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pe~! Dramatically direct! 

A WAYSTATION DIALING SYSTEM BY AUTOMATIC ELECTRIC 

Now your entire comunications network can be equip- 
ped for direct dialing on message lines. You can provide 
your waystations with dial-automatic service that saves 
time and energy, increases efficiency. 

This newly developed equipment operates through your own 
automatic telephone exchange and gives you three-way service: 

... from automatic telephone exchange station to waystation; ... from waystation to automatic telephone exchange station; ... from waystation to waystation. 
You get dial-automatic service with existing local- 

battery telephones simply by adding a dial-and-switch 
unit. Ringdown and manual operations are eliminated. 

Ask your local AE sales representative for full de- 
tails, or write or phone me at Northlake, 

H. N. INWOOD, Director 
Railway/Petroleum Industry Sales 
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WAYSTATION DIALING SYSTEM 

A .  I n t r o d u c t i o n  

The p re sen t  s i g n a l l i n g  system u t i l i z e d  by t h e  
r a i l r o a d s  on t h e i r  message l i n e s ,  r e q u i r e s  an i n t e r m e d i a t e  
agent  o r  o p e r a t o r  t o  complete a  connect ion between a  
ways ta t ion  phone and a  PAX s u b s c r i b e r .  The ways ta t ion  
c a l l s  t h e  ope ra to r  by a  process  of ringdown, and she  i n  
t u r n  d i a l s  t h e  d e s i r e d  PAX s u b s c r i b e r .  The o p e r a t o r  
would monitor t h e  c i r c u i t  u n t i l  t h e  connection i s  completed, 
and r e t u r n  f o r  d i sconnec t ion  when t h e  p a r t i e s  have com- 
p l e t e d  t h e i r  conversa t ion .  For s i g n a l l i n g  a  ways ta t ion  
t h e  d i s p a t c h e r  o r  ope ra to r  would o p e r a t e  a  s e l e c t o r  key 
o r  a  s p e c i a l  type d i a l  which causes  t h r e e  groups of r e -  
versed  h igh  v o l t a g e  pu lses  t o  be  s e n t  over t h e  l i n e  t o  
s i g n a l  a  p a r t i c u l a r  ways ta t ion  phone. S e l e c t o r s  a t  t h e s e  
s t a t i o n s  would r e c e i v e  t h e s e  pu l se s  and s e l e c t i v e l y  s i g n a l  
t h e  p a r t i c u l a r  ways ta t ion .  I f  a  PAX c a l l  e x i s t e d ,  t h e  
o p e r a t o r  would concec t  t h e  PAX s u b s c r i b e r  t o  t h e  way- 
s t a t i o n  l i n e .  

Up t o  t h e  p re sen t  t ime t h e r e  has been no s a t i s f a c -  
t o r y  method f o r  g iv ing  t h e  ways ta t ion  f u l l  automat ic  d i a l  
s i g n a l l i n g  f a c i l i t i e s  wi thout  t h e  u s e  of t h i s  i n t e r m e d i a t e  
ope ra to r .  Rea l i z ing  t h e  need f o r  such a  system t h e  
Automatic E l e c t r i c  Labcra tok ies  have developed a means 
whereby a  ways ta t ion  use:: can d i d  any pa r ty  coanected t o  
a  t e m i n s l  PAX o r  a PAX s u b s c r i b e r  can d i a l  any ways ta t ion  
wi thout  a s s i s t a n c e .  Ths p re sen t  des ign makes use  of t h e  
exis t i .ng s e l e c t o r s  a t  t h e  ways t a t i ons  which u t i l i z e  
3-1/2 c y c l e  s i g n a l l i n g .  I n  o r d e r  t o  u s e  t h e s e  convent iona l  
ways ta t ion  s e l e c t o r s  a c o c t r o l  c i r c u i t  was developed t o  
s t o r e  t h e  r e g c l e r  10 per second d i a l  pu lses ,  common t o  
a u t o ~ n a t i c  te lephone equipment, and re-send them a t  t h e  
r e q u i r e d  3-1/2 c y c l e  r a t e  f o r  c a l l s  from t h e  PAX t o  t h e  
ways ta t ion .  Due t o  t h e  long l e n g t h  of l i n e s ,  and t h e  
a u x i l i a r y  equipment sometimes encountered,  convent iona l  DC 
pu ls ing  techniques  were no t  cons idered  p r a c t i c a l .  The 
u s e  o f  t h e  DC pa th  for t e l e g r a p h  s i g n a l s  a l s o  f u r t h e r  
sugges t s  t h e  u s€  of tone  s i g n a l l i n g  a s  a  s imple  means of 
s i g n a l l i n g  over  long d i s t a n c e s  wi thout  d i s t u r b i n g  t h e  
e x i s t i n g  DC c i r c u i t s .  
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The problem o f  s i g n a l  i m i t a t i o n  was minimized 
, by a  combination of many techniques .  S igna l  i m i t a t i o n  

i s  t h e  term used i n  telephony t o  d e s c r i b e  t h e  ope ra t ion  
by speech c u r r e n t s  of  voice-frequency s i g n a l l i n g  equipment. 
There a r e  means by which s i g n a l  i m i t a t i o n  can be reduced 
t o  any d e s i r e d  e x t e n t ,  bu t  most techniques  r e q u i r e  a  
l a r g e  amount of expensive equipment. T h i s  d i f f i c u l t y  
was minimized by u t i l i z i n g  a  type of frequency s h i f t  
technique f o r  t h e  t ransmiss ion  of t h e  s i g n a l l i n g  tones .  
Line s e i z u r e  by vo ice  c u r r e n t s  was minimized by us ing  
slow o p e r a t e  r e l a y s ,  and s p o r a t i c  r e l a y  o p e r a t i o n s  was 
e l imina ted  by removing t h e  detectors dur ing  a  completed 
connection.  

A prime cons ide ra t ion  i n  t h e  design of t h i s  
equipment w a s . t o  keep b r idg ing  l o s s e s  and power consump- 
t i o n ,  p a r t i c u l a r i l y  a t  t h e  ways ta t ion ,  t o  an a b s o l u t e  
min imum.  This  i s  done by connect ing t h e  ways ta t ion  tone  
genera tor  t o  t h e  l i n e  and only dur ing  t h e  i n t e r v a l  of 
d i a l i n g .  

E s s e n t i a l l y  t h i s  new system permits  a  waysta t ion 
t o  d i a l  any ways ta t ion  i n  t h e  system, o r  a  ways ta t ion  can 
d i a l  any PAX telephone wi thout  t h e  a i d  o f  an opera tor .  
Likewise, any PAX s u b s c r i b e s  can d i a l  any wayatat ion with-  
o u t  t h e  a i d  o f  an o p e r a t o r  or d i s p a t c h e r ,  

B. Equipment 

1. Waystation Uni t  

The ways ta t ion  dia lFng u n i t  i s  used i n  con junc t ion  
w i t h  t h e  l o c a l  b a t t e r y  phone a t  t h e  ways ta t ion .  This 
u n i t  con ta ins  a  d i a l  and l e v e r  type swi tch ,  mounted on 
t h e  f r o n t  pane l  o f  t h e  u n i t ,  a s  shown i n  F igu re  1. It 
measures 4-5/16" x  5" x 4-1/32" and weighs approximately 
2  pounds. I n s i d e  t h e  u n i t  is  conta ined  a  smal l  t r a n s i s t o r  
o s c i l l a t o r  t o  provide t h e  necessary tones  f o r  s e i z u r e  and 
d i a l i n g .  The o s c i l l a t o r  asseab ly  i s  mounted on a  p r i n t e d  
wi r ing  board. 
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i 
The d i a l i n g  u n i t  is  designed t o  o p e r a t e  from 

l o c a l  d ry  c e l l s  of  3.0 - 4.5 v o l t s  f o r  nominal d i s t a n c e s  
of 50-60 miles on convent iona l  f a c i l i t i e s .  For d i s t a n c e s  
of  100 m i l e s  t h e  supply v o l t a g e  should be i nc reased  t o  
6.0 v o l t s .  I f  s i g n a l  i m i t a t i o n  i s  a  problem t h e  d i a l i n g  
u n i t ' s  ou tpu t  l e v e l  can be  inc reased  by an a d d i t i o n a l  
c e l l  pe rmi t t i ng  t h e  i npu t  l e v e l  of  t h e  d e t e c t o r  a t . t h e  
c o n t r o l  u n i t  t o  b e  reduced accord ing ly .  The d i a l i n g  u n i t  
can be opera ted  a t  supply vo l t ages  a s  high a s  20 v o l t s  
wi thout  damage t o  t h e  t r a n s i s t o r .  The power d r a i n  of t h i s  
u n i t  i s  l i m i t e d  t o  d i a l i n g  time; consequent ly ,  b a t t e r y  
l i f e  i s  no problem, 

The d i a l i n g  u n i t  i s  provided wi th  a  4 f o o t  
l e n g t h  of cord  connected t o  a  t e rmina l  block.  S i x  
screw type  connect ions  a r e  con ta ined  i n  t h i s  t e rmina l  
b lock  f o r  connect ion t o  t h e  ways ta t ion  b a t t e r y ,  l o c a l  
phone, and l i n e  v i a  t h e  hookswitch of t h e  l o c a l  phone. 
I f  i t  i s  d i f f i c u l t  t o  access  t h e  l o c a l  phone, t h e  d i a l i n g  
u n i t  can b e  connected d i r e c t l y  a c r o s s  t h e  message l i n e .  
I n  t h i s  c a s e  t h e  d i a l i n g  tones  w i l l  be  heard i n  t h e  
phone dur ing  d i a l i n g ,  caus ing  a  s l i g h t  reduc t ion  i n  
s i g n a l  levels. 

This u n i t  a l s o  c o n t s i n s  a  f i l t e r  which prevents  
i n t e r f e r e n c e  and load ing  t o  ar~y c a r r i e r  channel  above 
3500 cps  on t h e  same c i r s ~ i t .  

2 ,  Cont ro l  U n i t  

The c o n t r o l  u n i c  i s  ueed between t h e  PAX and 
t h e  ways ta t ion  l i n e .  It i s  designed on a panel  which 
mounts on a  s t ande rd  19 i n c h  rehay rack .  This  panel  
occupies  a  v e r t i c a l  space  o f  LO-1/2 inches  and i s  
provided w i t h  a cover 5-114 itzches h igh ,  The u n i t  i s  
in tended  t o  mount near  t h e  PAX equipment and draw power 
from i t .  
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The c o n t r o l  u n i t  ope ra t e s  from t h e  convent iona l  
48 v o l t  exchange b a t t e r y ,  This vo l t age  i s  not  c r i t i c a l  
bu t  should remain between t h e  limits of 44 and 52 v o l t s .  
Power consumption i s  n e g l i g i b l e  dur ing t h e  i d l e  condi t ion .  
During d i a l i n g  power requirements may r each  1 . 5  amperes, 
bu t  only dur ing t h e  a c t u a l  d i a l i n g  i n t e r v a l .  

This u n i t  c o n t a i n s  two incoming tone  d e t e c t o r s  
whcich conve r t  t h e  ways ta t ion  pulsed tones  t o  convent iona l  
DC pu lses  of  t h e  type  r equ i r ed  f o r  PAX ope ra t ion .  These 
d e t e c t o r s  a r e  bo th  composed of two s t a g e s  of tuned 
ampl i f i ca t ion ,  fol lowed by a  d e t e c t o r  s t a g e ;  a l l  us ing  
t r a n s i s t o r s ,  Each d e t e c t o r  channel  con ta ins  an i n p u t  
l e v e l  c o n t r o l  t o  p revent  over loading,  and a l s o  t o  provide 
a  degree of adjustment f o r  c o n t r o l l i n g  s i g n a l  i m i t a t i o n .  
S torage  and resender  c i r c u i t s  a r e  a l s o  conta ined  i n  t h i s  
u n i t  f o r  conve r t i ng  t h e  convent ional  PAX 10  per second 
pu lses  i n t o  t h e  3-112 c y c l e  type r equ i r ed  t o  ope ra t e  t h e  
ways ta t ion  type  60 o r  equ iva l en t  s e l e c t o r s .  A 1 .5  minute 
i n s t a n t  r e s e t  t imer  i s  provided t o  hold  a  l i n e  u n t i l  a  
connect ion is completed, This t imer  i s  a l s o  u t i l i z e d  t o  
hold  c a l l s  between ways ta t ions  on d i f f e r e n t  l i n e s ,  

The c o n t r o l  u n i t  is  connected t o  t h e  PAX through 
a  convent ional  l i n e  c i r c u i t  f o r  ways ta t ion  t o  PAX c a l l s .  
For s i g n a l l i n g  i a  t h e  oppos i t e  d i r e c t i o n  the  c o n t r o l  c i r -  
c u i t  i s  accessed from a  switch-through connector  o r  a  
s e l e c t o r  l e v e l ,  i n  o rde r  t h a t  t h e  eliree ways ta t ion  d i g i t s  
can be d i a l e d  beyond t h e  PAX, The l i n e  c i r c u i t  of t h e  
PAX should g i v e  r e v e r s e  b a t t e r y  on answer by t h e  PAX 
subsc r ibe r  -~ ~ . e ~  ~ -.. .~ , . .~ .. . .. . . ,..~ 

/- 
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C. Operation 

To i n i t i a t e  a  c a l l  t o  a  PAX s u b s c r i b e r ,  t h e  
ways ta t ion  s u b s c r i b e r  beg ins  by l i f t i n g  h i s  handse t  t o  
monitor t h e  l i n e  f o r  busy cond i t i on ,  This moni tor ing 
does no t  i n  any way d i s t u r b  t h e  e x i s t i n g  d i a l i n g  o r  
conversa t ion  of ano ther  s u b s c r i b e r  i f  i t  e x i s t e ,  When 
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t h e  l i n e  i s  found absen t  of s i g n a l l i n g ,  t h e  ways ta t ion  
s u b s c r i b e r  would ope ra t e  h i s  d i a l  u n i t  l e v e r  key t o  t h e  
d i a l  p o s i t i o n  f o r  approximately 2 seconds,  Operation o f  - 
t h i s  key a p p l i e s  power t o  t h e  t r a n s i s t o r  o s c i l l a t o r  i n  
t h e  Waystat ion d i a l i n g  u n i t ,  and connects  a 1500 c y c l e  
t one  on t h e  l i n e ,  

I n  t h e  c o n t r o l  u n i t  t h i s  1500 c y c l e  tone  is  
d e t e c t e d  by t h e  off-normal d e t e c t o r .  The ope ra t ion  of 
t h i s  d e t e c t o r  c l o s e s  t h e  c i r c u i t  t o  t h e  1 . 5  minute t imer  
which locks  a t e rmina t ion  on t h e  l i n e  f o r  PAX s e i z u r e .  
When t h e  l e v e r  key i s  r e l e a s e d  a t  t h e  end of t h e  2 second 
ope ra t ion ,  d i a l  tone should be  heard from t h e  PAX i n d i -  
c a t i n g  t h a t  t h e  main c o n t r o l  c i r c u i t  i s  ready t o  r e c e i v e  
ways ta t ion  s i g n a l l i n g  tones .  I f  d i a l i n g  does no t  fo l low 
o r  i s  no t  completed t h e  PAX l i n e  and main c o n t r o l  u n i t  
w i l l  b e  r e l e a s e d  a f t e r  1 .5  minutes by t h e  ope ra t ion  of 
t h e  t imer .  

Operat ion o f  t h e  ways t a t i on  d i a l ' s  off-normal 
s p r i n g s  p laces  power on t h e  t r a n s i s t o r  o s c i l l a t o r  which 
again  connec ts  1500 c y c l e s  a c r o s s  t h e  l i n e .  During t h e  
d i a l i n g  per iod t h e  l o c a l  phone i s  removed from t h e  l i n e  
t o  reduce  load ing  o r  abso rp t ion  of t h e s e  tones .  When 
t h e  d i a l  i s  r e l e a s e d  i t s  pu lse  c o n t a c t s  change t h e  
o s c i l l a t o r  frequency t o  2000 c y c l e s  f o r  each pulse.  

Th i s  2000 c y c l e  tone  is d e t e c t e d  by t h e  pu lse  
d e t e c t o r  i n  t h e  main c o n t r o l  u n i t  and conver ted t o  con- 
v e n t i o n a l  DC pulses .  To minimize vo ice  ope ra t ion ,  a  t y p e  
of frequency s h i f t  technique i s  u t i l i z e d .  To r e g i s t e r  a 
d i g i t  t h e  off-normal d e t e c t o r  must momentarily r e s t o r e  
b e f o r e  t h e  pulsed d i g i t  t a k e s  e f f e c t .  Thus, t h e  simul- 
taneuous presence of bo th  f r equenc ie s  on t h e  l i n e  w i l l  n b t  
cause  any c i r c u i t  ope ra t ion .  

I f  t h e  ways ta t ion  s u b s c r i b e r  makes a mis take  i n  
d i a l i n g ,  o r  wishes t o  end t h e  a t tempted c a l l  a t  t h a t  
time, he  can r e l e a s e  t h e  s e i z e d  l i n e  by ope ra t ing  h i s  
l e v e r  key t o  t h e  r e l e a s e  p o s i t i o n  f o r  about 2 seconds. 
This w i l l  p l ace  a 2000 c y c l e  tone  of long du ra t ion  on t h e  
l i n e  which w i l l  r e l e a s e  t h e  t imer  a t  t h e  c o n t r o l  u n i t  and 



r e s t o r e  t h e  l i n e  t o  t h e  i d l e  condi t ion .  He can then 
s e i z e  and r e d i a l  i f  h e  s o  wishes.  I f  t h e  ways ta t ion  
s u b s c r i b e r  should l eave  h i s  phone a t  t h i s  po in t  wi thout  
r e l e a s i n g  an incomplete c a l l ,  t h e  main c o n t r o l  c i r c u i t  
and PAX l i n e  will be r e l e a s e d  by t h e  ope ra t ion  of t h e  
timer a f t e r  t h e  1.5 minute i n t e r v a l .  

When t h e  PAX s u b s c r i b e r  answers r e v e r s e  b a t t e r x  
Q , which removes 
t h e  r e l e a s e  of 

t h e  c a l l  under t h e  c o n t r o l  o f  t h e  PAX s u b s c r i b e r .  If 
t h e  requirements e x i s t s  t o  guard a g a i n s t  PAX f a i l u r e  t o  
d i sconnec t ,  t h e  connectors  i n  t h e  PAX s e r v i n g  t h i s  equip- 
ment should be  equipped w i t h  connector t ime-out p rov is ions .  

PAX Subsc r ibe r  D i a l s  a Waystation (Figure 4) 

The main c o n t r o l  c i r c u i t  can be accessed through 
a switch-through connec tor  o r  through a s e l e c t o r  l e v e l ,  
i n  o rde r  t h a t  t h r e e  d i g i t s  r e q u i r e d  can be d i a l e d  beyond 
t h e  PAX. When t h e  PAX s u b s c r i b e r  g a i n s  access  i n t o  t h e  
c o n t r o l  equipment by e i t h e r  of t h e  above techniques ,  he  
must then d i a l  t h e  t h r e e  d i g i t s  necessary t o  s i g n a l  t h e  
ways ta t ion  s e l e c t o r s .  Each of t h e s e  d i g i t s  a r e  s t o r e d  
on a s e p a r a t e  r o t a r y  switch.  A f t e r  t h e  second d i g i t  is  
s t o r e d  a ground i s  placed on t h e  reaender  t o  apply a 
s i n g l e  c l e a r i n g  o u t  pu l se  t o  t h e  ways ta t ion  s e l e c t o r s .  
This  c lear ing-out  pu lse  is  necessary  t o  r e s e t  a l l  s e l e c t o r s  
(not  previously  rese t )  t o  t h e i r  "home" pos i t ion .  This  
i s  necessary i n  o rde r  t h a t  a l l  s e l e c t o r s  w i l l  s t e p  from 
t h e  same s t a r t i n g  p o s i t i o n ,  

When t h e  l a s t  d i g i t  i s  rece ived ,  a hun t ing  o r  
scanning c i r c u i t  then  scans  each switch and resends  t h e s e  
d i g i t s  a t  a  slower speed (in t h i s  c a s e  t h e  10 per  second 
pu l se s  a r e  reduced i n  speed t o  7 pu lses  per second).  
These slower pu lses  a c t i v i t a t e  an ON-OFF r e l a y  group 
which e f f e c t i v e l y  sends 3-1/2 c y c l e  po la r  pu lses  needed 
t o  ope ra t e  t h e  ways ta t ion  s e l e c t o r  through t h e  main 
c o n t r o l  resender .  



A t  the  waystation se lec ted ,  a b e l l  or  buzzer 
w i l l  operate when 1 7  pulses a r e  received. This b e l l  
w i l l  r i ng  f o r  about two seconds, or  u n t i l  another pulse 
from the  resender re leases  the  s e l e c t o r  and opens the 
b e l l  c i r c u i t .  This f i n a l  pulse i s  a c lea r ing  out pulse 
for  a l l  se lec to rs .  I f  the  p i n s  on a l l  s e l ec to r s  do not 
re turn  t o  "home" posi t ion with t h i s  c lea r ing  out pulse, 
a second s i d l a r  pulse i s  sen t  out when the  second d i g i t  
i s  i n i t i a l l y  s tored,  a s  described previously. While the  
b e l l  i s  r inging,  ring-back tone w i l l  be heard i n  the  
receiver  not i fy ing the  i n i t i a t i n g  PAX subscriber  t h a t  
the  b e l l  i s  ringing. 

A l l  r o t a ry  switches and re lays  w i l l  remain a s  
i s  u n t i l  the PAX subscriber hangs up, i n  which case a l l  
re lays  and switches re turn  t o  the  normal, non-operate 
condition. 

I f  a s e l ec to r  l eve l  i s  used f o r  access i n t o  the  
control  u n i t  a holding ground o r  ba t t e ry  is provided i n  
the con t ro l  un i t .  

Wavstation Dials a Waystation on Same Line (Figure 5). 

Since a waystation l i n e  looks l i k e  any other  ' 

l i n e  t o  the  PAX, c a l l s  of t h i s  type would cause the  same 
sequence of operation a s  t h a t  previously described 
(Waystation Dials  a PAX Subscriber). The waystation 
subscriber would d i a l  the  se lec to r  access number, t o  be 
followed by the  t h r ee  c a l l e d  waystation numbers. The 
i n i t i a t i n g  subscriber  can re lease  the  c a l l  a t  any time he 
des i res  by t h e  usual  re lease  method described previously. 

Since there  i s  no reverse ba t te ry  on a c a l l  
of t h i s  type, the  i n i t i a l  se izure  timer w i l l  r e lease  
a f t e r  the  1.5 minute time in t e rva l ,  and thus another c a l l  
can be placed t o  another waystation on the  same l i n e  while 
the  f i r s t  conversation i s  i n  progress. Ca l l s  could be 
made consecutively t o  any number of waystations by t h i s  
method i f  the  con t ro l  equipment i s  e i t h e r  re leased by 
t h e  r e l ea se  key, or  the  1.5 minute automatic re lease  i s  



Page Eight  

used.  It i s  poss ib l e  t o  p lace  a Waystation t o  Waystat ion 
C a l l  (Revert ing C a l l )  and then p l ace  a Waystation t o  PAX 
c a l l ,  and f i n a l l y  t o  r e c e i v e  a PAX c a l l  a t  a ways ta t ion ,  
a l l  one a f t e r  t h e  o the r  wi thout  i n t e r f e r e n c e  i f  they do 
n o t  occur s imul taneously ,  

Waystation Dia l s  a Waystation on Another l i n e  (Figure 6) 

This  type  of c a l l  would be  placed by t h e  same 
method a s  t h e  previous Waystation t o  Waystation (on t h e  
same l i n e )  w i th  t h e  except ion t h a t  i t  w i l l  probably b e  
necessary t o  d i a l  s e v e r a l  e x t r a  d i g i t s  i n  o rde r  t o  g e t  
from one system t o  t h e  next .  

y S ince  t h e r e  i s  no r e v e r s e  b a t t e r y  on a c a l l  of  
' f  t h i s  type,  t h e  c i r c u i t  w i l l  r e l e a s e  i t s e l f  a f t e r  t h e  1 .5  

minute t i m e  i n t e r v a l ,  To prevent  t h i s  occurance i f  t h e  
conve r sa t ion  time exceeds 1,s minutes,  i t  i s  necessary 
t h a t  t h e  i n i t i a t i n g  s u b s c r i b e r  o p e r a t e  h i s  l e v e r  key t o  
t h e  d i a l  p o s i t i o n  f o r  a moment every 1 .5  minutes. This  
w i l l  cause  t h e  s e i z u r e  t imer  t o  r e s e t  i t s e l f  t o  ze ro  f o r  
a new c y c l e ,  

D. F i e l d  Performance 

F i e l d  u n i t s  have given ve ry  s a t i s f a c t o r y  per- 
formance i f  c e r t a i n  p r e c a u t i o n s  a r e  observed, thus:  

1. It i s  a b s o l u t e l y  necessary i n  t h i s  system t o  
equip - a l l  ways ta t ions  on t h e  l i n e  w i t h  d i a l i n g  
u n i t s .  This  precaut ion i s  necessary because i f  
a l l  c a l l s  go through t h e  c o n t r o l  u n i t ,  c i r c u i t r y  
i s  conta ined  t h e r e i n  which w i l l  reduce t h e  d i f f i -  
c u l t y  of s i g n a l  i m i t a t i o n  o r  vo i ce  ope ra t ion  
of r e l a y s .  When on ly  a p a r t  of  a l i n e  i s  s o  equipped 
t h o s e  c a l l s  which would be  handled by t h e  o p e r a t o r  
o r  d i s p a t c h e r  would n o t  go i n t o  t h i s  equipment 
and a s  a r e s u l t  t h e  hazard e x i s t s .  



P'age Nine 

2. When o p e r a t i n g  such a  system i t  i s  d e s i r a b l e  t o  
u s e  a s  h igh  a  l e v e l  of  outgoing s i g n a l l i n g  v o l t a g e  
from t h e  ways ta t ion  a s  poss ib l e .  I n  most a p p l i -  
c a t i o n s  t h e  u s e  of a  4.5 v o l t  supply f o r  d i s t a n c e s  
up t o  50 m i l e s  and 6.0 v o l t s  above 50 mi les  has 
been found t o  be  very s a t i s f a c t o r y .  Higher supply 
v o l t a g e s  may be used i f  no i se  c o n d i t i o n s  a r e  
excess ive ,  (The ways ta t ion  supply v o l t a g e  should 
never exceed 20 v o l t s . )  A t  a  6,O v o l t  supply t h e  
ways ta t ion  tone  l e v e l  on t h e  l i n e  i s  about 0.8 
v o l t s  (0 dbm on a  600 l i n e ) ,  With t h i s  l e v e l ,  
c r o s s t a l k  l i m i t s  a r e  n o t  exceeded, and t h e  c o n t r o l  
d e t e c t o r ' s  incoming l e v e l  c o n t r o l  can be  reduced 
t o  f u r t h e r  prevent  extraneous ope ra t ions ,  

I n  most i n s t a l l a t i o n s  where a  6.0 v o l t  supply 
source  i s  r e q u i r e d ,  it would be  ob ta ined  by t h e  a d d i t i o n  
of one a d d i t i o n a l  d r y  c e l l  t o  t h e  ways ta t ion  b a t t e r y ,  
S ince  t h e  l i f e  o f  t h i s  b a t t e r y  is  its s h e l f  l i f e ,  t h e  c o s t  
of  t h i s  a d d i t i o n  is unimportant .  

The .cont ro1  c i r c u i t  d e t e c t o r s  a r e  capable  of 
handl ing i n p u t s  down t o  -30 dbm i f  t h e i r  l e v e l  c o n t r o l s  
a r e  i nc reased  t o  t h e  maximum, however, i t  i s  d e s i r a b l e  t o  
set t h e s e  c o n t r o l s  t o  a  po in t  where t h e  off-normal a n d '  
pu lse  r e l a y s  o p e r a t e  s a t i s f a c t o r i l y ' w i t h  a  4.5 supply 
source  a t  t h e  ways ta t ion  between 25 and 50 mi les ,  ' k e  
supply v o l t a g e  can then  be inc reased  f o r  t h e  u n i t s  beyond 
50 mi l e s  t o  g i v e  comparable r e l a y  performance, and re- 
duced f o r  those  c l o s e r  than 25 miles  (These d i s t a n c e s  a r e  
approximate f o r  good open w i r e  c i r c u i t s ) .  The ways ta t ion  
d i a l i n g  u n i t  w i l l  o s c L l l a t e  s a t i s f a c t o r i l y  w i t h  a  supply 
of 1 , 5  v o l t s  i f  t h e  need a r i s e s .  

E. Conclusion 

This  ways ta t ion  d i a l i n g  system i s  t h e  f i r s t  
s a t i s f a c t o r y  means of providing d i a l i n g  f a c i l i t i e s  t o  
e x i s t i n g  r a i l r o a d  ways ta t ions .  It does no t  r e q u i r e  t h e  
u s e  of t h e  DC pa th  f o r  s i g n a l l i a g  which i s  s o  necessary  
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f o r  p re sen t  t e l eg raph  and t e l e t y p e  purposes. The p re sen t  
system fo l lows  a l o g i c a l  s t e p  because one can provide 
d i a l  f a c i l i t i e s  and s t i l l  keep some of t h e  p re sen t  equip- 
ment ( s e l e c t o r s )  i n  s e rv i ce .  By changing t o  such a system 
a g r e a t  o u t l a y  of money i s  not  requi red .  

Another advantage of t h i s  new system i s  t h a t  
i t  permits  d i a l i n g  over almost any d i s t a n c e  i f  t h e  need 
a r i s e s .  Use of tones  f o r  t h e  s i g n a l l i n g  technique permits  
going through t ransformers  and t h e  l i k e  wi thout  s p e c i a l  
by-pass equipment. This  system uses  a waysta t ion d i a l i n g  
u n i t  whose power d r a i n  i s  l i m i t e d  t o  d i a l i n g  t ime only.  
Also,  t h e  i n s t a l l a t i o n  of t h i s  u n i t  r e q u i r e s  only 
connect ion t o  t h e  l i n e  and b a t t e r y .  

This  p re sen t  system was designed f o r  u s e  on 
r a i l r o a d  ways ta t ion  Lines, however, t h e r e  i s  no reason 
why i t  cannot be used f o r  o t h e r  s e r v i c e s  a s  w e l l  such a s  
pipe l i n e s  e t c .  who u s e  t h e  t ype  60A s e l e c t o r  o r  equiva- 
1 .  The s i m p l i c i t y  and economy of t h i s  system lends  
i t s e l f  w e l l  t o  such systems. 
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