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The standard means of cornn~unication on r a i l r o a d s  f o r  despatching and blocking 

t r a i n s  and t r ansmi t t ing  messages f o r  t h e  p a s t  60 years  has been t h e  te legraph.  A l -  
l 

though t h e  telephone obviously possessed some advantages over t h e  te legraph f o r  

r a i l r o a d  work, t h e  f a c t  t h a t  t h e  r a i l r o a d s  had been using t h e  te legraph f o r  such 

a long period and with such r e l i a b l e  r e s u l t s ,  made them loa th  t o  adopt a new and 

t o  them un t r i ed  arrangement. About f o u r  yea r s  ago, however, a combination of  

circumstances a rose  which s t rong ly  focused t h e  minds of  rai lway o f f i c i a l s  upon 

t h e  f e a s i b i l i t y  of t h e  telephone t o  r ep lace  t h e  te legraph f o r  r a i l r o a d  work. The 

most important circumstance causing t h i s  r e s u l t  was t h e  enactment of a f e d e r a l  law 

l i m i t i n g  t h e  working hours of an opera tor  t r ansmi t t ing  o r  rece iv ing  orders  a f f e c t -  

i ng  t r a i n  movements, t o  nine hours. I n  add i t ion  t o  t h i s ,  t h e r e  had been a growing 

d i f f i c u l t y  among t h e  r a i l r o a d  companies i n  secur ing  a s u f f i c i e n t  number of  com- 

pe ten t  opera tors  t o  t ake  ca re  of  t h e  n a t u r a l  i nc rease  i n  business .  It  was a l s o  

f e l t  t h a t  t h e  e f f i c i e n c y  of t h e  r a i l r o a d  te legraph opera tors  had been s t e a d i l y  

decreasing f o r  some t ime,  t h i s  s t a t e  of a f f a i r s  probably being brought about by 

t h e  a t t i t u d e  of  t h e  Telegraphers '  Organization toward s tuden t  opera tors .  

It was est imated t h a t  'it would be necessary t o  employ about 15,000 more 

ope ra to r s  on t h e  r a i l r o a d s  throughout t h e  country when t h e  f e d e r a l  nine-hour 

law went i n t o  e f f e c t  and t h i s  l a r g e  increased expense, toge ther  with t h e  d i f f i c u l t y  

of obta in ing  good opera tors ,  caused t h e  rai lway o f f i c i a l s  c a r e f u l l y  t o  i n v e s t i g a t e  

t h e  p o s s i b i l i t i e s  of t h e  telephone i n  p lace  of  t h e  te legraph,  f o r  handling t r a i n  

movements and message work. 

Up t o  t h i s  t ime t h e  use of t h e  telephone by t h e  r a i l r o a d  companies had been 

somewhat l imi t ed .  It had, however, been i n  use f o r  a number of yea r s  f o r  t h e  

t r a n s a c t i o n  a t  te rminals  and d iv i s ion  po in t s  of  miscellaneous business  between 

departments and throughout t h e  yards,  and a l s o  i n  some cases  f o r  t h e  handling of 

t r a i n s  i n  t h e  inunediate v i c i n i t y  of  t h e  te rminal .  I n  add i t ion  t o  t h e  above, many 

of  t h e  roads have been using t h e  composite te lephone i n  some of  t h e i r  d iv i s ions ,  

t o  a s s i s t  i n  t h e  handling of t r a i n s  and f o r  gene ra l  rai l - road bus iness ,  There have 



a l s o  been two o r  t h r e e  in s t ances  where t h e  telephone has been i n  use f o r  a number 

of years  f o r  despatching of t r a i n s .  As e a r l y  a s  1883 t h i s  means of handling t r a f -  

f i c  was used on t h e  New Orleans and Northeastern Railroad,  ord inary  magneto t e l e -  

phones being used, t oge the r  with code r inging .  The telephone c i r c u i t  was about 

100 miles  i n  length and cons is ted  of one i r o n  wire,  and orders  were issued f o r  

t h e  handling of fou r  r egu la r  t r a i n s  a day, t oge the r  with numerous work t r a i n s .  

The Lake Er ie ,  Al l iance  & \$heeling Railroad has been opera t ing  a l i n e  of 

s i n g l e  t r a c k  road f o r  a d i s t ance  of  about 100 miles  by telephone exclus ive ly  f o r  

a number of  years ,  with equipment not  t o  be compared with t h a t  now a v a i l a b l e  f o r  

t h i s  s e rv ice .  

The first telephone t r a i n  wire using improved equipment was i n s t a l l e d  i n  

October, 1907 by t h e  New York Cent ra l  between Albany and Fonda, New York, a 

d i s t ance  of  40 miles.  Short ly a f t e r  t h i s  t h e  Burlington i n s t a l l e d  a c i r c u i t  on 

a double t r a c k  sec t ion  and l a t e r  s e v e r a l  c i r c u i t s  on s i n g l e  t r a c k  d iv i s ions .  The 

success a t t a i n e d  with t h e s e  i n s t a l l a t i o n s  conclusively proved t h a t  t h e  telephone 

could be used t o  advantage f o r  r a i l r o a d  work, and s ince  t h a t  t ime t h e  r a i l r o a d s  

have been r ap id ly  equipping t h e i r  d i v i s i o n s  with t h e  telephone. 

The ob jec t  of t h i s  paper is t o  o u t l i n e  t h e  requirements t o  be met i n  r a i l -  

road telephone se rv ice  and t o  descr ibe  b r i e f l y  t h e  c i r c u i t s  and apparatus developed 

t o  meet t h e s e  requirements. 

During t h e  long use of t h e  t e l eg raph  by t h e  r a i l r o a d s  they  have b u i l t  up an 

e f f i c i e n t  organizat ion f o r  handling t r a i n s  by t h i s  method, and have thoroughly 

s tandardized i n  t h e  method of doing t h i s  business.  In  order  t o  determine t h e  re-  

quirements t o  be met by t h e  telephone,  i f  it is  t o  t a k e  t h e  p lace  of  t h e  te legraph 

throughout a r a i l r o a d  d iv i s ion ,  it w i l l  be necessary t o  examine t h e  methods used 

and t h e  r e s u l t s  obtained by t h e  use of  t h e  telegraph.  

There a r e  t h r e e  main c l a s s e s  of s e rv ice  on every d iv i s ion  which a r e  performed 

by t h e  te legraph.  

1. Train despatching. 

2. Message se rv ice .  



3. Block wire se rv ice .  

The t r a i n  despatching c i r c u i t ,  o r  t r a i n  wire,  a s  it is genera l ly  termed, ex- 

tends along one d iv i s ion  and is used exclus ive ly  by t h e  despatcher loca ted  a t  t h e  

d iv i s ion  poin t  f o r  i s su ing  orders  regarding t r a i n  movements t o ,  and rece iv ing  

t r a i n  r e p o r t s  from opera tors  along t h e  l i n e .  The average length of d iv i s ion  is 

about 130 miles  (209 km.), which is divided i n t o  a  number of sec t ions  o r  blocks, 

averaging about 20 t o  25, t h e r e  being loca ted  a t  t h e  beginning of each block an 

opera tor  controll . ing t h a t  block. The length  of d iv i s ion  and number of opera tors ,  

however, vary g r e a t l y ,  some div is ions  being over 250 miles  (402 km.) long and 

having between 50 and 60 operators  on t h e  l i n e .  

The despatcher  has supreme con t ro l  of each d iv i s ion ,  i n  so  f a r  a s  t r a i n  

movements a r e  concerned, and he handles t h e  business somewhat a s  fol lows:  Each 

d iv i s ion  has i ts  pr in ted  schedule of t r a i n s ,  which conta ins  t h e  time of passing 

a l l  s t a t i o n s  and towers, a l s o  time and p lace  of meeting f o r  a l l  r egu la r  t r a i n s ,  

both passenger and f r e i g h t .  In addi t ion  t o  t h e  r egu la r ly  scheduled t r a i n s ,  t h e r e  

a r e  more o r  l e s s  e x t r a  t r a i n s  t o  take  ca re  of t h e  varying volume of business,  and 

a l s o  t h e r e  a r e  delays which invar iably  occur, p a r t i c u l a r l y  i n  f r e i g h t  se rv ice ,  due 

t o  condit ion of motive power, time of loading c a r s ,  weather, e t c .  

The above condi t ions  cons tant ly  d isar range  t h e  schedule and a s  it is t h e  des- 

pa tche r ' s  duty t o  keep t r a f f i c  moving with t h e  minimum delay, giving preference 

t o  t h e  proper c l a s s e s  of t r a i n s ,  such a s  mail,  passenger and perishable f r e i g h t ,  

it w i l l  be r e a d i l y  understood t h a t  he is  a t  a l l  t imes confronted with a  complicated 

problem, t h e  proper handling of which r equ i re s  g r e a t  judgment and fo res igh t .  

Each of t h e  opera tors  a t  t h e  block s t a t i o n s  has complete con t ro l ,  under t h e  

d i r e c t i o n  of t h e  despatcher ,  of h i s  block sec t ion .  It is h i s  duty t o  r e p o r t  t o  

t h e  despatcher t h e  time of a r r i v a l  and depar ture  o f  t r a i n s ,  and a l s o  t o  t ransmi t  

a  l a r g e  amount of miscellaneous information concerning t h e  cause of t r a i n  de lays ,  

na ture  and ex ten t  of acc idents ,  hot  boxes, broken gears ,  length of time requi red  

t o  r e p a i r ,  t r a c k  condi t ion  and various o t h e r  items which a r e  f a c t o r s  t h a t  t h e  

despatcher  must t ake  i n t o  considerat ion i n  planning h i s  t r a i n  movements. 



The bulk of t h e  despatcher ' s  outgoing business  c o n s i s t s  i n  g iv ing  t r a i n  orders  

t o  one o r  more of t h e  opera tors  who, i n  t u r n ,  t ransmi t  t h e  orders  t o  t h e  proper 
, 

t r a i n  crews. A l a r g e  propor t ion  of  t h e  o rde r s  a r e  t ransmi t ted  s5multaneously t o  

s e v e r a l  opera tors .  The despatcher c a l l s  t h e  opera tors  i n t e r e s t e d  and when they 

a r e  a l l  prepared, he t r ansmi t s  t h e  message, and they  each i n  t u r n  repea t  it back, 

i n  order  t h a t  t h e  despatcher  may know t h a t  h i s  order  i s  properly understood. In  

add i t ion  t o  t h e  t ransmission of  an order  t o  a group of opera tors ,  it w i l l  be 

remembered t h a t  t h e  sounders i n  a l l  t h e  o t h e r  o f f i c e s  a r e  r epea t ing  t h e  same 

order .  This permits every opera tor  on t h e  l i n e ,  i f  he s o  d e s i r e s ,  t o  hear  t h e  

o rde r s  being given and t o  keep i n  touch with t r a f f i c  condit ions.  

It will e a s i l y  be seen t h a t  it is of t h e  utmost importance t h a t  no i n t e r -  

rupt ion  occur i n  t r a i n  wire  se rv ice ,  a s  t h e  despatcher 's  i n a b i l i t y  t o  communicate 

with t h e  opera tors  would p r a c t i c a l l y  r e s u l t  i n  t y i n g  up t h e  t r a f f i c  of t h e  d iv i -  

s ion .  I n  order  t o  provide f o r  i n t e r r u p t i o n s  i n  se rv ice  which might occur,  due 

t o  l i n e  t roub les ,  it is customary t o  loop a l l  t h e  te legraph wires  on t h e  l i n e  

through t e l eg raph  peg switchboards loca ted  i n  most of  t h e  towers.  By t h i s  arrange- 

ment it is poss ib le ,  should any por t ion  of t h e  t r a i n  wire g e t  i n  t roub le ,  f o r  t h e  

opera tors  i n  t h e  a f f ec t ed  d i s t r i c t  t o  c u t  out  t h e  de fec t ive  sec t ion  of wire and 

connect i n  its place  a por t ion  of any o t h e r  te legraph l i n e  on t h e  d iv i s ion .  This ,  

of course,  would i n t e r r u p t  t h e  se rv ice  on t h e  l i n e  which was used f o r  patching, 

but  t h e  importance of  maintaining t h e  t r a i n  wire is s o  g r e a t  t h a t  any o t h e r  ava i l -  

a b l e  wire i s  used f o r  patching u n t i l  t h e  de fec t ive  por t ion  of  t h e  t r a i n  wire can 

be repa i red .  

The above descr ibes  i n  a genera l  way t h e  manner i n  which t h e  te legraph is  used 

i n  t r a i n  despatching. We can now spec i fy  t h e  requirements which a r e  being met by 

t h e  te legraph f o r  t h i s  s e rv ice  and which t h e  telephone n l ~ t s t  meet i n  order  t o  success- 

Eully compete. These requirements a r e :  

1. Abi l i t y  t o  s i g n a l  any one of  50 o r  more s t a t i o n s  on a 250 mile  (402-km.) 

l i n e  and a b i l i t y  t o  s i g n a l  despatcher  from any of  t h e  s t a t i o n s .  

2, Arrangements whereby any number of s t a t i o n s  can simultaneously l i s t e n  i n .  



3. Means f o r  quickly  t e s t i n g  and patching any por t ion  of t h e  c i r c u i t  which 

g e t s  i n t o  t rouble .  

I n  add i t ion  t o  t h e  above requirements,  t h e  telephone owing t o  i ts  g r e a t e r  

f l e x i b i l i t y  can be arranged t o  permit of o t h e r  opera t ing  advantages not  poss ib l e  

with t h e  use of t h e  te legraph.  Among these  a r e  t h e  following: 

a .  Provision whereby o f f i c i a l s  who a r e  not  te legraph opera tors ,  bu t  who a r e  

d i r e c t l y  i n t e r e s t e d  i n  t h e  movement of t r a f f i c ,  a s  f o r  ins tance ,  t r a i n  masters ,  

yard masters,  d iv i s ion  superintendents ,  e t c . ,  can l i s t e n  on t h e  wire and keep i n  

touch with t r a f f i c  condit ions.  

b. Arrangements permi t t ing  t h e  s igna l ing  of  s t a t i o n s  without i n t e r r u p t i n g  

conversation. This  f e a t u r e  r e s u l t s  i n  saving a considerable amount of time. 

c. Automatic n o t i f i c a t i o n  t o  t h e  d i spa tche r  t h a t  t h e  s t a t i o n  he is c a l l i n g  

is rece iv ing  t h e  s i g n a l .  

SIGNALING 

The f i rs t  requirement i s  t h e  a b i l i t y  t o  s i g n a l  any one of 50 o r  more s t a t i o n s  

on a  250 mile (402-km. ) l i n e .  

The problem involved he re  is s e l e c t i v e  s i g n a l i n g  on a  long and very heav i ly  

loaded l i n e ,  and is an extreme condit ion which has  n o t  been met with i n  commercial 

p r a c t i c e .  When cons idera t ion  i s  a l s o  given t o  t h e  degree of  r e l i a b i l i t y  requi red  

f o r  t h i s  s e r v i c e ,  it w i l l  be seen t h a t  t h e  development of s p e c i a l  apparatus was 

necessary. The instrument  used f o r  t h i s  purpose is c a l l e d  a  s e l e c t o r  and i s  in-  

s t a l l e d  a t  t h e  subs t a t ion  and s o  designed t h a t  t h e  despatcher  a t  w i l l  can cause 

any s e l e c t o r  t o  opera te  and c l o s e  a  contac t ,  thereby s igna l ing  t h a t  s t a t i o n  by 

r ing ing  a  b e l l  o r  causing a  s i g n a l  t o  be displayed.  There a r e  t h r e e  genera l  types  

of  s e l e c t o r s  which have been developed f o r  t h i s  purpose, opera t ing  on t h r e e  d i f -  

f e r e n t  p r inc ip l e s :  

1. Instruments responding only t o  a  c e r t a i n  number and sequence of long and 

s h o r t  cu r ren t  impulses o r  long and s h o r t  i n t e r v a l s  between impulses. In t h i s  case 

t h e  only instrument on t h e  l i n e  t h a t  would func t ion  properly and c lose  i ts  con tac t  

would be t h e  one which was adjus ted  t o  respond t o  t h e  p a r t i c u l a r  code arrangement 



of impulses which were being impressed on the line. 

2. Instruments arranged to be started simultaneously by the despatcher and 

to operate independently but in synchronism with each other by means of local 

energy at the station. The despatcher's sending device being so arranged that at 

a predetermined instant one impulse is sent out on the line which at this instant 

is provided with a path through one selector contact only, the other selectors 

either having passed their contacts or not having reached them. 

3. Instruments of the so-called step-by-step type which are stepped around 

in synchronism by a succession of impulses from the despatcher's office, the num- 

ber of impulses sent determining the station called. 

What is known as the Gill selector is an instrument of the first or code im- 

pulse type. This device has been used for a number of years to selectively signal 

telegraph offices, and for this service it is connected in series with the back 

contact of the telegraph relay and battery. When the proper code is sent over the 

line, the selector will function and ring the bell, but by using ordinary Morse 

characters it is practically impossible to reproduce the code and falsely call. 

As this selector had been pretty well tried out for telegraph service, it was but 

natural that it should be one of the first used with the telephone. Fig. 1 shows 

a view of this instrument with the glass cover removed. It consists essentially 

of a ratchet wheel, an electromagnet whose armature is arranged to step the wheel 

forward, a retaining pawl to retain the teeth stepped and a mechanical time ele- 

ment whose function it is to permit the retaining pawl to assume either one of two 

positions, according to the length of the impulse of current. 

The time element is seen at the right of the instrument and consists of a 

metal wheel fastened to a small diameter shaft so arranged that it can roll down 

an inclined rod. 

The fact that it is the small diameter shaft of the comparatively large wheel, 

that rolls down the incline causes the descent to take an appreciable time. When 

the stepping arm is in its upper position it prevents the wheel from descending, 

but when it moves to the lower position due to current, the wheel starts to roll 



and w i l l  reach i ts  lower l i m i t i n g  pos i t i on  provided t h e  cu r ren t  impulse is of  long 

enough durat ion.  If, however, t h e  impulse i s  s h o r t ,  t h e  s tepping arm w i l l  r e t u r n  
i 

t o  i ts  upper pos i t i on  due t o  t h e  r e t r a c t i l e  sp r ing ,  and prevent  t h e  wheel from 

descending i ts  f u l l  d i s t ance .  It w i l l  t hus  be seen t h a t  a  long impulse permits 

t h e  time element t o  func t ion  while a  s h o r t  impulse does not .  

Fig. 2 shows a  diagrammatic view of t h e  r a t c h e t  wheel and r e t a in ing  pawl. 

The time element wheel, through a  system of l e v e r s ,  is s o  arranged t h a t  it permits  

t h e  r e t a i n i n g  pawl t o  f a l l  i n  t h e  r a t c h e t  t e e t h  t o  one h a l f  t h e i r  depth i f  it is 

i n  i t s  upper pos i t i on  and t o  t h e  f u l l  depth i f  it is i n  i ts  lower pos i t i on .  

The t e e t h  of t h e  r a t c h e t  wheels on t h e  s e l e c t o r s  a r e  a l l  c u t  d i f f e r e n t l y ,  

some a r e  p e r f e c t  r a t c h e t  t e e t h ,  some have a  diagonal  s l o t  sawed i n  t h e i r  lower 

h a l f ,  while  o the r s  have t h e  t o p  h a l f  of t h e  too th  d iagonal ly  c u t  away. Fastened 

t o  t h e  pawl is a  semi-circular  p iece  which f a l l s  behind t h e  t e e t h  and holds t h e  

wheel from re tu rn ing  t o  normal when t h e  s tepping pawl is i n  i ts  up pos i t ion ,  pre- 

para tory  t o  making another  s t e p .  I f ,  however, t h e  lower o r  upper h a l f  of a  t oo th ,  

a g a i n s t  which t h e  p iece  r e s t s ,  i s  diagonal ly cu t  away, it w i l l  push t h e  pawl t o  

one s i d e  and t h e  wheel w i l l  r e t u r n  t o  normal pos i t i on  under t h e  inf luence  of i ts 

r e t r a c t i l e  spr ing .  

In  order  t h a t  t h e  r e t a i n i n g  pawl hold each too th  stepped of a  given s e l e c t o r ,  

i ts  pos i t i on  with r e l a t i o n  t o  t h e  f ace  of t h e  t e e t h  must be such t h a t  a t  no time 

does it r e s t  aga ins t  a  por t ion  of  a  tooth  f ace  t h a t  has  been diagonal ly c u t  away. 

This  condi t ion  is brought about only i n  t h e  case of  a  s e l e c t o r  which is being 

operated by i t s  proper sequence of  long and s h o r t  impulses, and t h i s  is t h e  only 

s e l e c t o r  t h a t  w i l l  c l o s e  its con tac t  and s i g n a l  i ts s t a t i o n ,  

F ig .  3 shows a  despatcher ' s  sending key cabine t  with t h e  cover removed. There 

i s  a  key f o r  each s e l e c t o r  and each key c o n s i s t s  of a  t r a i n  of gears ,  whose speed 

of  r o t a t i o n  is con t ro l l ed  by an escapement, and when operated a  s p e c i a l l y  c u t  code 

wheel makes one revolu t ion  sending o u t  on t h e  l i n e  a  c e r t a i n  code of impulses. 

Fig. 4 shows a  schematic diagram of t h e  first type  of way-station c i r c u i t  t h a t  

was used with t h i s  s e l e c t o r .  The c losure  of t h e  con tac t  of t h e  l i n e  r e l a y  puts  



l o c a l  b a t t e r y  cu r ren t  through t h e  s e l e c t o r  and s t e p s  it around. When t h e  s e l e c t o r  

con tac t  is made, l o c a l  cu r ren t  flows through t h e  right-hand spool  of  t h e  polar ized 
I 

r e l a y  c los ing  its contac ts  and r inging  t h e  v ib ra t ing  b e l l .  

The lower r e l a y  contac t  c loses  t h e  b a t t e r y  through t h e  b e l l  while t h e  upper 

contac t  p laces  a  shunt  on one s i d e  of t h e  l i n e  around t h e  l i n e  r e l a y  and through 

a one-tenth microfarad condenser and v i b r a t i n g  b e l l  contac t .  This  shunt  through 

t h e  v i b r a t i n g  contac t  in t roduces  a  tone  on t h e  l i n e  and is heard i n  t h e  despatcher 's  

r ece ive r ,  t hus  no t i fy ing  him t h a t  t h e  s t a t i o n  b e l l  i s  being rung. 

In  t h e  f i rs t  i n s t a l l a t i o n s  of t h i s  type  of apparatus t h e  l i n e  c i r c u i t  arrange- 

ment was a s  shown i n  Fig. 5. I t  was thought advisable t o  use a  l i n e  r e l a y  a t  every 

s t a t i o n  and operate  t h e  s e l e c t o r s  and b e l l s  by l o c a l  ba t t e ry .  I n  order  t h a t  t h e  

sending impulses might not  in t roduce  enough noise  i n  t h e  r ece ive r  br idges  t o  in- 

t e r f e r e  with conversat ion while t h e  despatcher  was s igna l ing  and a l s o  t o  permit 

each l i n e  r e l a y  t o  rece ive  t h e  same amount of cu r ren t ,  a  grounded simplexing 

arrangement was used f o r  s ignal ing ,  t h e  r e l a y s  being placed i n  s e r i e s  with t h e  

l i n e .  Relays a t  a l t e r n a t e  s t a t i o n s  were connected i n  opposi te  s i d e s  of  t h e  l i n e ,  

s o  a s  t o  maintain balance a s  nea r ly  a s  poss ib le .  With ord inary  r e l a y s  placed i n  

s e r i e s ,  t h e  t ransmission l o s s  would, of  course,  be very considerable.  The r e l ays  

used t h e r e f o r e  on t h e  f irst  i n s t a l l a t i o n s  were of a  s e n s i t i v e  type  having an in- 

duct ive  winding of 20 ohms and a non-inductive shunt  of 30 ohms. This  was, i n  

f a c t ,  a  type  of  telephone supervisory r e l a y ,  and from a t r a n s n ~ i s s i o n  s tandpoin t  

was t h e  most e f f i c i e n t  r e l a y  ava i l ab le .  Although t h e  t ransmission l o s s  i n  t h e  

r e l a y  was reduced t o  a  minimum, it was s t i l l  appreciable e s p e c i a l l y  on a  long 

l i n e  with many s t a t i o n s  and s e v e r a l  r e c e i v e r s  o f f  t h e  hook. In  add i t ion  t o  t h i s ,  

t h e  shunt  winding of t h e  r e l a y  made a very i n e f f i c i e n t  arrangement f o r  opera t ion ,  

a s ,  of course,  t h e  s igna l ing  c u r r e n t  going through t h e  non-inductive shunt  repre- 

sented a  c l e a r  waste. Another objec t ion  t o  t h i s  c i r c u i t  t h a t  was found i n  p rac t i ce  

was noise  introduced from t h e  grounds and unbalance, a s  it is  almost impossible t o  

balance t h e  l i n e  with s e r i e s  r e l a y s .  Also t h e  e f f e c t  of l i gh tn ing  on t h e  s e r i e s  

arrangement was found t o  be r a t h e r  d i s a s t r o u s .  The t roub les  experienced with t h i s  



c i r c u i t  f i n a l l y  l ed  t o  t h e  development of a  new c i r c u i t ,  a s  shown i n  Fig. 6. In 

t h i s  arrangement t h e r e  a r e  no grounds on t h e  l i n e  and no l i n e  r e l a y s  used. The 

I s e l e c t o r s  a r e  wound t o  4,500 ohms r e s i s t a n c e  and placed d i r e c t l y  across  t h e  l i n e .  

In  s e r i e s  with t h e  s e l e c t o r s  is placed t h e  proper amount of t ape r ing  r e s i s t a n c e ,  

so t h a t  t h e  amount of s igna l ing  c u r r e n t  through each bridge w i l l  be t h e  same. 

The answer back is obtained by including,  i n  s e r i e s  with t h e  s e l e c t o r  con- 

t a c t  b e l l  and ba t t e ry ,  a  secondary winding on t h e  spools  of  t h e  s e l e c t o r .  As 

t h e  b e l l  v i b r a t e s  it induces c u r r e n t  i n  t h e  s e l e c t o r  windings which produces a  

tone  i n  t h e  despatcher ' s  r ece ive r .  With t h i s  c i r c u i t  arrangement t h e  normal cur- 

r e n t  f o r  t h e  opera t ion  of  t h e  s e l e c t o r s  is t e n  milliamperes.  The cu r ren t ,  how- 

ever ,  can f a l l  considerably below t h i s  without a f f e c t i n g  t h e  opera t ion  of t h e  

s e l e c t o r s .  The r e t a r d a t i o n  c o i l s  and condensers a t  t h e  despatcher ' s  end of t h e  

l i n e  a r e  used t o  c u t  down t h e  peak of t h e  c u r r e n t  wave t o  such a  point  t h a t  t h e  

noise  i n  t h e  r ece ive r s  while t h e  s i g n a l  is being s e n t  is not  enough t o  i n t e r f e r e  

with conversat ion.  I n  t h i s  c i r c u i t  it is necessary t o  introduce a  condenser i n  

s e r i e s  with t h e  r ece ive r s  ac ross  t h e  l i n e  i n  order  t h a t  t h e  s igna l ing  cu r ren t  may 

not  be shunted through t h e  t a l k i n g  bridges.  

The second type of s e l e c t o r  which has been extens ive ly  used, t h a t  i s ,  s e l e c t o r s  

maintained i n  synchronisnl by l o c a l  energy a t  t h e  subs t a t ion ,  is what i s  known a s  

t h e  Wray-Cummings s e l e c t o r .  Fig. 7 shows t h e  despatcher ' s  master sending o u t f i t  

and Fig.  8 shows t h e  subs t a t ion  s e l e c t o r .  The master s e l e c t o r  c o n s i s t s  of a  

s tandard clock-work mechanism, t o  t h e  second hand of which is a t tached a con tac t  

arm. In  t h e  path of t h i s  con tac t  t h e r e  a r e  t h i r t y  in su la t ed  segments which a r e  

arranged s o  t h a t  any one of them can c lose  b a t t e r y  cu r ren t  through a r e l a y  when 

t h e  con tac t  arm engages with t h i s  p a r t i c u l a r  segment. The despatcher  depresses 

any of t h e  locking push but tons shown a t  t h e  r i g h t  of t h e  f i g u r e  and then opera tes  

t h e  key mechanism shown on t h e  door. This mechanism is merely a  r e t a rda t ion  de- 

v i c e  arranged s o  t h a t  when operated a  contac t  i s  made f o r  a  length  of  time s u f f i -  

c i e n t  t o  opera te  t h e  r e l a y s  which s t a r t  t h e  master and a l l  t h e  s t a t i o n  clocks,  

The subs t a t ion  s e l e c t o r  i s  s i m i l a r  t o  t h e  despatcher ' s  c lock mechanism except t h a t  

each s t a t i o n  is  equipped with but  one contact  arranged t o  engage with t h e  revolving 



arm. These con tac t s  a t  t h e  var ious  s t a t i o n s  a r e  ad jus ted  a t  d i f f e r e n t  angular  d is -  

placements from t h e  normal pos i t i on  of t h e  contac t  arm. When t h e  despatcher  has 

s t a r t e d  a l l  t h e  clocks simultaneously, it is  evident  t h a t  t h e  con tac t  arm on t h e  

master s e l e c t o r  w i l l  have reached, say i ts  t e n t h  poin t  a t  t h e  same i n s t a n t  t h a t  

t h e  t e n t h  s e l e c t o r  has reached its po in t .  A t  t h i s  i n s t a n t  t h e r e  a r e  no o t h e r  

s e l e c t o r s  which a r e  on t h e i r  contac t  poin t  and due t o  t h e  f a c t  t h a t  t h e  t e n t h  

poin t  on t h e  despatcher ' s  clock is connected by means of  a  locked push but ton t o  

cause cu r ren t  t o  flow on t h e  l i n e ,  t h e  s igna l ing  mechanism a t  t h e  des i red  s t a t i o n  

w i l l  be operated.  Fig. 9 shows t h e  c i r c u i t  arrangement a t  t h e  despatcher ' s  o f f i c e  

and a t  t h e  way-station. Iflien properly ad jus ted  t h i s  s e l e c t o r  has  given s a t i s -  

f a c t o r y  se rv ice .  It ,  however, r e q u i r e s  one minute t o  c a l l  t h e  t h i r t i e t h  s t a t i o n .  

The t h i r d  c l a s s ,  o r  step-by-step s e l e c t o r ,  is represented i n  Fig. 10 which 

shows t h e  Western E l e c t r i c  s e l e c t o r .  This  device is probably t h e  s imples t  and 

quickes t  s o  f a r  used f o r  t h i s  purpose and c o n s i s t s  of two electromagnets connected 

i n  s e r i e s  and mounted i n  a  brass  frame. Each magnet is equipped with two spools ,  

t h e  co res  of one of t h e  magnets being covered with copper s l eeves  t o  produce slow 

ac t ion .  Fig. 11 shows t h e  schematic diagram of  t h e  l e v e r  movements, Upon t h e  

f a s t - ac t ing  l e v e r  is mounted a  s tepping pawl A designed t o  engage with a  r a t c h e t  

wheel t o  which is fastened a platinum pointed ann. Mounted on t h e  framework is a 

r e t a i n i n g  pawl B designed t o  r e t a i n  t h e  t e e t h  a s  they  a r e  stepped. Attached t o  

t h e  slow-acting armature a r e  two f i n g e r s  designed t o  engage with t h e  two pawls i n  

such a  way t h a t  when i n  t h e  normal pos i t i on  of  t h e  slow a c t i n g  armature, t h e  two 

pawls w i l l  be held out  of  engagement with t h e  wheel, while i n  t h e  operated pos i t i on  

t h e  f i n g e r s  w i l l  perniit t h e  pawls t o  engage w i t h  t h e  wheel. This  s e l e c t o r  is 

operated by first placing on t h e  l i n e  an impulse of  cu r ren t  which opera tes  both 

magnets. There is then  placed on t h e  l i n e  a  succession of s h o r t  impulses,  which 

cause t h e  s tepping  magnet t o  o s c i l l a t e  back and f o r t h  and s t e p  t h e  wheel around 

t h e  des i red  number of s t e p s .  The speed with which these  impulses a r e  placed upon 

t h e  l i n e ,  however, does not  permit of  t h e  slow-acting magnet r e l eas ing .  When t h e  

des i red  number of s t e p s  a r e  taken,  t h e  con tac t  is made and cu r ren t  is held on t h e  

l i n e ,  t h u s  r ing ing  t h e  b e l l .  



A s  soon a s  c u r r e n t  is removed from t h e  l i n e  t h e  slow-acting magnet r e l eases ,  

which r a i s e s  t h e  pawls and permits t h e  wheel t o  f a l l  back t o  normal pos i t ion  under 

t h e  influence of i ts  r e t r a c t i l e  spring.  When a s t a t i o n  i s  ca l l ed ,  say f o r  in s t ance  

No. 10,  a l l  t h e  s e l e c t o r s  t ake  t e n  s t e p s  and t h e  s e l e c t o r s  a t  t h e  first nine s t a -  

t i o n s  w i l l  momentarily make t h e i r  contac ts  a s  they s t e p  around; thus  momentarily 

t h e  l o c a l  s t a t i o n  b a t t e r y  c i r c u i t  is closed a t  t hese  s t a t i o n s .  This,  however, 

w i l l  no t  cause t h e  b e l l  t o  r i n g  f o r  t h e  following reason: The s e l e c t o r  operates  

a t  t h e  r a t e  of from 8 t o  10  s t e p s  pe r  second, and t h e  arrangement of t h e  contac t  

spr ing  C,  Fig. 11, is such t h a t  it follorgs t h e  movement of t h e  s tepping l e v e r  and 

during a s tepping cycle  makes contac t  with t h e  contac t  arm i n  but  a small percent- 

age of t h e  one-tenth of a second necessary t o  t ake  a s t ep .  This ac t ion  is of such 

momentary durat ion t h a t  t h e r e  is  no danger of a f a l s e  s i g n a l  being given. I t  will 

be noted t h a t  t h e  contac t  arm of t h e  wheel i n  i ts  normal pos i t ion  r e s t s  aga ins t  an 

insula ted  contac t  o r  s t o p  piece. On t h e  o the r  s i d e  of t h i s  s top  p iece  is fastened 

a platinurn contac t  which w i l l  engage with t h e  contac t  arm when t h e  wheel has gone 

around t o  i ts  1.imiting pos i t ion .  This  s t o p  p iece  is angular ly  adjus table  and per- 

m i t s  easy adjustment of any s e l e c t o r  f o r  any s t a t i o n .  It is sometimes necessary, 

a s  w i l l  be explained l a t e r ,  t o  produce a simultaneous s i g n a l  a t  a l l  t h e  s t a t i o n s  

and t h a t  i s  t h e  funct ion  of t h e  contac t  on t h e  s t o p  p iece ,  it being only necessary 

t o  send out  t h e  proper number of impulses on t h e  l i n e  which w i l l  cause a l l  t h e  

s e l e c t o r s  t o  engage with t h i s  contac t .  

Fig.  12 shows t h e  l o c a l  b a t t e r y  way-station c i r c u i t  used with t h i s  s e l e c t o r .  

There a r e  two 40-ohm r e t a r d a t i o n  c o i l s  placed on e i t h e r  s i d e  of t h e  s e l e c t o r  a s  a 

p ro tec t ion  aga ins t  l ightn ing .  The s e l e c t o r  is wound t o  3,750 ohnls and i s  connected 

with t h e  proper t a p e r  r e s i s t a n c e  t o  produce equal cu r ren t  i n  a l l  t h e  bridges. When 

a s t a t i o n  is c a l l e d ,  contac t  A is made, which c loses  t h e  l o c a l  b a t t e r y  through t h e  

v i b r a t i n g  be l l .  The b e l l  is a l s o  equipped with a f r o n t  contac t  which makes and 

breaks a 10,000 ohm r e s i s t a n c e  ac ross  t h e  l i n e  and gives t h e  despatcher an answer 

back. 

This s e l e c t o r  is a l s o  arranged t o  r i n g  a b e l l  by means of t h e  b a t t e r y  loca ted  



a t  t h e  despatcher 's  o f f i c e ,  t hus  e l iminat ing  t h e  l o c a l  b a t t e r y  a t  t h e  subs t a t ion .  

Fig. 1 3  shows t h e  apparatus s o  arranged. When using c e n t r a l  b a t t e r y  t o  r i n g  t h e  

b e l l  it is  necessary,  of course, t o  have it high wound. In  t h i s  case ,  i ts  r e s i s -  

tance i f  1100 ohms and a t a p e r  r e s i s t a n c e  i s  used i n  s e r i e s  t o  produce t h e  same 

cu r ren t  through t h e  b e l l  wherever it lnay be loca ted  on t h e  l i n e .  It  was found 

t h a t  i f  t h e  t a p e r  r e s i s t a n c e  used f o r  t h e  s e l e c t o r  was a l s o  used f o r  t h e  b e l l ,  t h e  

drop i n  vol tage  due t o  t h e  combined cu r ren t  passing through t h e  r e s i s t a n c e  was 

g r e a t  enough t o  reduce t h e  cu r ren t  t o  an objec t ionable  ex tent .  Separate  t a p e r  re -  

s i s t a n c e s  a r e ,  t h e r e f o r e ,  used on t h e  b e l l  c i r c u i t .  Fig.  14  shows t h e  despatcher ' s  

sending key, one being used f o r  each s t a t i o n .  These keys a r e  mounted by means of a  

l a t c h  i n  a  s u i t a b l e  cabine t  and can be ind iv idua l ly  and quickly removed without 

d i s tu rb ing  e l e c t r i c a l  connections. They c o n s i s t  of a  t r a i n  of gears  whose speed 

is con t ro l l ed  by an improved s i l e n t  governor. The contac t  wheels a r e  t h e  same i n  

a l l  keys of a  given type  but  a r e  ad jus ted  f o r  each s t a t i o n  by moving t h e  segments 

s o  a s  t o  uncover t h e  proper number of t e e t h  f o r  t h e  s t a t i o n  des i r ed .  

This f e a t u r e  makes t h e  keys universa l  and a s  t h e  s e l e c t o r s  a r e  e a s i l y  ad jus t -  

a b l e  t o  any s t a t i o n ,  t hey  a r e  a l s o  universa l ,  and a  spare  s e l e c t o r  and key kept  on 

hand can be arranged quickly t o  rep lace  any s e l e c t o r  o r  key which may become de- 

f e c t i v e .  

Fig. 15 shows t h e  despatcher ' s  and 1.ine c i r c u i t .  The contac ts  of t h e  sending 

keys a r e  a l l  arranged i n  p a r a l l e l  s o  t h a t  t h e  opera t ion  of any one w i l l  cause t h e  

sending r e l a y  t o  opera te  and p lace  main b a t t e r y  cu r ren t  on t h e  l i n e .  Capacity and 

r e s i s t a n c e s  a r e  placed around t h e  con tac t s  t o  reduce t h e  sparking. The noise  of 

sending is reduced by leading  t h e  b a t t e r y  c u r r e n t  through t h r e e  r e t a r d a t i o n  c o i l s  

and p lac ing  six-microfarad condensers ac ross  t h e  l i n e .  It was found t h a t  i f  on a  

despatching wire t h e  l i n e  should from any cause break, leaving but  few s e l e c t o r s  

on t h e  l i n e ,  t h e  c u r r e n t  through t h e  s e l e c t o r  br idges would r i s e  t o  such a  po in t ,  

due t o  t h e  f a c t  t h a t  t h e  t o t a l  vol tage  was s t i l l  used, t h a t  t h e  s e l e c t o r  s tepping  

armature would s t a y  i n  i ts  forward pos i t i on  when s tepping  impulses were s e n t  on 

t h e  l i n e  in s t ead  of o s c i l l a t i n g  and stepping t h e  wheel. This was a  se r ious  objec- 



t i o n  a s ,  i n  case of an acc ident  of t h i s  kind, t h e  despatcher  would be unable t o  c a l l  

t h e  s t a t i o n s  between him and t h e  break. I t  was found t h a t  t h i s  s t i c k i n g  occurred 

more o r  l e s s  i n  a l l  types  of  s e l e c t o r  operated by impulse from t h e  despatcher 's  

o f f i c e .  The f a u l t  was overcome t o  a  c e r t a i n  ex ten t  with t h e  Western E l e c t r i c  

s e l e c t o r  by designing t h e  magnetic c i r c u i t  of t h e  s e l e c t o r  s o  t h a t  under normal 

cu r ren t  it would be f a i r l y  near  s a t u r a t i o n ,  excessive c u r r e n t  not  increas ing  t h e  

p u l l  of  t h e  armature very much. This remedied t h e  objec t ion  somewhat, but  upon 

f u r t h e r  i nves t iga t ion ,  it was found t h a t  with excessive c u r r e n t  going t o  the  l i n e ,  

t h e  six-microfarad condensers,  used f o r  qu ie t ing  t h e  c i r c u i t  a t  t h e  despatcher 's  

o f f i c e ,  becoming more h ighly  charged under this extreme condi t ion ,  tended t o  hold 

t h e  s e l e c t o r s  up during i n t e r v a l s  between s tepping ,  due t o  t h e i r  discharge over 

t h e  l i n e  and through t h e  bridges.  I n  order  t o  counteract  t h i s  e f f e c t ,  t h e  sending 

r e l a y  was equipped with an e x t r a  con tac t  A s o  constructed t h a t  t h e  c losu re  of t h e  

b a t t e r y  contac t  B caused t h e  opening of  A ,  and t h e  i n s t a n t  t h a t  contac t  B broke, 

contac t  A made. In  s e r i e s  with contac t  A across  t h e  l i n e  was placed a  250 ohm 

r e s i s t a n c e .  This arrangement provides a  comparatively low r e s i s t a n c e  path f o r  t h e  

discharge of t h e  condensers and prevents  t h e i r  discharging t o  any g r e a t  ex ten t  

throughout t h e  l i n e  and holding t h e  s e l e c t o r s  up. 

In  addi t ion  t o  t h e  t h r e e  types  of s e l e c t o r s  described,  t h e r e  a r e  polar ized 

types  of  s e l e c t o r s  which I be l i eve  have been used t o  a  small  e x t e n t .  This type of 

s e l e c t o r  genera l ly  employs c u r r e n t  of one p o l a r i t y  f o r  s tepping  and of t h e  oppos i te  

p o l a r i t y  f o r  r inging.  The ob jec t ion  which has been brought f o r t h  a g a i n s t  polar ized 

appara tus  has been t h a t  it is necessary t o  maintain t h e  l i n e  poled i n  one d i r e c t i o n  

a l l  t h e  time, a s  a  r e v e r s a l  of t h e  l i n e  wires  will cause a l l  t h e  s e l e c t o r s  beyond 

t h i s  po in t  t o  f a i l .  The l i a b i l i t y  of revers ing  l i n e s  due t o  l i n e  r e p a i r s ,  patch- 

ing ,  e t c . ,  seems t o  be g r e a t  enough t o  r a i s e  a  s e r ious  objec t ion  t o  pol.arized 

apparatus.  

The foregoing desc r ip t ion  covers i n  genera l  t h e  means used by t h e  despatcher 

f o r  s igna l ing  t h e  var ious  s t a t i o n s .  The tower opera tor ,  when he wants t o  communi- 

c a t e  with the  despatcher ,  l i s t e n s  i n  t o  l e a r n  whether t h e  l i n e  is busy, and i f  it 



is  not ,  he merely says  "despatcher" i n  t h e  t r ansmi t t e r .  The despatcher wears a  

head rece ive r  and c e n t r a l  o f f i c e  type of ches t  t r a n s m i t t e r  and is on t h e  l i n e  a l l  

t h e  time. 

The second requirement which must be met by t h e  telephone a s  used on a t r a i n  

wire a r e  means whereby any number of s t a t i o n s  can simultaneously l i s t e n  i n .  

A s  we will have t o  r e f e r  t o  t ransmission values it might be well  a t  t h i s  

poin t  t o  expla in  t h e  u n i t s  used. 

In giving a value t o  a  c e r t a i n  q u a l i t y  and volume of transmission it is s a i d  

t o  equal  a  c e r t a i n  number of miles  of cable.  This means t h a t  t h e  number of miles  

s t a t e d  is such t h a t  when standard instruments a r e  used f o r  t h i s  d is tance  over No. 

19 gauge telephone cable  of 0.06 microfarads capaci ty  per mile, t h e  value of t r ans -  

mission w i l l  be t h e  same. It  is considered t h a t  t h e  commercial l i m i t  of good 

transmission is 30 cable-miles. This value can be equated i n  terms of any o the r  

kind of c i r c u i t .  One mile-cable l o s s  is equivalent  t o  t h e  l o s s  sustained i n  16 

miles  (25.7 km.) of No. 9 B. & S. copper and a s  t h i s  is the  standard s i z e  of wire 

used on despatching c i r c u i t s ,  it w i l l  be seen t h a t  t h e  l i n e  may be 480 miles (772 

km. ) long before t h e  so-called commercial l i m i t  is reached. This is considerably 

longer than any of t h e  c i r c u i t s  i n  use, t h e r e  being but  few over 250 miles  (402 lcm.) 

i n  length.  There is, the re fo re ,  a  surplus  of t ransmission ava i l ab le  which can be 

taken advantage of i n  arranging c i r c u i t s  t o  permit seve ra l  opera tors  t o  listen i n  

simultaneously. The l o s s  occasioned by t h e  s e l e c t o r  bridges is a lmost :negl ig ib le ,  

t h e  impedance t o  t a l k i n g  frequencies of t h e  W .  E. s e l e c t o r  being about 90,000 ohms. 

This value is such, t h a t  t h e  l o s s  sus ta ined  when f o r t y  s e l e c t o r s  a r e  across  t h e  l i n e  

is  only one mile of cable .  

The first form of subs ta t ion  t a l k i n g  c i r c u i t  used on t r a i n  wires was t h e  stand- 

ard  l o c a l  ba t t e ry  c i r c u i t ,  which is schen~a t i ca l ly  shown i n  Fig. 16. I t  w i l l  be seen 

t h a t  during conversat ion,  t h e  condenser, r ece ive r  and secondary of t h e  induction 

c o i l  a r e  i n  s e r i e s .  The r e s i s t ance  of t h e  secondary of t h e  c o i l  used was 20 ohms, 

and of t h e  r ece ive r  70 ohms, a  two-microfarad condenser being used i n  s e r i e s .  The 

t o t a l  impedance of t h i s  bridge t o  t a l k i n g  cu r ren t  is approximately 600 ohms, about 

300 ohms of which a r e  a c t i v e  f o r  receiving purposes. It i s  obvious t h a t  when a 



number of these  s e t s  a r e  bridged across  t h e  l i n e  a t  once, t h e  j o i n t  impedance of 

t h e  p a r a l l e l  paths is very low and t h e  t ransmission correspondingly d i f f i c u l t  be- 

tween widely separated s t a t i o n s .  

The f i rs t  s t e p  towards overcoming t h i s  d i f f i c u l t y  was t o  r a i s e  t h e  impedance 

of  t h e  t a l k i n g  bridge by t h e  use of  a  d i f f e r e n t  induct ion c o i l ,  wound with a  low 

primary and a high impedance secondary. This  be t t e red  mat te rs  somewhat a s  t h e  

h igher  r e s i s t a n c e  bridges produced a more even d i s t r i b u t i o n  of  t h e  t a l k i n g  cu r ren t  

from t h e  despatcher 's  o f f i c e ,  and would give b e t t e r  outgoing t ransmission from t h e  

subs t a t ions .  Although t h e  despatcher ' s  voice cu r ren t s  were undoubtedly b e t t e r  d is -  

t r i b u t e d  among t h e  bridges with t h i s  arrangement, s t i l l ,  due t o  t h e  f a c t  t h a t  t h e  

bulk of t h e  impedance i n  t h e  br idges  was i n  t h e  secondary of t h e  c o i l ,  t h e  r ece ive r  

having a  r e s i s t a n c e  of but  70 ohms, t h e  t ransmission ga in  was very s l i g h t .  

The next  obvious s t e p  would be t o  maintain t h e  high impedance i n  t h e  t a lk ing  

bridge bu t  put  a s  much of t h i s  impedance a s  poss ib le  i n  t h e  r e c e i v e r .  If t h i s  were 

done, however, t h e  high impedance r ece ive r  i n  s e r i e s  with t h e  secondary of  t h e  in- 

duct ion c o i l  would reduce t h e  outgoing t ransmission from t h e  subs t a t ion  t o  an oh- 

j ec t ionab le  ex ten t .  It was then  determined t h a t  t h e  b e s t  r e s u l t s ,  both f o r  receiv- 

ing  and t r ansmi t t ing ,  would be obtained by i n s t a l l i n g  a  switching arrangement a t  

t h e  subs t a t ion  so t h a t  when t h e  switch was i n  one pos i t i on  t h e  c i r c u i t  was i n  t h e  

b e s t  poss ib l e  condit ion f o r  r ece iv ing  and when i n  t h e  o t h e r  p o s i t i o n  was i n  t h e  

b e s t  poss ib l e  condit ion f o r  t r ansmi t t ing .  The c i r c u i t  developed i s  shown i n  Fig. 

17 ,  t h e  c i r c u i t  t o  t h e  l e f t  represent ing  t h e  despatcher ' s  s t a t i o n  and t o  t h e  r i g h t  

t h e  way s t a t i o n .  

I t  w i l l  be noted t h a t  a  non-locking push button is loca ted  a t  t h e  way s t a t i o n  

and i n  i ts  normal pos i t i on  t h e  bridge across  t h e  l i n e  c o n s i s t s  merely of a  700 ohm 

r e c e i v e r  and a one-microfarad condenser. The impedance of  t h i s  r e c e i v e r  is about 

2500 ohms and a s  t h e  t o t a l  impedance of t h e  bridge is a l l  i n  t h e  r ece ive r  it is  a l l  

e f f e c t i v e  f o r  rece iv ing  purposes. 

When t h e  opera tor  wishes t o  t a l k  he depresses t h e  push but ton o r  i n  some cases 

a  f o o t  switch which c loses  h i s  l o c a l  t r a n s m i t t e r  b a t t e r y  c i r c u i t  and a l s o  connects 



t h e  secondary of  h i s  induct ion c o i l  t o  t h e  l i n e .  The voice cu r ren t s  generated i n  

t h e  secondary have a  path d i r e c t l y  ac ross  t h e  l i n e  i n  s e r i e s  with t h e  condenser 

and a l s o  a  shunt  path through t h e  r e t a r d a t i o n  c o i l  and r ece ive r  i n  s e r i e s ,  This  

r e t a r d a t i o n  c o i l  is of about 6,000 ohms impedance and is placed i n  s e r i e s  with t h e  

r ece ive r  i n  t h e  manner shown, i n  order  t h a t  t h e  despatcher  may break i n  i f  it is 

necessary f o r  him t o  i n t e r r u p t  an opera tor  while t a l k i n g .  The impedance va lues  a r e  

such t h a t  t h e  amount of s i d e  tone  is j u s t  s u f f i c i e n t  f o r  t h e  opera tor  t o  d i s t i n -  

guish t h e  despatcher ' s  voice i f  he i n t e r r u p t s  and he w i l l  r e l e a s e  h i s  but ton i n  

order  t o  c l e a r l y  understand what t h e  despatcher  is saying. The outgoing transmis- 

s i o n  of t h i s  c i r c u i t  i s ,  the re fo re ,  t h e  b e s t  poss ib l e  cons i s t en t  with t h e  f a c t  

t h a t  we must arrange t o  permit t h e  despatcher  t o  i n t e r r u p t  t h e  opera tor ' s  conversa- 

t i o n  when necessary. 

The induct ion c o i l  used i n  t h e  way-station and a l s o  t h e  t r a n s m i t t e r  a r e  

e s p e c i a l l y  designed f o r  railway work. The t r a n s m i t t e r  but ton i s  of medium r e s i s t -  

ance and while not  tak ing  excessive b a t t e r y  cu r ren t  s t i l l  v a r i e s  t h e  cu r ren t  

through a l a r g e  range and g ives  good volume and a r t i c u l a t i o n  with t h r e e  c e l l s  of 

ba t t e ry .  

When t h e  r ece ive r  i s  o f f  t h e  hook, t h i s  c i r c u i t  reduces t h e  t ransmission by 

about  one mile of cable ,  f o r  s t a t i o n s  beyond, t h a t  a r e  rece iv ing  from t h e  despatcher .  

130 miles  (209 km.) No. 9 copper being t h e  average length  of  despatcher ' s  l i n e ,  t h e  

l i n e  t ransmission l o s s  a t  16 miles  (25.7 km.) of wire t o  one mile (1 .6  km.) of  cable ,  

w i l l  be e i g h t  miles  (12.8 ko~.)  of  cable ,  leaving  an equiva lent  i n  t ransmission of 

22 miles  of cable  t h a t  can be used i n  t h e  bridges before we reach 30-mile (48-km.) 

t ransmiss ion  f o r  t h e  l a s t  s t a t i o n .  Thus it w i l l  be seen t h a t  on a  l i n e  of t h i s  

kind 22 opera tors  can be l i s t e n i n g  i n  and good transmission can be maintained. I t  

is  p r a c t i c a l l y  never necessary t h a t  t h i s  number be on t h e  l i n e ,  15  being a  l i b e r a l  

es t imate  of t h e  number of r ece ive r s  t h a t  w i l l  be o f f  t h e  hook a t  one t ime,  If ,  

however, emergencies should a r i s e  making it necessary f o r  25 o r  30 opera tors  t o  

l i s t e n  i n ,  t ransmission w i l l  be s u f f i c i e n t l y  good f o r  t h e  t r ansac t ion  of business ,  

even though it is beyond t h e  30-mile l i m i t .  



The requirements of t h e  despatcher ' s  c i r c u i t  a r e  somewhat d i f f e r e n t  f r o n  those 

a t  t h e  towers. lie must be on t h e  l i n e  a l l  t he  tinie and t h e  t ransmission and re- 

ceiving of h i s  s e t  must be a s  good a s  poss ib le ,  without r e s o r t i n g  t o  tlie use of a  

push button f o r  t a lk ing  and l i s t e n i n g ,  a s  h i s  time is t o o  f u l l y  occupied t o  permit 

him t o  use t h i s  device. 

The c i r c u i t  is shown a t  t h e  l e f t  of t h e  f igu re .  A 70-ohm rece ive r  js used i n  

s e r i e s  with t h e  secondary of t h e  same type  of induction c o i l ,  a s  is used a t  t l ie sub- 

s t a t io r l s ,  and a one-microfarad condenser i n  s e r i e s .  The impedance of t h i s  bridge 

is aboot 650 ohms and it being t h e  lowest on the  l i n e ,  t h e  rece iv ing  w i l l  be good. 

This  value a l s o  permits good t ransmi t t ing .  The switch shown i n  t h e  f i g u r e  js of 

t h e  locking type and opens t h e  b a t t e r y  c i r c u i t  when t h e  s e t  i s  not  i n  use Another 

form of t h e  subs ta t ion  c i r c u i t  developed f o r  t h e  way-station is shown i n  Fig .  18. 

This arrangement is somewhat s i m i l a r  t o  the  one previously described and contains 

a  push button t o  operate when t a l k i n g ,  Under normal condit ions,  t h a t  is, when the  

push button contac ts  a r e  open, t h e  path of incoming voice cu r ren t s  is through t h e  

ad jus t ab le  r e t a rda t ion  c o i l ,  70-ohm rece iver ,  secondary of t h e  induction c o i l  and 

condenser. The impedance of t h i s  r e t a r d a t i o n  c o i l  is ad jus t ab le  by means of a  s l i d -  

ing  core and t h e  various s t a t i o n s  a r e  adjusted with reference  t o  t h e i r  d is tance  

from t h e  despatcher 's  o f f i c e ,  t h e  f u r t h e s t  s t a t i o n  on the  l i n e  having t h e  l e a s t  

impedance. When t h e  button is depressed f o r  t a lk ing  t h e  t r a n s m i t t e r  ba t t e ry  is 

closed and a r e t a r d a t i o n  c o i l  is placed i n  shunt  around t h e  ad jus t ab le  c o i l  and 

rece ive r .  This c u t s  down t h e  impedance of t h e  bridge f o r  outgoing voice cu r ren t s  

and s t i l l  permits of enough s i d e  tone s o  t h a t  t h e  despatcher can break i n  on the  

conversation. The impedance of t h e  bridge under these  condit ions,  however, is 

considerably higher  than i n  t h e  previous c i r c u i t  described and f o r  t h i s  reason it 

is advisable  t o  use more l o c a l  b a t t e r y  cu r ren t ,  a s  many a s  e i g h t  c e l l s  being some- 

times used f o r  t h i s  purpose. This,  of course, i s  somewhat objec t ionable  i n  t h a t  

it tends t o  decrease t h e  l i f e  of t h e  t r a n s m i t t e r .  The impedance of t h e  rece iv ing  

bridge with t h e  core a l l  i n  t h e  ad jus t ab le  r e t a r d a t i o n  c o i l ,  is about 4,300 ohms, 

and a l l  ou t  is 1,200 ohms. A bridge of 4,300 ohms is equivalent  t o  0.6 mile-cable 



l o s s  and 1200 ohms t o  1 .8  mile l o s s ,  o r  an average of 1.2 mile l o s s  f o r  each s t a t i o n  

on t h i s  c i r c u i t .  

PATCHING 

In order  t o  f a c i l i t a t e  t e s t i n g  and maintain se rv ice  on t h e  t r a i n  wire i n  t h e  

case of l i n e  t roub le ,  it is customary t o  loop t h e  var ious  l i n e s  on t h e  pole i n t o  

every s t a t i o n  o r  every few s t a t i o n s ,  through patching boxes. A t y p i c a l  box is  

shown i n  Fig. 19 and its c i r c u i t  arrangement i n  Fig.  20. The wires enter ing  t h e  

tower a r e  connected t o  t h e  jacks a t  t he  l e f t ,  t h e  connection passing through t h e  

cutof f  contact  t o  t h e  jack a t  t h e  r i g h t  and from thence back on t h e  pole l i n e .  

Two locking keys a r e  provided, arranged s o  t h a t  t h e  s e l e c t o r  and telephone s e t  a r e  

normally connected t o  t h e  t r a i n  wires but  by operat ing t h e  key they a r e  connected 

t o  two p a i r s  of cords. When a t r a i n  wire g e t s  i n t o  t roub le ,  t h e  operator  can c u t  

o f f  t h e  l i n e  beyond h i s  s t a t i o n  by i n s e r t i n g  any plug i n  e i t h e r  one of t h e  t r a i n  

wire jacks.  This opera tes  t h e  cutoff  contac t  and opens t h e  1.ine. When t h e  t roub le  

is loca ted  between any two towers, t h e  opera tor  a t  t h e  tower nearer  t o  t h e  des- 

patcher  throws h i s  key, placing a plug of one p a i r  i n  t h e  incoming t r a i n  wire and 

t h e  o the r  plug of t h i s  p a i r  i n t o  t h e  wire which he is going t o  use f o r  patching. 

He a l s o  places one plug of t h e  o ther  p a i r  i n  t h e  o the r  s i d e  of t h e  incoming wire,  

placing i ts  mate i n  t h e  o the r  s i d e  of t h e  outgoing wire. This w i l l  connect t h e  in-  

coming t r a i n  wires t o  t h e  outgoing p a i r  of wires t o  be used f o r  patching. The 

opera tor  on t h e  o the r  s i d e  of t h e  break, plugs i n  i n  such a way t h a t  t h e  patching 

wire is  again connected onto t h e  t r a i n  wire. The patching box is equipped with a 

grounding jack so  t h a t  any l i n e  can be grounded f o r  t e s t .  

The foregoing descr ibes  i n  a genera l  way t h e  manner i n  which t h e  telephone 

has been adapted f o r  use on t r a i n  wires. The second c l a s s  of se rv ice  i n  which t h e  

telephone is replac ing  t h e  telegraph is on message wires.  



MESSAGE WIRES 

A t e legraph message wire extends throughout a d iv i s ion  and is gene ra l ly  c u t  

i n  t o  a l l  t h e  o f f i c e s  on t h e  d iv i s ion .  I t  is used f o r  t h e  t r ansac t ion  of miscel- 

laneous rai lway business  between d i v i s i o n  and in termedia te  po in t s .  It  is  a l s o  

used i n  a g r e a t  many cases  f o r  sending commercial te legraph messages, when t h e  

r a i l r o a d  and te legraph companies employ j o i n t  opera tors .  In  add i t ion  t o  t h e  above 

uses,  t h e  message wire i s  usual ly  used f o r  sending time t o  t h e  var ious  towers.  It 

is  extremely important t h a t  t h e  clocks a t  t h e  o f f i c e s  along t h e  l i n e  be c o r r e c t ,  

a s  even a comparatively s l i g h t  d i f f e rence  i n  t h e  indica ted  time between t h e  des- 

pa tchers '  and subs t a t ion  o f f i c e s  may cause se r ious  r e s u 1 . t ~  t o  fol low. In  order  

t h a t  t h e  accuracy of  t h e  var ious  c locks  may be r egu la r ly  checked a t  a c e r t a i n  time 

each day, and on some roads twice a day, a c e r t a i n  nu~nber and arrangement of  do t s  

a r e  s e n t  out  on t h e  te legraph l i n e  i n  such a way t h a t  they  i n d i c a t e  t o  t h e  var ious  

opera tors  t h e  exac t  t ime,  t h u s  permi t t ing  t h e  opera tors  t o  properly s e t  t h e i r  

c locks ,  i f  such a c t i o n  i s  necessary. From t h e  above it will be seen t h a t  t h e  re-  

quirements which t h e  telephone must meet f o r  t h i s  c l a s s  of s e r v i c e  a re :  

1. To s e l e c t i v e l y  s i g n a l  on a l i n e  whose c h a r a c t e r i s t i c s  a r e  i n  gene ra l  t h e  

same a s  a t r a i n  wire,  but  t h a t  t h e  s e l e c t i v e  s igna l ing  should be capable of being 

performed by any opera tor  on t h e  l i n e .  I n  o t h e r  words, s e l e c t i v e  s igna l ing  arranged 

f o r  intercommunicating work. 

2 .  The a b i l i t y  t o  simultaneously s i g n a l  a l l  t h e  opera tors  s o  t h a t  t ime may 

be given. 

The telephone has been i n  use f o r  message work on a number of  wires  i n  which 

a l l  t h e  c a l l i n g  i s  done by one opera tor ,  thereby d i f f e r i n g  somerghat from te legraph 

operat ion.  C i r c u i t s ,  however, have r e c e n t l y  been developed f o r  inter-communicating 

worlc which g ive  s a t i s f a c t o r y  se rv ice .  Probably t h e  one having t h e  widest  margin 

of opera t ion  was developed i n  connection with t h e  step-by-step s e l e c t o r  and i s  

shown i n  Fig. 21. 

The condensers and r e t a r d a t i o n  c o i l s  a t  t h e  despatcher 's  end, f o r  reducing 

t h e  noise  of sending,  a r e  arranged p r a c t i c a l l y  a s  i n  t h e  s tandard t r a i n  wire c i r -  



c u i t .  Each subs ta t ion  is equipped w i t h  a sending key, so  connected t h a t  i ts opera- 

t i o n  w i l l  place impulses on t h e  l i n e  from ground through t h e  cen te r  of the  r e s i s t -  
I 

ance, over both s i d e s  o f  t h e  l i n e ,  through t h e  poj.nt A ,  thence through t h e  b a t t e r y  

and sending r e l a y  t o  ground. The operat ion of t h i s  r e l a y  places current  impulses 

m e t a l l i c a l l y  on t h e  l i n e  and opera tes  the  s e l e c t o r s  a t  t h e  various s t a t i o n s ,  t h e  

s e l e c t o r  used being t h e  s tandard type used on t r a i n  wires.  Modifications of t h i s  

c i r c u i t  arrangement a r e  i n  use f o r  t h i s  purpose bu t  t h e  d i f f i c u l t y  t h a t  has hereto- 

f o r e  been encountered has been t h a t  with a grounded re l ay ,  t h e  l i n e  leaks  a r e  l i a b l e  

t o  be s u f f i c i e n t  t o  e i t h e r  operate t h e  r e l a y  o r  hold it i n  i ts  operated pos i t ion .  

The g l a s s  i n s u l a t o r s  on a pole l i n e  along t h e  r i g h t  of way of a railway a r e  con- 

s t a n t l y  subjected t o  t h e  smoke and soot  from t h e  locomotives. This almost inva r i -  

ably causes t h e  i n s u l a t o r s  t o  become pern1anentl.y coated with soo t  and when wet 

weather s e t s  i n ,  t h e  l eaks  t o  ground on r a i l r o a d  l i n e s  probably average consider- 

ably higher  than i s  found t o  be t h e  case i n  commercial p rac t i ce .  The c i r c u i t  shown 

was designed t o  n e u t r a l i z e  a s  much a s  poss ib le  t h e  e f f e c t s  of l i n e  leakage i n  so  

f a r  a s  it a f fec ted  operat ion.  I t  w i l l  be noted t h a t  when any s t a t i o n  i s  sending, 

cu r ren t  flows from ground of t h a t  s t a t i o n  over t h e  upper l i n e  wire a s  shown i n  

t h e  f i g u r e ,  t o  a nornlally closed contac t  of t h e  r e l ay ,  through t h i s  contac t  t o  t h e  

poin t  A on t h e  lower l i n e  wire,  and then through b a t t e r y  and r e l a y  t o  ground. The 

contac t  arrangement is such t h a t  t h e  making of t h e  normally open contact  breaks 

t h e  normally closed. This c u t s  o f f  t h e  cu r ren t  froni t h e  upper l i n e  wire and 

doubles t h e  r e s i s t a n c e  f o r  grounded cu r ren t ,  thereby,  c u t t i n g  t h e  current  through 

t h e  r e l a y  i n  h a l f .  The r e l a y  being i n  i ts  operated pos i t ion ,  t h i s  current  i s  

s u f f i c i e n t  t o  hold it, As t h e  first e f f e c t  of l i n e  leaks  would be t o  hold t h e  

ground re l ay  closed when it was operated, t h e  arrangement shown l a r g e l y  overcomes 

t h i s  tendency. The t a p e r  r e s i s t ances  used i n  connection with t h e  keys a t  t h e  sub- 

s t a t i o n  a r e  arranged s o  a s  t o  g ive  the  grounded r e l a y  t h e  same cur ren t  from any 

subs ta t ion .  The curves shown i n  Fig. 22 show t h e  margins of operat ion of t h i s  

system f o r  various l eng ths  of l i n e  and operat ing vol tages .  For an average l i n e  of 

130 mi les  (209 km.) and 160 v o l t s ,  t h e  l i n e  i.eaks can be a s  low a s  125,000 ohms 



per  mile ,  without i n t e r f e r i n g  with opera t ion .  This  is equiva lent  t o  about 960 ohn~s 

ground leak ,  which is a  value t h a t  would seldom be met with i n  p r a c t i c e .  

The manner of sending out  t ime is a s  fol lows:  Referr ing t o  Fig.  12,  which is 

t h e  l o c a l  subs t a t ion  c i r c u i t  of  t h e  Western E l e c t r i c  s e l e c t o r ,  it w i l l  be noted 

t h a t  when t h e  s e l e c t o r  c loses  t h e  lower contac t ,  t h e  l o c a l  b a t t e r y  cu r ren t  goes 

through t h e  b e l l  winding but  i n  i ts  path i s  not  included t h e  v i b r a t i n g  contac t .  

This  w i l l  cause t h e  b e l l  t o  become s i n g l e  s t r o k e  i n  ac t ion .  

Referr ing t o  Fig. 11 which shov~s t h e  s e l e c t o r ,  t h e  p l a t i n u s  con tac t  on t h e  

s t o p  p iece  w i l l  be made s iau l taneous ly  on a l l  t h e  s e l e c t o r s  when a  s u f f i c i e n t  num- 

ber  of  impulses have been placed on t h e  l i n e .  When time is t o  be s e n t ,  t h e  Wire 

Chief a t  t h e  d iv i s ion  po in t  opera tes  a  s p e c i a l  key which s t e p s  a l l  t h e  s e l e c t o r s  

around t o  t h e i r  t ime contac t  po in t  and holds cu r ren t  on t h e  1i.ne. The c i r c u i t  

a t  t h e  d iv i s ion  poin t  is s o  arranged t h a t  t h e  contac t  o f  t h e  te legraph r e l a y  re- 

ce iv ing  time makes and breaks t h e  c u r r e n t  on t h e  message wire.  The i n t e r v a l  of  

no cu r ren t  on t h e  l i n e  i s  s o  s h o r t  t h a t  t h e  slow a c t i n g  member of t h e  s e l e c t o r  

does not  f a l l  back, but  t h e  time contac t  is made and broken, which t a p s  t h e  b e l l ,  

and reproduces t h e  s i g n a l s  which were formerly heard on t h e  sounder 

This  i s  t h e  method used t o  send time when l o c a l  b a t t e r y  b e l l s  a r e  used If 

t h e  same manner of tapping t h e  b e l l s  were employed i n  c i r c u i t s  where way-station 

b e l l s  a r e  rung by t h e  despatcher ' s  b a t t e r y ,  t h e  amount of cu r ren t  required t o  

opera te  a l l  t h e  s e l e c t o r s  and r i n g  a l l  t h e  b e l l s  a t  once, would tend t o  cause 

such an excessive cu r ren t  flow t h a t  t h e  amount of vol tage  drop on long l i n e s  would 

be such t h a t  s a t i s f a c t o r y  opera t ion  could not  be obtained.  Another arrangement, 

Fig. 23, was t h e r e f o r e  developed f o r  sending time on t h e  c e n t r a l  r i ng ing  systems. 

When time i s  t o  be s e n t  on t h e  l i n e ,  t h e  Wire Chief a t  t h e  d iv i s ion  poin t  throws 

a  switch which connects up t h e  c i r c u i t  a s  shown. The secondary of a  repea t ing  c o i l  

o r  t ransformer i s  connected across  t h e  l i n e  and t h e  middle poin t  of  j.ts primary 

connected t o  one s i d e  of t h e  main b a t t e r y ,  t h e  o the r  two ends of t h e  primary wind- 

ing  being connected t o  t h e  f r o n t  and back contac t  of t h e  te legraph r e l a y ,  which 

opera tes  i n  accordance with t h e  time impulses being s e n t  from t h e  d i s t a n t  po in t .  



Resis tances  a r e  introduced i n  t h e  l e a d s  from t h e  r e l a y  con tac t s  i n  order  t o  1.imi.t 

t h e  amount of cu r ren t  and condensers a r e  used t o  reduce t h e  sparking.  It  will be 

seen t h a t  a s  t h e  r e l a y  ope ra t e s ,  t h e r e  will be generated i n  t h e  secondary of t h e  

c o i l  and s e n t  out  on t h e  l i n e  an impulse o r  k ick ,  a l t e r n a t i n g  i n  cha rac te r .  There 

is placed i n  s e r i e s  with t h e  s e l e c t o r  a t  each of  t h e  subs t a t ions  an ordinary 1000- 

ohm polar ized telephone b e l l .  These b e l l s  a r e  operated every time a secondary in)-  

pulse is s e n t  out .  Af ter  t ime has  been given and t h e  Wire Chief has opened h i s  

switches,  leaving  t h e  l i n e s  i n  normal condit ion,  t h e  first impulse s e n t  out  by 

t h e  despatcher  when he c a l l s  a  s t a t i o n ,  may be of  such p o l a r i t y  t h a t  it will 

cause some of  t h e  b e l l s  t o  t a p .  There will only be one t a p  heard, however, a s  

t h e  b e l l s  w i l l  remain i n  t h e  pos i t i on  t o  which they  have moved, This  c i r c u i t  

arrangement obvia tes  any danger of s tepping t h e  s e l e c t o r s  up which might be t h e  

case where t h e  contac ts  of t h e  t ime repea t ing  r e l a y  connected d i r e c t l y  on t h e  

l i n e .  The f a c t  t h a t  t h e  polar ized  b e l l s  a t  t h e  s u b s t a t i o n s  a r e  unbiased and will 

not  be a f f ec t ed  by r e v e r s a l  of l i n e  wires ,  is another  advantage of t h i s  system. 

Up t o  t h e  p resen t  t ime,  most of  t h e  r a i l r o a d s  a r e  s t i1 . l  g iv ing  time over t h e  

t e l eg raph  a s  t h e r e  a r e  but  few ins t ances  of d iv i s ions  where t h e r e  a r e  no longer  

te legraph instrunients i n  t h e  towers.  There a r e ,  however, d i v i s i o n s  on some roads 

i n  which t h e  telephone has  replaced t h e  te legraph e n t i r e l y ,  and on these  d i v i -  

s ions ,  t ime is being given over  t h e  telephone c i r c u i t .  

I n  add i t ion  t o  t h e  use of  t h e  telephone f o r  t r a i n  despatching and message 

work, it has a l s o  come i n t o  very extens ive  use f o r  block wire se rv ice  

BLOCK WIRES 

The length of  a  block wire ranges from one-half mi le  (0 .8  km. ) t o  s i x  o r  

e i g h t  miles  (9.6 o r  12.8 kin.) and t h e  se rv ice  required of  t h e  teleplione f o r  

blocking purposes is merely t o  maintain communication between two block towers. 

There a r e  no new f e a t u r e s  requi red  of  t h e  telephone f o r  t h i s  work A g r e a t  many 

of t h e  roads a r e  using t h e  e x i s t i n g  te legraph wire between bloclcs f o r  a  grounded 

telephone c i r c u i t .  This  w i l l ,  of  course,  introduce some noise  i n  t h e  telephone, 

but  t h e  l i n e  being s h o r t ,  t h i s  i s  n o t  genera l ly  objected t o .  If a  s a t i s f a c t o r y  



loud-speaking rece ive r  could be produced, it would undoubtedly be very genera l ly  

used f o r  blocking purposes. If t h i s  instrument were used, no signal-ing device 
I 

would be necessary, a s  by simply throwing a key and t a lk ing  i n t o  t h i s  t r ansmi t t e r ,  

an operator  can c a l l  t h e  adjacent  tower. This arrangement would a l s o  have t h e  

advantage of permit t ing t h e  operator  t o  be handling h i s  l eve r s  o r  doing o the r  

work, and s t i l l  rece ive  the  message. Loud speakers have r ecen t ly  been developed 

and a r e  now being experimentally t r i e d  out  on a d iv i s ion  of one of t h e  roads. The 

r e s u l t s  s o  f a r  obtained ind ica te  t h a t  it w i l l  be advantageous t o  use these  i n s t r u -  

ments f o r  blocking se rv ice .  

I t  i s  very o f t en  t h e  case t h a t  besides t h e  block wire, t h e r e  a r e  one o r  two 

s h o r t  par ty  l i n e s  reaching from t h e  tower t o  s i d i n g  telephones, residences of 

employees, e t c .  The hand generator  and code s igna l ing  is  i n  genera l  use f o r  s ignal -  

ing  between blocks and on these  par ty  l i n e s .  In order  t o  r e l i e v e  t h e  load of t h e  

opera tor  somewhat, an i n t e r r u p t e r  has been developed, and i s  arranged so  t h a t  code 

r inging  can be performed by means of a push button.  Fig. 24 shows a schematic 

diagram of t h i s  i n t e r r u p t e r .  A very e f f i c i e n t  type of t ransformer i s  used i n  t h i s  

instrument ,  and with s i x  dry c e l l s  i n  t h e  primary c i r c u i t ,  twenty 2,500-ohm b e l l s  

can be rung on a 500-ohm l i n e .  

I n  add i t ion  t o  t h e  se rv ice  performed by t h e  telephone on r a i l r o a d s ,  a s  has 

been described i n  t h i s  paper, it has f a c i l i t a t e d  r a i l r o a d  business i n  s e v e r a l  

o the r  ways. Telephones a r e  used very extens ive ly  a t  s id ings .  These telephones 

a r e  genera l ly  connected with t h e  despatcher ' s  wire and t r a i n  crews can immediately 

g e t  i n  touch with t h e  despatcher,  and a g r e a t  amount of time can be saved. There 

has been put  on t h e  market a semaphore type of s i g n a l  i n  t h e  base of which is 

mounted a telephone and s e l e c t o r  equipment. I n  case t h e  despatcher wants t o  s t o p  

a t r a i n  and c a l l  t h e  conductor t o  t h e  telephone, he can do so  by operat ing t h e  

s e l e c t o r  which throws t h e  s i g n a l .  

Por table  telephones have a l s o  come i n t o  p r e t t y  genera l  use,  On some roads, 

every t r a i n  c a r r i e s  a por table  telephone and a l i n e  pole,  The l i n e  pole i s  jo in ted  

f o r  convenience i n  car ry ing  and can be quickly assembled f o r  use. It  is equipped 



with two meta l l i c  hooks a t  i ts  upper end which t h e  conductor can connect with t h e  

despatcher ' s  wires on t h e  pole l i n e  and thereby g e t  i n t o  communication with him. 

Although t h e  telephone has been i n  use on r a i l r o a d  d iv i s ions  f o r  l e s s  than 

f o u r  yea r s ,  it has proven t o  have a g r e a t  many advantages over t h e  telegraph 

which t h e  r a i l r o a d s  were quick t o  apprec ia te ,  and a t  t h e  present  time, t h e r e  a r e  

about 37,000 miles  (59,545 km.) of road equipped with t h e  telephone, and t h e r e  

have been no ins tances  so  f a r  i n  which acc ident  of any kind can be t raced  t o  t h e  

use o f  t h e  telephone f o r  r a i l r o a d  work. 

........................ 

DISCUSSION ON "SOME RECENT DEVELOPMENTS I N  RAILWAY TELEPHONY," 
LOS ANGELES, CAL., APRIL 27, 1911. 

Kempster B. Mi l le r :  The matter  of railway t r a i n  dispatching,  discussed by 

Ilr. Brown i n  h i s  paper, is one of g r e a t  importance, not  only t o  telephone men, 

bu t  t o  rai lway people and t h e  publ ic  a t  l a r g e .  There is an  impressive mileage of 

r a i l r o a d s ,  important r a i l r o a d s ,  t h a t  a r e  now being operated by telephone r a t h e r  

than by t h e  te legraph,  and t h i s  f a c t  is su rp r i s ing  t o  those  who have not  watched 

and been i n  c lose  touch with t h e  development of t h i s  branch of telephony. 

An i n t e r e s t i n g  th ing  i n  t h e  d iscuss ion  of t h e  power t ransmission papers, day 

before yesterday,  was t h a t  some companies had seen f i t  t o  bui ld  a separa te  pole 

l i n e  f o r  t h e  telephone c i r c u i t ,  d i s t i n c t  from t h e  power t ransmission l i n e .  That 

is no t  because it is impossible t o  put  telephone wires on transmission poles and 

g e t  f a i r l y  good se rv ice ,  but  i n  order  t o  e f f e c t  an ex t ra  precaution t o  insure  t e l e -  

phone transmission a t  t h e  time it is  most needed. I n  many cases  t h a t  is not done- 

I should say i n  t h e  g r e a t  majori ty of cases.  Now, i f  t h e  power t ransmission cam- 

panies a r e ,  f o r  added s e c u r i t y ,  w i l l ing  t o  build a sepa ra te  pole l i n e  f o r  telephone 

c i r c u i t s  when they a l ready have a high grade l i n e ,  t h e  quest ion n a t u r a l l y  a r i s e s  

i n  my mind i n  regard t o  t h i s  telephone railway t r a i n  dispatching,  is it wise f o r  

t h e  r a i l r o a d s  t o  load up t h e  t a l k i n g  c i r c u i t  with t h e  s e l e c t i v e  r inging  apparatus? 

I s e e  no reason f o r  even suggest ing t h e  building of another  pole l i n e  i n  the  case 



of railway c i r c u i t s ;  bu t  it does seem t o  me t h a t  i n  many cases t h e  bui ld ing  of a  

separa te  copper c i r c u i t ,  o r  i r o n  i f  t h e  condi t ions  warrant i ron ,  f o r  opera t ing  t h e  

s e l e c t i v e  b e l l s  would be warranted. This separa te  c i r c u i t  f o r  t h e  operat ion of 

t h e  s e l e c t i v e  b e l l s  on t h e  dispatching system, would prevent loading down, with 

r inging  apparatus,  a  c i r c u i t  a l ready overloaded with a  m u l t i p l i c i t y  of bridged 

t a l k i n g  c i r c u i t s .  I understand t h a t  some r a i l r o a d s  a r e  doing it but  t h a t  many 

o the r s  have refused t o  spend t h e  necessary amount of money. I n  view of t h e  ex- 

treme importance, p a r t i c u l a r l y  from t h e  s tandpoint  of t h e  s a f e t y  of t h e  publ ic ,  I 

t h i n k  t h i s  phase of t h e  subjec t  worth discussion.  

L. B. Cramer: I have not much t o  say i n  regard t o  t h i s  paper, a s  t h e  experi-  

ence t h a t  I have had with t h e  system is no t  of very long durat ion,  because t h e  

l i n e  was no t  e n t i r e l y  completed when I l e f t  t o  come here; but  I have a  few ques- 

t i o n s  t o  a sk  Mr. Brown. 

One t h i n g  t h a t  I do no t  e n t i r e l y  agree with Mr. Brown i n  is  h i s  s tatement  

t h a t  t h e  "arrangements permit t ing t h e  s igna l ing  of s t a t i o n s  without i n t e r r u p t i n g  

conversat ion r e s u l t s  i n  a  saving of a  considerable amount of time." 

So f a r  a s  my observation has been concerned, t h a t  seems t o  be more of a  sa l e s -  

man's t a l k i n g  poin t  than  a  r e a l i t y  i n  operat ion.  Perhaps you might be a b l e  t o  

t a l k  while t h e  man is  s ignal ing ,  but  once he i s  f in i shed  and t h e  man a t  t h e  o t h e r  

end has an  opportunity t o  say,  "What was tha t?"  and then a l l  of it has t o  be re- 

peated. Perhaps I have not had enough experience o r  perhaps our l i n e  i s  not  i n  

proper tune  t o  t a k e  ca re  of t h i s ,  but  a t  present  t h a t  seems t o  be one th ing  t h a t  

does no t  work out  a s  it i s  supposed t o  -- t h a t  is, t h e  way t h e  company represented 

t h e  apparatus s a i d  it would work. 

I have a l s o  not iced ,  i n  regard t o  t h e  r inging  of t h e  b e l l  a t  t h e  s t a t i o n  

c a l l e d ,  t h e  sending keys a r e  made of such a  s i z e ,  t h a t  i f  they were made a  l i t t l e  

l a r g e r  they  would no t  make a  cabinet  o f  extremely l a r g e  dimensions and t h e  amount 

of space t h a t  can be given t o  them would then  be enough t o  produce a  r i n g  long 

enough t o  c a l l  t h e  operator .  I no t i ce  our d ispatcher  o f t en  c a l l s  a  second and 

even a  t h i r d  time. I n  case of subs ta t ions ,  where t h e  b e l l  is mounted on a  booth, 



t h e r e  being some noise  i n  t h e  machines, we have an a u x i l i a r y  b e l l  t h a t  makes plenty 

of noise  and t h e  subs ta t ions  a r e  t h e  s t a t i o n s  from which we g e t  t h e  bes t  responses. 

I n  regard t o  t h e  switches, which have one pos i t ion  f o r  rece iv ing  and one f o r  

t r ansmi t t ing  I have a l ready thought of making some changes i n  t h e  apparatus be- 

cause i n  s t a t i o n s  where we have a s e t  t h a t  is mounted on a desk, about t h e  second 

o r  t h i r d  day a f t e r  t h e  telephone is  i n  operat ion t h e  agents  g e t  a  r u l e r  o r  a  s t i c k  

and plug t h e  button. This,  perhaps, could be made a sub jec t  of d i s c i p l i n e  and, 

taken ca re  of i n  t h a t  way, and you could g e t  t h e  r e s u l t  which you a r e  supposed t o  

g e t  by being a b l e  t o  hear  b e t t e r  by leaving t h e  button i n  normal pos i t ion  and only 

press  t h e  button i n  when you a r e  t a lk ing .  The agent  and opera tor  b r i l l  do these  

th ings  and when t h e r e  is  a t r a i n  coming, o r  anyone whom they th ink  w i l l  see  it, 

they w i l l  t ake  t h e  plug out;  bu t  o r d i n a r i l y ,  they will leave  it plugged up s o  

when they  want t o  0. S. a  t r a i n ,  they  will not have t o  work t h e  plug. 

Another th ing  t h a t  I would l i k e  t o  a s  blr. Brown i s  i n  regard t o  t h e  re tarda-  

t i o n  c o i l s .  We made some t e s t s  on another  railway where t h e i r  telephone c i r c u i t  

i s  c a r r i e d  on t h e  same poles  a s  t h e  33,000-volt t ransmission system. We made t e s t s  

of two d i f f e r e n t  companys' apparatus. I n  t h e  type of apparatus which tile author 

descr ibes  I no t i ce  they used t h r e e  r e t a r d a t i o n  c o i l s .  On t h a t  p a r t i c u l a r  t e s t  

t h e  man had about 80 miles of telephone l i n e  and he was unable t o  produce r e s u l t s  

t o  any g r e a t  ex tent ,  while another  company's representa t ive  with apparatus s i m i l a r  

t o  t h i s  one, but  on which he used only one r e t a r d a t i o n  c o i l ,  he was a b l e  t o  handle 

h i s  c a l l i n g  without any t rouble  and t h e  t ransmission seemed t o  be first c l a s s .  

Now, whether t h e r e  was something i n  t h e  atmospheric condit ions a t  t h e  time when 

these  d i f f e r e n t  t e s t s  were made, o r  whether it was j u s t  a  case of some opera tor ' s  

i n t e r f e r i n g  -- t h a t  is one t h i n g  t h a t  some of t h e  te legraph opera tors  w i l l  t r y  t o  

do. If they know you a r e  t r y i n g  ou t  a  telephone which w i l l  do away with t h e i r  job 

a s  te legraph operator ,  they w i l l  r e s o r t  t o  almost any means t o  pu t  t h e  telephone 

ou t  of commission. We have no t r o u b l e  i n  using t h e  telephone i n  connection with 

t h e  te legraph,  where t h e  telephone i s  used mostly f o r  handling messages per ta in ing  

t o  f r e i g h t  shipments and dispatching power. 



Ralph Bennett: This  system was offered t o  me about two years  ago, f o r  use i n  

connection with t h e  t ransmission l i n e  telephone. We did not  adopt it. There were 

a number of quest ions t h a t  came up t h a t  t h e  manufacturers could not  answer. We 

have on our  telephone l i n e  a pressure of about 2,000 v o l t s  t o  the  ground, and 600 

micro-amperes unbalanced cu r ren t  flow. The l i n e  is noisy.  When we had t r o u b l e  

on t h e  l i n e  we would have a d d i t i o n a l  vol tages.  The manufacturer could not  s t a t e  

hot., we could r e p a i r  h i s  s e t s  with t h e  men we had. He could not  s t a t e  d e f i n i t e l y  

h i s  apparatus would s a t i s f a c t o r i l y  s e l e c t  i n  t h e  presence of those l a r g e  cu r ren t s  

under heavy pressure i n  t h i s  t ransmission l i n e .  I would ask Mr. Brown whether 

these  th ings  could not  be handled a s  t h e  securing of a telephone which w i l l  c a l l  

and s e l e c t  s t a t i o n s  f o r  t ransmission l i n e  work is very  important. 

Ralph W. Pope: Mr. Chairman, t h e r e  does no t  seem t o  be anyone here t o  t ake  

up t h e  telegraph ope ra to r s t  view of t h e  s i t u a t i o n .  

Now it has been my experience i n  my f i f t y  yea r s  of knowledge of t h e  Morse 

telegraph,  t h a t  t h e  people who do not  understand it and work it don' t  apprec ia t e  

what a beau t i fu l  and slmple method it is of t r ansmi t t ing  communications. I t  may 

be of a l i t t l e  b i t  of i n t e r e s t  -- add a personal  touch -- i f  I t e l l  you t h a t  years  

ago, having some f i f t y  pages of what would now be f i f t y  pages of typewrit ing,  t o  

copy, and seve ra l  manifold copies t o  be made, t h a t  Mr. Edison, my brother ,  one 

o the r  opera tor  and myself took t u r n s  i n  sending and then copying down from t h e  

sounder. We did t h a t  because it is  an e a s i e r  way t o  copy it from t h e  sounder 

than by looking from one page t o  another.  You simply w r i t e  and t h e  words go i n  

your e a r  and go ou t  of your pen o r  penc i l  onto t h e  paper and t h a t  becomes so  auto- 

matic t h a t  i n  t h e  course of receiving a long p ress  r e p o r t ,  a s  we did during t h e  

C i v i l  War, t h e  opera tor  was obliged t o  t ake  a bunch o f  carbon paper and change 

t h e  shee t s  a t  t h e  bottom of each page so a s  t o  p ick  up t h e  work when a new batch 

of shee t s  were ready, and t h i s  involved keeping behind about f i f t e e n  words, behind 

t h e  sounder, and it took a l l  of t h e  next page t o  ca tch  up with t h e  sender.  I am 

giv ing  you t h i s  a s  an ins tance  of what t h e  te legraph system r e a l l y  is .  Now, we 

t ake  t h e  way s t a t i o n  of a r a i l r o a d  and t h e  opera tor  always has t o  look ou t  f o r  



baggage and various th ings  around t h e  place and wherever he is i n  t h a t  room, no 

matter  whether he i s  ca l l ed  o r  not ,  he knows what is going on over t h e  wire. Of 

course, i f  he i s  ca l l ed ,  he is obliged t o  answer. As an ins tance  of what an opera- 

t o r  can pick up i n  t h a t  way, I went down from Great Barrington, t o  Sheff ie ld ,  ex- 

pect ing t o  r i d e  back on t h e  passenger t r a i n .  I t  was bu l l e t ined  on t h e  telegraph 

board "No Report". I thought I could g e t  t o  Great Barrington f o r  dinner  but  I 

could not  f ind  out  whether I could and I s a t  t h e r e  waiting t o  g e t  my lunch, grow- 

i n g  hungrier  a l l  t h e  time. Meanwhile I heard a message going over  t h e  l i n e  t h a t  

t h e  t r a i n  had been delayed, and t h a t  they would meet a t  Canam somewhere below, and 

so  on; and I f igured o u t  it would be an hour and f o r t y  minutes before t h e  t r a i n  

would be along. So I went t o  t h e  operator  and sa id ,  "How l a t e  i s  your t r a i n  going 

t o  be?" He says ,  "I don ' t  know; I have had no r e p o r t  of it." I s a i d  t o  him, 

"According t o  t h e  information I received,  they a r e  going t o  meet a t  Canam and it 

w i l l  be about an hour and f o r t y  minutes wai t ,  and I thought I would have time t o  

go ou t  and g e t  my lunch." Well, he sa id ,  "you a r e  a p r e t t y  good guesser." 

Perhaps what we may c a l l  t h a t  p a r t i c u l a r  q u a l i f i c a t i o n  of t h e  te legraph 

would no t  appeal t o  t h e  r a i l r o a d  management, t h a t  a man outs ide  could f i n d  out  

how t h e  t r a i n s  were running. The poin t  I am endeavoring t o  make i n  t h i s  i s ,  t h a t  

t h e  Morse system is a v a i l a b l e  t o  t h a t  man wherever he may be walking around t h e  

place. He has not  go t  t o  go and answer a c a l l  and pu t  a telephone up t o  h i s  e a r  

and drop everything e l s e ;  but  he t akes  t h a t  i n c i d e n t a l l y  with h i s  o the r  work. 

That i s  simply one of t h e  f e a t u r e s  of t h e  Morse system t h a t  appeals  t o  t h e  r a i l -  

road te legraph man. You must remember a l s o  t h a t  a g r e a t  many of t h e  men who a r e  

i n  a c t i v e  management a r e  p r a c t i c a l  Morse opera tors ,  have grown up with t h e  system, 

and know what it can do. This quest ion has been discussed before seve ra l  conven- 

t i o n s  of t h e  Railway Telegraph Superintendents,  and t h e  p r o b a b i l i t i e s  a r e  t h a t  I 

s h a l l  have occasion t o  d iscuss  it a t  t h e i r  next  convention i n  June. So you w i l l  

see  t h a t  t h e r e  is another  s i d e  t o  t h e  quest ion.  Here you have a r a i l r o a d  fo rce  

developed Prom te legraph opera tors  who a r e  f a m i l i a r  with a system of t h i s  kind, 

and it is  the  s implest  and bes t  t h ing  t h a t  appeals  t o  us i n  car ry ing  on t h i s  work. 



Were a sounder the re ,  I can rece ive  a message s i t t i n g  here ,  and I don' t  have t o  

hold anything t o  my e a r  a t  a l l .  I simply s i t  down and wr i t e  from it, and where a 

man has grown up with it and is f a m i l i a r  with it, he never can g e t  over t h a t  love  

and apprec ia t ion  of t h e  s impl i c i ty  of the  Horse te legraph system a s  known t o  t h e  

one who has prac t iced  it, although it i s  now t h i r t y  years  s ince  I have done so. 

K. B. Mi l le r :  I can add my l i t t l e  personal  touch the re ,  although a much l e s s  

s k i l l f u l  opera tor  than Mr. Pope was, and having no r i g h t  t o  claim t o  be an o ld  

t imer ,  t h a t  it i s  much e a s i e r  f o r  me, o r  would have been i n  days gone by, t o  have 

w r i t t e n  down matter  taken from a sounder than t o  g e t  it by telephone. Mr. Pope's 

remarks suggest a d i s t i n c t  need i n  railway t r a i n  dispatching.  Some way may be 

evolved of r e l i ev ing  t h e  despatcher,  who is a r a t h e r  important man, from wearing 

a harness -- I r e f e r  t o  t h e  head telephone. They don' t  l i k e  t o  do it. The loud 

speaking rece ive r  has been proposed and t r i e d  ou t  r a t h e r  ca re fu l ly ,  and so  f a r  a s  

I know has f a i l e d .  One very ingenious way has been proposed and t r i e d ,  but  has 

not  met with good r e s u l t s  owing t o  poor a r t i c u l a t i o n .  It is t o  use a t  t h e  despatbh- 

e r ' s  s t a t i o n  a telephone repea te r  s o  t h a t  t h e  f e e b l e  incoming cu r ren t s  could be 

magnified t o  produce loud t a l k  i n  t h e  rece iver ,  and thus  r e l i e v e  t h e  despatcher 

of t h e  necess i ty  of l i s t e n i n g  t o  a r ece ive r  held t o  h i s  ear .  This produced p lenty  

of noise  but  it is a r t i c u l a t e  speech r a t h e r  than noise t h a t  railway t r a i n  despatch- 

i n g  needs. 

C. F. Elwell:  I n  glancing over t h e  paper, I was s t r u c k  by t h e  l a s t  paragraph, 

"Although t h e  telephone has been i n  use on r a i l r o a d  d iv i s ions  f o r  l e s s  than f o u r  

years ,  it has proven t o  have a g r e a t  many advantages over t h e  telegraph."  I only 

i n t r u d e  on your time t o  t e l l  you t h e  l i t t l e  experience I have had with t h e  th ing  

1 0  y e a r s  ago i n  Aust ra l ia .  I went out  t h e r e  t o  put  i n  block s i g n a l  systems, and 

they were already then using t h e  telephone f o r  a l l  of t h e i r  work. They had a 

system t h e r e  i n  c i r c u i t s  of about 100 miles ,  j u s t  a p a r a l l e l  system magneto and 

code of s i g n a l s  f o r  r inging .  The s i g n a l s  were usual ly  Morse l e t t e r s ,  do t s  and 

dashes, and they seemed t o  have very good s a t i s f a c t i o n  with t h e  phone. They had 1 
I 

no te legraph instruments i n  t h e  o f f i c e  a t  a l l .  In t h e  matter  of c a l l i n g  up, we I 

found l o t s  of t imes t h a t  a t  c e r t a i n  s t a t i o n s  it was almost needless t o  c a l l .  
I 
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A l l  we had t o  do was t o  t ake  t h e  phone o f f  and say,  "Are you there?" Those men 

used t o  sit with t h e  r ece ive r  glued t o  t h e i r  e a r s  so  they could know a l l  t h a t  was 

going on between a l l  t h e  s t a t i o n s .  I j u s t  mention t h i s  i n  passing t o  show you 

t h a t  t h e  matter  is a good dea l  o lde r  i n  o the r  count r ies .  I don' t  know 11019 o ld  it 

is t h e r e ,  but  I know t h i s  was i n  1901 -- t e n  years  ago. 

: I might add t o  my remarks, t h a t  t h e  condi t ions  which I spoke 

of i n  regard t o  t h e  r a i l r o a d  se rv ice  have changed very much wi th in  my reco l l ec t ion .  

When I entered t h e  serv ice ,  t h e  s t a t i o n  agents  knew nothing about t h e  te legraph,  

so  i n  order  t o  have te legraph f a c i l i t i e s ,  t h e  r a i l road  was obliged t o  have an  

opera tor  i n  add i t ion  t o  t h e  agent,  so  t h a t  today we have t h i s  d i f f e r e n t  s t a t e  of 

a f f a i r s  where t h e  te legraph opera tor  has grown up t o  be t h e  agent ,  and t h e  agent  

t h e r e f o r e  i s  no t  necessar i ly  obl iged t o  have an opera tor  a t  h i s  s t a t i o n ,  on h i s  

s t a f f .  This means nothing i n  l a r g e  s t a t i o n s  where they have seve ra l  employees, 

because t h e r e  is enough work t o  keep t h e  opera tor  busy; but  i n  small  s t a t i o n s  it 

simply means t h a t  one man, by h i s  knowledge of telegraphy,  h i s  knowledge of r a i l -  

road work, can be t h e  whole thing.  

S. G. McMeen: Some gentleman asked t h e  author t h e  quest ion whether systems 

of t h i s  kind could be used on telephone l i n e s  associa ted  with t ransmission l i n e s ?  

If Mr. Lisberger  is present ,  he can speak of a system of t h i s  kind which is i n  

se rv ice  with a t ransmission l i n e  and d i s t r i b u t i n g  system, a l l  wi th in  one system, 

bu t  whPch has i n  it a l l  t h e  elements which would r e s u l t  i n  a long transmission.  

He could g ive  p r a c t i c a l  information on a s e l e c t o r  l i n e .  A s  t o  t h e  thought,  t h e  

author  may c r i t i c i z e  my asking t h e  question, i n  t h i s  p a r t i c u l a r  case  i n  which Mr. 

Lisberger  is fami l i a r ,  a s  it connects s t a t i o n s  which he operates ,  t h e  only d i f f e r -  

ence between a long transmission l i n e  and h i s  case,  i s  i n  t h e  l i n e .  It is not  i n  

t h e  apparatus o r  i n  t h e  operat ion o f  t h e  apparatus. Therefore, t h e  problem be- 

comes t h i s :  I f  with t h e  system he has he had a longer l i n e  and a g r e a t e r  exposure, 

he would have a p r a c t i c a l  answer t o  t h e  quest ion which has been answered. Now, 

if t h e  l i n e s  were longer and had a g r e a t e r  exposure, what new d i f f i c u l t i e s  would 

be introduced? Only these :  t h a t  t h e  g r e a t e r  exposure might make t h a t  l i n e  noisy 



i f  it were no t  wel l  balanced. That i s  t o  say, t h e  only f e a t u r e s  which might make 

it unsuccessful i n  t h a t  case would be l i n e  f ea tu res .  And i f  we can bui ld  a t e l e -  

phone l i n e  which w i l l  be q u i e t  during reasonable pe r fec t ion  of t h e  telegraph l i n e  

which it accompanies, then we can have good se rv ice  over it. Such l i n e s  a s  t h a t  

a r e  operat ing every day successfu l ly .  So f a r  a s  t h e  telephone l i n e  and telegraph 

l i n e  a r e  i n  normal condit ion,  then  successfu l  operat ion ensues. There is nothing 

i n  t h e  s e l e c t i v e  apparatus o r  i n  t h e  s p e c i a l  f e a t u r e s  of t h e  dispatching c i r c u i t  

which would cause t h a t  l i n e  t o  be l e s s  e a s i l y  perfected and operated than a t e l e -  

phone bridging apparatus.  Therefore I would l i k e  t o  hear  Mr. Lisberger  speak of 

t h i s  l i n e  a s  t o  i ts  automatic and rapid  se l ec t ion ,  which r ep resen t s  everything 

t h a t  is of a new cha rac te r  a s  t o  which t h e  gentleman asked. 

Ralph W. Pope: I wish t o  express my apprec ia t ion  e spec ia l ly  of t h i s  t e l e -  

phone sess ion .  Perhaps t h e  I n s t i t u t e  has been c r i t i c i z e d  more severely by some 

of i ts  members upon t h i s  telephone question than any o the r  branch of e l e c t r i c a l  

engineering, a s  t o  why it was no t  giving more a t t e n t i o n  t o  t h e  telephone. As 

you know, t h a t  means, why have we not  had more telephone papers? I th ink  t h a t  

t h i s  quest ion has been answered -- t h a t  f o r  t h e  first time we have had Mr. blcbleen 

a s  an a c t i v e  member of t h e  Telephony and Telegraphy Conunittee on t h e  Pac i f i c  

Coast where both g r e a t  systems of telephony a r e  i n  operat ion.  We have had Col. 

Reber a s  chairman of t h a t  committee and he has taken a g r e a t  dea l  of i n t e r e s t  i n  

t h i s  s u b j e c t  and has added t o  it a g r e a t  dea l  by reason of h i s  g r e a t  f a m i l i a r i t y  

with it due t o  t h e  pos i t ion  he holds i n  t h e  Signal  Department of t h e  Government. 

I must admit I was surpr ised  a t  t h e  number and q u a l i t y  of t h i s  group of 

telephone papers. I th ink  t h a t  g r e a t  c r e d i t  i s  due t o  Mr. Mcbleen f o r  h i s  a c t i v i t y  

i n  g e t t i n g  them together .  I wish t o  say f u r t h e r  t h a t  we have had telephone papers 

before bu t  they never have been discussed so  thoroughly by people who were f a m i l i a r  

with t h e  various systems i n  use. This meeting, suggested by Mr. Wcbfeen, f o r  t h i s  

year ,  t o  my mind marks an epoch i n  t h e  developnlent of t h e  I n s t i t u t e ' s  t reatment  of 

telephone engineering. It  will be up t o  us, wherever we may meet he rea f t e r ,  t o  

endeavor t o  a t t a i n  t h i s  standard. 



J. A. Lighthipe: I have been out  of t h e  telephone work a long time bu t  I 

f e e l  l i k e  our beloved Secretary,  Mr. Pope, no matter  how long he i s  away from t h e  

old o r i g i n a l  Florse, he s t i l l  loves  it. It is t h e  same way with me i n  t h e  t e l e -  

phone work. I s t i l l  love  i t  and t r y  t o  f o l . 1 0 ~  it. 

I n  t h e  o ld  days of t h e  telephone, when it first s t a r t e d ,  t h e  b e s t  r ece ive r  

we had was what we c a l l e d  a  crown rece iver .  It  had s i x  magnets screwed on t h e  

back of a  handle, and was found t o  be wonderfully improved by dropping o f f  f i v e  

and using one. Then t h e  only carbon buttons t h a t  were used i n  t h e  country -- we 

must g ive  Mr. Edison t h e  c r e d i t  o f  being t h e  first man who r e a l l y  used carbon 

buttons on h i s  t r a n s m i t t e r  -- were made i n  a  small shack i n  t h e  r e a r  of t h e  labora- 

t o r y  a t  FElenlo Park. Mr. Edison could no t  use commercial lamp black f o r  making t h e  

buttons s o  he made it by smoking kerosene lamps. He had about f i f t y  of these  lamps 

with a  V c u t  ou t  of t h e  center  of t h e  wick t o  make it smoke, and kept  t h e  chimneys 

tu rn ing  around u n t i l  they were f u l l  of lampblack which was scraped ou t  l a t e r .  

The smoking process was at tended t o  by an o ld  Irishman who was possessed of 

g r e a t  s k i l l  i n  picking up a lamp when it was on f i r e  and throwing it o u t  of t h e  

open door. The o ld  t r ansmi t t e r  was made of two b rass  buttons t h e  f aces  of which 

were covered with platinum, and a carbon button pressed i n  between them. A t  t h a t  

time it coli~pletely revolut ionized t h e  telephone business. It was t h e  first time 

we could t a l k  any d is tance  a t  a l l  and it r e a l l y  opened t h e  commercial f i e l d  f o r  

telephone work. 

Mr. Edison, a t  t h a t  time, was q u i t e  deaf. Today he is even more so .  It is 

very hard t o  t a l k  t o  him. He could hardly  hear  t h e  old Be l l  telephone; even with 

t h e  carbon t r ansmi t t e r .  It was hard work f o r  him t o  understand what was s a i d  a t  

t h e  o t h e r  end. He the re fo re  t r i e d  t o  invent ,  o r  d id  invent  a  loud speaking t e l e -  

phone. Very few of you have ever  seen one, although they a r e  very simple t o  make. 

They c o n s i s t  of a  chalk cyl inder  made by pressing p rec ip i t a t ed  chalk and afterward 

tu rn ing  it down t o  one inch i n  diameter. Upon t h e  sur face  of t h e  cy l inde r  r e s t ed  

a small  s t y l u s  t ipped with palladium. The end of t h e  s t y l u s  was fas tened t o  t h e  

cen te r  of a  mica diaphragm. This cy l inde r  was cont inual ly  r o t a t i n g  and when t h e  



telephone was properly adjusted t h e  sound coming ou t  of t h e  r ece ive r  was consider- 

ab ly  louder than t h a t  going i n t o  t h e  t r ansmi t t e r ;  you almost invar iably  had t o  pull  

your e a r  away when you were t a l k i n g  i n t o  it. I don' t  know t h a t  t h e  p r inc ip le  of 

t h a t  telephone has eve r  been thoroughly understood. When a cu r ren t  passes through 

t h e  s t y l u s  t o  t h e  cyl inder ,  t h e  tens ion  is  released.  In tu rn ing  t h e  cyl inder  t h e  

diaphragm was cont inual ly  pul led  i n  one d i r ec t ion .  As t h e  d i f f e r e n t  waves passed 

through t h e  chalk t h e  s t y l u s  would s l i p  so  t h a t  t h e  mica diaphragm i n  t h e  r ece ive r  

rvould p r a c t i c a l l y  dup l i ca te  t h e  motion of t h e  diaphragm i n  t h e  t ransmi t te r .  This 

telephone l a s t e d  only a  few months. I don' t  th ink  it was ever  introduced i n  t h i s  

country. They t r i e d  t o  put  it i n  use i n  London, but today it is simply l a i d  a s i d e  

a s  one of our  c u r i o s i t i e s .  

When t h e  Blake t r a n s m i t t e r  came out ,  it was t h e  s t a r t i n g  poin t  of a l l  our  

telephones.  It was adjus ted  s o  beau t i fu l ly  t h a t  you could s tand o f f  f i v e  o r  s i x  

inches from t h e  t r a n s m i t t e r ,  whereas before you had t o  t a l k  r i g h t  up c lose .  The 

o ld  Blake t r a n s m i t t e r  probably has done niore good towards t h e  universa l  adoption 

of t h e  telephone system than any one th ing .  

I n  c los ing  I w i l l  siniply s t a t e  t h a t  I am very very glad t o  meet t h e  engineers  

of t h e  telephone convention here. I have followed up, a s  f a r  a s  I could, i n  my 

crude way, what wonderful improvements they have made. Mr. blcMeen was kind enough 

t o  show me t h e  first automatic machine I ever  saw. That was a t  Fourth and Market 

S t r e e t s  i n  San Francisco r i g h t  a f t e r  t h e  f i r e .  I was simply astonished a t  t h e  

magnificent mechanism of t h a t  machine. It was almost human i n  i ts  hunting up a 

f r e e  t runk,  s e l e c t i n g  t h e  number, e i t h e r  g e t t i n g  t h e  subsc r ibe r  o r  answering 

back t h a t  it was busy. I had no idea up t o  t h a t  t ime what a  wonderful development 

had been made. 

: The telephone system which we have i n  use i n  San Francisco 

is n o t  i n  any wise connected with a  long d is tance  transmission system. The system 

of t h e  San Francisco Gas & E l e c t r i c  Co. is t h a t  used by most conipanies i n  c i t y  d i s -  

t r i b u t i o n  work, namely, a  main genera t ing  s t a t i o n  with a  number of subs ta t ions .  I n  

San Francisco we have nine subs ta t ions  and one generat ing s t a t i o n .  We were con- 



f ronted  with t h e  problem of quiclc despatching between subs ta t ions  i n  t imes of 

t rouble .  Our ordinary systenl of telephone communication is a c e n t r a l  board i n  

our main o f f i c e  bui ld ing  on S u t t e r  S t r e e t ,  from which poin t  1i.nes r a d i a t e  t o  

s t a t i o n s  and subs ta t ions .  There is always an opera tor  a t  t h i s  main switchboard, 

day and n ight .  It was the re fo re  necessary i f  an operator  a t  subs ta t ion  B wanted 

t o  g e t  i n t o  communication with subs ta t ion  C,  t o  g e t  i n t o  communication with t h e  

main o f f i c e  first. I f  we l o s t  a bank of t ransformers,  o r  a  small s ec t ion  of l i n e  

came down, o r  i n  t h e  event  of se r ious  t roub le  t o  a  subs ta t ion ,  such a s  we had 

a f t e r  t h e  San Francisco f i r e ,  t h e r e  would be so  many c a l l s  coming i n t o  t h e  main 

board, t h a t  t h e  opera tor  could not g ive  time and a t t e n t i o n  t o  t h e  subs ta t ion  c a l l s ,  

and very o f t en  we found t h a t  i f  one subs ta t ion  could only g e t  i n t o  conununication 

with another  subs ta t ion  t h e  t roub le  could be very quickly remedied, whereas we 

were o f t en  delayed f i v e  o r  t en  minutes. The s o l u t i o n  of t h e  problem was t o  g e t  

quick communication between substat ions.  The system we f i n a l l y  adopted was worked 

out  f o r  us by Mr. Mclfeen and was an automatic system. We had objec t ions  t o  an 

intercommunicating system of our  own due t o  t h e  f a c t  t h a t  it must be a t tached t o  

our poles  o r  i n  our conduits  and t h a t  was open t o  t h e  objec t ion  t h a t  i f  we had 

t roub le  it was e n t i r e l y  poss ib le  t o  l o s e  our e n t i r e  communicating system. The 

wire system, belongs e n t i r e l y  t o  t h e  Home Telephone Company; is c a r r i e d  on t h e i r  

own l i n e s ,  i n  t h e i r  own conduit systems, and i s  e n t i r e l y  independent of t h e  system 

we have i n  operat ion;  a l l  t h a t  i s  necessary f o r  one s t a t i o n  t o  g e t  another  i s  

merely t o  t u r n  t h e  s e l e c t o r  switch t o  t h e  requi red  numbers -- it takes  t h r e e  d i f -  

f e r e n t  moven~ents t o  c a l l ;  t h e  system s t a r t s  with 721 and runs t o  730. 1 have shown 

t o  s e v e r a l  of our v i s i t o r s  t h e  time it t a k e s  t o  c a l l  a  s t a t i o n ,  which is about 9 

seconds. 

It is  very o f t en  necessary f o r  one s t a t i o n  t o  t a l k  t o  t h r e e  s t a t i o n s ,  o r  

f o u r  s t a t i o n s  a t  a  time and we have what we c a l l  a  master switch and one s t a t i o n  

can g e t  every o t h e r  s t a t i o n  on t h e  l i n e  by working t h a t  mechanism. b l r .  lfcbfeen 

went f u r t h e r  t o  he lp  us  i n  t h e  problem, (but  we did not t ake  h i s  f u r t h e r  suggest ion,  

not  because we d id  not  want it, bu t  because we could not  a f ford  i t )  wherein he 



offered  t o  g ive  us a s i g n a l  board which would show, by means of l i g h t s  when we were 

c a l l i n g  a s e r i e s  of s t a t i o n s ,  whether they answered o r  not .  If s t a t i o n  C ca l l ed  

s t a t i o n s  B, E and F, under our present  system, s t a t i o n  C would r i n g  f i r s t  s t a t i o n  

B, then s t a t i o n  E and then s t a t i o n  F. Al.1 t h e  s t a t i o n s  have orders  t o  wait  on t h e  

l i n e  u n t i l  someone t a l k s .  Mr. Mcbleen designed an ind ica t ing  board t h a t  would 

quickly ind ica te  who was on t h e  l i n e ,  would show when B was on t h e  l i n e  and next  

E was on t h e  l i n e  and next  F was on t h e  l i n e .  That was very n ice  but  involved 

some f i n a n c i a l  d i f f i c u l t i e s  t h a t  we did not  care  t o  meet. Otherwise, i n  a l l  

mat ters ,  it is most s a t i s f a c t o r y  t o  us. 

S. G. McMeen: I might say t h a t  although Mr. Lisberger  spoke of t h i s  a s  auto- 

matic ,  it i s  not  an adapta t ion  of t h e  automatic s t a t i o n  equipment. I t  is an adap- 

t a t i o n  of the  railway dispatching apparatus.  The devices used a r e  not  telephone 

exchange s e l e c t o r s ,  bu t  railway telephone s e l e c t o r s ,  although ins t ead  of working 

t h e  te legraph key, t h e  opera tor  works it with a round, automatic s t a t i o n  d i a l .  

This is merely used a s  an i n t e r r u p t o r  f o r  t h e  c a l l i n g  impulses. 

Gregory Brown: b l r ,  Mi l l e r  brought up t h e  quest ion of sepa ra te  s igna l l ing  

c i r c u i t s .  There i s  one type of s e l e c t o r ,  so  f a r  a s  I know, t h a t  uses th ree  wires -- 
one f o r  s igna l l ing  and two f o r  ta lk ing .  That has not  been very extensively used. 

When you consider  t h e  impedance of t h e  s e l e c t o r s  ac ross  t h e  l i n e ,  it hardly seems 

necessary t o  consider  t h a t  l i n e  very heavi ly  loaded a s  f a r  a s  t ransmission is 

concerned. For t h a t  reason, I do no t  be l ieve  it would be necessary t o  have a 

sepa ra te  s igna l l ing  wire. Se lec to r s  a r e  a l s o  being experimented with now t h a t  

have an impedance of something over  600,000 ohms. These s e l e c t o r s  contain advan- 

t ages  due t o  t h a t  high r e s i s t ance ,  and i f  they a r e  used, it c e r t a i n l y  would not  be 

necessary from a t ransmission standpoint  t o  have an e x t r a  s i g n a l l i n g  wire. 

Ilr. Gramer seenis t o  have had q u i t e  a few t roub les .  The first tie mentions i s  

t h a t  he does no t  f i n d  it f e a s i b l e  t o  s i g n a l  and t a l k  a t  t h e  same time. I have been 

around p r e t t y  nearly a l l  over t h e  country on t h e  var ious  roads, and t h i s  i s  a com- 

p l a i n t  t h a t  i s  p r a c t i c a l l y  nevi t o  me. I n  some cases I have found t h i s  t o  occur, 

bu t  on inves t iga t ion  we genera l ly  f ind  t h a t  t h e r e  is some t roub le  with t h e  des- 



patchers  apparatus.  One of t h e  t roub les  t h a t  occurs perhaps more than any o t h e r  

and causes these  r e s u l t s  is t h e  breaking down of t h e  condensers a t  t h e  d i spa tche r ' s  

of f ice .  These would not  round o f f  a  sending wave t o  such a  g r e a t  ex tent .  

The length  of r ing  has been c r i t i c i z e d  -- t h e  length  of r i n g  a t  t h e  s t a t i o n .  

I have got ten  around t h a t ,  where they want a  longer r ing ,  by i n s t a l l i n g  a  s t r a p  

lcey a t  t h e  d i spa tche r ' s  o f f i c e .  This key is wired i n  a  p a r a l l e l  with t h e  automatic 

keys, and i f  t h e  d ispatcher ,  f o r  any reason wants t h e  b e l l  i n  t h e  s t a t i o n  he is 

c a l l i n g  t o  r i n g  longer than would o r d i n a r i l y  be t h e  case,  he tu rns  t h e  c a l l i n g  

key of t h a t  s t a t i o n ,  and when he hears  t h e  answer back he merely presses  down t h e  

s t r a p  key. There a r e  var ious  o the r  modif icat ions of s e l e c t o r  arrangements which 

permit t h e  b e l l  t o  r i n g  i n  the  subs ta t ion  u n t i l  t h e  subs ta t ion  operator  presses  

a  button. In f a c t ,  most any kind of se rv ice  can be  given, according t o  what t h e  

p a r t i c u l a r  r a i l r o a d  wants, but ,  a s  a genera l  th ing ,  most of them a r e  s a t i s f i e d  

with a  c e r t a i n  length  r ing ,  about a  second and a  h a l f ,  uniformly i n  a l l  s t a t i o n s .  

Another t roub le  t h a t  was experienced was t h a t  t h e  agent  s t i c k s  a  toothpick  

o r  something i n  t h e  push button and holds it down. The obvious plan t o  pursue 

t h e r e  is t o  f i r e  t h e  agent; and t h i s  has been done i n  a  g r e a t  many cases,  e spec ia l ly  

when t h e  telephone was first used on ra i l roads .  A s  has been mentioned by s e v e r a l  

of t h e  speakers,  t h e  opera tors  bucked a  good deal  a t  t h e  in t roduct ion  of t h e  

telephone, t h e i r  idea being t h a t  they probably were going t o  have t h e i r  s a l a r i e s  

reduced, o r  some o f  them would l o s e  t h e i r  jobs. It is n o t  t h e  policy of l a r g e  

r a i l r o a d s  t o  put  men ou t  of employment except i n  very extreme cases,  and i f  t h e  

in t roduct ion  of t h e  telephone permits  o f f i c e s  t o  be c losed ,  o r  fo rces  t o  be re-  

duced a t  c e r t a i n  po in t s  t h e  men a s  a  r u l e  a r e  taken c a r e  of i n  some o the r  pos i t ion .  

A t e s t  on a  33,000-volt l i n e  was mentioned i n  which t h e  apparatus of two manu- 

f a c t u r e r s  was used. It seems t o  me t h a t  t h e  telephone apparatus used i n  t h i s  t e s t  

is a t  l e a s t  very s i m i l a r  among manufacturers, t h a t  is, t h e  l a r g e  manufacturers, and 

t h a t  it hardly could be a  quest ion o f  q u a l i t y  of apparatus t o  show up i n  t h e  way 

t h a t  was indica ted;  t h a t  is, according t o  t h e  s tatement  t h a t  was made, I gather  

t h a t  one of them f a i l e d  completely, and t h e  o the r  one gave good s a t i s f a c t i o n .  It 



seems t o  me t h e r e  must have been another  f a c t o r  t h a t  entered i n t o  those two t e s t s  

t h a t  caused t h a t  g r e a t  d i f ference ,  because t h e  t r a n s m i t t e r s  and c o i l s ,  and so  on, 

a r e  very nearly s i m i l a r  i n s o f a r  a s  t h e i r  excelJ.ence is concerned. 

Mr. Bennett spoke of c a l l i n g  and s e l e c t i n g  on transmission l i n e s .  bfr. PlcMeen 

answered t h i s  quest ion about t h e  only way it can be answered, I guess, and t h a t  i s  

with proper t r anspos i t ions  of your l i n e  i f  you g e t  a  q u i e t  telephone l i n e  you can 

do anything with it i n  t h e  way of t a l k i n g  and se l ec t ing .  

Plr. Pope brought up t h e  po in t  i n  favor of t h e  te legraph i n  t h a t  you could hear  

t h e  te legraph when you were a t  some dis tance  away from t h e  instrument,  whereas i n  

t h e  telephone you have t o  have t h e  instrument up t o  your ear .  About two months ago 

I conducted a t r i a l  i n s t a l l a t i o n  down on one of t h e  Pennsylvania l i n e s ,  using a new 

type of loud speaking rece iver .  Cr i t ic i sm has been made of t h e  telephone when used 

on a r a i l r o a d  d iv i s ion  t h a t  it was a l l  r i g h t  f o r  every purpose except blocking, and 

t h a t  f o r  t h i s  purpose it was not  a s  quick a s  t h e  te legraph,  and t h i s  c r i t i c i s m  seemed 

t o  be more o r  l e s s  j u s t i f i e d .  The reason t h a t  t h i s  c r i t i c i s m  was made was t h a t  i n  

telephone blocking it is  necessary f o r  t h e  operator  t o  r i n g  up another  operator  and 

then go through t h e  motions of pu t t ing  t h e  r ece ive r  on h i s  head and t a lk ing  with 

him, whereas with t h e  te legraph he merely t i c k s  o f f  what he wants t o  say and it is  

done. And t h a t  was t h e  reason f o r  t h e  development o r  t h e  experiments with loud 

speakers  of various kinds and t h e  a t tempt  t o  develop a good one. 

There has been considerable work done on t h i s ,  and although it has been com- 

pa ra t ive ly  easy t o  g e t  up a loud speaker f o r  blocking -- one t h a t  was p lenty  loud 

enough -- st i l l  t h e  a r t i c u l a t i o n  was not what it should be. This  blocking se rv ice  

r ep resen t s  an i d e a l  condi t ion  f o r  loud speakers,  because t h e  l i n e s  a r e  extremely 

s h o r t  and a r e  not  loaded, and you can t ake  f u l l  advantage o f  a l l  t h e  energy coming 

out  of t h e  t ransmi t te r .  This i n s t a l l a t i o n  was put i n  i n  t h r e e  o r  f o u r  of t h e  

towers, and was l e f t  i n  f o r  about t e n  days. During t h a t  time it was used exclusively 

by t h e  opera tors  f o r  blocking t r a i n s ,  and i n  f a c t ,  they much prefer red  t o  use these  

speakers  because t h e  work was e a s i e r  f o r  them. They were then taken ou t  merely t o  

put  then1 i n  i n  a  b e t t e r  shape t h e  next  time a s  f a r  a s  mounting is concerned, making 



it more convenient f o r  use, and a l s o  t o  employ a busy t e s t  by means of a buzzer 

t h a t  had not  been taken ca re  of i n  the  first i n s t a l l a t i o n .  I t  is intended t o  use 

o r  experiment with t h i s  same type  of r ece ive r  f o r  d i spa tche r ' s  use, and t h e r e  w i l l  

s h o r t l y  be some t r i a l s  i n  t h a t  f i e l d .  

Mr. Elwell spoke of a t r a i n  dispatching l i n e  being i n  use i n  Aust ra l ia  i n  

1902, I th ink  it was. I n  t h e  first p a r t  of my paper I mention two o r  t h r e e  in-  

s t ances  of t h e  e a r l y  i n s t a l l a t i o n  of telephones on a t r a i n  wire. A l l  t hese  in- 

s t a l l a t i o n s  used code r inging ,  and f o r  t h a t  reason they were no t  very successfu l .  

There was t o o  much of a load on t h e  dispatcher .  I th ink  t h e  first one used i n  

t h i s  country was i n  1883, which is probably before t h e  one mentioned by Fir. Elwell.  

I th ink  t h e r e  is  no doubt t h a t  the  telephone has proven i ts  case on t h e  r a i l -  

road and I mention i n  t h e  paper q u i t e  a few advantages of t h e  telephone over t h e  

te legraph and I can probably mention q u i t e  a few more, and anybody who th inks  of 

t h e  mat ter  can e a s i l y  s e e  t h a t  t h e r e  is no quest ion bu t  what t h e  telephone does 

have advantages over t h e  te legraph.  h l r .  Mi l l e r ,  I be l ieve ,  r a i sed  t h e  poin t  about 

t h e  d i s t i n c t n e s s  with which t h e  i n t e l l i g e n c e  could be t ransmi t ted  over t h e  t e l e -  

phone -- t h a t  is, where t r a i n  orders ,  important orders  regarding t r a i n  se rv ice  i n  

which human l i f e  i s  r i sked -- t h e  d i s t i n c t n e s s  with which they could be heard. 

Now, i n  sending out  orders ,  t h e  various r a i l r o a d s  have standardized,  i n  t h e i r  

te legraph methods, and they have a l s o  adopted p r a c t i c a l l y  t h e  same scheme when 

they s h i f t e d  over t o  t h e  telephone. In sending ou t  an order  t h e  despatcher r i n g s  

t h e  var ious  opera tors  and they w i l l  come i n  and then he s t a t e s  a c e r t a i n  number, 

31 o r  23, o r  whatever it is,  which ind ica te s  t h e  type  of order  lie is t o  g ive  and 

he s t a r t s  t o  give h i s  order  and a s  he g ives  h i s  order  he w r i t e s  it down himself s o  

a s  not  t o  give t h e  order  f a s t e r  than t h e  operator  can t ake  it down. A s  t h e  d i s -  

pa tcher  wr i t e s  t h e  order  when he comes t o  t h e  name of a town o r  any f i g u r e s  whatever, 

engine numbers o r  anything s i m i l a r ,  o r  t h e  tirne, besides speaking it i n  t h e  ordinary 

manner, he s p e l l s  it out .  Af te r  he has completed g iv ing  t h e  order  t h e  opera tors  i n  

t h e i r  t u r n  repeat  t h i s  back t o  hi111 and a s  each opera tor  r epea t s  it back t o  him t h e  

despatcher  underl ines t h e  word repeated,  so i f  t h e r e  a r e  t h r e e  opera tors  repeat ing 



t h e  record of t h e  order  would be i n  t h e  despatcher 's  book -- it would have t h r e e  

underl ines under each word which was repeated,  which would supposedly prove it 

had been repeated by t h r e e  operators .  
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