayton Type Connector.

have a real ground to contact the lines. But the primary
purpose of the back signal relay is given below. -

If an automatic subscriber desires a toll conmnection, he calls
the toll operator by the dial, the “O” hole being reserved for
this purpose. This trunks his call directly to the toll board.
After taking his call, the operator tells the subscriber to hang
up and that he will be called when the connection is ready.
When the distant party is secured and the toll line connected,
the toll operator calls the subscriber with a dial. Thus the
toll connection reaches the subscriber through the connector
switch. Under direction of the operator he turns his dial
once and begins the conversation. If for any cause he wishes
to signal the toll operator he can do so by pushing the ringing
button. This pulls up the back signal relay, Fig. 86, placing
a 500 ochm ground on the rotary line. i

In Fig. 87 is given the scheme of the toll connection through
all the switches. At the left is the toll line, connected through
a repeating coil in the cord circuit to the first selector, second
selector, and connector and thence to the subscriber at the
right. When he presses the ringing button the back signal
relay pulls up, placing a 500 ochm ground on the rotary line.
This tends to pull up all the rotary relays in a parallel. Owing
to the 500 ohms resistance they may or may not act, but if they
should, no harm will result. The other path is through wind-
ing A of the relay in the cord circuit to the vertical line and
through all the vertical relays in parallel to battery. Relay
AB pulls up, but the vertical relays in parrallel to battery.
due to 4B and the 500 ohms preventing. When the relay con-
tact closes winding B locks it there, at the same time the
clearing out signal is energized. When the operator listens
in, the extra contact on her listening key unlocks the relay
and restores the signal.

Fig. 87 also shows diagramatically the conditions existing
during a conversation. There are three 1,000 ohm bridges
across the circuit. If we imagine the toll board at the left
to be replaced by a substation set, we shall see that in releas-
ing, when the vertical and rotary lines are Simultaneously
grounded, all six relays will be pulled up at once. The re-

lease action in each switch is :essentially thé same, the vertical

relay furnishing ground while the rotary relay, through the
private magnet, switches that ground onto the release magnet.

If the called line on any connection is busy, the action is as
follows: iormally the vertical line, Fig. ‘86, is connected
through side-switch 2 to the off-normal switch, which in this
case is wired to the busy tone. Being open, by the downward
weight of the shaft, no busy tone gets onto the line. The
tens impulses come in on the vertical, and through the vertical
relay operate the vertical magnet, stepping the wipers up.
The following ground on the rotary line steps the side-switch

over to the second, or middle position. At 1 and 2 this does
nothing, except to disconnect the busy tone, which has been

connected by the off-normal switch. At 3 it connects the .

private wiper to a wire which goes through an open contact
on the rotary relay to the release magnet’ At 4 it switches
the contact wire of the vertical relay from vertical magnet to
rotary magnet.

The units impulses on the vertical wire now operate the
rotary magnet, rotating the wipers to the called line,
If it is busy, its private contact will be grounded.
Now the succeeding impulse on the rotary will pull up
the private magnet in an endeavor to shift the side-

"switch to the third position. But at the ‘same time the second

contact on the rotary relay is closed, connecting the release
magnet to the private wiper. The release magnet instantly
pulls up and releases the switch, the wipers returning to their
normal position. The side-switch levers are also returned to
the position shown in the figure.

The subscriber, not knowing what has happened, presses
his ringing button, which grounds the vertical line. * Since side-
switch 4 is again in its initial position, this operates the verti-
cal magnet, stepping the wiper shaft up one or more notches.
This closes the off-normal switch, which connects the busy
tone to the vertical line so that it will be heard by the calling
subscriber while waiting for the called station to answer. On
hanging up, the release is the same as for a normal connec-
tion.

Dayton 2lso had use for the connector which can select, one,

of a number of trunk lines, and the wiring which was devised
is shown in Fig. 88. In its local rotating features it differs
quite a little from the Chicago switch. The relation of the
vertical relay to vertical magnet, rotary magnet, and ringer
relay is the same as in the regular Dayton connector. But
the rotary magnet is provided with an individual interrupter, A4,
not permanently wired into its own circuit, but carried through
the back contact, B, of the interrupter relay, and the front
contact, C, of the private magnet, ready to be connected to
lever 4 of the side-switch. The rotary relay controls the priv-
ate magnet, but not directly, since it does it through the inter-
rupter relay. The second contact on the rotary relay <onnects
the release magnet to the contact of the vertical relay. The
connections and functions of the back release relay and the
back signal relay are the same as in an ordinary connector.
The call number of any office which has a plurality of lines
always ends in the digit “one” Thus for instance “2481.”
In reality there are 2 number of trunks available, as 2481,
2482, 2483, etc. The thousands and hundreds digits are handled
as usual by the first and second selectors. The tens impulses
operate the vertical relay of the special connector, Fig. 88,
and by means of the vertical magnet lift the wipers to the
desired level. The rotary impulse pulls up the rotary relay,
interrupter relay, and the private magnet, but the only result is
the stepping of the side-switch over to the middle position.

Fig. 87. Scﬁematlc of Toll Connection in Dayton System.

At 1 and 2 nothing of interest happens. At 3 the private
wiper is connected to spring D of the private magnet. The
units impulse, “one”, pulls up the vertical relay, which now
grounds the rotary magnet and rotates the wipers onto the
first line. The succeeding ground on the rotary line pulls up
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the interrupter relay and the private magnet. This causes
spring D of the private magnet to touch contact E, connect-
ing the private magnet winding to the private wiper. If the
first line is not busy, the private wiper will be on an open
contact. But if busy it will be grounded, so that current will
flow through the private magnet, holding it up.

When the rotary relay falls back, it lets the interrupter re-
lay do the same. Contact B of the latter now connects the
rotary-interrupter, 4, through contact C on the private magnet
to the rotary magnet. The rotary magnet now pulls up, mov-
ing the wipers onto the next line, the finger, F, holding the
private magnet armature while the private wiper slips from
one contact to the next. Having broken its own circuit, the
rotary magnet falls back to catch a new tooth on the ratchet
cylinder, and rotates again till a non-busy line is found. The
non-busy private contact being open Wil allow the private
magnet to fall back, snapping the side-switch into the third
position. At lever 4 this cuts off the rotary magnet, stopping
rotation. The rest need not be described, being the same as
in the ordinary connector.

If all the lines arc busy, the wipers will be rotated to the
first set of contacts beyond. These special local rotating con-
nectors are in a group corresponding to their hundred and
all their banks are multipled together. If on a certain level
there are five lines to a certain subscriber, the sixth contacts
are connected to the busy tone. The corresponding private
contacts on each connector are disconnected, so that any
number of wipers may stop at the same time on the sixth point
and get the busy tone.

The arrangement of connectors with regard to first selectors
is given in Fig. 89. At the left is the outline of a first selector,
showing only enough of the wiring and apparatus which will
be described. It is one of 100 first selectors, each of which
belongs to a subscriber and is used by him only for originat-
ing calls. The banks are all multipled together. The private
wires end in the group, but the vertical and rotary lead away
to the second selectors, and are called trunks.

At the right is the skeleton of a confiector, one of ten, whose
duty is to take all incoming calls to the hundred subscribers
whose first selectors are at the left. From each first selector
run three normal lines, private, vertical, and rotary, which
are multipled to the banks of the ten connectors at the right.
The vertical and rotary normals run from contacts on side-
switch levers 2 and 1, so that when the subscriber makes a
call they will be cut off and absolutely prevent interference.
The private normal runs from the private wiper and shares its
condition. Thus when the subscriber originates a call and
has found a trunk to a second selector, side-switch 3 of the
first selector slips onto its last contact, grounding the private

Flig. 88. Connector of the Local Rotating Type, installed at
Dayton,

wiper. The private normal shares this ground, so that in all
the connector banks the private contacts corresponding to
tflis line will be grounded, thereby forming additional protec-
tion from incoming calls. . :

When a call is received by a subscriber it comes through
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one of the connectors at the right.- In making the connection
side-switch lever 3 rests on its middle contact to test the liné
and then slips onto the third point to get ground. Since it
has found the line not busy, the side-switch lever 3. of the
first selector will be in the normal position as shown in Fig. 89,
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Fig. 8. Relation Between Connectors and First Selectors, Dayton.

Hence the bridge cut-off relay will pull up, cutting hattery
off the vertical and rotary relays of the first selector. This
clears the called line for ringing.

26. The Grand Rapids System

Shortly after the Dayton, Ohio, plant was put into opera-
tion the exchange at Grand Rapids, Mich.,, was installed.
While not differing enough from the Dayton board to merit
a technical description, it is a more ‘famous one, having been
made a landmark in automatic telephony all over the world.
Perhaps the most widely known words in this connection
have been ‘“Fall River, Mass.” and “Grand Rapids, Mich.,”
the former to show how long the automatic has been a suc-
cess, the latter as an example of modern progress. Grand
Rapids especially has been a bone of contention between the
two camps, manual and automatic, and some very contra-

. dictory statements about it have been made by different per-

sons. The Citizens’ Company, which operates it, has always
been energetic and businesslike and has endeavored to co-
operate with the Automatic Electric Company in making the
automatic a success. Visitors are shown its workings the
year round, and the exchange from the start has been con-

" ‘sidered a model and counted the pride of the town.

27. The Los Angeles Multi-Office System

During the installation it was noticed that in some cases
there was difficulty in releasing, especially on long lines hav-
ing ground rods in earth for ground return. This was found
to be due to the relatively heavy current required to operate
all six 500-ohm line relays at the same time, the current from
2]l going through the one ground rod and its contact with
earth. Mr. A. E. Keith suggested to the other engineers
the desirability of cutting off all the relays except the last
pair, but there was no time then to work out the details.
Later this suggestion resulted in the production of the re-
lease trunk selector, which was embodied in part in. the South
office at Los Angeles, Cal.,, which has since become as fa-’
mous as Grand Rapids.

The Los Angeles installation merits our special attention
for two reasons, the beginning of the trunk release and the
operation of automatic and manual interchangeably in the
same exchange. Each of these features is very interesting
and their provision called for 4 high character of engineering
ability. . . .

‘When the Home Telephone Company, of Los Angeles,



started, a Kellogg common battery multiple switchboard of
18,000 lines capacity was purchased. As only 7,049 lines were
necessary to meet the need at that time, it was thought that
the board was ample for all time to come. But within two
years after beginning service on the board 10,000 lines were
in use and the number still growing. The great expense of
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adding to a 10,000 line multiple is a serious matter, and the
rentals were not large enough for the expense to be ignored.
It was decided, therefore, to restrict the main office chiefly
to telephones in the business district, and to serve the rest of
the city from branch offices, As a beginning of this plan
the South office, two and one-half miles south of Main’ office,
was erected to relieve the latter of about 2,000 lines. It was
planned for a manual board. But the inspection of the ex-
changes at Dayton, Ohio, and . Grand Rapids, Mich,, caused
the manual to be abandoned, and automatic equipment was
ordered.

Here the engineers showed their foresight in desxgnmg the
South office equipment to fit into an automatic system which
should Jater cover the entire city, at that time (1904) having
a population not far from 150,000.. Hence, although the South
office contained only 2,000 lines, the automatic equipment
for it was designed on the plan of a 100,000 line exchange.
All the numbers from 1 to 19,000 were reserved for the Main
office, and from 21,000 to 298,999 were set aside as the ulti-
mate capacity of the South office. Subscribers in the latter
were to select each other entirely automatically, all the num-
bers beginning with “2,” which was to be the designation of
that office. To call 2 manual subscriber the automatic sub-

scriber was to pull “1” on his dial, which would trunk him.

o “B” operator in the Main office to whom he would give
his number orally. She would complete the connection with
a plug-ended trunk. For calls from manual to automatic two
plans were proposed. A trunking section was to be installed
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in the South office, so that during the busy part of the day
calls could be trunked from Main to South by ordinary
trunks, The “B" operators in the latter office were to have
in front of them a multiple of all the South office’ subscribers’
lines, and could complete the call by plugging directly into
them. But at night the South office “B” operators were to

. special trunking operators at the Main board.

be dispensed with and the numbers called automancauyJi{;é

The work on the South office was begun in May and &5 '5
pleted during July, 1904. We will consider first the equlpmcz%
for completing local calls within the South office. As our joft
terest naturally centers on the trunk release, Fig. 90 is gwé‘g
which shows this feature of a completed connection,
iines come in from the calling station at the left any
through first, second and third selectors and connector t0 the
called station at the right. It will be observed that the o ps
nector is of the ordinary bridging form, so that there
third wire between it and the third selector. It is rcleas&
by the simultaneous action of the vertical and rotary - ref‘ie
The third selector is released in the same way, so that- 'w!n!e;
talking there are three bridges across the circuit. -

The release magnet in the third selector has a contact 'wh ch’
feeds battery through a 100-ohm resistance to the reléhag
trunk leading back to the bank of the second selector. %?
the latter it passes through the 8-ohm back release relay' '
ground. This relay operates the release magnet of the seco: nd :
selector. In the same way this release magnet has a conta.{:t
which may feed battery through 100 ohms to the Soh,xfiL
back release relay in the first selector and to ground.

The act of releasing is as follows: The calling subscrx “
in hanging up, temporarily grounds both vertical and rota_xj;
lines. In the first and second selectors this causes no ac’t’iﬁsﬁg
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Flg. 92. First Selector with Trunk Release, Los Angeles.
since at this time the lines are clear of all relays. In the thlrd
selector and connector the vertical and rotary relays pull up
simultaneously, and in each this energizes the release magnet.~
In the third selector the release magnet not only releases the
switch, but also feeds battery over the release trunk to the,
second selector, pulling up the back release relay. The latter
grounds the release magnet of the second selector, releasing
that switch. This release magnet also feeds battery . over the
release trunk to the first selector, operating its back release
relay, which controls the release magnet. In this way, by ﬂ\e
circuits, linked by relays and magnets, the release is accom™
plished without using relays across the circuit in each sthch.w__

It is evident that this principle could have been carried
farther, so that the third selector would have been relea.sed
by a third wire from the connector. That it was not done
explained by the fact that when the system .was first desxgn
the trunk release had not been completed. When done, the:
first, second, and third selectors were .changed to the thifd
wire plan, but to make over the connector would have neccsst~
tated too great changes. s

. The presence of the back release relay in the private mper
calls for certain consideration. During the time that thc
private wiper is used as a feeler for a non-busy line, current
flowing from battery will pass through the private magnet‘
back release relay, and private wiper to ground. This must
pull up the private magnet, but not the back release reJay.
Hence the latter was wound to a relatively low resnstance,‘-
8 ohms, and made not very sensitive, while the prxvate magnet
was made about 600 ohms.




After the trunk has been sclected the back release relay
stands between the private wiper and ground. Other first se-
lectors, in hunting non-busy trunks on the same level, will pass
their private wipers over the multiples of this contact as shown
in Fig. 81. A is a first selector, and occupies the third trunk.
The second selector in which this trunk ends is C. The re-
lease trunk only is shown and the first two private bank con-
tacts are supposed to be busy, i. e, grounded. B is the private
portion of another first selector which is hunting a non-busy
irunk to the same group. At this instant it is passing over the
multiple of the private contact which A4 occupies. As far as
the feeler of B is concerned the private wire, P, must be
grounded, so that its private magnet will remain energized

until its rotary magnet steps the wipers over to the next con- -

tact. But between P and the ground which makes it busy is
the 8-chm relay, and it is to prevent the testing current from
pulling it up and causing premature release that it is made of
low resistance and relatively insensitive. On the other hand,
when the release magnet of the second selector, C, is. pulled
up for the disconnect, the back release relay must pull up
reliably. The larger current necessary is furnished. by the 100-
ohm resistance.

~ Fig. 92 gives the detail wiring of the first selector. The ver-
tical and rotary relays are wired to the side-switch so as to be
cut off when the switch has selected its trunk. The rotary
relay, as usual, controls the private magnet. The vertical re-
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Fig. 93. Second Selector with Trunk Release, Los Angeles.

lay operates the vertical magnet, or if the private magnet is
simultaneously energized by the rotary relay it will pull up the
release magnet. This Jatter is the method of release.if neces-
sary to disconnect from a partly completed call, where the side-
switch failed to go into the third position. The mutual rela-
tions of side-switch, private magnet, and rotary magnet need
not be detailed here, having been fully described in connection
with the Chicago system. )

The bridge cut-off relay winding and private normal are
not worked in connection with the private wiper, as in the
Dayton board, on account of the back release relay. Instead,
the private normal is carried to the main spring of the off
normal switch, and through the back contact is normally con-
nected to the bridge cut off relay. Thus incoming calls will be
able to ground the private normal at the connector bank (as
at Dayton,
cnergize the bridge cut-off relay, and clear the called line for
ringing. . But if this first selector makes a call, the first upward
motion of the shaft will move the off normal switch, disconnect
the bridge cut-off relay, and ground the private normal, which
protects the line from calls coming in through the connector.
The vertica! and rotary normals are tied permanently to the
vertical and rotary lines, so that the ground on the private
normal 1s the only protection against the interruption. But it
has proven in practice to be ample protection.

Fig. 93 shows the second selector, which is very much like
the first selector, except that there are no normal lines, and
the release magnet has a contact which may connect battery
through 100 ohms to, the release trunk leading back to the first
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selector bank. The off normal switch works an off normal
lamp to show the attendant when the switch is occupied.

The third selector, Fig. 94, has the vertical and rotary relays
permanently bridged, since there is no release trunk from here

to the connector. There is no back release relay. The other
features are the same as the second selector.
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The connector, Fig. 95, is the same bridging type as used
at Dayton. The rotary relay controls the private magnet. The
vertical relay normally operates the vertical magnet, rotary
magnet, or ringer relay, according to the position of the side-
switch. In releasing from the calling end, the vertical relay
furnishes ground and the private magnet and rotary relay con-
nect it to the release magnet. The called subscriber has a back
signal relay which in connection with the back release relay
may be used for releasing,
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As previously stated, during the busy portion of the day all
calls from Main (manual) to South (automatic) are trunked
directly from the “A” operators at the former to “B” operators
at the latter office, and that these “B” operators have access
to the subscribers’ lines. Fig. 96 gives the scheme of a com-
plete connection from manual to automatic. At the left is the
calling end of a Kellogg subscriber’s operator's cord, with the
usual calling supervisory relay, C. S. R, and calling control
relay, C. C. R., the former feeding positive battery to the tip,
the latter negative battery to the sleeve.

Each “A” operator has access to the multiple of a number of

teTo A OPERATOR OROLR wRE

MAW OFF ICE

Flg. 96,
Lds Angeles.

outgoing trunks, 7, leading to the South office. The sleeve of

each trunk is permanently tied to earth through the retardation -

coil, R. The tip line is normally connected through retarda-
tion coil, R,. The tip line is normally connected through re-
“tardation coil Ry and the back contact of relay R, to 50 volt
battery. Two 2 m. {. condensers separate the trunk into two

parts. The tip of the called end receives negative battery

through the winding of relay R, while the ring gets ground,
or positive, battery through the winding of relay Ri. The talk-
ing circuit runs through the regular listening and ringing key
to a three conductor plugs, whose sleeve is connected “dead”
to ground. The operator’s set is like the ordinary common
battery set, except for the connection of a high resistance re-
tardation coil, Busy Ret, between negative battery and the
point between the receiver and secondary of the induction coil.
This is for the busy test. The subscriber’s multiple consists of
banks of 3-conductor jacks, whose tip and ring are tapped to
the vertical and rotary normal lines and’ the sleeve to the pri-
vate normal .of the automatic subscriber.

Let us trace a call through for the purpose of making the
action clear. The subscriber at Main office calls central as in
any manual common battery exchange and gives the number to
the operator. Finding that it is for the South office the “A”
operator presses an order button and gives the number di-
rectly to a “B” operator in the South office. The latter assigns
the trunk. The “A” operator then makes the busy test on i, -
touching the tip of the calling plug to the sleeve of the jack.
If free, there is no current ﬂowmg through R., hence the sleeve
will be at ground potential, which is the same as that of the
busy relay of the “A” operator.

Finding the line free she plugs in. At once negative currert
from the 24-volt battery flows through the calling contro! re-
lay, € C R, fo sleeve, along sleeve trunk to South office and
through R: to ground. At the Main office this pulls up the
calling control relay, C C R, disconnecting the busy test relay .
and closing up the tip side of the cord circuit. At the South
office R: pulls up .and breaks its contact. The current flowing
throygh R. changes the potential'of all the slecvcs of this trunk
at ‘Main office, so that any other “A” operator will get the
busy test on attempting to use it. At the South office the back

Clrcult Set-up for Day Trunking, Manual to Automatic,

contact of R; feeds negative battery at 50 volts through R, tip
line to Main, calling supervisory relay, C § R, to ground. This
keeps the calling supervisory lamp, C § L, from lighting.
The “B” operator at the South office tests the called line by
touching the tip of the trunk plug to the sleeve of the multiple
jack. Here the non-busy condition is full negative battery, 50
volts from ground, the positive battery terminal being grounded.

Since the operator’s receiver is wired through a retardation
coil to negative battey no current can flow. But if the called
line is occupied, the private normal will be grounded, hence
current will flow through ‘the operator’s receiver giving the
busy click.

Finding the line free she inserts the trunk plug in the sub-
scriber’s jack. The sleeve of the plug puts “dead” ground on
the private normal of the called line’s first selector, which oper-
ates its bridge cut off relay, BCOR, cutting off battery and
clearing the line for ringing. This ground on the private nor-
mal also protects against other automatic switches.

The automatic substation set was wired as at Dayton, Ohio,
with the exception of a condenser which was cut in series with
the receiver as shown in the drawing at the rightt On the
insertion of the trunk plug current flows from ground bat-
tery through R, ring of trunk plug, one side of line to sub-
scriber’s set, through the bell, back on ‘the other line wire to tip
of plug, through Rs to negative battery. This energizes both
Rxr and R.. R. makes its contact, but as R, is energized it
does nothing. R pulling up switches battery from R: to the
automatic supervisory lamp, Auto. S. L. This de-energizes the
calling supervisory relay, C. S. R., at Main office, lighting the
calling supervisory lamp, C. §. L., so that the “A” operator
knows that the connection is established. The lighting of the
automatic supervisory lamp at South office serves as a ringing
lamp to the “B” operator, who rings the called subscriber with
a manual key.

When the automatic subscriber answers, the bell is cut out
and the receiver with its secondary and condenser cut in. The
latter at once stops the flow of current, allowing both R, and
R¢ to fall back. The latter causes no change. R: switches
negative battery from the automatic supervisory lamp (putting
it out) to Ri, thus energizing the calling supervisory relay at
the Main office and putting out the calling supervisory lamp,
C § L. Thus both operators are notified that the called sub-
scriber has answered.

When through, the automatic subscriber hangs up. This
lights both the automatic supervisory lamp, Aufo S L, at South
office and the calling supervisorv lamp at Main. The Main
operator pulls down the connection which lets R, fall back,
giving battery to the manual supervisory lamp, »fan. S L, since
K. is again energized by the current through the subscriber’s
bell.  Seeing both lamps lighted, the “B” operator pulls down
the trunk.

The arrangement for night trunking from Main to South is
shown in Fig. 97, which gives the apparatus in the former

ofice. Special trunking positions are provided at one section
of the board, and each position is equipped with part of' the
total number of trunks to the South office. Multipled in front
of all the “A” operators in the Main office are local trunks, T,
leading to the special trunking position, the total number of
trunks being divided among the different positions. The order
wire attached to the head telephone of each trunk operator is
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Fig. 97. Connections for Night Trunking, Manual to Automatic, Los Angeles.

multipled to the order buttons of pért of tne “A” operators.
At the left in Fig. 97 is the calling end .of a Kellogg cord cir-
cuit with the usual equipment. The tip of the local trunk, 7,
runs through the retardation coil, R, back contact of relay R,
pilot relay to negative battery. The sleeve goes through relay
R: to ground. On the automatic side of the condensers the
tip line has no normal connections. The ring side is connected
through Rs to ground. The latter may be called the super-
visory relay of the trunk, since it not only operates the super-
visory lamps at the trunking section, but also repeats the auto-
matic supervision to the “A” operator.

The outgoing trunk is equipped with two relays, R« and R,.
The former is a cut-off relay and is quick-acting. Normally
its main spring, 3, with back contact, 2, keeps -the circuit “dead
short.” R. is slow acting and has for its function the
grounding of the lines through its contact 7.

On receiving a night call for the South office the “A” opera-
tor, by means of an order wire, repeats the number to one of
the out trunk operators. The latter assigns the local trunk, 7T,
to be used, into which the “A” operator inserts the calling plug
of the cord circuit which she is using. In the sleeve side, the
calling control relay, C C R, at the “A” position, and R, at the
trunking position pull up. In the tip side, ground battery
through the calling supervisory relay, C § R, at the “A” board
flows over the trunk, through R, pilot relay to negative bat-
tery. In consequence of this the calling supervisory lamp,
C § L, does not light.

The trunk operator at the same time selects a trunk to the
South office and plugs in. The sleeve of plug carries ground,
which causes R« to pull up, thereby removing the short circuit
from the line. At the same time main spring 5 closes with
contact 4, causing R, to pull up, the latter locking in position
through its own.contact 8 and the retardation coil Rx.

The trunk line ends in the South office in a second selector,
it not being necessary to go through a first selector, since the
function of the latter is to pick out the office. The second and
third selectors and connectors used for incoming calls were in-
stalled as a separate trunking section in the switch room of the
South office. They were of the trunk release type. |

- After plugging into the trunk to the South office, for a mo-
ment current will flow from the second selector over the rotary
line to the sing of the local trunk plug and to ground through
R.. This pulls up and lights the automatic supervisory lamp,
Auto. S. L. The “B” operator throws key K., which cuts off

the circuit behind and connects the operator's dial -and tele-
phone set to the outgoing trunk. This gives 2 clear line over.

which to signal and operate successively the second selector,
third selector, and connector at the South office. The contact
A opens while the dial is being turned, the same as in a regular
automatic substation. -

In‘ Fig. 97 the selectors have been omitted and a bare skele—
ton of the connector and called station shown. When the called
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Flg 98. Talking Conditions of Night Trunking Clrcuit, Manual
. to Automatlc, Los Angeles.

station has been selected, the operator presses the key: K,
which grounds the vertical line and rings, after which K is re-
leased, closing up the tip-vettical line. Subsequent ringing may
be done by the listening key, Ks, and the ringing key Ki. While
‘waiting for the called subscriber to answer, the connector feeds
battery current through the 500 ohm retardation coil, Rs, and
the supervisory relay, R, to the bell at the called station. R,
pulls up, connecting the rotary relay, RR, and negative battery
to the rotary line. This feeds current to Rs; at the Main office
energizing it and lighting the ahtomatic supervisory lamp, Auto.
S. L. When the automatic subscriber answers, the condenser
in the’ telephone circuit stops the fiow of current, letting R,
and R, fall back. This puts out the automatic supervisory lamp,
notifying the “B” operator that the called subscriber has an-
swered. It also feeds negative batterv through R, to’ the call-
ing supervisory relay, CSR, in the manual cord, energizing the
latter. This extinguishes the calling supervisory lamp. CSL,
and gives notice to the “A” operator. The pilot relay will not
energize through the 600 ohms to which it is connected.

When the conversation is completed, both subscribers hang
up. The calling (manual) subscriber lights the answering super-
visory lamp as usual. The called subscriber (automatic) by
hanging up closes the circuit through his bell, thereby energiz-
ing Rs in the connector. This closes battery through the rotary
relay to the rotary. line which pulls up R: at the Main office.
On pulling up, R, lights the automatic supervisory lamp which
lets the trunking operator know what has happened. When the

armature of Ry breaks away from its back contact, it cuts battery
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Flg. 89, Supervisory Connector with Trunk Release, South Office,
Los Angeles.

off the tip wire, allowing the calling supervisory relay on the
“A" operator’s cord circuit to fall back, lighting the supervisory
lamp. Thus both operators have simultaneous notice that the
automatic subscriber has hung up.

. ‘When the “A” operator pulls down the connection she causes
R: to fall back, lighting the manual supervisory lamp, Manu. S.
L. Seeing both lamps’lighted, the trunking operator removes
the local trunk plug from the outgoing trunk jack. The simple
removal of the plug from the jack causes the release of the
automatic switches in the South office as follows: The sleeve
of thertrunk plug, carrying ground, has been the ‘means of hold-

ing up R« The latter now falls back quickly and short circuits

the vertical and rotary lines at 2 and 3. Since contact 7 on R
is still made, this grounds both lines. The armature No. 5 has
meantime swung away from contact 4 (ground) and now touches
6, which is negative batterv. This places a “dead short” on
relay Ry, so that it starts to fall back rather slowly. When"it
has fallen back, contact 7 opens, removing the ground from the
lines. This completes the release of the automatic switches in
the South office.

It is interesting to notite the new circuit which thistrunk-
ing gives us for talking. This is shown in Fig. 98. The upper
diagram shows the conditions which would have existed if the-
bridged system: had been used. The lower shows the Los An-
geles condition, due to the trunk release. Counting the relays

on the manual cotd circuit there would be eight bridges across

the line, in addition to the cut-off relay, C.O.R., of the manual
subscriber, which goes to ground. By the trunk release this
is made only five bridges, plus the cut-off relay and R; in the
local trunk.

The second selector in which the trunk line terminated in the
South office was like those used by the South office subscribers
(See Fig. 93, Telephone. Vol. 17, No. 11, Page 303), except
that the 100 ohm resistance at the release magnet was omitted,
together with the release trunk to which it fed current. The
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Fig. 100. Outiine of Trunking Circuit, Automatic to Manual,
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third selector was like the ordinary second selector, arranged
for complete trunk release.

The supervisory connector used on this scheme of trunking
was wired as shown in Fig. 99. It is of the full trunk release
type and feeds release current back to the third selector through
the special front release springs, 4 B, ‘and the release magnet
itself is utilized to limit the flow of current instead of a spe-
cial resistance. The supervisorv feature consists of the 500
ohm supervisory relay feeding negative battery to the rotary
called line and a 500 ohm retardation coil from the vertical
line to the private wiper. In the talking position this fed posi-
tive or ground battery to the called subscriber.

The supervisory relay has one contact, which controls the
connection of the rotary relay to the rotary line. This oper-
ates the supervision at the manual board, which was above
described. The wire C.C.C. was put in to balance the two
sides of the talking circuit with respect to ground. It con-
nects the ringer relay to the rotary line, which without it
would have only one inductive leak to earth. It must be re-
membered that in dealing with the talking qualities of tele-
phone circuits the impedance from the two sides to earth must
be as nearly equal as possible. And as far as inductive bal-
ance is concerned the retardation coils may as well be con-
nected to negative battery as to ground since the character-
istics of alternating current is not affected by passing through
battery. It acts as a very low non-inductive resistance.
This accounts for the presence of the ringer relay connected to
the rotary line in Fig. 98, lower sketch.

Mention has been made in the previous chapter of the method
of handling calls from automatic to manual.. The automatic
subscriber merely pulls “one” on the dial, which raises the wip-
ers of his first selector up to the first level and selects 2 non-
busy trunk to a “B” operator at the main switchboard. - Since
the first selector is trunk release, the vertical and rotary re-
lays are cut off -when the side-switch slips into its third posi-
tion. This leaves the subscriber without means of releasing.
To obviate this difficulty each trunk line to Main was pro-
vided with two special series release reldys, installed on the
relay rack in the South office. They are wired as shown in
Fig. 100. Each relay is wound to 30 ohms resistance and has a
copper sleeve over its iron core, so that it offers as little impe-
dance as possible to talking current. Running from battery

to the contact of the rotary relay, R. R., is a 100 ohm resist-
ance. The release line is continued thrOugh the contact of
the vertical relay, R. R, to the private banks of the first select-
ors. On release, both relays pull up simultaneously and oper-
ate the release magnet through the back release relay over the
release trunk.

Since the first installation described in these two chapters
additional exchanges have been put in, all automatic, following
the scheme of ultimately covering the entire city with auto-
matics as fast as traffic calls for. increased facilities. The
problems brought out by the multiplicity of offices and long
trunks have called for additional inventions, which really come
“Jater in the logical development of the history.
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28. The Battle Creek System

The trunk release which was tried out at Los Angeles
was so successful that it was improved. As is usual, the
lmproxernent consisted in a simplification of the release

circuit cutting down the number of circuits which were

linked together from the first selector to the connector.
The first installation of this improvement was at Battle
Creek, Mich, in 1904. It was a 10,000 system and had first
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Fig. 101. Battle Creek -Second Selector, with

Release,

improved Trunk

selectors, second selectors,” and connectors. The first se-
elector was identical with that at Los Angeles, except that
the back release relay (in the private wiper) was made
0.5 ohm instead of 8 ohms. This reduction was made to
give a greater margin of safety, since the back release re-
lay must not pull up when in series with the private mag-
net testing for a non-busy truak.

The second selector is shown in Fig. 101. The rotary
telay as usual controls the private magnet. The vertical
relay contact, D, controls the wvertical magnet through
contact C on the private magnet. The feeler for a non-.
busy trunk is composed of the private wiper, back release
relay, and the private magnet, connected to negative bat-

a9

that if either relay be energized alone the contact wxll no;—
quite be made. But if both vertical and rotary relays
be pulled up "at once, 4 and B will meet, closing the: gap‘
in the release Jine. This is the means used for releasm 3
from uncompleted connection. If for any reason the’ s¢
ond selector fails to complete its cycle of operatlons
after pulling the first digit the subscriber decides not 1o
complete the call, he may get away by merely hangm’}‘
up his receiver. This grounds the vertical and rotary lineg'
closing A4-B. Negative battery will then flow through
momentarily. The vertical and rotary relays will pull up,
the release magnet, contacts A4-B, release trunk, prxvatc
wiper of first selector, its back release relay, and levet
3 of the side-switch, to ground. The release magnet - of
the second selector and the back release relay of the ﬁrst
selector are thus energized, the former releasing the sed-
ond selector, the latter operating the release magnet of
the first selector, which performs a similar duty in that
switch.

The back release relay in the second selector has its conz
tact wired in parallel with the contact 4-B in the releasef
trunk. This allows it to act on the release magnet and
release trunk at one operation and is a marked advancef
in simplicity over the plan followed at Los Angeles. )

The connector wiring is shown in Fig. 102. The rotary.
relay controls the private magnet. The vertical relay oper-
ates the vertical magnet, rotary magnet, and ringing relay,'
depending on the position of side-switch 4. Its contact
wire, M, is looped through a contact, C, on the private
magnet to avoid moving any of the three above-named
magnets while releasing. The busy test on the called line
is made by means of the release magnet. When the called

. has been selected, the last rotary impulse pulls up the

rotary relay and the private magnet. Side-switch 3 is

tery; but the half-ohm back release relay will not act resting on the middle contact o that when the private mag-
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Fig. 102. Connector with improved Trunk Release,

through the private magnet on account of the resistance
of the latter.

The release trunk from the first selector bank (private)
goes through the special release springs, 4 B, on the ver-
tical and rotary relays, to the release magnet and nega-
tive battery. The adjustment of these springs is such

Battle Creek.

net is pulled up negative battery is connected through the
release magnet to the private wiper. If the latter is resting
on ground, due to a busy condition, the release magnet will
pull up, instantly relasing the connector.

Not knowing that this has happened, the subscriber will
press the ringing button, grounding the vertical line. As
the side-switch and wipers are now again in their normal
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condition due to the release, this act of attempting to ring
will step the wiper shaft up one or more notches. This
closes the off-normal switch, which connects the busy tone
to the rotary line through side-switch 1. While waiting
for the called station to answer, he will hear this tone,
and will thus be informed that the line is engaged.

The release after. conversation is made through the con-

of Los Angeles (Fig. 90, st

W)‘ In Fig. 103 it w111 be seen that the release
of all the switches is started by the joint action of two
relays, the vertical and rotary in the connector, all the
relays in the selectors being cut off the line. When the
toll operator removes her cord plug a momentary ground-
ing of both vertical and rotary lines takes places, as has
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tact A-B, as described for the second selector. The called
subscriber can also release himself from the connection
by hanging up, if he has previously rotated his dial one
number or more. In hanging up, he will energize both
the back signal relay and the back release relay, thereby
pulling up the release magnet. The circuit path over which
this takes place is as follows: From negative battery
through the release magnet, to the right to the contact
of the back release relay, up to the contact of the back
signal relay and thence to ground.

The back signal relay is used alone for the purpose of
signaling a toll operator. When an automatic subscriber
desires a toll connection, he calls the toll desk by pulling
a certain number on his dial. The toll operator answers,
takes the details of the call, and informs the subscriber
that he will be called as soon as the line is ready. When
she has put the call through and the called party in the
distant city is on the line, the toll operator with her dial
selects the local subscriber and rings him with 2 button.

When the local subscriber answers, she directs him to
pull “one” on his dial. He is then ready to proceed with
the conversation. This single pull is to let down the
ground spring in his instrument, so that when he super-
vises or hangs up, he will have ground connection to
work with. At any time during the toll conversation he

may signal the toll operator by pressing his ringing but- '

ton. Fig. 103 shows a skeleton of the whole connection
from the repeating coil in the toll cord at the left, through
first selector, second selector and connector to the called
station at the right. It will be noticed that from the re-
peating coil to the subscriber there are three bridges across
the circuit, the supervisory relay on the toll cord, the ver-
tical and rotary relays in the connector, to the left of the
condenser, and the back signal release relays to the right.
When the subscriber wishes to signal the toll operator,
he presses his ringing button. This grounds the vertical
line and pulls up the back signal relay. This relay puts
a dead ground on the rotary line to the left of condenser
C,, so that current will flow through the rotary relay of

the connector and half of the supervisory relay in the toll

cord. The former has no effect. The latter pulls up and
operates a signal in front of the operator, who gets in
on the line and attends to his wants.

This diagram shows the simplicity of the improved trunk
release, especially if compared with the first trunk release

Scheme of Trunk Release, Battie Creek.

been previously described. This causes the vertical and
rotary relays in the conmector to touch contact A-B.
Negative battery then flows through the release magnet
over the release trunk to the back release relay in the
second selector and then to ground. Both pull up, the
former linking itself to the detents which hold the wiper
shaft. The back release relay (in the second selector)
closes the gap in parallel with A-B, thereby allowing cur-
rent to flow through the release magnet over the release
trunk back to the back release relay on the first selector
on ground, due to a busy conditoin, the release magnet will
second selector to release, while the back release relay of
the first release energizes the release magnet of that switch.
When the vertical and rotary relays of the connector fall
back, opening contact A4-B, all the relays and magnets in
the chain of circuits fall back and the release is complete.

There are three circuits in this chain and they are linked
together by the back release relays in the simplest and
most natural manner. The talking circuit is as clean as
possible, consisting merely of two wires carried through
good wiping contacts and a single pair of condensers, with
only two bridges and no series coils. The use of the
third wire (release trunk) made all this possible, and the
improvement certainly justified the expense.



29. Switchroom Layouts

Tt 15 natural that in any new system time is rcqmred for
engmeermg practice to settle on the best ways of doing
things. The automatic switchboard was so different from
‘manual boards that the methods of arranging apparatus and
<ables which were standard practice with the latter would
not fit the former. For some time no very definite practice
‘obtained, each case being wired as thought best at the
time. ‘In general all the first selectors were put in one
place, the second selectors grouped by themselves and the
connectors in still another group. This made the wiring
somewhat complicated, and made it difficult to trace the
<ourse of a call.in case a subscriber got “hung up,” that is,
‘made a call wholly or in part and could not release.

Finally certain well defined ideas on the grouping of
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sand that is serving all the subscribers whose numbers be-
gin with “1,” as “1248,” or “1746.” The next vertical row
to the rxght is the second thousand, all the numbers be-
ginning with “2,”" as “2365,” or “2006.” The last row is
the “naught” thotsand, and its- numbers being in “0.” 1In

“automatic work, “0” has the meaning of “ten,” and is the

tenth in any series.

In each vertical row constltutmg a particular “thousand”
the ten frames are arranged in a certain definite order. At
the bottom is the “0” hundred or frame; above it ‘come in
order the. first hundred, second hundred, etc., to the ninth
hundred or frame. The “0” frame contajns the first selec-
tors of the lines whose numbers are from 1000 to 1099; the
first hundred has the numbers from 1100 to 1199; the third

ing wiring and tracing calls through the various switches

Finally a plan of layout was devised by Mr. A. E. Keith
‘which solved the matter neatly and economically. Applica-
tion for a patent was made March 9, 1905, and was issued
September 25, 1906, as No. 831876. The general arrange-
ment is shown in Fig. 104, and may be termed
a floor plan. The switches are represented by short
-vertical lines and are in groups, each group being mounted
-on a frame. There are ten frames in each vertical row and
ten rows, making a total of 100 frames. Tach frame is in-
‘tended to represent the switches for serving 100 subscribers

and will consist of 100 first selectors, ten second selectors,”

and ten connectors.  Thus the size of the exchange illus-
trated is ten thous:md lines.
The le_ft vertical row of frames constitute the ‘first thou-

mnm

" the first digit of the number.

" second switch.

‘in the whole call number.

switches began from 1300 to
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arrangement -of left  (the first
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s ubscribers 2300, since it is
lines, the con- in ‘the second

nectors which is in the second

serve them with thousand. - 1n
incoming calls each “case, - the
should be asso- full number of a
' c;ated" with frame will  be
"t"llem, to make its own hun-
the cabling dr_ed number
with the proper

short. ) More- 7LD thousand _ digit

over, if  the A MZ prefixed. The
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selectors which ad of the first

‘they serve, it "thousand will
will  materially Fig. 104. Conventional Floor Plan of Automatic Exchange. be from 1300 to

aid in simplify- ‘ " 1399  inclusive,

while the corresponding frame in the second row or thou-
sand will be from 2300 to 2399 inclusive. We may say,
then, that the horizontal rows contain frames of correspond-
ing hundreds, although they are in different thousands.

We now have the proposition of connecting any sub-

‘scriber in any of these frames to any other subscriber in

any frame.” Regarding the problem from the sutomatic
point .of view, we shall select the desired line in three
steps. First, we will pick out the desired thousand, which is
This ‘duty is performed by a
first selector switch. Second, we will pick out a particu-
lar frame of hundred-group in that thousand, which is the
second digit of the number. This duty is performed by a
Third, we will pick out a certain number
in the selected frame; which number is the last-two digits
This last duty is performed by
the conmecfor switch. - :
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Reference to Fig. 104 will also show the manner of run-
ning the cables which are to trunk the calls. The short
vertical lines at the bottom of each frame represent the
100 first selectors belonging to that hundred group. At the
top of each short line is the bank of contracts for that
switch. Cable 2 multiples together all these bank con-
tacts in the first row -of frames. Similarly a cable, 2, in
each row, multiples together all the first selector bank con-
tacts in all the frames of that row.

One-tenth of the wires in cable 2 end in second selectors,
A, in the 1000 frame, another tenth of the wires end in
second selectors, A" A’, in the 2000 frame, and so on to the
0000 frame. In the cable 2 which serves the second hori-
zontal row (frames 1100, 2100, 3100, etc.) each tenth of the
wires end in second selectors in some frame of that hori-
zontal row. This is true of all the horizontal rows.

In the same way the second selector bank contacts of
each thousand are multipled together by cables 3. Taking
the left vertical row of frames (the first thousand) as an
example, one-tenth of the wires in cable 3 terminate in con-
nectors C, in the 1000 frame . Another tenth end in connect-
ors, C' C’, in the 1100 frame, and so on'to the 1900 frame. In
each frame the banks of the connectors, C, are multipled
together and run in cable 4 to the first selectors, where

they are attached to the subscriber lines leading out of the
exchange to the substations. Cable ¢ is called the “normal”

cable. e
If a subscriber in the 1000 frame desires connection with
a subscriber in the 3200 frame, the former will first operate
his own selector in the 1000 frame. This machine will pick
out a non-busy trunk in cable 2, which ends in a second
selector, A, in the 3000° frame. He will now manipulate
this second selector,
trunk in cable 3, leading upward and ending in a connec-
tor C”, in the ‘3200 frame. This connector will p:ck out
the individual subscriber in that frame,

But if the subscriber in the 3200 frame calls for anv one
in the 1000 frame,- his path will be as follows: From his

. what thousand they are in.

causing it to pick out a non-busy

In order to show the relatlons of the frames sthche* :
and cables more clearly Fig. 105 has been prepared ‘ t
shows a portion of four thousands, but it may be’ under-
stood as extending both to the right and back so as” to
include the 100 frames of a ten thousand line exchangéz
Examine closely the frame nearest, that is, the 1000 frame
A. Here the switches are each represented by a t‘mck
heavy vertical line. The bank of contacts for each'f-’iz;
represented by the arc of a circle just below the ver;
line. There are four horizontal rows of first selectors;:
each row having 25 machines. On the top shelf of
frame are the second selectors,¥, while the connectors;
occupy the rest of the shelf. From the banks of the- st
selectors cable § carries all the connections to a te}nuna‘l
strip, 6. In the next frame to the right, B, which : 1s

wires to the terminal strip, 8, exactly like 6. This is 't:n*i
of all the first selector bank cables, 5, in all the frame

minal strip with wires from all the first selector ban
that frame. .

The first selector multiple cable, 7, runs from term ;
strip 6, to terminal .strip 8, multipling all the, termixi":ﬂ
together. This cable continues on to the right from stf

" to strip, so that ‘all the first selector banks in all*‘the,i

“naught” hundreds are multipled together, regardless

In the 1000 frame, 4, 11 is the ﬁrst selector trunk ca'b ‘
which taps one-tenth of the circuits in the first selecto :
multiple cable, 7, at the terminal strip, 6. It carries thes
ten circuits to the second selectors, ¥. These ten circuif
all come from the first or bottom level of the first selecto
banks in frames 4, B, C, etc, that is, from all the “O"
frames in the various thousands. In the 2000 frame, B,
another ten circuits are tapped out of the first selector
multiple cable at the terminal strip, 8, and running through'
the first selector trunk cable end in the second selectors i Jn
that frame. These ten circuits come from the second level
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Flg. 105.

own first selector in the 3200 frame through cable 2 to
the left to a second selector in the 1200 frame, thence
through <cable 2 downward to a connector in the 1000 frame,
from this connector to the first selector of the. called line,
and from there out to the substation.

Frame and Cable Arrmgement.

in the first selector banks in frames 4, B, C, etc. In a simi-
lar way the circuits coming from any level in the first
selector banks terminate in second selectors in the “0”
frame of the thousand which that level represents. '

In the same way the first selector bank cables, first selec-



tor multiple cables, and first selector trunk cables unite all
the “100” frames in the next row back, that is, D, E, F,
etc.,, which are the 1100, 2100, 3100, etc., frames respectively,
The same scheme of cabling holds for all the rows.

The second selector bank cables are handled in exactly
the same way, though in the illustration (Fig. 105) the
terminal strips are omitted. But the term “second selector
bank cable” applies to the cable extendmg from the second
selector banks to that terminal strip. The term “second
selector multiple cable” means the cable which multiples
together all the terminal strips in a given thousand, while
the “second selector trunk cables” extend from the termi-
nal strips to the connectors, each cable tapping off ten of
the 100 circuits.

Fig. 106 shows how the bank contacts of all the first sel-
ectors in any frame are multipled together. Each curved
row of contracts, 4, may be taken to represent a certain
level in a certain first selector. . Forty of these are shown,
but the principle applies to the full 100. ‘If we say that
these are the first level contacts, then it will be seen that
contact No. 1 of that level is wired to contact No. 1 of
each and every other first selector bank in this frame. This
point-for-point connecting is consistently followed through
all the levels. All these wires lead into one cable, 5, which
runs up to the terminal strip, 6, of Fig. 105, .

All the circuits coming thus from a given level (Fig.
106) finally end in second selectors in some thousand. In
each level there are ten sets of contacts, hence there are
ten ‘second selectors at the other end. This is done to
give a plurality of chances of getting the desired connec-
tion. Suppose this to be the fifth level. If some person 1n
this frame calls for a number in the fifth thousand, his ver-
tical and rotary wipers will occupy the trunk to the frst
one of the ten second selectors in the fifth thousand. At
the same time his private wiper will ground the corres-
ponding contact in the private bank; thereby makmg it
“busy.”

If another person in this frame also calls for the fifth
thousand, his private wiper will find the first trunk busy,
and will be forced to take the second circuit, ending in the
second one of the ten second selectors: A similar action
occurs if several trunks are busy, the wipers being rotated
automatically until a non-busy circuit is found.

As far as the calls from this frame to any given thou-
sand are concerned, the first one of the ten second select-
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Fig. 106. Multlpling of First Selector Banks.

ors will be busy more than any of the rest, since it is
always the first to be chosen. The second machine will be
used less than the first one, but more than the third,
fourth, etc. Finally the last ones might rarely if ever be
called on for service.
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This brmgs us up to the exact manner of connecting the
first selector multiple cable, 7, Fig. 105, which runs from
frame to {rame, multipling together all the banks of all "
the frames in a row. This cable necessarily connects like
levels together, since each level corresponds to a certain
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Fig. 107. Method of Rotating Connectlons In First Selector

Multiple cable.
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thousand. If the wires from individual contacts in each
level are multipled point for point through all the frames,
it will result in a very unequal distribution of the work on
the second selectors. The first machine of the ten in any
frame would be worked the hardest, the second a little less,
and so on to the last, which would receive the least of the
traffic.

To obviate this, the connections are rotated, as will be
described. )

In Fig. 107, let 17 represent one level of contacts in a
first selector in the“0” hundred in the first thousand. Since
all the first selector bank contacts in a frame are multipled
together point for point, 17 may represent a certain level
in all these hundred first selectors. Also let 18 represent
the corresponding level of contacts in the first selectors of
the “O"” hundred of the second thousand. Then 19 will be
the same in the third thousand, and so on through the ten
frames represented.

The ten circuits proceeding from this level and in ten
second selectors, 20, 21, 22, etc. If we consider 17, 18, 19,
etc, to be the first levels, then the second selectors will be
located in the first thousand. In the bank 17, the first, or
left hand contact will be found to run to second selector
20, which is ‘the first machine of the group of ten. The
second contact runs to the second machine, 21, the third
contact to 22, and so on. In this way any call from the
first thousand coming from the frame which 17 represents
will have second selector 20 as its first choice, 21 as 1ts sec-
ond choice, 22 as third, etc.

But notice that bank 18 has its first contact wired to sec-
ond selector 21, the'second of the group. Hence any eall
for the first thousand coming from the frame which 18
represents will have seconid selector 21 as its first choice,
which will not interfere with the first choice of 17. In the
same way the frame which 19 represents has second selec-
tor 22 as its first choice, the rest of the bank contacts be-
ing wired to the succeeding second selectors in order.

It will be readily seen that this method of wiring secures
a fairly even load on the second selectors. It also reduces
the time required for a first selector to find 2 non-busy
second selector. This automatic hunting must be.done in
the interval between pulls of the subscriber’s dial. If the.
first selector is forced to hunt past eight or nine busy
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points, there is danger that the subscriber may pull the
next digit before the work of the first selector is done. If
the next series of impulses begins to come in before the
first selector has found a mon-busy trunk, the first few im-
pulses "will be lost, resulting in a wrong number being ob-
tained. If he intended to call 2749, he might get 2549, due
to a change in the second digit. .

This method of rotating the order of connections is ap-
plied in exactly the same way to the second selector multi-

ple cables, in order to equalize the work of the connector
switches.

30. Keith Line Switch

In all the installations described hitherto, there was one
first selector for each subscriber’s line. As an automatic
switch is a relatively expensive affair, it. will be recognized
that considerable capital is tied up in selectors alone. If
these switches were in. use all, or nearly all of the time,
we might say that the expensc is justified.

Experience has proven that for manual switchboards the
average maximum number of simultaneous calls in any
group of subscribers will not exceed ten per cent of the
number of telephones. That is, in every hundred there will
be not over ten connections up. Hence, if the same ratio
holds for automatic work, even during the busy hour of
the day only ten first selectors will be in use. But obser-
vations have shown that the average number of connections
up_at any:instant on an .automatic switchboard rarely-ex:
ceeds five per cent. This is due largely to the instan-
taneous release ‘which the automatic affords. On the man-
tial board part of the cords are tied np by connections which
the .operator has-not had time to pull down. Also it has
been noted so uniformly as to be the undoubted truth that
people answer the automatic telephone more quickly than
they do the manual. Accepting five per cent as the aver-
age maximum traffic, 95 per cent of the first selectors are
idle even during the busy hour.

. If a group of 100 subscribers could be so arranged as to
use ten first selectors jointly, there would be a saving of
90 per cent in the cost of first selectors, and they form the
largest single item in the central office. This 90 per cent
saving is partly offset by the cost of the device which is
to render the ten first selectors accessible to the 100 sub-
scribers.

The need for such a machine was recognized early by the
Automatic Electric Company, but it was not till 1904 that
it was sufficiently perfected to put out into service. On
Nov. 3, of that year, the Keith type line-switch was in-
stalled at Wilmington, Del. The credit for the invention
of this wonderful machine belongs to Mr. E. A. Mellinger,
whose skill has been displayed at many pomts in the de-
velopment of the automatic.

The line-switch consisted essentially of 100 rows of
springs. Each horizontal row contained ten sets of springs,
arranged on the arc of a circle. Each set consisted of four
springs and four contacts, arranged as in Fig. 108, S and C.
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Flg.' 108. Line-switch—Details of Plunger Mechanism.

The springs of a given row were multipled together, and
connected to the three magnets on a certain line. In this
way the horizontal rows each corresponded to one of the
subscribers’ lines. In each horizontal row the first set of

contacts, CC, are multipled together and lead to a first
selector. The second set of contacts in all the rows lead
to another first selector, and so on for the ten selectors.

A long rod, 4, fitted with a rubber roller, P, is adapted
to be forced in between the springs of any set, thereby
forcing the springs outward till they touch their respective ,
contacts. This connects a subscriber’s line to one of the
first selectors. This roller and rod, A, are known as the
“plunger.” It is carried by an arm, B, to the end of which
it is pivoted. The fan-shaped tail of the plunger has a
notch which fits over a projecting edge of the plunger .
guide. The latter is'a vertical bar, pivoted at the top and
bottom and arranged to hold all the plungers in line and
opposite the sets of contacts connected to a certain first
selector.

When a subscriber calls up, his own plunger is moved
away from the plunger guide, and, entering the set of
springs of its horizontal row, forces them apart,, connect-
ing that line to the first selector which is idle. At the same
time the plunger guide is automatically moved a little, so
as to point all the remaining 99 plungers at the next set of
springs. If a second line now calls, it will get the next
first selector, and the remaining 98 plungers will be rotated
to the next first selector.

Each plunger is controlled by the lever, B, and the set
of magnets, which are mounted on a small plate and con-
stitute a removable unit. In Fig. 108 these magnets are
shown at the left. One set of bank springs is shown, but
placed edgewise, which is not their natural position. The
rest of the apparatus is shown as it would appear if viewed
from above. Lever B is pivoted to the plate at C, while
the other end rests against a stop, D, on the trip magnet
armature, E. Lever B has riveted Yo it a spring, F, whose
free end is held by a link, G, the latter being attached to an
adjustable screw Jn -the end of E. The tension of the
spring, F, tends to drive the plunger, A, into the bank,
but motion is prevented by the stop, D. But when the trip
magnet in energized, in attracting its armature, E, it re-
moves the stop, D, from lever B. The latter then, driven
by the spring, forces the plunger, into the set of springs
opposite which it has been standing.

The trip magnet armature, E, is pivoted to the free end
of the release magnet armature, H. When the release
magnet is energized and pulls up, stop D is moved beyond
the end of lever B, so that when ‘the release magnet falls
back the pressure of the spring, F, withdraws the plunger
from the set of springs in the line-switch bank.

The mechanical arrangement of spring F, whereby it is
made to produce these two opposite motions, is quite inter-
esting and worthy of notice. The natural tendency of the
spring is away from the pivot U, to bend itself still more
than shown in the figure. The motion which it producés
will always be that which is necessary to increase the dis-
tance between its free end and the lever B. Link G trans-
mits the force of the spring to the armature E, and by
stop D this force is exerted on the left end of lever B to
which the spring, F, is itself attached. Thus.we have a
force acting with a tendency to produce rotation in’ one
direction at the free end of F, and the same force tending
to’ cause rotation in the opposite direction at D. Since the
lever arm from C to D is longer than from C to G, the



moment of the former will be greater, and the lever B will
be forced back against the plunger guide. This motion al-
lows spring F to follow its tendency to curl away from
lever B. .

When stop D is removed from contact with the left end
-of B the conditions are changed. Armature E, against
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which' the spring F is pulling ecan not move any farther,
being against a stop. Hence the only motion which will
‘allow the spring to curl ‘away from lever B is for the left
end to move back, driving the right end forward, carrying
the plunger into the springs of the pank.

The plunger guide (which by its position determines
which first selector shall be used by the next line to call
up, is under the control of a-motor magnet. This motor
magnet, known as the ‘“master switch magnet,” acts,
through a ratchet, on a center wheel on which are cams
operating a lever attached to the plunger guide. In prac-
tice the 100 line units (of Fig.-108) are divided into: four
groups of 25 plates each. Fach group of 25 has its own
guide bar, controlled by the center wheel. As the center
wheel revolves it moves all four plunger guides in exact
synchronism, keeping all the idle plungers pomted at the
same sets of bank springs.

A simplified diagram of the circuits of the master switch
and one of the line units is shown in Fig .109. G, S, Ss,
and S, are one set of springs and are adapted to touch
the contacts Ci, C:, Cs, and C,, respectively. The springs
are multipled to all the other springs in the same hori-
zontal row and represent a certain line. The contacts are
multipled to corresponding contacts in all the rows, and
represent a certain first selector. When the plunger oper-
ates in this position, the four springs shown make contact
with the four contacts shown.

The vertical and rotary lines coming from the left are
the subscriber’s wires from the substation. They are nor-
mally short-circuited by the main spring C and one back
contact, 4, of the bridge cut-off relay, both being connected
through B with the trip magnet and negative (main) bat-
tery. Thus, a ground on either line will cause the trip mag-
net tO operate.

The master switch magnet has attached to its armature
a pawl which acts on the center wheel. It moves the latter
on release, not on pulling up. The master switch magnet
is controlled by the master switch relay, whose winding is
in two parts. Each winding is of 1,500 ohms resistance,
and the two are connected in opposition, so that although
normally there is current flowing, the armature is not at-
tracted.

Attached to the plunger guide is a wiper, ¥, which moves
over the master switch bank. Each point of the latter is
tapped onto the reelase trunk of one of the first selectors.
The position of the wiper corresponds to that of all the
idle plungers.

The first selector circuit which works with the line-
switch is given in Fig. 110. The general arrangement of
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relays and magnets is the same as has been described be-
fore, and merits no special comment.
introduced by the line-switch are as follows: The release
trunk coming from the line-switch bank runs to a contact,
C, on the release magnet. This contact is operated mo-"

mentarlly by the back kick of the armature when the release™

magnet is de-energized. The off normal relay (5,500 ohms)’,
is also attached to the release trunk, and to the first contact®
of side-switch 4.
vidual off normal lamp.

The operation of the apparatus will now be descnbed
The substation dial is arranged to give a preliminary im-

pulse on the rotary wire during the pulling of the dial for-
This allows current to flow from ground
over the rotary wire to contacts 4 and B of the bridge™

the first digit.

cut-off relay, Fig. 109, through the trip magnet, contact E
and the master switch magnet to negative battery. This
energizes the trip magnet, but not the master switch mag

net, on account of the low resistance (60 ohms) of the,,-
The action of the trip magnet lets the plunger. ﬂ'r

latter,

into the set of springs, Si, S etc, forcing them agam

The special features

The off normal relay controls the md1-‘

their respective contacts. T

At S: and S, the vertical and rotary lines are connected
straight through to the first selector. At S, the bridge cut-

off relay is grounded and energized, disconnecting the trip .
magnet at B, taking the short circuit off the lines at 4, and
connecting up the vertical normal at D. At S; the release’
is connected to the release trunk leading to the first se-:

lector.
as a shunt around the winding N of the master switcH re-

lay, since the master switch wiper, W, is resting on this -

release trunk. This practically short-circuits the N wind-
ing, whereupon the M winding becomes effective and pulls
up the armature, closing contact F. The master switch
magnet now pulls up until its pawl catches the mext tooth
on the center wheel. Just then contact E breaks, cutting
off the current, and a spring forces the armature back,
carrying with it the pawl and center wheel. By this means
the plunger guide is made to move all the idle plungers
one notch over, so that each is opposite the next first se-
lector. The master switch wiper, I#/, partakes of this mo-
tion and now rests on the next contact to the right, which
is tapped onto the release line cf the first selector which
will be used next.

When the line switch tripped in on the first selector, the

This last act places the release magnet (60 ohms).

release magnet of the former became connected to the re--

lease trunk of the latter and fed negative battery to it. In
Fig. 110 it will be seen that this caused current to flow
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through the off normal relay, pullmg it up. . On account
of its high resistance (5,500 ohms) it prevented the release
magnet of the line-switch from energizing. The off nor-
mal relay caused the individual off normal lamp to light.
If for any reason the apparatus failed to work, this light

would continue to burn, calling the attention of the attend-’

“+
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ant. But if the call proceeds as it should, the lamp will
almost immediately go out and. the rotary off normal lamp
light instead. '

1t will be observed that the line-switch adds no impedi-
ment to the talking or signaling circuit, the vertical and
rotary lines thrcugh it being clear of all attachments. The
third wire (release trunk) takes care of the auxiliary func-
tions.

In releasing, the wvertical and rotary line wires are
grounded at the substation in the standard maunner. This
causes the connector to release itself and also to feed cur-
rent back over the release trunk to release the second
selector, as has been previously described. In turn, the
second selector feeds battery back over the release trunk
to thh back release relay of the first selector, Fig. 110, pull-

ing it up. This énergizes the release magnet, which, when

released, momentarily closes contact C, sending an impulse
to the release magnet of the line-switch, Fig. 109, releasing
the latter.
springs rests against the plunger guide till the latter has
rotated far enough to allow the notch on the fan-shaped
tail, Fig. 108, to fit over the edge of the plunger guide.

Fig. 111 shows the change made in a single 100 group
by the use of the line-switch. The space inside the broken
line would, on the old system, be filled with 100 first se-
lectors. These are now replaced by the line-switch and
ten first selectors. There is a great reduction in the space
required in an exchange.

The plunger being withdrawn from the bank -

31. The sub-office

The cost of a telephone plant may be divided into three
classes:

1. Cost of apparatus.

2. Cost of land and buildings.

3. Cost of wire plant. :

The last is the largest item. It may be from half to
two-thirds of the total cost of the exchange. Losses in it
are to be carefully watched. If by any device its cost can
be reduced, it should be provided.

Suppose we have 100 subscribers living three miles from
a central oﬂice, from which they are supplied with tele-
phone service. To give them satisfactory service will re-
quire 100 circuits three miles long. During the greater
portion of the day these lines are jdle, and even at the
busy hour perhaps oniy ten of them may be in use at any
one time, the other 90 being unused. To prevent this waste
of unused property party lines have been proposed. They
are at best a poor remedy. If we put a sufficient number
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Fig. 111. Cabling and Arrangement of Line-switch in a 100 Frame.

of stations on each circuit to secure the desired wire plant
economy, the service will be intolerably bad. On the other
hand, if we limit the number of stations per circuit to the
number which will give first-class service, the economy of
wire is lost. There is only one thing to do, limit the
number of circuits serving our 100 subscriber group to that

required by the busy hour traffic and make each of the
circuits available to all the subscribers.

With the manual system, thé only way to accomplish
this end is to place a branch switchboard at the center
of the 100 substations, with an operator to trunk the calls
to the main office. But the fixed charges of rental, oper-
ator’s wages, light, heat, etc. ,make this more expensive
than 'to extend the whole 100 circuits to the main office.
Clearly, some mechanical device for switching is the only
way to work economy in this .direction if dealing with
small groups.

.A close examination of Fig. 111 will show hovx a begin-
ning was made in this direction by the invention of the
line-switch. It will be seen that the line-switch hank cable
and the second selector trunk cable each contain ten cir-
cuits. It is therefore possible to remove the line-switch
and the ten connectors from the main office and install
them in the center of the 100 substations, connecting them
to the main office by 30 wires. This is actually what was
done, for the first time at Dayton, Ohio, and it proved to
be a very great success,
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32. Party Lines

Onc of the attempts of telephone engineers to econo-
mize wire was the introduction of the party line. The sav-
ing was partly offset by the more complicated and costly
apparatus required for selective ringing, yet the party line
proved a money-maker and spread rapidly all over the

-country. The automatic system was built up on the idea
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Flg. 112, Outline of Scheme for Ringing Party Lines.

of individual lines, that is, one subscriber per line. Natu-
rally the objection was urged against the new system that
it couid not supply party line service. Though aiming at
another end, it was necessary to meet this demand, and
supply it until something better should be forthcoming.

In the main, two problems confronted the engineers.
The first was the selective ringing of the called station
without special manipulations on the part of the user. The
second was to ring back on the same line that originated
the call. The Thompson and Robes system, employing
biased bells, two from each wire to ground, could not be
used, since both wires must be clear for operating the
switches. The harmonic system, which was developed by
Mr. W. W. Dean, was the only one adapted to the purpose,
being free from grounds at all times. Hence it was
adopted. ) :

The manner of allowing the calling subscriber to deter-

mine which frequency of ringing current shall be turned -

onto the called line is simple and interesting. Referring
to Fig. 112, let the four rectangles represent four of the
frames of an exchange, each frame holding apparatus for
serving 100 subscribers’ lines. We may suppose them to

be in the second thousand. The connectors alone are rep- -

resented, three of each being shown. The line L repre-
sents the line circuit, on which are four telephones. The
four bells differ from each other in that they are tuned
to ring on the frequencies set down opposite them. The
first station, A4, rings on 33 cycle current, B on 50, C on
66, and D on 16. ]

In the office the line L is multipled to the banks of all
the connectors. Let us suppose that this line has 24 for
its last two digits. Tt will then be wired to bank con-
tacts 24 in each of the ten connectors in the 400 frame
as shown. The same line is also multipled to contacts 24
of each connector in the 500, 600, and 700 frames.

The ringing relays of all the connectors in the 400 frame
are wired with 33 cycle current, while the relays of the
500, 600, and 700 frames are supplied with 50, 66, and 16
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cycle ringing current respectively. The result of this ar-
rangement is that if any telephone in the exchange calls
“2424”, the switches will act as follows: The first digit
will step his first selector up two notches and select a non-
busy trunk to the second thousand in which the desired
line ends. The next digit, 4, will trunk the connection to
one of the connectors in the 400 frame. The last two
digits, 2 and 4, will lift and rotate the wipers of this con-
nector till they rest on contact 24. On pressing the ring-
ing button the relay will send out on the called line, L,
the only current with which it is supplied, 33 cycle. This
current will pass through all the bells on the line, but will
ring only the one at 4, which is tuned to that frequency.

But if the number 2524 had been pulled on the dial, the
call would have been directed into the 500 frame and would
have ended on contact 24 of one of the ten connectors be-
longing to that frame. It thus gets to the same line, L.
Since all these connectors are supplied with 50 cycle cur-
rent, the act of ringing will send out that frequency, ring-
ing the bell at B. It is perfectly obvious that station C
may be called by the number 2624 and station D by 2724.
To place the numbers in a form more easily remembered,
they have been tabulated as follows:

Station on Line. - Call Number.

A 2424
B : 2524
C 2624
D © 2724

It is the “hundreds” digit which fixes the station called.
By this arrangement the calling subscriber need not know
that he is calling a party line, for the call number will
have nothing about it to mark it as different from “straight”
or “special” individual lines.

For calls proceeding from any station on the party line,
cne first selector is provided as indicated. In the same way
99 other 4-party lines are wired up in the four frames.
Each of the frames will have the full number of second
selectors and connectors, but only 100 first selectors are
required. The 100 party lines thus handled occupy as many
call numbers as if all the 400 stations were on individual
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Fig. 113. First Selector for' Party Line. First: Installed at
. Miamisburg, Ohlo.

lines. But it will be noted that there is a saving of 300
first selectors and 300 line circuits in the wire plant.
THE REVERTING CALL.
Suppose that a person desires to call a station on his
own line. He will pull the first digit calling for his own -
thousand, for example, 2. A ground is thus placed on his
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own private wire which is multipled to contact 24 of each
of the connectors in the four frames. Any call coming in
through them will strike this ground, release the connector
and give the busy tone. His next pull will trunk him to
cne of these connectors corresponding to the frequency
of the desired station. When he pulls the last two digits,
he will be connected to his own line, but this has been
made busy by the act of calling, so that the call cannot be
completed.

The problem was to devise a plan whereby this ground
could be momentarily taken off the private normal, to al-
low the connector to get in if the call came back to its
own line. The means are shown in Fig. 113. This is a
bridging first selector such as was installed at Miamisburg,
Ohio, June, 1905. It was a 1,000 system, and therefore
had only first selectors and connectors. The vertical and
rotary lines from the substation come in at the left. The
vertical line normally goes through the vertical relay to
negative battery, which it gets through contact 6 of the
bridge cut-off relay. The rotary line is open at the off
normal switch, but if the latter be closed connection is
had to negative battery through contact 7 of the bridge
cut-off relay and winding of the rotary relay. The rotary
relay contact, 8, controls the private magnet as usual. The
vertical relay controls the vertical magnet, but if the priv-
-ate magnet be energized it will ground the release magnet
through contact 10 of the private magnet.

The bridge cut-off relay is used to cut battery off the line
when receiving a call, and is wired from negative battery
* to the first contact of side-switch 3.

The real innovation consists in the addition of a private
normal switching relay, which handles the private normal
wire in the manner which will be described. Its armature,
or main spring, 13, is wired directly to the private normal,
“which it connects through back contact 14 to the private
wiper. The front contact, 15, is connected through a 500
ohm winding to the end of the bridge cut-off relay which
goes to side-switch 3. The 250 ohm winding runs from
negative battery to main spring 8 of the rotary relay, so
that it is under the control of the latter, as is similarly the
private magnet. Every time the rotary relay energizes it
pulls up simultaneously the private magnet and the private
normal switching relay, since they are in parallel.

The connector, Fig. 114, differs little from the bridging
type which has been described before, but the changes are
very important for the operation of party lines. The
rotary relay carries an extra spring and contact, which are
looped into the release magnet circuit. The release mag-
net is made to release the connector switch on pulling up,
not on falling back, as in other switches. On the wiper
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Fig. 114, The Mlamisburg Type of Connector for Bridging Party
Line.

side of the condensers are bridged the two back release

relays, each 500 ohms, so that the called subscriber can -

release if necessary.

The ringing current is furnished by a motor-generator
set consisting of a motor direct connected to four a c.
ringing generators. These give the four frequencies for

harmonic ringing. The ficlds of these generators are nor-
mally unexcited. The ringing relay of the connector has
a special relay, M, cut s series with it. This relay M con-
trols the field current for the generator giving the particu-
lar frequency which this connector uses. Thus, when the
ringing relay is energized, the relay M simultaneously ex-
cites the field of the generator.

The private magnet is peculiar in that the second upper
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Fig. 115. Condition While a Rever.tlng Call Is Being 'Made.

tooth is cut off, leaving only one. The effect of this change
will appear in the discussion 'of operation which follows.

If a station on a party line calls some one on another
line, the operation of both first selector and connector is
essentiallv the same as any bridging system. But if it be
a reverting call, coming back to a station on its own line,
the action is as follows: The description must make free
use of ' both Figs. 113 and 114, and in the rapid changes
from one to the other the reader will be obliged to fol-
low the diagrams with care. :

When the first digit has been pulled, the off normal
switch in the first selector, Fig. 113, is closed, giving a
connection through that switch over the vertical and
rotary lines, with the wvertical and rotary relays bridged
across, negative battery being tapped on at the center.

On pulling the second digit the vertical relay in the con-
nector, Fig. 114, operates the vertical magnet through side-
switch 4, stepping the wiper shaft up. The {ollowing
ground on the rotary line energizes the rotary relay,
which pulls up the private magnet. On falling back, the
private magnet lets the end of the side-switch lever, S, slip
to the second l&wer notch, thereby moving all the side-
switch members to their second positions. At 1 and 2 this
does nothing. At 8 the private wiper is connected to con-
tact C of the rotary relay. At 4 the control of the vertical
relay is switched to the rotary magnet.

The last digit pulled sends a series of impulses on the
vertical line, operating the vertical relay, which in turn
operates the rotary magnet through side-switch 4. This
rotates the wipers to the called line, which in this case is
the same as the calling. At the end of the series of im-
pulses on the vertical and before the impulse on the
rotary, the wipers of the connector, Fig. 114, are resting
on the normal wires of the first selector, Fig. 113. The
vertical wiper is on the vertical normal, rotary wiper on
the rotary normal, and private wiper on private normal.

Now, when the last impulse comes in on the rotary line,
the rotary relays in both first selector and connector will
be pulled up simultaneously. In the first selector, Fig.
113, the rotary relay will energize the private magnet and
the private normal switching relay at once. The latter
switches the private normal from ground at side-switch 3
to negative battery through the bridge cut-off relay. In the
connector, Fig. 114, the rotary relay closes contacts B and
C. Contact C connects the release magnet to the private
wiper to test the private wiper, but since the private nor-
mal switching relay of the first selector has removed
ground from it, nothing will happen. Contact B will cause
the private ‘magnet in the connector, Fig. 114, to pull up.
Since the second upper tooth has been cut away, the side-
switch will immediately snap into its third position.



At 1 and 2 the line will be connected through. At 3
the private wiper is grounded. This causes current to flow
from ground through side-switch 3, private wiper, over the
private normal to the first selector, Fig. 113, through the
contacts 13 and 15 of the private normal switching relay,
through its 500 ohm winding, through the 1,300 ohm coil
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Fig. 116. Grand Rapids Party Line Switch.
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of the bridge cut-off relay, to negative battery. Thus the
private normal switching relay is locked up, and the bridge
cut-off relay pulled up, cutting off the vertical and rotary
relays from the line. )

At 4, Fig. 114, the vertical relay control is switched to
the ringing relay. Now, when the calling subscriber presses
‘his ringing key, he grounds the vertical wire. This pulls
up the vertical relay in the connector, energizing the ring-
ing generator, and the former connects ringing current to
the vertical and rotary wipers. It flows over the vertical
and rotary normals, Fig. 113, in the first selector, to the
line where it rings the one of the four bells which is in
tune with it. Fig. 115 shows schematically the connections
which are important during talking and ringing. The ro-
tary line is broken in the first selector, while the vertical
is continued through. But this does not unbalance the line,
since the rotary is in connection at the wipers of the con-
nector.

Since there are no relays connected to the line in the
first selector it would seem impossible to release. But
when the descending hook grounds both vertical and ro-
tary lines, the two back release relays in the connector
operate the release magnet, which kicks ,the wipers back
to normal on the pull-up. Hence the connector will be re-
set while the ground is yet on both wires. The removal
of the ground from the private normal lets the bridge cut-
off relay in the first selector fall back, reconnecting both
vertical and rotary relays in that switch. They immedi-
ately pull up, energize their release magnet, and complete
the release of the connection.

PARTY LINES AND LINE-SWITCH,

At Grand Rapids, Mich,, the party line was required to
operate through local battery line-switches. Hence the re-
moval of the ground from the private normal during the
reverting busy test had to be performed at the line switch
instead of the first selector. This was done by bridging
two 1,300 ohm relays across the line as shown in Fig. 116.
Relay B is the private normal switching relay, but it merely
removes the ground while the connector is making the test.
The ground is then restored, which pulls up the bridge cut-
off relay again so that the vertical] normal will be con-
nected to the vertical line. During the act of releasing
both 4 and B pull up. Relay A restores the ground on the
bridge cut-off relay which B removes, thus preventing the
trip magnet from being affected.

69
33. South Bend and Common Battery

Up to this time (1904-3) the automatic system used dry cells
in’ the substation instruments for talking purposes. There was
a valid objection to this, since common battery working had
demonstrated its superior qualities, and was demanded by
progressive exchanges. Hence the automatic was rearranged to
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Fig. 117. Clrcuit of Common Battery Wall Teiephone, South Bend.

meet the need. The first plant to operate on this system was
at South Bend, Ind, which was installed in May, 1905,

This installation was required to operate jointly with a man-
ual board, both being in the same building. Calls originating
from manual subscribers had to be completed manually by
plugging into jacks connected to the lines of the automatic sub-
scribers. The automatic subscribers also had to be able to com-
plete their calls without an operator, using special connectors
wired to the lines of the manual subscribers. The manual board
was a Kellogg common battery 2-wire multiple.

The revised substation circuit is shown in Fig. 117. In its
normal condition, hook down, the 500-ohm. bell and 2 M. F.
condenser were alone across the line. The ground spring, Gr.,
is iet down by the first turn of the dial, furnishing ground for
the impulse springs, ringing button, and release springs. On the
hook, finger F from the dial forms the stop for the top spring A.
When the hook is up, 4 and B close the talking circuit. During
the dial movement finger F C is lifted, opening the contacts 4-B,
thus separating the vertical and rotary lines while the impulses
are going in. The talking set consists of an induction coil with
primary in series with the transmitter, the receiver being wired
to the secondary winding.

The first selector is shown in Fig. 118. The vertical and ro-
tary lines from the substation normally pass through side-
switches 1 and 2, contacts 6 and 7 of the bridge cut-off relay,
vertical and rotary relays, to negative battery. The vertical
relay controls the vertical magnet, or release magnet, as deter-
mined by the private magnet. The rotary relay controls the
private magnet. There is the usual relation between the ro-
tary magnet and the private magnet in rotating to find a non-
busy trunk, the former having an individual interrupter. The
off normal switch is restricted to lighting the off normal lamp

‘while the vertical impulses are coming in, going out as soon

as rotation begins.

All the steps of calling, except the last, are exactly like those
of the trunk release first selector previously described, and
need not be again described. When the non-busy trunk has
been found, and the side-switch slips into the third position,
member 3 becomes grounded to protect the trunk line. The pri-
vate normal wire, being tied to side-switch 3, shares its ground
to protect from calls to this line from other stations, In addi-
tion, the line jack on the manual board must be made busy, so
that the operators will not put up a connection.

On the Kellogg board the sleeve of the jack is at ground



70

potential when the line is_free,‘but’has' some battery wh
busy. Hence side-switch..5 is arranged to connect the private
normal grounding relay through the bridge cut-off relay to
battery. This gives the.sleeve of jack the desired busy teg
condition. . &
If-a call comes for this line from another automatic syb.
scriber, it comes through connectors and over the normal wires,
When tne side-switch of the connector slips into the third posi.
tion, it grounds the private normal. This pulls up the bridge'
cut-off relay, cutting off the vertical and rotary relays of the
first selector. The vertical wiper of the connector carries nega-
tive battery, which is fed through side-switch 2 and contact g
of the bridge cut-off relay to the sleeve of the manual jack.
This makes the latter busy. .
When a connection is put up from a manual to an automatic
subscriber, the operator plugs into the line jack of the latter
with the standard Kellogg cord. The tip carries positive or
ground battery through the 100 ohm supervisory relay. The
sleeve carries negative battery through the 100 ohm contro]
relay. This latter pulls up the private normal grounding relay
of the first selector, thereby grounding the private normal and
operating the bridge cut-off relay. The former protects the
connection, the latter switches the jack to the automatic sub-
scriber’s line, giving a clear circuit over which to ring. .
The second selector, Fig. 119, is novel in that it has no side-
switch. Its place is taken by the line switching relay, the cam
switch, and certain functions of the private magnet. The bat-
tery supply of the vertical and rotary magnets and the private
magnet is controlled by a back contact on the release magnet.
The vertical magnet is controlled by the vertical relay, and the
private magnet by the rotary relay, as usual. But the front
contact, 1, of the private magnet, connects the latter through
the release relay to the private wiper for testing the lines in
finding a non-busy trunk. i
The release trunk from the first selector bank goes through
contacts 4 and B (open), the contact of the release relay being
in parallel, to the release magnet and battery, Normally the
cam switch on the wiper shaft holds the line switching relay
connected to the release trunk. Therefore, when a first se-
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lector becomes connected to this second selector, and grounds
the release trunk, the line switching relay is pulled up, connect-
ing the vertical and rotary relays to the line.

Now, as the vertical impulses come in, the vertical magnet
steps' the wipers up to the desired level. The single rotary im-
pulse pulls up the rotary relay, and through it the private mag-

net. Instantly the rotary magnet, getting ground through 2
and 3 of the private magnet, pulls up, rotating the wipers to the
first trunk. The finger, F, of. the rotary magnet presses the
armature of the private magnet to the right, closing contact 1.
If this first trunk is busy, the private wiper will find ground,
so that the private magnet will be held up, though the release
-relay will not. The rotary relay may now fall back, for the
succeeding operations are beyond its control.

" simultaneously the vertical and differential relays.

This first rotary motion caused the cam switch to move to
the right, so that the line switching relay is changed from the
release trunk to spring 2 of the private magnet. It is now held
up through contact 2-3 while the non-busy trunk is being found.

The rotary magnet having broken its own circuit by the con-
tact at F, falls back and catches a new notch on the ratchet
cvlinder. Contact F closes, causing it to pull up, rotating the
wipers to the next trunk, finger F holding contact 1 of the pri-
vate magnet closed while the private wiper slips from one con-
tact to the next. When a non-busy trunk is finally found, the
lack of ground on the private wiper lets the private magnet
fall back, which cuts off both rotary magnet and line switching
relay. The latter cuts off the line relays and cuts the line
through to the wipers. The private wiper has ground put on it
by contact 4 of the private magnet.

The ordinary connector, Fig. 120, for calling automatic sub-
scribers, differs materially from connectors previously described,
for it is here that the changes are made to enable the feeding
of common battery for talking. The vertical and rotary relays,
each of 400 ohms resistance, are in series with the two windings
of the differential relay, DR. The two coils of the latter are
connected so as to aid each other normally. The vertical line
is tied permanently to negative battery. The rotary line, through
the rotary and differential relays, goes to spring 6 of relay CR,
where it normally gets negative batterv. But relay CR may
switch it to side-switch 3, where later it may get ground or
positive battery. The differential relay, DR, controls the bat-
tery feed to delay CI” on its back contact, and the release mag-
net and ringing relay on its front contact.

Taken in detail, the operation is as follows: The impulses
for the tens digit come in over the vertical line, pulling up
The latter
does nothing. The vertical relay grounds its spring, 7, and
through the private magnet contact 9 and side-switch 4 oper-
ates the vertical magnet, stepping the wipers up to the desired
level. Now comes one impulse on the rotary line, pulling up
the rotary and differential relays. The latter again does noth-
ing. The rotary relay pulls up the private magnet, and, on re-
leasing, lets the side-switch slip to its second position. At 1

e wirgE

—
&avcmcy
can G cviveorn
sure [
g e geuary
enT wern

RO BANKS OF FIRST SPLECTORE
1| T
E’l ‘
.
4

i
"L"ﬂ
wr I
jmm
e
AT TEU WOT wre g
_Flig. 119. Second Selector Without Side-Switch, South Bend.

and 2 nothing happens. At 3 the private wiper is connected to
<ontact 10 of the private magnet. At 4 the spring 7 of the
Vvertical relay is switched to the rotary magnet.

On the last, or units pull of the dial, the impulses over the
vertical line now operate the vertical relay and rotary magnet,
moving the wipers around to the called line. The last impulse
is on the rotary line, pulling up the rotary relay and the private

mag.net. 1f the called line is busy, ‘the private wiper will be
resting on ground. Hence, closing contact 10 on the private
magnet will release the connector, The calling subscriber, ‘on
ringing, grounds the vertical line, stepping the shaft up one or
two notches. This closes the off normal switch, putting on the
busy tone.

But if the called line is not busy, the motion of the private
magnet lets the side-switch snap into the third position. ‘At 1



Fig. 120, Common Battery Connector, South Bend.

and 2 the lines are connected through to the called line. At 3
ground is placed on the private wiper to protect from intru-
sion. This also pulls up the bridge cut-off relay of the first
selector of the called line (see Fig. 118), cutting off the cir-
cuits of that switch and putting the busy condition on the line
jack on the manual board. At side-switch 4 (Fig. 120), vertical
relay spring 7.is switched to the ringing relay. .

To ring, the calling subscriber presses the ringing button
'(see Fig. 117), grounding the vertical line. This pulls up the
vertical and differential relays (Fig. 120). The former supplies
ground, and the latter battery, to the ringing relay, which sends
ringing current out on the called line.

Up to this time we have had negative battery connected to
both wires of the calling subscriber. This may be called “se-
lecting condition” or “selecting battery.”” It leaves the talking
set dead. By some means one of the two wires must be
switched to positive battery, so that a flow of current will re-
sult through the calling subscriber’s transmitter and coil for
talking purposes. This is done by the answering of the called
subscriber. Relay CR now feeds positive battery to the rotary
line and CV negative battery to the vertical line of the latter.
Owing to the condenser in series with the bell, no current flows
But when the subscriber answers, current flows through CR and
back through CV. CR pulls up, switching the rotary line of the
calling station from megative to positive battery, so that the
latter can talk. :

Conversation is now carried on under the conditions found
in most independent cord circuits, employing the condenser-
retardation coil system. The circuit is clear of all other
Lridges. Each transmitter is fed through 500 ohms impedance
on each side of the line. The differential relay does not pull
up during conversation, since the two windings oppose each
other. Contact A B is closed, but nothing happens since the
release magnet has no battery, the front contact of DR being
open.

There are two conditions in releasing. In the first, assume
that the called subscriber has hung up. Relay CR has fallen
back, restoring negative battery to the rotary line through dif-
ferential and rotary relays. When the calling subscriber hangs
up, he momentarily grounds both line wires and then clears
them. This pulls up the vertical, rotary and differential relays.
The latter feeds negative battery to the release magnet. The
vertical and rotary relays close contact 4 B and feed this cur-
rent from the release magnet over the release trunk to the re-
lease relay of the second selector (Fig. 119) and to ground.
From here the release is carried on to the first selector over
the release trunk as has been described before. '

In the second condition, consider the called subscriber to be

still on the line. Relay CR is still pulled up. This leaves posi-

tive battery on the rotary line, in which case short-circuiting the
calling line will not pull up the differential relay. But as the
hook goes down it grounds both lines. This places a short
circuit through earth on the rotary relay and the lower coil of
the differential relay. Hence the upper coil becomes effective,
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Fig. 121, Common Battery Connector to call Manual Subscriber,
South 8end, -

the armature pulls up, cutting off negative battery from the
called line. This lets CR.f{all back, restoring negative battery
to the lower coil of the differential relay and rotary line. The
rotaty relay now comes up, closing A B and the release pro-
ceeds as usual. The called subscriber cannot release. )

The special connector for calling manual subscribers is shown
in Fig. 121, and possesses a number of unusual features due to
the 2-wire jack of the Kellogg board. There is no private .
wiper, the busy test being made by the rotary wiper, relay CR
and the release magnet all in series. This occurs at the instant
the rotary line is grounded at the end of the last digit. Side-
switch 3 is in the middle position and the private magnet pulled
up. If the called line is free, the rotary wiper rests on an
open point. If it is busy, there will be ground on the tip of the
jack (which is the rotary bank point) due to the supervisory
relay of the operator’s cord circuit, or relay CR of some other
connector. This ground causes current to flow from negative
battery through contact C of the ringing relay, release magnet,
contact D of the:private magnet, side-switch 3, relay CR, rotary
wiper, to manual board and ground. Relay CR pulls up, putting
a “dead” ground on the release magnet, which returns the con-
nector to its normal position. As usual, the busy tone comes
through the off normal switch on ringing.

When connection has been made to the called line, the ring-

- ing relay is held up continuously by positive battery from side-

switch 3 and negative battery through the contact of the differ-
ential relay DR and side-switch 5. It is the ringing relay which
connects positive battery to the rotary side of the calling line
for talking purposeé, springs H and K performing the function.
Negative battery causes current to flow through relay CV, con-
tact E of ringing relay, and vertical wiper to hold up the cut-
off relay of the manual line. :

When the ringing button of the calling station is pressed, the
vertical and differential relays pull up. The latter opens the
circuit of the ringing relay which falls back, cutting off the
switch circuit and projecting ringing current over the called
line. While ringing, a tap to negative battery through resist-
ance holds up the cut-off relay in manual board.

It will be noted, by reference to Figs. 118 and 119, that when
a selector has completed its work the lines are cleared of ap-
paratus. Release must come over the release line and private
wiper. In every exchange there are one or more levels in the
selector banks which are not in use. These are termed “dead
levels,” and if by mistake a subscriber gets in on one of these
he will be unable to release. To obviate this trouble the release
for dead levels shown in Fig. 122 was devised and installed. It
consisted simply of two 500 ohm relays representing the ver-
sical and rotary relays. Their co-operation connects negative
battery through 60 ohms resistance to the release trunk, which
releases the switches as usual. : B



12

34. Trunk Repeaters

After a time the automatic telephone had demonstrated its
ability to handle commercial exchange work in small and me-
dium sized exchanges.
and the telephone system must keep pace with the needs, which
have had a habit of growing faster than the population. It is
an unfortunate fact that as a central office grows in size, the
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Flg. 123. Experimental Trunk Repeater, Which Did Not Work.

expense per year per telephone increases. The attempt to sub-
divide an exchange territory into districts, with a relatively
small office in each, reduces the expense a little, but the annual
cost still runs up in a marked degree.

The automatic system shows itself very flexible in being.

adapted to the conditions of multi-office exchanges. It permits
the cost of service per line to be kept within bounds, and shows
" a decided economy in the subdivision of offices.
notable example is the city of Los Angeles, Cal,, in which there
are one main office, manual, and seven sub-offices, all auto-
matic, the latter serving between 15,000 and 20,000 out of the
total of 35,000 subscribers. All the automatic offices are so
linked by trunk lines that a subscriber can call to any of
them with exactly the same ease and speed that he would
reach another telephone in his own exchange.

As the lines became lorger, it began to be noticed that the
relays did not act as well as before. It was more difficult to
adjust them so that they would respond accurately to the series
of rapid impulses. This was caused by the electrostatic capacity
of the lines. While pulling the first digit, the subscriber oper-
ated a first selector in his own office, the relavs-of which re-
sponded easilv. But while completing his connection he was
operating the relays of a connector in the distant office several
miles away. The capacity, in that distance, has an appreciable
effect on the behavior of the relays. It makes them sluggish,
tending to hold up and not fall back promptly on each break
of the dial.

The same problem had been met in telegraph work, and a
satisfactory solution found in the repeater, which is now in
daily se on hundreds of lines. So the engineers of the Auto-
matic Electric Company set themselves to work to produce a
repeater for trunk lines which should give relief.

It seems a simple thing to arrange a circuit like Fig. 123 to
repeat the signals. The condetisers, ¢, and Cs break the con-
tinuity of the line for battery current, while allowing talking
current free path. All the vertical impulses made by the dial
at the left operate the relay, V'R, which grounds the vertical
line at the right of the condenser, thus passing the signals on
to the vertical relay, VR, in the selector at the distant office.
The rotary impulses are similarly passed on.

It was in this form that the first trials were made. But it
failed. The relays, VR, and RR,, acted sluggishly, or not at
all. Examination into the cause revealed the following state

But cities have a faculty of growing,

The most .

.ing to the distant office.

of affairs: When the impulse spring at the dial closes, it con-
nects the left hand terminal of condenser C; practically “dead”
to ground. Wher the vertical relay, VR,, pulls up as the result
of the condition at the calling station it closes its contact, C,
and connects the right hand terminal of the same condenser to
ground. For an instant-the condenser is thus short circuited,
and hence is discharged. When the.vertical impulse spring at
the dial breaks, this short circuit .is removed. . Current will
therefore continue to flow through VR, until the condenser is
fully charged. This holds the relay up until the next impulse
comes in, so that it “freezes,” or sticks closed, or at least will
not transmit_signals clearly and reliably.

This difficulty was finally solved by reversing the vertical and
rotary lines at the right of the condensers, C; and C,, as in
Fig. 124. This was done about January, 1906, and the circuit
was applied to the Los Angeles exchange with marked success.
It will be observed that the vertical relay still repeats signals to
the vertical line to the other office, but condenser C, is now
connected to the rotary line to the right. It is no longer in a
position to cause a continuation of current through VR,.. When
the subscriber releases, PR, and RR, pull up together, ground-
ing both vertical and rotary lines at C and D, releasing the
apparatus at the distant office. Contacts 4 and B close, feeding
negative battery through the 60-ohm resistance to the release
trunk, and thence to the apparatus in the home office, re-
leasing it.

This type of repeater works perfectly for local battery sys-
tems, but for common battery there must be a modification. '
Fig. 125 shows the common battery trunk repeater as used at
Portland, Ore., and also at Los Angeles, Cal, in the spring of
1906. The vertical relay, VR,, is in series with one winding of
the differential relay, DR, and has a permanent connection’ to
negative battery., The rotary relay, RR,, is connected in series
with the other winding of the differential relay, from which
the circuit goes through contact H of the talking relay, TR.
Thus each side of the line to the calling subscriber has nega-
tive battery for selecting purposes. The talking relay, TR, is
normally bridged across the trunk line, but is controlled by
contact F of the differential relay. The vertical relay, through
its contact C, passes the impulses on to the vertical line extend-
The differential relay follows all these
impulses, disconnecting the talking relay from across the line.
The impulse on the rotary line energizes the rotary relay, and,
through its contact D, grounds the rotary trunk to the distant
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Fig. 124. Trunk Repeater as Instailed at Los Angeles.

office. Again the differential relay pulls up, and disconnects
the talking relay from the trunk.

When the called subscriber answers, the talking relay in the
connector in the distant office pulls up, and switches the rotary
trunk from negative to positive battery, i. e.,, ground. This
causes current to flow over the rotary trunk to the trunk re-
peater, through contact F, talking relay, and back over the ver-



tical trunk. The talking relay is thus energized and pulling up
accomplishes three results. At K it cuts ground off the con-
tact of the vertical and rotary relays. At L it disconnects the
contact D of the rotary relay from the rotary trunk. At H
and G it switches the rotary line to the calling subscriber from
negative battery to positive, thereby giving him Dbattery supply
for talking purposes. It will be observed that the vertical, ro-
tary, differential, and talking relays have very much the same
relations to each other and the lines as the relays of the samec
names in the common battery connector which was described
in the preceding chapter.

When through talking, the called subscriber hangs up, re-
leasing the talking relay. This changes the rotary line of the
calling subscriber back to negative battery, so that when he
hangs up and grounds both lines, the vertical, rotary, and differ-
ential relays will all pull up. Contacts C and D ground the
trunk line, and thereby release the apparatus in the distant of-
fice. Contact E of the differential relay feeds negative battery
through the 60-ohm resistance, and the 4-B contact, to the re-
lease trunk, which releases the apparatus in this office.

The calling subscriber can release even if the called subscriber
has not hung up. In this case the talking relay is still ener-
gized. If now both lines from the ieft be grounded the rotary
relay and the bottom winding of the differential relay will be
short-circuited. This allows only the vertical and differential
relays to pull up, the latter disconnecting the talking relays at
F.  The talking relay falling back gives negative battery to the
rotary line (at H), making the rotary relay also pull up. This
closes the contact A4 B, and since E is already closed, negative
battery is fed over the release trunk to release the apparatus in
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Fig. 125. Common Battery Trunk Repeater.

this office.
tant office.

A very interesting combination of sclector and trunk repeater
was put in at Columbus, Ohio, in the spring of 1907. Its cir-
cuit is given in Fig. 126. Since it was designed for a local
battery system, the vertical and rotary relays are permanently
connected to negative battery and the lines as shown. Two
condenszrs, C; and (., scparate the lines to allow the separation
of battery feed. The wires to the vertical and rotary wipers
are transposed to avoid the trouble described above. Contact C
of the vertical relay normally operates the vertical magnet,
1’M, but after the selector action is over, it is made to ground
the vertical trunk like a repeater. Contact D of the rotary
rclay also does double duty, handling the private magnet, PM,
and also the fotary trunk iine. Detailed description of its

At the same time contacts C and D release the dis-

action does not seem necessary. as each action has been thor-

oughly explained before.

One very important use of the trunk repeater is in the “sub-
office” plan of exchange division. 1In this plan a group of sub-
scribers who would ordinarily be served by lines direct to the
main office have their line-switches and connectors moved out
to a point in their neighborhood. From this sub-office only as
‘many trunks are carried to the main office as are necessary for
the traffic. It has been found to give better satisfaction to cut
in a trunk repeater at the sub-office in each trunk going fo the
main office. Such a trunk repeater, adapted to common bat-
tery, is shown in Fig. 127. 1t will be remembered that in the
.common battery line-switch, its release magnet is connected
‘from negative battery to the release trunk when a subscriber

has tripped in. Hence contact E of the differential relay needs
only to ground the release.trunk to cause the restoration of the ?3
line-switch. An off normal relay, ONR, is added, which con-
nects the talking relay across the trunk when the line-switch
trips in, the current being fed through the release magnet of the
line-switch. Owing to its high resistance, 5,500 ohms, it will not
affect the release magnet.

By the introduction of the repeater the sharpness and relia-
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Flg. 126. Circuit of Third Selector and Trunk Repeater Combined.

bility of the signals was made all that could be desired. But an
added point in favor of the repeater was brought out in connec-
tion with the common battery system. Without it, the calling
subscriber had to draw his talking current from the connector
in the distant ofice. This gave him relatively weak transmis-
sion. With the repeater, he draws current from battery in his
own office, as the called subscriber does from his own office,
and voice transmisgion is made very much more satisfactory.

35. The Lorimer System

Probably no other part of telephone history contains a
parallel to the development of the Lorimer system, arising as
it does from the skill of the three brothers, who worked
‘courageously and consistently for ten years before producing a
working system. .

George W. Lorimer was born April 15, 1874, at St. George,
Ontario, Canada. His brother, James Hoyt Lorimer, was born
in 1876, while the youngest brother, Egbert S. Lorimer, was
bern in 1880. Their father was owner of a sash and blind
factory, also making a clothes wringer, the patent on which
he owned. George, even when very young, showed u mechani-
cal tendency, being interested in the steam engine and water
wheel which ran the factory. At the age of 12 he made a
working steam engine. Both George and Hoyt received a
good common school education, also a high school course at
Scotland, Ontario. Hoyt was started into the study of law,
while George, in the spring of 1888, left school and took the
examination for teacher’s certificate. Failing in but one sub-
ject, bookkeeping, his father imsisted that he learn it perfectly,
and he was sent to the Brantford Commercial College, from

which he graduated in 1889. He at once secured a positlop
with a firm in Bay City, Mich. In the spring of 1891 l.'us
father died and, acceding to his mother’s desire to l.mve him
nearer home, George left the Bay City firm. Not liking boolf-
keeping he started to learn telegraphy in a railroad'ofﬁce in
the fall of 1891, in his home town, St. George. W}}xle le"an.i-
ing to be an operator he studied “Freight and Tickets” 10
addition, so that from the spring to fall of 1892 he was em-
loyed as relieving agent.
F guring this time Hoyt had been pursuing law ?f.ter a faSY.l-
ion, but he was much more interested in electricity than 1%
dry books and nice peints in equity. Finally, beca‘.zse he per-
sisted so much in making electrical experiments in the law
office, his employer told him that he was not cut ogt for
the study of Blackstone. . g
There was in the city of Brantford a music teacher name
Romaine Callender. He was an ingenious man, and of an en-
thusiastic temperament. He had located in Brantfor.d yearé
ago. In connection with his musical work ke had 1xxvent§<
an organ player, the patent on which he sold for $208. His
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attention was directed toward the telephone as a field for his
activities, and he began the invention of an automatic switch-
board.

As soon as Hoyt Lorimer was told of the futility of the
study of law he went at once to Mr. Callender and offered
his services in the experimental shop. To his delight he was
accepted, and set to work in the shop on Dufferin avenue,
making parts of the apparatus. Hoyt soon became infatuated
with this work, and induced his brother George to leave his
railroad work and enter Mr. Callender’s employ. The latter
was glad to get the additional assistance of one who had the
practical experience of a telegraph operator.

36. Callender’s First System

The general features of the system on which Mr. Callender
was at this time working are shown by Fig. 128. It would be
useless to go into the details, as they are complicated and for
the most part uninteresting. At the middle of the top of the
figure are the subscribers’ lines, which are of the single wire
ground return type. All these lines pass through the general
circuit breaker, to the banks of switches or circuit selectors.
Each line is also comnected through the “isolator” at the left
to a single switch, called the “numerical receiver No. 1.” The
substation, Fig. 129, was equipped with a battery, B4, and an
impulse transmitting cylinder, 7. Each of the bars, a, was
connected through the brush, y, to battery. The switch lever,
Sw, was connected to line 1, leading to the office. By mere
mspection of Fig. 129 it will be seen that if the switch lever,
Sw, be placed on any of its contacts, from 0 to 9, and the
crank H be turned one revolution, there will be a certain num-
ber of impulses sent over the line to “Central.”

By placing the switch at O and sending thus one préliminary
impulse, the isolator (Fig. 128) severs all lines except the
one calling. A series of impulses now sent from the sub-
station will actuate the numerical receiver No. 1, rotating it
by a magnet and ratchet to the desired point. From here on
Mr. Callender’s scheme is vague and unsatisfactory. He in-
tended to have all numbers from 1 to 9 called by means of
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Fig. 129—The Substation of the Callender System.

namerical recciver No. 1 only, vet to have this same switch
pick out any onc of the second series (numerical receiver No.
2) or third series (numerical recciver No. 3) to get numbers as
high as 999. As shown in the figure, this is impossible. With-

out rehearsing the details of the apparatus, the following sum-
mary will show the main points:

1. Ground return subscribers’ lines.

2. Local battery for sclecting.

3. Free use of relays and magnets,

4. Only one subscriber could use the apparatus at a time,
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Fig. 126—General Features of the First. Callender System.

since all calls from the entire exchange had to use numerical
receiver No. 1. All others would have to wait until he got
through talking.

5. The release was to be automatic at the end of a fixed
time, determined by a clock, and not under the control of the
subscriber. However, he could release before, if he got
through.

6. The ringing was to be done automatically.

7. Complication was added to complication to secure simple
results. He seems to have kad the idea of doing everything
by time-limit, even where not needed.

8. The talking circuit had to pass through one relay.

9. He had the idea of primary and secondary switches, but
the idea was not worked out into a consistent system.

During the spring of 1893 Mr. Callender devised a new form
of time limit, employing a vibrating mechanism which was
intended to act as a circuit changer when it came to rest. It
was of doubtful utility,

37. Callender’s Second System

He also devised another system (in the spring of 1893) in
which for the first time was embodied the percentage idea,
that is, the idea of providing only enough apparatus to per-
form the switching at the busy hour, and placing it at the dis-
posal of any subscriber in the system. He also proposed to
use metal balls to complete the actual connection, the selectors
merely carrying and directing the balls along the desired charn-
nels or runways. After performing this act, the selector was
to revert to the use of any other subscriber. The main feat-
ures were as follows: .

1. Two-wire system—no earth return.

2. Local battery selecting. . .

3. The percentage idea.

4. Circuit selectors not to make the connections, but to
swing around and deliver metal balls to runways, the balls
rolling along to a pocket where they dropped onto plates and
connected the lines.

5. Constantly rotating percentage circuit selector, to be
scized by any one of the subscribers and made to give a cir-
cuit selector into the control of the subscriber.

6. Circuit selectors to revert to common use after discharg-
ing the balls.

7. Primary and secondary circuit selectors. The former

were to pass balls to any one of the latter. and the latter to

pick out the proper runway and deliver the balls to it.



8. Limited size, due to the form of connecting board. This
was similar in plan to the telegraph switchboard used at way
stations, except that the balls made the connection between
the intersecting conductors instead of pins. '

The World's Columbian Exposition was set to ocdeur at
Chicago during the summer of 1893, and the men who were
backing Mr. Callender desired to have a working exhibit there.
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Fig. 130—Caliender’s Signal Transmitter.

This he promised to do, intending to use the above system.
But the machine was an utter failure, and was abandoned be-
fore completion.

The money for the experiments had been furnished by two
of his friends, Dr. E. Hart and Mr. Gould. During the sum-
mer of 1893 their money began to be scarce, so all of the
men were laid off except Hoyt Lorimer. George was to be
re-employed as soon as conditions became better. }

Finding that the ball idea did not work out for connections,
a new circuit selector was devised to make the contact directly.
A magnet on a revolving shaft was made to lift any one of a

_series of contacts and make it touch an interconnecting ring.
After this, the revolving magnet could gn on Jfor other calls.
A new signal transmitter was also produced, which is of in-
terest in relation to the later work of the Lorimers. The ob-
ject was to get up a device which would automatically send
in the required number of impulses for each digit in the call
number, after being set by the user. Its principles are shown
in Fig. 130. A is a drum on whose surface are metal bars,
B, of varying length. C are brushes resting on the cylinder,
each brush being connected to one contact of the switch D.
The contacts of the other switches, E and F, are multipled
to those of D, point for point, as indicated. G is another in-
sulating cylinder geared to A4 by a 3 to 1 gearing, G moving
the more slowly. The contact segments H, I, and J, are con-
nected through battery to line No. 2. The brushes K, L, and
M, are wired separately to the switch arms D, E and F, re-
spectively.

The subscriber sets each of the switches D, E and F, to the

proper digit values of the number he desires. He then pulls
‘a chain or lever which winds up a spring. When released this
spring, regulated by a governor, drives the cylinders 4 and G,
around in the direction arrowed. During the first revolution
of A4 the brush X is in contact with H, so that the number
of impulses sent will depend on the position of D. During
the second revolution of A, cylinder G will have turned so
that segment I touches brush L and the impulses sent in will
be fixed by the position of E. In the same way the last series
of impulses is fixed by F.

After being laid off by Mr. Callender, George Lorimer was
for a time at his home at St. George, but Jan, 1, 1894, he
started in electrical business for himself in Brantford, putting
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in intercommunicating telephone systems, electric bells and
annunciators, and also selling supplies. At this time he in-

vegted an automatic switch return for the intercommunicating’
syicm.

Callender's Move to New York.—Since the funds of the
Brantford men had run low, Mr. Callender cast about for an
additional source for means to carry on the work. Mr. J.
Hood Wright, of New York, offered to advance money for
the purpose on condition that he move his operations to New
York. To this Mr. Callender agreed, and in the spring of
1894 he made the change, taking Hoyt Lorimer with him. After
arriving in New York he wrote for George Lorimer to come
also. This he did, arriving in the city a few weeks later.

Mr. Callender selected and rented fine rooms on the tenth
floor of the Decker Building. Here a comfortable office and
private laboratory were fitted up for him. A general work-
shop was -arranged for the Lorimer brothers. Here for a year
or more the development was continued. At first they tried
to construct a system based on the old plans in Brantford.
But new difficulties were encountered, which led to the con-
struction of a still different plan.
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It will be highly instructive at this place to get the view-
point of Mr. Callender in his endeavors, and compare it with
the line of attack followed by the developers of the Strowger
system, whose history has been treated previously, It will be
remembered that Almon B. Strowger started with the simple
conception of a cylindrical switch with ten rows of inside con-
tacts, each row having a hundred cox}tacts’if:i.m axial ‘sha‘t
carrying a spring or wiper and adapted to be raised to any
row and rotated to any point in that row, the latter motion
being made in two ways, first in jumps of ten notches each
for the tens digit, followed by individual steps for the units.

Since that day other switching devices have been tried, only
to return to the cylindrical bank and the axially mounted
wiper. The bank has shrunk from 1,000 circuits to 100, and
occupies only a portion of a cylinder. Except 'in ‘thé case of
the connector, the wvertical motion has been made fo select
groups, the rotary being devoted to seeking a nori-busy trunk.

In his. second New York system "Mr. Callender made the
real start which, later, under the remarkable work of other
hands, developed’into the Lorimer ‘systeni,'tho‘ugh. the latter
is very little like the former. To ‘show the 'gérm'pﬁn'ciplé of
Callender's system, Fig. 131 has been prepared. Suppose that
we have a number of concentric metallic 'condﬁcﬁhg riﬁg’s,’ 1,
2, 3, etc, as many as are necessary to serve the traffic of the

Flg. 131—Scheme of LCaliender’s Seiector-Connector. -

exchange. 4, 5, 6, etc) are three of the 100 subscribers lines
which enter the system. The single ‘line and ring .must be
understood to represent as many separate conductors as ate
included in one circuit. 1f, now, by some means we can con-
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‘an electromagnet, 12.

nect two of these subscribers’ lines to any one of the rings,
those two will be able to talk to ‘each other., Further, it is
necessary to provide only enough rings to serve the largest
number of connections which may be needed at any one time.
From the records of those days it was taken to be ten per cent
of the lines, which would give ten rings for a 100-line ex-
change. This is known as the percentage idea, and is now
known to be the only correct basis for arranging exchange ap-
paratus. It is in sharp contrast to the early Strowger idea,
which for many years followed the starting point of indi-
vidual swnchmg mechanism.

39. Callender’s New York System

The means by which Mr. Callender proposed to connect
the lines to the rings is briefly given in the following descrip-
tion: In Fig. 131, 7 is an iron armature which normally lies
down clear of the ring 1, but when raised will connect line 4
to ring 1 and stay there until pushed down again. Eight is a
similar device for connecting line 4 to ring 2, while 9 is for
ring 3. In a similar way each of the hundred lines is
equipped with iron armatures for connecting any of them to
any of the rings, -

Carried by a central shaft, 10, which is maintained in con-
stant rotation by a motor, is an arm, 11, carrying on its end
,During its revolution magnet 12 passes
over all the iron armatures which may connect with ring 1.
Mounted on another arm, 13, is a magnet, 14, which governs
all the armatures connecting to ring 2, while arm 15 carries
magnet 16, which presides over ring 3. Each conducting ring,
its revolving magnet, and accessory apparatus is termed a
“division.” The sub-station apparatus was the same as de-
scribed in the last chapter. :

.The plan ‘was to have the sub-:station (I\'o ‘4, for instance)
send in a preliminary impulse which should render its contact
plate (20) 'electrical]y alive. As “the shaft is constantly re-
volving, the wipers, 17, 18, 19, etc, of the various arms, will
pass over all the contact plates in succession.  After a sub-

< scriber, by the preliminary impulse, had rendered his plate

(20) alive, the first brush (17) thereafter to touch it would
momentarily energize its magnet (12) causing the iron arma-
ture (7) corresponding to both'line and ring to be pulled up,
thus connécting the two. A series of impulses are now sent
in by the signal transmltter at the sub-station, which has in-
directly 'the effect of cnergxzmg the magnet (1") of the same
division just as it -passes the called line, pulling up its arma-
ture into contact with the same ring (1), thereby establishing
electrical connection between the two subscribers. A single
release relay was to be left connected to the circuit, which on
an 1mpulse from the calling “subscriber energized a release
magnet mounted on the revolving arm of the division used,
which during one revolution moved 2 lever down so as to
press down all armatures in that pamcu]ar circle. Thé work-
ing out of the above ideas called for considerably ingenuity.

Each’ subscriber’s line was equippéd with an individual
switch, which was progressively rotary, with six positions,
After-each use it uas returned to normal by being rotated
ahead to'the end of 180 degrees, which constituted its cycle.
The preliminary impulse, which was, like all the selecting im-
pulses, furnished by local battery at the sub-station, stepped
the individual’ switch off normal, which brought into play a
circuit which energized’ the seizing magnet of the first division
to pass that line. This in turn moved the individual switch

another step so that the impulses from the sub-station would
reach the ‘“numerical receiver,” or “signal register,” which
consisted of a wiper arm swinging over a bank of contacts.
This was used to indicate the number of the called line. It
was not a part of the talking circuit, but was used merely to
cause the same division to pick up or seize the correct line.

For each “division” there were two signal registers (a
units and a tens receiver). Their arrangement is shown by
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Fig. 132—Callender's Numeralizing Scheme.

Fig. 132. Let A represent that part of the selector-connector
which has to do with “numeralizing,” that is seizing the called
line. Let the series of contact plates 0 to 4, 10 to 14, 20 to 24,
etc., be the individual contacts, one per line. The contacts 0
to 4 are supposed to represent the full ten from 0 to 9, also
10 to 14 may be taken for 10 to 19, so that there will be a full
hundred lines around the circle. These individual contacts
are multipled to the bank of the units numerical receiver, so
that like units digits are wired to the same plate. Hence, 2,
12, 22, etc, are wired to point 2 of the units receiver bank.

B is a segment of a feed ring lying opposite the ten con-
tacts 0 to 9, C is a segment opposite the contacts 10 to 19, etc.
Each segment is wired to a bank contact of the tens numerical
receiver, B going to the normal contact, C to the 1 point, D to
the 2 point, etc.

The constantly revolving arm, F, of the selector-connector
carries a pair of bridging brushes, G H. G wipes over the
units contacts, and H over the tens segments, B, C, D, etc. In
circuit with the two receivers are battery and the seizing
magnet. The latter is mounted on the rotating arm, and is
the one which lifts the armatures of the line into contact with
the connecting ring of its division. As long as both numerical
receivers are at normal the circuit is broken and the arm and
magnet rotate with no effect. Suppose the subscriber who
gets the use of this division calls subscriber No. 2. He will
accordingly send in three impulses, which by a circuit not
shown steps the wunits numerical receiver around three
notches to the point marked “2.”" This makes all the No. 2
contacts (2, 12, 22, 32, etc.) “alive” with positive battery, but
only segment B is connected to the seizing magnet. Hence
when the brushes G and H wipe past the contact 2, the mag-
net will be momentarily energized, thereby lifting the arma-
ture of line No. 2 into contact with the ring of that division.

If a call is made for a number higher than 9, two series of
impulses are sent in from the signal transmitter at the sub-
station. The units impulses come first, followed after a brief
interval by the tens. As these two series come over the same
wires, but must be made to affect different receivers, some
means must be used to switch the second series to the tens
receiver. Here Callendeér attempted to use a vibrating reed,
calling it a “numerical separator.” The end of the reed wiped
past a fixed contact. As long as the units impulses were
coming in the reed kept vibrating, not making contact long
enough to have effect. In the interval between the units and
the tens impulses the reed came to rest, and closed contact
long enough to operate a circuit which switched the line to
the tens numerical receiver. '

Accordingly, if a call were made for No. 32, the units re-
ceiver was first stepped around to point 2, then the tens re-
ceiver was set to point 3. This secured the picking up of line 82.

Each division included the following apparatus: three con-
necting rings and three magnets on the selector-connector,
two numerical receivers (units and tens), a percentage con-
trolling switch, a signaling track and ball, and a release relay.
The percentage controlling switch had many of the functions



ot a side-switch, shifting circuits at various points during the
progress of making a call. The signaling track consisted of
two conducting rails on which rolled a copper ball. The track
was divided into fifteen sections. The ball was released after
the number of the called line had been recorded on the
numerical receivers. The ball was used to prevent a line from
being called by two people at once, and to store up the second
call. Tt also closed the numeralizing circuit described above,
rang both bells, gave the busy signal if the called line were
busy, and helped in the release. '

When it came to actual trial the vibrating “numerical sepa-
rator” failed to give satisfaction. Its place was taken by a
weighted lever mounted on the arm-of the units numerical
_receiver.
circuit was held closed onto the units receivér motor magnet
by inertia. But when the arm stopped, the weight fell for-
ward switching the line to the tens receiver.

Events at New York.—The work which was being done in
the Decker building in New York attracted some attention,
and the apparatus was viewed by numerous people who might
be interested financially. On Jan. 12, 1895, the Electrical
World published an account of the system, giving views of the
apparatus and a popular description of its operation. Though
it came nearer working than the machines made at Brantford
(which were a total failure), the New York apparatus could
not be termed a success. On one occasion it worked for about
a dozen calls with success, and without the usual coaxing of
the switches. This was considered phenomenal.

In the summer of 1895, Egbert Lorimer, the youngest of
the brothers, who was still in Brantford, Ontario, was taken
with typhoid fever. Sinee the death of the father, George
was the natural -head of the house and at once went home to
take care of his brother. Soon the mother also came down
with the dread disease. Faithfully he took care of both of them
through that illness in which nursing is such an important fac-
tor, and finally had the pleasure of seeing them on the road to
health. But early in September he received word that Hoyt,
who was in New York, was sick with typhoid fever. So
George hurried to New York to look after him. He was sent
to the hospital, where for two long months he battled against
death.

During the month of September Mr. Callender went to
Europe. He had been contemplating the trip for some time.
The salaries of the Lorimer brothers were small and little or
no money was left them for expenses during Mr. Callender’s
absence. With the conditions of living as they are in New
York, it is no wonder that before Mr. Callender’s return they
got into straightened circumstances.

Farly in November Hoyt had recovered sufficiently to be
discharged from the hospital. During his sickness the doc-
tors had used the ice-pack treatment, then much in vogue.
Neither boy had an overcoat, which Hoyt in his weakened
state sorely needed. One day George saw an advertisement of
a placc away down town where an overcoat could be bought
for $5.70. Counting up their store of money they found just
$5.70 on hand. No money for car fare! So both boys walked
a good number of miles to get the overcoat to protect the
weaker from the chill November wind,

About the middle of November Mr. Callender returned
from Europe, and as soon as money could be had Hoyt was
sent home to Brantford to recuperate.

40. The Return to Brantford

During the past vear considerable feeling of dissatisfaction
had arisen on the part of the Brantford investors, whose
money was still tied up in the invention. They wished him to
come back to Brantford, form a stock company, and carry on
his future operations there. This Mr. Callender did not wish
to do, and sent George Lorimer, in the late fall of 1895, to
treat with the Brantford men for different terms. But they
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71

were firm, demanding the return to Canada. So Mr. Lorimer
returned to New York at once. About the middle of Jamfary,
1896, Mr. Callender returned to Brantford. George Lorfmer
was left in New York to clear up the rooms, sell what junk
he could, ship the usable part of the goods, and come to Brant-
ford later.

Shortly after this the Callender Telephone Exchange Com-
pany, w;s formed, according to the agreement. Mr. Callender

was retained as consulting engineer, with George and Hoyt
Lorimer as engineers. Mr. Callender spent much of his time
developing a new scheme of his for rapid telephony, employing
Egbert Lorimer to make some of the apparatus. The other
two brothers continued working on the automatic system under
Mr. Callender’s directions, though there was a growing
estrangement between the latter and the company. On one
occasion there was a small difference of opinion between him
and George over the safety of a grinding machine in the
factory, after which he was not often seen there. About July
or August, 1896, Mr. Callender severed his relations with the
company. He was then engaged in working up a company to
take hold of his rapid telegraph scheme, He soon went to
England, where he organized the Callender Rapid Telephone
Company. )

After Mr. Callender left, Mr. Neill and others had conver- .
sations with the Lorimer brothers regarding the f{uture work.
The latter, while constructing the apparatus under orders,
had been doing considerable thinking for themselves. They
had seen the failure of the work, and thought they knew how
to overcome it. After hearing their ideas explained, the com-
pany told the boys to go ahead and spend the money neces-
sary to work out their ideas, as they believed them to be
all right. :

Some time this year (1896) a franchise was secured for an
automatic telephone exchange at Troy, Ohio, and the construc-
tion of the switchboard was begun at Brantford. In Octo-
ber Hoyt was sent to Troy to superintend the building of the
wire plant, in which he took great pride, making it a good,
neat job. On account of Hoyt's poor health, George took
most of the indoor machine work and the heavier tasks, to
allow his brother the benefits of outdoor exercise as much as
possible,

The new system which was to be installed at Troy was a
direct successor to the second New York board described in
the previous chapter. But in place of the bulky and cum-
bersome selector-connector, a number of discs were used.
These discs were of rubber, and were mounted vertically in
pairs on a horizental shaft. One of each pair contained con-
tacts for all the lines in the exchange and was stationary.
The lines were multipled to all the stationary discs. The
other disc of each pair was mounted to revolve on the shaft
and carried the connecting brushes. Its connection to the
shaft was frictional, and could be stopped by a magnetically
released bolt, shooting into a series of teeth on its.rim. Each
line had an individual switch of different pattern f{rom the
New York style, but which changed the circuits from time
to time in much the same way.

While the apparatus was ncaring completion, George Lori-
mer noticed some inherent defects and the brothers had con-
siderable correspondence over it. The system was completcd,
set up and tested out at Brantford in December, 1896, and
Janvary, 1897, and in February was shipped to Troy, Ohio.
George came also at the same time to erect it in place. Now
it is one thing to set up apparatus in a shop and make it
work, but to secure satisfactory results in commercial use
with the public to do the manipulating is a very different mat-
ter. Since it had developed weakness even in the factory,
the system could not be expected to do better in practical
use. And it was even so, for there were plenty of difficulties
to test the ability of the young inventors. For one thing,
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the numerical separators did not act very well. To get
around this, George tried various things, .among which was
a rubber tube containing mercury. A circular row of con-
tacts was arranged just below the surface, so that if the
tube were tipped a little, one or more of the contacts would
be out of the mercury and the circuit broken. When the
tube came to rest the circuit would close and perform the
switching. But this did not solve the problem. The indi-
vidual switches were also trouble breeders, and the disc cir-
cuit selectors were not far behind. At times the brushes of
nearly all the selectors would get in line with each other.
On the next call coming in, all these selectors would stop on
the same line, thus tying up the system until that subscriber
got through. It soon became rare for a call to go through
the exchange without trouble, and the system was finally
abandoned late in 1897.

41. Beginnings of the Lorimer System

Shortly after arriving in Troy, George Lorimer consulted
with his brother Hoyt as to means for overcoming the weak-
nesses of the system, and in March, 1897, partly devised
the mechanism for doing it. They made sketches and talked it
over with Mr. N. D. Neill, who was general manager of the
company and their close friend. He was a practical man,
- keenly alive to the commercial needs and the difficulties which
had been encountered. Seeing that the germ idea was good,
he raised more money for development and told the boys to
go ahead. In May they began work on an apparatus to try
out certain principles involved which would demonstrate the
correctness or fallacy of their ideas. The boys were boarding
in Troy, where they were installing the exchange, but for
better facilities a location in Piqua, Ohio, a few miles north,
was chosen in which to do the experimenting. They went
back and forth as occasion demanded.” The apparatus was
completed in the last part of August, 1897. It was very crude,
not a complete exchange, but did the work.

Old System.—Since the Lorimer broth-
ers had been working with the Troy, Ohio, exchange
they had been impressed with the futility of trying to
make an automatic switching system on the plan there
used. The troubles encountered, with the proposed rem-
edies, are as follows: | :

1. The individual switches gave endless trouble. Hence,
have none of them. Let their circuit shifting duties be
performed by apparatus which is a part of a division.

2. The circuit selectors got in line with each other so
that several might be seized by one line, thus reducing
the chance for other people to talk, or, in certain cases,
tieing up the whole plant. It was now proposed to have
the circuit selectors normally at rest. The remedy also
involved a constantly rotating device, called a division
starter, whose duty should be to detect a calling line, and
start out one circuit selector (part of a division) to
find it.

3. The numerical separator could not be made to give
satisfaction. Hence, do away with it. Let the impulses
come in over one wire and ground, while the other wire

Departure from

and ground form a circuit for controlling the action of

the signal transmitter (at the substation). By this means.

the second or third set of impulses may be held up posi-
tively till ready for them.

4. The fact that each circuit selector had to contain
around its edge terminals for all the lines in the exchange
limtied the size of the system. The Lorimer brothers

proposed to have the switchboard built in sections of 100-

lines each, so arranged that calls would be trunked from
one to the other. Further, it was their object to make
the section the unit, adding sections as the exchange grew.

Fig. 133 shows as nearly as possible the scheme worked .

out to do away with individual switches. It is the ap-
paratus which was set up in the spring and summer of
1897 to demonstrate to Mr. Neill, the manager, that their
ideas were feasible.

The sub-station is an adaptation of ~

that used at Troy, with the addition of a trip magnet,.

. T M, to control the movement of the impulse brush, 32.

The premiminary impulse receiver consisted of a sta--

tionary commutator, 4, having as many segments as there
were lines in the exchange. Line No. 1 of each subscrib-

er’s line was to be wired to its own segment. The stop-

relay, § R, was wired between positive battery and a con-
stantly rotating brush, 2. The stop relay, S R, by means
of its contact, 1, could energize its own stop magnet, S M,
and the division starter relay. The former operated a
clutch and bolt, by mieans of which it could disconnect
the brush, 2, from the power shaft and stop it on any
desired segment. The division starter relay energized the
operating magnet of another apparatus called the “division
starter.” This consisted of a cylindrical arrangement of
contacts. with a set of wipers on a shaft rotated inside.
The operating magnet, O A, stepped the wipers forward.

The rotary switch was a similar cylinder of contacts,
but the brushes or wipers were adapted to be moved by
a power driven shaft, which a clutch magnet, C M., could
connect or disconnect.

The primary connector was similar to the rotary switch,
except that very special means were taken to insure quick
and accurate stopping of the wipers. The bolt, 27, was
held normally in a notch of a wheel, 26, by spring pres-
sure. The clutch magnet, C M, could pull the bolt, 27,
out and ,thus allow the wipers, 22, 23, etc, to begin to
rotate. A dog, 28, then snapped to catch and hold the
bolt out till released by the bolt release magnet, B R M.
To the bank contacts, 24, 25, etc., were wired the subscrib-
ers’ lines. :

The action was as follows: To send in a call a lever
or chain at the sub-station was pulled down. This wound
up a clock spring, and also moved brush, 32, onto the first
pin, 31, of its bank. This grounded Line 1. At central
brush 2 is continually revolving and in course of a frac-
tion of a second strikes segment 3, to which Line 1 is con-
nected. At once the stop relay, S R, is energized, which
energizes the stop magnet, § M, and the division starter
relay. The former stops the brush, 2, on segment 3, the
latter starts the brushes of the division starter. As the
two bridged wipers, 6 and 7, of the division starter move
over the contacts, 8 and 9, they close a circuit as follows:
from positive battery through C M, to negative battery,
which is grounded. This pulls out the bolt, 27, of the
primary connector, locked by dog 28 and immediately
the wipers 22 and 23 start to find the calling line.



The bolt has closed a contact, 29, from’ negative battery
which sends current through contact 17, brushes 11 and
10, and contact 16 or the rotary switch (normal position)
to stop relay, S R, thereby locking the brush, 2, in it.s
position. Bank contact 25 of the primary connector is
the one connected to Line 1, and is the one which will
determine the identity of the calling line. It will be
noticed that normally this point is open. But since a call
has been initiated, point 25 and Line 1 have been “dead”
grounded by the contact 29 through the brush 2. Thus
wiper 23 is hunting a “dead” ground, where it will stop. )

Following the wire attached to wiper 23, we find tl}at it
runs to comtact 20 of the rotary switch, through bridged
brushes 14 and 15 (normal position) to contact 21, fror.n
where it goes through C M: and B R M in parallel to posi-
tive battery. Hence, when wiper 23 strikes the ground
on 25, both magnets will be engerized. The bolt release
magnet, B R M, lets the bolt 27 shoot into a notch, stop-
ping the wipers, 22, 28, etc, on the calling line. ;ontact
29 is opened so that the brush, 2, of the preliminary impulse
Teceiver can start again on its rounds.

The same current that energized the bolt releases mag-
net also pulled up the clutch magnet, € M., which s.tarted
the rotary switch wipers on to their next stop. \Nhll.e the
;b"idged brushes 12 and 13 wipe over contacts 24, Line 2,
‘ through the trip magnet, T M, to ground. This releases
‘the clockwork so that the brush 32 is made to travel for-
ward, sending in a series of impulses over Line 1.

As the apparatus was not designed to make complete

talking connections, no further work on it was done, except
to make drawings of the apparatus and circuits, which
were completed in August, 1897. On testing this rudely
constructed apparatus the results were so satisfactory that
plans were at once laid for building a larger model to
handle complete connections. The shop was moved to
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Fig. 133,

Lorimer’'s First Plan for Doing Away with individual
Switches.

the Orr Building, on the corner of Wayne and Sycamore
Streets (Piqua, Ohio) where a working model was com-
pleted. Its preliminary impulse receiver had four seg-
ments, but only three lines were connected.

Interwoven with the endeavors of life we may find many
a romance, hidden {rom general view. The world seces
only the struggling inventor, gradually perfecting his ma-
chine. But the inventor is a man. To him, his invention
is often more than a machine. Its success may bring
with it the realization of other dreams, perhaps the estab-
lishment of a home. It is significant that on the 26th
of QFtober, 1897, George W. Lorimer was married.

This exchange for four lines, three of which were con-
nected, had the following parts, which it may be well to
remember: Sub-station set, preliminary-impulse receiver,
division starter, rotary switch, and primary connector, all
of which were part of the first outfit, made for demonstra-
tion only. In addition to the above there were the follow-
ing: secondary connector, totalizer, a hundred’s register,
a ten's register, a unit's register, an interconnector, a sig-
naling relay, a busy call relay, a release relay and a sec-
ondary connector controller.

The interconnector is worthy of special note, for it
corresponds to a selector in its functions. After the hun-
dreds register, by a series of impulses from the sub-sta-
tion, has been stepped around to the position corresponding
to the desired hundred, the wipers of the interconnector
commence rotating and stop automatically when they have
reached a non-busy trunk. This is a very fundamental ac-
tion, for without it a large exchange could not be oper-
ated.

On the successful test of this first exchange, consider-
able machinery was bought and work commenced on a
larger exchange to accommodate twelve lines. Two di-
visions were completed and tested out March, 1898. It
worked perfectly, and for a long time was kept in use from
one part of the factory to another. As no patent had
been applied for, the place was carefully guarded and no
public demonstration given, though interested people were
shown its operation. At once they started to make eight
other divisions, which were completed in the fall of 1898
or spring of 1899,

42. Remodeling the system

—In the spring of 1899 the Lori-
mer Brothers wished to put the system on the mar-
ket. It was working finely, and they claimed with good
reason that they had fulfilled their part of the contract
in producing a working automatic exchange. But with his
usual foresight, Mr. N. D. Neill viewed the apparatus as
too cumbersome to be readily shipped. Accordingly he
opposed placing it on the market at once, and urged the
boys to begin reducing its size and designing it with a
view to commercial conditions. At first both boys re-
sisted the idca. Soomn, however, Hoyt Lorimer saw the
wisdom of Mr. Neill’'s suggestions and joined in urging
his brother George to begin on a new system.

The principal objection was to the connectors (primary
connector and secondary connector, identical in build)
which were about sixteen inches high and the same in
diameter, made of plaster of Paris, with all the division
wipers and clutches inside, where repairs were difficult.
The plaster bank was difficult to make and handle, several
of them being broken in process of assembly.

Fig. 134 shows one view of the old system, at the ex-

Fig. 134, Frent View of Old Lorimer Automatic Exchange.
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treme left of which may be seen the secondary connector.
The right half of the bank has been removed, exposing
the ten horizontal discs, each mounted on the vertical shaft
and carrying a set of brushes. At the center of the pic-
ture is the primary connector, exactly the same in appear-
ance and construction. The completely circular bank of
the primary connector contains ten rows of contacts, with
100 sets of contacts in each row. Each set of contacts
Tepresents one subscriber’s line and all corresponding sets
in all the rows are tied together. Each of the ten discs
belongs to a division and has the duty of picking up the
calling line.

" The location of the various parts of this exchange are
given by the key in Fig. 135. A view .of the opposite side
of the exchange is given in Fig. 136, in which the totalizer
i,‘ nearest the observer. Toward the left may be scen the
Preliminary impulse receiver, very similar in form to the
%malizer. The exact circuits and construction of this ex-
d'a“gc will not here be described in detail, but only
E.'“)“gh of the functions and relations of parts given to
Eﬂkc clearer the action of the latest development of the
%‘ﬁmer system.

1 There is no individual apparatus; all is on the per-

centage basis. Each line is represented by ten sets of con-
tacts of the primary connector and also on the secondary
connector, and one contact on the commutator of the pre-
liminary impulse receiver and also the totalizer.

2. The brushes of the preliminary impulse receiver are
the only continuously rotating parts.

3. A division of apparatus (corresponding to a cord cir-
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Flig. 135. Location of Parts Shown In Fig. 134.

cuit) comprises one of the ten brush carrying discs in the
primary connector, a rotary switch, an interconnector (with
the hundreds signal register on it), the units and tens
signal registers, and a secondary connector controller.

4. On receiving a call, the preliminary impulse receiver
stops its brush on the calling line, the division starter starts
a division of the primary connector (the brush carrying
disc) to hunt the calling line. When the line is found.
the preliminary impulse receiver goes on revolving.

5. The rotary switch shifts the connections of the di-
vision at various steps in the call and controls the signal
transmitter at the sub-station.

6. The hundreds register on the interconnector now
receives the series of impulses selecting the group. The
interconnector then automatically selects a non-busy trunk
to that group. Thus it is the means of “interconnecting’
between the groups.

7. The tens and units impulses now come in turn, set-
ting their respective signal registers.

8. The called line is now indicated on the totalizer, so

that the idle division of the secondary connector (selected
automatically by the secondary connector controlier) will
pick up the right line.

During the spring of 1899 the work of reshaping the
apparatus to a more practical commercial form was in
progress. While so doing, they made other improvements

Fig. 136, Rear View of Old Lorimer Automatic Exchange.

as well. For instance, they devised a signal transmitter
controller, so that the signal receiving apparatus at cen-
tral was not set by impulses generated at the sub-station,
but caused to stop at a certain contact as pointed out by
the sub-station. The interesting details of this will be
given later.

Fig. 137 shows this apparatus, forming the next step in

Fig. 137. The Remodeled Lorimer Automatic Exchange.

the development, completed in December, 1899. It will
be noted that the form has been materially changed. The
three pieces of apparatus at the left are the decimal in-
dicator (formerly called preliminary impulse receiver), the
transmitter controller, and the division starter, all common
to a section of 100 lines. At the right, in a vertical col-
umn, are the primary connector, rotary switch, intercon-
nector, secondary connector, etc.,, all individual to one
division (or cord circuit). Instead of having one primary
connector, with ten large discs inside, one for each division,



there is one separate primary connector for each division.
The former bank of contacts was a cylinder sixteen inches
high and the same in diameter. In this it is only about
eight inches high, and the same in diameter. The con-
tacts have been reduced from 3,000 to about 300. The
circuits of this exchange will not be discussed here, as
they are sufficiently like the completed exchange not to
warrant repetition. This form was so nearly a realization
of Mr. Neill’'s ideas of a practical exchange that he and
Hoyt Lorimer went to New York to seek legal aid in
patenting the invention. Application for patent was made
April 24, 1900, with Mr. H. C. Townsend as attorney.

Since Mr. Romaine Callender had not been connected
with the company for a number of years, many of the
stockholders objected to the continuance of his name.
So on March 14, 1900, the name was changed to the Ameri-
can Machine Telephone Co., with George W. Lorimer as
secretary-treasurer,

Preparations were started to manufacture the system on
a more extensive scale. Jigs, templets, dies, special tools,
etc., were made in duplicate for the United States and
Canadian companies, and considerable activity displayed.
A system was installed at Peterboro, Canada, which is still
in sucessful operation. The system was made common
battery, talking as well as signaling. An exhibit board
was sent to Paris. France, with George Lorimer in attend-
ance, and successfully demonstrated before a large group
of engineers. All wires were run in the open, and the com-
mittee, taking the keys of the apartments, made a most
minute examination to assure themselves that all was fair.

Test after test was applied with the utmost rigor, until
practically all were satisfied. But one gentleman lingered
after the rest, coming day after day to study it. At last
he struck a new line of attack and indicated through an
interpreter that he thought only certain lines in the boards
were wired to operate, more than that few veing incapable of
operation. Now, although the exchange was designed and
equipped for 200 lines, only a few had been tested out for
crosses and opens. About a dozen had been tested clear,
and connected to telephones at different locations in the
apartments, Being unable to convince this obdurate man,
Mr. Lorimer in desperation gave the terminals of a tele-
phone into his hands and said, “Connect anywhere.” So
he ran down through the whole 200 lines, calling all the
other telephones from each. Not a call failed, and the ver-
dict given by the Frenchman was “Perfect!”

Besides the board at Paris (Fig. 138) a public exchange
of 400 lines is now working at Lyons, France, and 300 lines
at Rome. A system is now (1909) being installed at
Brantford, Canada. A 200 line switchboard, Fig. 139, is
yet in the office of the American Machine Telephone Com-
pany, at Piqua, Ohio, this view being given for the addi-
tional light which it throws on the construction.

November 6, 1901, Hoyt Lorimer died of typhoid fever
at the home of Mr. Neilll Hoyt was a young man who

threw his whole soul and power into the work, even to
the neglect of his health. Nearly all of the drawings of
circuits and apparatus were his work. In the development
of ideas the work of the two brothers was so interwoven
that the origin could not be credited to one more than the
other. It was a true case of joint invention.

Flg. 138. The torimer Exchange instailed at Parls, France.

43. The completed Lorimer System

General Considerations—The completed system worked
out by the Lorimer Brothers is so different from others in
plan and execution, that careful attention must be paid to
the description to secure a proper understanding of its
operation. Several underlying principles should be recog-
nized at the outsel. They may be catalogued as follows:

1. No apparatus at central individual to any line,

2. Power drive for all contacts.

3. Positive control of calling device at substation by
<entral office apparatus.

4. The multiple wiper principle, which will be explained.

5. The finder switch principle. ’

The unit is an assembly of apparatus designed to serve
100 lines, and is illustrated by Fig. 139. It is divided into a
number of groups called “divisions” (5 represented) each
division corresponding to a cord circuit of a manual board.

The parts which make up one division are arranged in
a vertical column, 4, 5, 6, 7, 8 and 9. They constitute &
train of apparatus reaching from the calling to the called
line. When 2 call comes in the action is very similar to
that of a manual board. Like the answering plug, the
primary connector, 4, hunts up the calling line and ‘con-
nects it. Then the intermediate apparatus receives the
number. Final connection to the called line is completed
by the secondary connector 9, which acts like a calling plug.
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It is evident that the number of “divisions” will be fixed
solely by the amount of traffic. If the number of calls in-
creases, more divisions can be added.

The primary connector might be called a finder switch,
since it finds the calling line. No two primary connectors
in a 100-unit can act at the same instant, as they are con-
trolled by the division starter, 12.

The rotary switch, 5, controls the switching and rearrang-
ing of circuits during the progress of the call, and is the
general utility member. I{ gathers to itself the functions
of all the side-switches in the Strowger system besides other
duties peculiar to the Lorimer mode of working. It com-
prises the greatest complexity of the system, the rest being
very simple. If the place and work of the rotary switch are
mastered, the rest of the system will be eaisly understood.

The signal transmitter controller, 6, has the main duty
of regulating the movements of the substation apparatus,
Without its action the number set up by the subscriber
will not be sent into the office. The signal transmitter
controller also has to do with some of the signaling and
talking circuits.

Mounted on the rotary switch is the thousands register, a

The decimal register controller, 11, works with the decimg)
indicator in guiding the wipers or brushes off a pnmary
connector to the terminals of the calling line.

The Cylinder Switch—This is the basis of most of the
apparatus. It consists of a bank of contacts completely
circular in form with the contacts projecting inwardly.
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_ Fig. 140.—Stopping Clrcult of the Decimal Indicator.

Vertically through the central space runs a shaft carrying
many brushes or wipers, which ride upon these contacts.
Usually there are several brushes which bear on the same
level or row of contacts. The brush carrying shaft is

device for selecting the desired thousand group. It does geared to a constantly rotating power shaft, but the con-
nection is through a clutch operated
m— by a magnet. Normally the magnet
I is de-energized, the clutch released,
INDICATOR e - 4 &:} hd * comeecTORS and a stop applied to a toothed
H :: 1SS i = i wheel which locks the brushes in a
j5l|z30 - . certain position. When the magnet
is energized, the lock is removed
Srcmas s s s s s s and the clutch applied so that the
CONTROLLER | gl 4t e T brushes will be rotated by the power
i shaft.
= . The Register—This consists of sev-
oo [ T i ; i i L‘ o eral wipers bearing on a bank of
STARTER coNTROL. about ten contacts per level. These
wipers have only a rotary motion.
They are driven by a spring which
- - 1S normally under tension. A mag-
- 7 || s e 7 || = 71l 7 Je ||l parasoz= net-controlled escapement allows
= =i the spring to drive the wipers step
i i H by step, over the contacts of the
: i register bank.
" " Secommany. The  Primary  Comnector.— This
consists of a cylinder switch with
a register mounted on top of the

Fig. 139.—Relatlon of Switches in 100 Line Unlt.

this by picking up either interconnector 7 or 8, according
as the called number is in the first or second thousand. It
is apparent that each division of apparatus will have to be
equipped with as many interconnectors as there are thou~
sands in the system,

The interconnector (7 or 8) has the duty of selecting the
desired hundred group and then automatically picking out a
non-busy secondary connector in that group. The inter-
connector has the function of a “selector switch” in other
systems.

The secondary connector, 9, picks out the called line,
completing the chain of connections extending from the
calling line through the primary connector, rotary switch,
signal transmitter controller, interconnector and secondary
connector to the called line,

At the left in Fig. 139 are three pieces of apparatus which
are common to all divisions of this hundred group; 10 is
the decimal indicator, which periodically tests all the lines
of the 100 and, if one makes a call, assists in starting the
connection; 12 is the division starter, and, true to its name,
it starts an idle division to hunting for the calling line,

brush "carrying member. (See Fig.
144, which is stripped of all but the
essential details.) It has a clutch magnet, 19, and a relay,
118. The decimal register, 61, has a magnet, 29, to regulate
the escapement motion of the wipers over the contacts.

i‘::‘:. it

Fig. 141.—ldentifylng Caliing Line.

There are ten sets of brushes (represented by M-1, M-2
and M-3), bearing on subscriber’s line terminals. Each
set of brushes is wired to a set of contacts on the regis-



ter. Moreover, each set of cylinder brushes can move over
a certain ten sets of bank contacts. For instance, a cer-
tain set of three brushes will be able to move over the
bank contacts of lines 0 to 9 inclusive, another set will move
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Fig., 142.—~Lorimer éub-Statlon.

over 10 to 19, another over 20 to 29, etc, Hence if we de-
sire to connect with line 45 we must first move the register
to connect us with that set of cylinder brushes presiding
over 40 to 49, then move all the brushes six notches. Our
selecting set of brushes will now be resting on 45. Other
sets will be on 5, 15, 25, etc., but as the register has not
_connected with them no harm is done. This relation is
known as the “Multiple wiper” principle and is used
throughout the Lorimer system. '

The Decimal Indicator.—This consists of four stationary
commutators as thoroughly built as those used on motors
and dynamos. Each commutator has a revolving brush
which is maintained in motion day and night by a motor or
other suitable power. Commutator 101 (Fig. 143), con-
tains 100 segments, to each of which is connected the No.
1 wire of some subscriber in the 100 group. Brush 111 re-
volves continually over these segments hunting a calling
line. When a line initiates a call this brush will stop on
the segment belonging to that line, and cause an idle pri-
mary connector to hunt up the line desiring connection.

Commutator 106 has the duty of placing a busy or guard-
ing potential on the third wire, 3, of the calling line to
safeguard it against being called by another. Commutators
104 and 105 determine the identity of the calling line and
will be described in detail.

Subscriber’s Telephone—This conosists of a common bat-
tery talking set of any desired pattern (typified by a

BECHAL IOICATOR A 3
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Fig. 143.~Call Detecting Apparatus.

transmitter and receiver, Fig. 142), in addition ot the call-
ing device or “Signal transmitter.” A brush carrying arm,
142, is arranged to travel over a circle of contact pins, every
alternate one of which is dead. Normally it rests on contact
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140, connecting the bell, 146, to the line. The end of a
spiral clock spring is attached to the arm 142. The other
end is attached to a lever by means of which the spring
33 controls the pawl, 168, so that for every complete cycle
train of gears ending in a rotary escapement 167. Magnet
can be wound up. The rotation of arm 142 is regulated by a
or motion of the armature to and fro the escapement will
not allow the brush, 142, to advance from one contact to
the next.

The contact 144-179, is closed by the act of pulling down
the lever which winds up the spring. The same act ad-
vances brush, 142, to contact, 141, but further motion is
prevented by escapement, 167,

At the left in Fig. 142 are shown four rows of contacts.
There are ten contacts in each row. Each row represents
one of the digits of the called number. A brush is adapted
to be used over each row, placing a ground on any desired
contact. It is these which the subscriber adjusts in setting
up the number of the line with which he wishes to talk.

The hook spring has two main springs, 147 and 148,
mechanically connected together. The lever of the hook
switch is locked down during the call .except when brush,
142, has completed its work,

Process of Making a Call—The subscriber first sets up
the number by sliding or rotating the brushes, 171, to the
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Fig. 144.~—Primary Connector Clrcult,

proper digits corresponding to thousands, hundreds, tens
and units, respectively. He then pulls the starting lever
all the way down, and thus winds the spring and advances
brush, 142, to contact, 141, and locks the hook-switch down.

This places a ground on line 1, which causes the con-
stantly rotating brushes of the decimal indicator at “Cen-
tral” to stop on the segment of the calling line. The stop-
ping circuit is given in Fig. 140, all non-essentials being
omitted,

When brush 111 strikes the grounded segment, relay, 211,
energizes. This closes a circuit through the clutch magnet
15, which stops the revolving parts. Relay 214, in parallel
with the clutch magnet, also pulls up, putting positive bat-
tery on the third wire of the calling subscriber’s line, this
being the busy or guarding potential.

It will be noted that negalive battery is connected to
earth, contrary to the usual custom, although this reversal
of polarity has nothing to do with the normal operation of
the system.

The clutch relay, 212, of the division starter (in series
with 15 and 214) also pulls up, thereby causing the division
starter to move and act on an idle division. This action
comes about by brush 61 of the division starter (Fig. 143)
sending an impulse from positive battery over wire 87 to
clutch magnet 17 of the rotary switch (Fig. 145) moving the
cylinder brushes of the latter from their normal N at top of
drawing to the first 1 position.*
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Identifying Calling Line—In Fig 141 the scheme of iden-
A cable, 119, of ten wires

tification is given most simply.

Brush 120 now carries positive battery potential so that
for the rest of its journey it will send impulses over the wire'

runs from commutator 105 to each primary connector. The 187 to the decimal register magnate 29 on the primary con-
wires are multipled to a certain row in each cylinder. The nector. This advances the register brushes to connectiop
with that set of cylinder
:"7 - 'F'N' 42?7 brushes which represent the
I L%Y%Mw % 883 tens digit of the calling line,
. “Z oo °oc 0 When contact 48 of the deci-
5§ : :i——’?’m o dooe Ny . mal register controller jg
2 p anogo b oo 232 reached brush 120 puts both
cz ° °,j£m ° 0 o Ry 334 windings of relay 210 in paral-
A2 :;:«{A%?—‘W‘“ lel, so that they neutralize
—&-;i_k“c oLlio o ¥5 il X = each other and the armature
° geanbto¥o %% e S falls back. Thus by two sepa-
- I J;_:i":‘—i 0oé&ojdoo0o0dooo o))l § e rate operations carried on at
T g 91° y°le22 cooeo o = the same time the worki

20 ] A 34 ng
- L - : : ) 2z g -E°vr_ o2 wires of the division are car-’
- ried through and connected to

g | } O T the calling line.
€}l " u::\_f"'—_s\___i;a The last act of the decimal
= A jbﬁ e ! —! Nt— | register controller energizes
A - clutch magnet 17 of the rotary
" . I — = switch (wire 49, 51 contact FI

N M, N 10 3 %
- 1] - T o .Fxgs.‘ 143, 144 .and 145), send-
- = leze ing it on to its second top,
. on position II.

CONTROLLER Receiving Signals—This mo-.
23 206 202 tion of the rotary switch shifts
_ the connection and starts the
Fig. 145.—Rotary’ Switch. . Hodeteal suct signal transmitter controller
con S AS? SCh bk comacis e hom, 9 1 e o Sndenl WIS RES  to receiving the fst mo
brushes which bridge together two rows of contacts. The rotary switch by this motion digits, thousands and hun-
starts the primary connector cylinder brushes by clutch magnet 19 and the decimal dreds. It is here that the pe-

register controller by clutch magnet 18.

segments, 105, of the decimal indicator are divided into
ten groups of ten each, and the wires of cable 119 multi-

pled as shown. These are to indicate the units.

Brush 115,

bearing positive battery, has stopped on a segment corres-

ponding to the units digit of
the calling line. Cylinder brush
P-1 of the primary connector is
in line with the regular
brushes. As they revolve, due
to clutch magnet 19 being ener-
gized, P-1 will in course of
time strike the contact made
live by brush 115 of the dec-
imal indicator. This causes
relay 219 to pull up, cutting
off clutch magnet 19 stopping
the cylinder brushes on the
units digit of the calling line.

Commutator 104 is divided
into ten large segments, each
occupying the space of ten seg-
ments of 105, with which they
are in exact line. Brush 114
carrying battery, has stopped
on that segment corresponding
to the tens digit of the calling
line, and therefore makes live
a certain segment of the dec-
imal register controller. Its
brush, 120, has been started on
its rotation; as it passes over
the segment nothing happens
until it strikes the segment

culiarity of the Lorimer method
of transmitling signals becomes evident. For the purpose
of making the positive control of the sub-station apparatus
more clear Fig. 149 has been prepared. At the sub-station,
of the contact pins over which brush 142 moves, only a
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made live by brush 114. This energizes relay 210, which
at once locks up with current through its own contact.

Fig. 146.—Signal Transmitter Controller,

portion are shown, and only one of the four digits indicat:
ing brushes, G. At “Central” that part of the signal trans



mitter controller concerned is represented by three wipers,
A, B and C and rtelay 215. The escapement magnet at the
right may be any of those used to advance wipers corres-
ponding to any digit of the called number.

Wipers 4, B C are attached to the same shaft, and move
exactly together. A transmits a series of impulses over

line L-2 to escapement magnet wiper 33, the latter advancing -

arm 142 step by step over the contact pins. Wiper B
sends a similar series of impulses to the escapement magnet
in the exchange, setting forward the wipers which it con-
trols. Wiper B strikes each of its contacts just a little after
A has touched its own corresponding contact.

When the signal transmitter controller, at the proper
time, has been started, wiper A4, acting over line L-2 and
magnet 33 steps arm 142 over the contacts at the sub-
station. Simultaneously the escapement magnet at “Cen-
tral” has been stepping its own mechanism along by im-
pulses received from B. In course of time arm 142 strikes
the pin grounded by brush G. At once relay 215 is ener-
gized, cutting off battery from the escapement magnet at
“Central” It and its mchanism are therefore stopped at
the positoin indicated by the position of brush G of the sub-
station. Relay 215 is locked up by its front contact and
wiper C. However, when the latter reaches the end of its

continuous segment the locking circuit is broken and the.

whole arrangement of circuits is changed.

Referring again to the main series of detail circuits,

(Fig. 146 in particular) the brushes of the signal trans-
mitter controller make their revolution in accordance with
the following code:

First—From normal N to subnormal SN receiving thou-
sands and hundreds digits.

Second—From subnormal SN to subnormal, a complete
revolution, to receive tens and units digits.

Third.—From SN to N a short step connecting up the
talking circuit.
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Automatic Trunking—The proper thousand and hundred
having been selected, the next step is the picking out of
an idle secondary connector in the called group. An idle

" condition is indicated by a ground on wire 224, (Fig. 147),
while if busy that wire will be alive with positive battery.

» Lel * ]

Fig. 147.—Interconnector and Secondary Connector.
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When relay 215 fell back from its last work it started the
cylinder brushes of the interconnector over the following
circuit (Fig. 146): SN of B wiper, wire 96, outside brush of
thousands register, wire 54, clutch magnet 21, (Fig. 147)
wire 55 contact D of rotary switch, (Fig. 145) wire 56, relay
218, to consecution controller and ground. The consecution
controller is a constantly rotating wiper which is intended to
prevent two interconnectors from seizing the same instant.
It does this by giving ground to each in succession so that
one will always be a little in the lead of the other.

As the cylinder brushes of the interconnector rotate to
find a non-busy secondary connector, a testing circuit in
the former tries each trunk passed. This testing circuit is
as follows: Positive battery upper coil of relay 215, (Fig.
146) wire 231, contact D-II of rotary switch wire 222 to
inner brush of register on interconnector (Fig. 147), thence
to bottom cylinder brush. When this brush strikes the first
idle trunk, the ground at E of the secondary connector
energizes relay 215 of the signal transmitter controller
(Fig. 146) breaking its back contact and releasing the clutch

magnet 21 of the
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cylinder brushes.
The front contact
of 215 starts the
rotary switch
from position 11
to 111, This mo-
tion of the rotary
switch starts the
signal transmitter
controller to re-
ceiving tens and
units digits, set-
ting the tens
register and cyl-
inder brushes of
the secondary
connector OvVer
circuits which are
easily traced.
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Fig. 149.—Control of Signal Transmitter.

This action is secured by having a notched disc geared to
the cylinder brush shaft, so’that. the disc will make one
revolution while the cylinder brushes make two. In the
edge of the disc are cut notches so that the dog on the
clutch lever will stop the brushes at the positions indicated.

brushes of the

secondary  con-
nector are now

resting on the terminals of the called line.

Busy Test of Called Line—The condition which indicates
that the called line is busy is positive battery on the pri-
vate contact or third wire (325, Fig. 147) while a ground
or open indicates that the line is disengaged.
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While the rotary switch is moving from position II1 to
position IV, it makes a momentary contact (at D) which
closes the testing circuit to determine whether the called
line is busy or free. This circuit is as follows: ground,
lower coil relay 215, wire 232, rotary switch D-II11, wire
222 through the interconnector wipers, wire 224, to the pri-
vate wiper of the secondary connector,

At the same instant that the above test circuit is closed,
the rotary switch also closes a circuit to energize the clutch
magnet, 20, of the signal transmitter controller. This cir-
cuit involves the back contact of relay 215.

Now, if the called line is busy, the test circuit mentioned
above will cause the relay 215 to pull up, preventing the
signal transmitter controller from moving. This keeps the
called line clear of connections. But if the called line is
free, the relay 215 will not be energized and the signal
transmitter controller will be moved from position SN a
short step to position N.

In this position the signal.transmitter controller puts
positive battery on the private wiper of the second-
ary connector, to protect the called line. It also makes
the necessary connections from the repeating coil and
battery to the line brushes resting on the called line to
feed battery current for talking.

Ringing and Talking—The calling subscriber now lifts
his receiver from the hook, thereby de-energizing relay 216,
which has been held up over line 1 and the ground at the
substation. As relay 216 falls back it gives positive battery
to the clutch magnet 17 of the rotary switch (Fig. 145)
moving the latter to position V.

The rotary switch is now in the talking position and the
two telephones are connected over a circuit which is shown,
simplified, in Fig. 148.

The common battery talking set of the callmg station is
fed with current through relays 216 and 217. The former

Lt

O FERINTIAL

1m»
L

[lvl‘

CALLED
STATION

CALLING
STATION

Fig. 148.—Simplified Rlngfng and Talking Circult,

is differential, with windings opposing so that it offers little
opposition to talking current. The winding of relay 217
which is used is shunted with non-inductive resistance for
the same purpose. Relay 216 is solely for gelease purposes.
Relay 217 is the ringing relay. The calling subscriber, with
his receiver at his ear, presses the ringing button. This in-
serts a high resistance in the line, so that relay 217 falls
back. This projects ringing current on the called line. It
will be observed that it must flow through the called half
of the repeating coil. This induces a flutter in the calling
subscriber’s receiver, which is his indication of a successful
connection. If the line had been busy, the circuit of Fig.
148 would not have been established, and on attempting
to ring no flutter would result, which would indicate a
busy line. When the called subscriber answers, conversation
is carried on by the well-known Hayes system of common
battery transmission. Relay 220 in the called loop is
differentially wound with opposing coils and offers little
impedance. It is to prevent the possibility of ringing on a
subscriber who is just initiating a call.

Though Figs. 148 and 148 show but two windings in the -

repeating coil, in practice four are used, this being neces-

sary (o secure a quiet line. In fact, it has been proposed
to use the condenser-retardation system as jnstalled by
newer all Indépendent telephone companies in manually
operated boards. #

Release.—When the calling subscriber hangs up it restorcgf
the ground on line 1, energizing one coil of relay
216. On pulling up it energizes the clutch magnet 17 of
the rotary switch, moving it to position VI. By a Neatly
arranged series of inter-actions between the rotary switch
and the signal transmitter controller, all switches are now "
automatically rotated forward to their normal positions,
The registers are each reset, being forced back to zero by a
lug which is engaged by the escapement sector as the reg-
ister moves around bodily with the cylinder brushes,

44. Lorimer Summary

Summary.~—In conclusion, the following facts may’ be
noted regarding the Lorimer system:

1. It is designed along lines of rigid control, there being
no freely moving dial nor fast and slow acting relays.

2. The sub-station apparatus is practically “fool-proof,”
the user being unable to tamper with the apparatus until
the selection has been completed.

3. All parts of the apparatus are exceedingly well made,
There is nothing flimsy about any of the Lorimer apparatus
which I have examined. The mechanical parts are of ample
size and finely fitted. The cylinder brushes and register
wipers work under sufficient pressure to make contact cer-
tain, while the power drive is a means of assuring cer-

" tainty of action.

4. The electrical complication used to secure the positive
control and power drive seems bewildering at first, but as
the details are studied, the circuits and combinations seem
more simple.

5. The negative busy signal seems awkward at first, but
should not prove a serious objection. In fact, it might be
considered an advantage to havé the user “hear” the ring-
ing current on its way to the bell, according to a plan which
is in successful use in some places.

6. The idea of reducing central office investment to a
traffic basis is a good one. It enables a reduction in first
cost, if the connecting apparatus be simple enough, and
gives greater time efficiency. In a system employing a sep-
arate switch for each line, at the busiest hour of the day
90 per cent or more are idle, while for the 24 hours the
average will ‘be about 98 per cent idle. In the Lorimer

.system the only parts of the central office equipment which

are individual to each line are the cylinder switch contacts
in primary and secondary connectors and the segments of
the decimal indicator.

7. While the user is setting up the number on his signal
transmitter, or calling device, and pulling the lever which
sends the preliminary impulse, the central office apparatus
has done nothing for his call While the switches are
taking care of his call the user must wait, if even for a
short time. This is an inevitable result of the absolutely
controlled feature mentioned under (1). A free dial allows
the switches to be working while the dial is rotating back,
so that when the user gets through with his manipulations
the connection has been -completed. There is no wait.
However, the actual difference in seconds is not great.

8. As illustrated, no automatic selection of an idle trunk
to a thousand group is shown. This would require as many
interconnectors in each divisidn as there are thousands in
the system. In a 10,000 system, with full 10 per cent
switching, this would mean 10,000 interconnectors, alone. It
has been proposed to use another interconnector to avoid
this trouble. .

The Lorimer system is being used in exchanges serving
the public at Peterboro and Brantford, Canada, where it is
giving excellent satisfaction.



