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PREFACE 

The  need  of  a  volume  dealing  with  tlie  art  and  scienee 

of  Telegraphy  as  a  first  text-book  has  lieen  a  Avant  long 
felt  hy  my  eolleagues,  Avliich  is  shared,  we  believe,  by 

many  experienced  teachers. 

The  present  work  is  an  attempt  to  provide  such  an 

introduction,  and,  after  devoting  special  thought  to  the 

([uestion  of  order,  an  arrangement  has  lieen  adopted  which 

— if  it  varies  some\vhat  from  the  common  usage  of  the 
text-books— is  at  least  based  upon  the  experience  of  many 

years. 
To  a  great  extent  the  order  in  the  tSyllabus  has  been 

followed,  this  being  most  convenient  to  the  candidates  for 

examination,  and  doubtless  Avill  prove  equally  usefid  to 

the  general  student.  A  number  of  cxuestions  are  appended 

to  each  chapter,  from  the  conviction  that  such  exercises  are 

of  considerable  service  in  aiding  tlie  memory,  and,  Avhen 

carefully  selected,  emphasize  points  which  are  frecpiently 

disregarded.  They  are  in  j^art  original,  and  some  have 

been  selected  from  recent  Examination  Papers. 

The  student  is  strongly  recommended  to  work  these 

exercises  systematically,  and  with  regard  to  the  application 

of  mathematics,  his  attention  is  directed  to  the  following- 
opinions  of  two  eminent  authorities  : — 

"  When  you  can  measure  what  you  are  speaking  about, 
and  express  it  in  numbers,  you  know  something  about  it  ; 

but  when  you  cannot  measure  it,  and  when  you  cannot 

express  it  in  numbers,  your  knowledge  is  of  a  meagre  and 

imsatisfactory  kind  "  (Lord  Kelvin). 



vi  PREFACE 

"  The  student  of  mat  hematics  is  accustomed  to  a  chain 
of  deduction  where  each  link  hangs  upon  the  preceding ; 
and  thus  he  learns  continuity  of  attention  and  coherency 

of  thought"  (Dr.  Whewell). 
The  recent  development  of  Central  Battery  working 

opens  up  remarkable  possibilities,  aud  the  latest  practice 
is  described.  In  this  connection  the  author  begs  to 

acknowledge  his  indebtedness  to  Messrs.  Vyle  and  Smart, 

of  the  Engineer-in-Chief's  Department,  for  information 
supplied. 

To  one  feature  of  the  book  special  attention  is  directed, 

namely,  the  excellent  electros  of  keys,  sounders,  relays, 

and  other  items  of  telegraph  equipment,  which  have  been 

taken  from  the  catalogues  of  the  British  Insidated  and 

Helsby  Cables  Company.  It  will  be  obserA'ed  that  they 
include  some  recently  designed  instruments,  and  the  Avriter 

wishes  to  acknowledge  the  courtesy  of  his  old  instructor, 

^Ir.  A.  Brooker,  of  the  Company,  who  furnished  full 

inhjrmation,  and  obtained  permission  to  use  the  blocks. 

The  remainder  of  the  illustrations  and  diagrams  are 

from  the  author's  own  drawings,  excepting  Fig.  121  and 
the  three  sketches  of  the  Hart  plates,  which  were  specially 

drawn  for  this  book  by  the  Hart  Accumulator  Company,  to 
Avhom  and  to  the  Chloride  Electrical  Storage  Company  the 
author  is  indebted  for  the  loan  of  the  accunuilator  electros. 

H.  W.  P. 
London,  1010. 
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ELEMENTARY  TELEGRAPHY 

CHAPITER  I 

PRELIMINARY  : — THE     FUNDAMENTAL     PRINCIPLES      OF 
ELECTRICITY    IN    ITS    APPLICATION    TO    TELEGRAPHY 

Electricity  is  an  invisible  agent  or  peculiar  force  as 
universal  as  light  and  lieat,  witli  which  it  is  closely 

associated.  Many  authorities  conclude  from  Prof.  Maxwell's 
investigations  and  discoveries,  together  Avith  the  researches 
of  Hertz,  Lodge  and  others,  that  light  itself  is  an  electric 
phenomenon. 

It  is  believed  that  when  the  effects  are  produced  which 
we  know  as  electrical,  there  is  then  merely  evidenced  to  the 
senses  a  manifestation  of  an  inherent  condition  of  the 

substance  previously  latent.  Also  that  when  we  produce 
electrification  we  have  given  nothing  to  the  essential  part, 
and  that  a  body  is  electrified  when  the  atoms,  electrons 
or  ultimate  particles  of  matter  have  been,  by  an  at  present 
inexplicable  stress  or  force,  cansed  to  alter  their  position 
with  respect  to  each  olhcr,  or,  as  it  is  termed,  become 
polarized. 

But  while  the  exact  nature  oL"  electricity  is  still  unknown 
and  its  manifestations  vary,  being  exliibited  in  different 

forms — Magnetic,  Thermal  or  Electrolytic— it  has  been 
customary  to  speak  of  Electricity  as  if  it  had  definite 
existence  and  were  a  fluid  capable  of  flowing  as  a  current. 
This  simple  assumption  has  greatly  assisted  in  explanations 

of  those  portions  of  electi'ical  science  which  have  an 
immediate  l)earing  on  TelegrapJiy. 

Two  kinds  or  staters  of  electricity  always  exist  together 
(a  simple  proof    of    this  follows  a  little  later).     The    one 

B 
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state  for  convenience  is  called  ro.sixiVE  and  the  other 
NEGATIVE.  These  terms  are  entirely  arbitrary,  and  nuist 
not  be  imderstood  to  mean  that  there  is  more  electricity 
in  the  one  state  than  in  the  other,  or  that  one  signifies  more 
and  the  other  less.  They  are,  however,  appropriate  and 

useful,  since  if  equal  amounts  of  +  and  —  are  imparted  to 

a  body  it  giA-es  no  evidence  of  electrification,  apparently 
the  charges  have  exactly  neutralized  each  other. 

Bodies  similarly  electrified,  either  posit ive  or  negative, 
repel.  Those  dissimilarly  electrified,  one  yositive  and 
the  other  negative,  attract. 
The  electrical  condition  or  potential  of  the  earth  is 

assiimed  to  be  neutrality  or  zero,  and  that  of  a  body  charged 
with  positive  electricity  is  said  to  be  at  a  higher 
jDotential  than  the  earth,  Avliile  a  negatively  charged  body 
is  considered  as  having  a  jDOtential  lower  than  that  of  the 
earth. 

In  its  most  general  meaning  potential  is  a  condition  with 
power  to  do  Avork.  The  intensity  of  the  effects  produced 
by  a  charge  of  electricity  depends  ui^on  the  potential  of  the 
charge,  that  is,  its  electrical  condition  relative  to  that  of 

surrounding  bodies.  The  movement  of  electricit}'  between 
two  points  having  different  electrical  condition,  i.e. 

"  potential  difference  "  (P.D.),  is  an  effort  to  restore  electrical 
eqviilibrium,  or  common  potential,  and  when  a  conductor 
intervenes  the  result  is  an  electric  current  passing 
through,  or  by  means  of,  the  conductor.  The  real  nature 
of  the  electric  current  is  unknown,  but  it  is  now  generally 

assumed  that  the  mediiim  through  which  the  ciu'rent  is 
impelled  is  not  in  the  conductor  itself  but  in  the 
insulating  substance  surrounding  the  conducting  circuit. 
The  conductor  merely  acts  as  a  gitide  to  the  electric 
Avaves,  keeioing  them  directed  along  the  circuit  instead 
of  allowing  them  to  spread  in  all  directions  through  the 

ether  (element  presumed  to  perA^ade  all  space  and  to  con- 
stitute the  medium  of  the  transmission  of  light  and  heat) 

as  happens  in  Wireless  Telegraphy. 

Substances  AA^hich  offer  great  resistance  to  the  passage  of 
electricity  are  called  insulators :  others,  such  as  metals  and 

saline  solutions,  liaA-e  the  property  of  allowing  electricity  to 
diffuse  itself  freely,  and  hence  are  termed  comhictors.  The 
division  of  substances  into  conductors  and  insulatoi's  is  not 



FUNDAMENTAL  PRINCIPLES  OF  ELECTMIGITY    3 

absolute.  There  are  few,  if  any,  bodies  Avhicli  are  perfect 

insulators  or  which,  do  not  conduct  at  ail  in  any  circum- 
stances, wliile  the  most  perfect  conductors  offer  certain 

resistance.  The  terms  imply  a  difference  in  degree  only. 
When  a  conductor  is  fixed  upon  or  supported  by  a  non- 
con  diictor  it  is  said  to  be  insulated. 

Electricity  can  be  developed  in  various  ways,  but  for 
ascertaining  effects  of  static  charges  probably  the  most 
ready  means  of  generation  is  frictional,  as  by  rubbing  a 
piece  of  flannel  on  a  vulcanite  rod.  The  production  of 
equal  and  opposite  kinds  can  be  proved  by  insulating  the 
flannel  from  the  hand  with  a  sheet  of  india-rubber  and 
placing  rod,  flannel  and  rubber  upon  tlie  cap  of  an 
electroscope.  There  is  no  divergence.  Remove  the  rod 
and  the  leaves  diverge  ;  prove  charge  positive  by  increasing 
the  divergence  Avith  a  known  jDositively  charged  body. 
Now  remove  the  flannel  and  bring  the  rod.  The  leaves 
then  diverge  with  negative.  The  flannel  and  rod  are 
therefore  oppositely  charged  and  the  neutrality  of  leaves 
when  both  present  demonstrates  that  the  charges  are 

equal.* The  electrical  macliine  is  the  most  convenient  apparatus 
for  developing  electricity  by  friction,  and  electricity  thus 
generated  is  named  statical.  When  the  tension  between 
two  static  charges  becomes  so  great  as  to  cause  a  spark 
to  pass  between  them  the  resulting  restoration  of  electrical 
equilibrium  is  effected  by  what  is  known  as  an  electric 
disclutiye.  Before  discharge,  while  the  electricity  is  not 
in  motion,  it  is  said  to  be  in  the  static  condition  ;  during 
discharge  it  is  in  the  dynamic  condition,  because  it  then 

exercises  force  or  power,  ('riiv  \\nr(]ii  static  and  dynamic 
are  derived  from  the  Llreek  :  the  one  means  standing 
and  the  other  poiver.)  The  applic;ation  of  electricity  to 
telegraphy  has  been,  however,  chiefly  dependent  upon 
chemical  means  for  producing  electricity,  and  of  this 
source  the  name  voltaic  is  generally  used.  The  aj^paratus 

for  producing  it  is  called  a  A^oltaic  jiair  or  cell,  and 
consists  of  tAvo  conductors,  generally  inetals  immersed  in 
a  liquid  which  acts,  chemically,  more  upuu  oue  than  upon 

■'  Studi^iits  arc   iccdiuniciitli'il  to  sduly  tlicHc  and  other  I'fatures  of  static 
cUctiicily  more  I'ully  witli  tlic  aid  of  an  clciiicntaiy  treatise  such  as  llic 
iiianual.s  by  I'oyser  and  Maycock. 

13   2 
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the  other.  Several  such  cells  constitute  the  arrangement 
knoAvn  as  a  hattery. 

Zinc  is  the  most  common  as  one  of  the  metals,  and  the 
greatest  effect  is  obtained  Avhen  the  second  metal  of  the 
pair  is  not  acted  upon  at  all  by  the  liquid  employed. 
One  of  the  metals  must  be  readily  oxidizable,  and  the 
liquid  m.ust  be  capable  of  acting  on  the  metal. 

So  long  as  the  two  plates  are  not  connected  by  a 
conductor  exterior  to  the  liquid,  the  electricity  produced 
remains  in  the  static  condition  and,  like  frictional  electricity, 
may  be  made  to  produce  attraction  and  repulsion,  so  as  to 
cause  the  gold  leaves  of  an  electroscope  to  diverge.  But 
the  tension  or  P.D.  of  voltaic  electricity  is  feeble,  so  that 
unless  a  considerable  number  of  cells  are  used  a  eondensing 
electroscox^e  is  necessary  to  produce  the  effect.  An 

electroscope  of  Lord  Kelvin's  was,  however,  sufficiently 
delicate  to  show  attraction  and  repulsion  where  the  tension 
was  as  feeble  as  one-tenth  of  a  Daniell  cell,  and  that  without 
the  aid  of  a  condenser. 

Although  voltaic  electricity  is  produced  whenever  the 
conditions  just  mentioned  are  complied  with,  there  are 
many  different  forms  of  batteries.  The  specific  power 

which  each  cell's  combination  possesses  of  causing  the 
transfer  of  electricity  from  one  place  to  another  is  called 
its  electromotive  force.  This  term,  strictly,  means  any 
cause  whatever  by  which  a  difference  of  potential  is 
produced  between  any  two  points.  When  the  plates  of  a 
cell  are  connected  externally  by  a  wire  or  other  conductor 
the  opposite  potentials  neutralize  one  another.  They  are, 
however,  instantly  restored  by  the  chemical  action,  but  the 
potentials  are  as  quickly  equalized,  and  so  on.  Thus  a 
constant  transfer  or  current  is  established  and  the  electricity 
is  therefore  in  the  dynamic  state. 

The  +  electricity  is  supposed  to  emanate  from  the  more 
oxidizable  metal  called  the  positive  or  generating  plate, 
passes  through  the  fliiid  known  as  the  excitant  to  the 
less  oxidizable  metal  called  the  negative  plate,  and  thence 
by  the  connecting  wire  to  the  zinc  again. 

Observe,  hoAvever,  the  following  distinctions. 
The  last  negative  plate  is  called  \\\e  positive  pole,  since  by 

it  the  positive  electricity  leaves  the  battery  and  enters  the 
external  circuit,  while  for  a  similar  reason  the  end  of  the 
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battery  (generally  the  zinc  plate)  at  wliicli  the  current 
returns  to  the  battery  is  known  as  the  venial  Ire  pole.  A 
point  may  therefore  be  considered  as  positive  or  negative 
according  as  we  view  the  direction  taken  by  the  current 
from  or  io  it. 

The  relative  differences  of  jDotential  of  the  folloAving 
substances  have  been  experimentally  observed,  and  with 

any  two  of  them  when  partially  immersed  in  dilute  sul- 

phuric acid  the  current  flows  th)-ou(jh  the  cell  from  the 
former  to  the  latter 

(1)  Zinc  (2)  Tin  {?>)  Lead  (4)  Iron 
(5)  Copper  (6)  Silver         (7)  Platinum         (8)  Carbon 

The  position  of  any  substance  on  the  list  varies  consider- 
ably Avith  its  condition,  and  the  strength  and  natvire  of  the 

liquid.  The  greater  the  distance  on  the  list  between  any 
two  bodies  the  greater  the  difference  of  potential. 

The  strength  of  a  current  depends  upon  two  things  :  the 
electromotive  force  or  P.D.  and  the  resistance  which  this 
has  to  surmount.  It  is  essential  to  know  the  relations 

which  exist  between  these,  and  the  Law  enunciated  by 
Dr.  Ohm  is  that  the  strength  of  current  which  flows  in  a 
circuit  varies  directly  as  the  electromotive  force  and 

inversely  as  the  total  resistance.     It  may  be  shown  thus  : — 

n  ,        •  Electromotive  force 
Current  varies  as   =, — .    — . Kesistance 

That  is,  an  increase  in  current  resiilts  from  an  increase  in 
the  electromotive  force,  whereas  an  increase  in  the  resistance 
decreases  the  value  of  tlie  current.  When  the  units  of  these 

fianctions  are  applied  tlie  Law  may  be  expressed  thus  : — 

r^  ,  •      K  ]^>lectromotive  force  in  Volts 
(nrrent  m  Amperes  —    — — ;   — —   Kesistance  m  Ohms 

which  is,  however,  universally  abbreviated  to 

K 

The  Fundamkxtal  Principles  of  ̂ Fagnetism  in  its 
APrUOATION    to    TELECJKArilY. 

The  )X'culiar  phenomenon  known  as  magnetism  is  first 
altril)nt,e(l    to  the  natural  magnetic;    ore    called    ]odexlo)ie, 
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whicli  when  freely  siisjieiided  always  pointed  in  a  Nortli 
and  South  direction,  and  to  wliicli  i)ieces  of  iron  and  steel 
would  adhere.  It  was  observed  that  the  same  end  always 
pointed  to  the  North,  and  that  if  the  North-seeking  end 
of  a  second  magnet  be  ajD^Droached  to  the  North  end  of  the 
suspended  magnet  it  Avould  turn  away  or  be  repelled. 
The  same  resulted  from  the  approach  of  two  South-seeking 
ends.  By  experiment  it  may  be  learned  that  the  attractive 
power  of  a  magnet  is  greatest  near  the  ends.  To  these 
points  Dr.  Gilbert  gave  the  name  of  poles. 

The  first  difficulty  generally  experienced  is  the  confusion 
resulting  from  nomenclature  of  poles.  The  Chinese  and 
French  call  the  North  pointing  pole  of  the  needle  a  South 

pole  and  the  South-pointing  pole  a  Xoiili  jDole  ;  Lord  Kelvin 

styled  the  North-pointing  pole  "a  true  South  pole,"  but 
common  practice  is  to  call  the  North-pointing  pole  the 
North  pole  hecausc  it  sechs  the  North. 

The  North  pole  is  generally  marked  by  the  letter  A^  or 
by  a  file-cut,  and  is  sometimes  called  the  innrhed,  while  the 
other  is  named  the  unmarhed  pole  of  the  magnet. 

It  has  already  been  observed  that  llhe  poles  repel,  and 
Avhen  two  magnets  are  brought  near  to  one  another  the  unlihe 
or  dissimilar  poles  attract,  /.  e.  the  North  pole  of  one  will 
repel  the  North  pole  and  attract  the  South  pole  of  the  other, 
and  rice  versa.  But  if  a  piece  of  iron  or  unmagnetized  steel 

be  used  either  pole  will  be  attracted  and  no  repulsion  what- 
ever will  occur.  Previoiis  magnetization  can  therefore  only 

be  proved  by  obtaining  repulsion. 

Bodies  attracted  b}-  a  magnet,  themselves  attract  the 
magnet  with  equal  force.  This  mutual  attraction  is 
easily  proved  by  balancing  first  an  iron  rod  on  a  cork 
floating  on  water  and  noticing  attraction  by  bringing  a 
magnet  near,  then  exchange  iron  with  magnet,  and  same 
effect. 

Magnetism  acts  by  induction  and  thr(mgli  all  substances 
not  themselves  capable  of  being  magnetized.  A  compass 
in  a  wooden  or  brass  box  is  as  easily  affected  as  if  it  were 

not  so  enclosed  ;  but  if  shut  in  an  iron  box  a  magnet  out- 
side would  act  on  it  indirectly  only  and  feebly,  if  at  all, 

through  the  magnetism  induced  in  the  iron  of  which  the 
box  is  composed. 

The  vicinity  of  a  magnet  is  pervaded  by  its  influence. 
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and  this  region  is  termed  the  field  of  the  magnet,  and  pieces 
of  iron  and  steel  bronght  into  this  fiekl  exliibit  magnetic 

properties.  It  was  conceived  by  Faraday  that  ■  this 
influence  might  be  explained  by  lines  of  force.  These 
are  clustered  together  at  the  poles  and  from  thence  spread 
out  in  all  directions,  a  definite  intensity  depending  upon 

the  distance  from  the  poles.  Some  idea  of  the  dis- 
tribution of  these  lines  is  obtained  by  the  arrangement  of 

iron  filings  sprinkled  on  a  sheet  of  cardboard  placed  above 
a  magnet  resting  on  table.  The  lines  due  to  various 
combinations  are  indicated  by  Fig.  1. 

I    / 

-H 

V';  .:>',' 

.Hi*'/' 

  du*  'w^b   ,       -  ->i, 

^ '  ( \« '  /  /I 

\^'^':.--x^n\';/ 

Fio.  1. — Bei)reseiiting  the  direction  of  the  lines  of  force  iti  tlie  plane  of  the  pajier. 

The  force  between  two  magnet  jDoles  is  directly  propor- 
tional to  the  product  of  their  strengths  and  inversely 

proportional  to  the  square  of  the  distance  between  tliem. 

Expressed  as  an  equation  this  becomes  : — 

where  m  and  ?/«'  represent  the  res])ective  strengths  and  (/  tiie 
distance. 

A  magnet  acts  upon  iron  by  inducing  an  opposite  polarity 

Force  = 
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in  the  pavt  nearest  to  itself,  and  in  conseqnenee  the  two 
dissimihir  poles  tend  to  attract  each  other.  The  ojoposite 
extremity  of  the  piece  of  iron  exhibits  the  same  polarity  as 
that  of  the  magnet  itself,  and  will  attract  a  second  piece  of 
iron.  Nearly  all  traces  of  magnetism  in  the  iron  cease  as 
soon  as  it  is  removed  from  the  influence  or  field  of  a  magnet, 
for  iron  cannot  retain  magnetism  or  cannot  be  permanently 

magnetized  Avhen  soft  and  pure.  "When  hard  or  impnre it  retains  a  certain  amonnt  of  polarity  which  is  called 
residual  rnagnetisvi.  Size  and  sha]ie  also  vary  this  property 
of  retention.  Steel  acquires  magnetism  with  greater 
difficulty,  but  retains  it  more  or  less  permanently.  The 

harder  the  steel  and  the  longer  the  bar  the  more  perma- 
nently will  it  retain  its  magnetism. 

By  a  method  of  oscillations  it  is  possible  to  compare  the 
relative  strengths  of  two  magnets  similar  in  mass  and  shape. 
A  suspended  magnet  when  moved  from  its  position  of  rest 
will  vibrate  backwards  and  forwards  with  regularity  aiid 

follows  a  law^  governing  the  oscillations  executed  by  a 
pendulum  swinging  under  the  influence  of  gravity.  It  is 

that  the  force  producing  tlw  oHc'dlalions  is  proportional  to  the 
square  of  the  numher  of  oscdlations  in  a  given  time.  In 
comparing  the  two  magnets,  first  note  the  number  of 

oscillations  due  to  the  earth's  magnetic  influence,  Avliich 
is  combined  wdth  the  force  exerted  by  each  magnet ;  hence 

to  ascertain  them  the  earth's  force  must  be  deducted.  For 
example,  suppose  numlier  of  oscillations  due  to  the  earth  to 
be  10  in  a  minute,  those  with  magnet  x  20,  and  with 

magnet  y  25  : — 

;r  :  //  ::  20- -10^  :  25^-10- 

400-100  :  72;")      100   i.e.  ̂    -.   ̂  
y        625 

or  //  is  a  little  more  than  twice  the  strength  of  a-. 

Magnetization  is  sometimes  termed  a  "  skin-deep " 
process  ;  hence  to  obtain  strong  magnets  thin  bar  magnets 
are  placed  side  on  side  with  their  similar  poles  in  contact. 

The  theory  of  molecular  magnetism  is  the  one  most 

generally  a("cepted.  It  is  that  each  particle  of  a  magnetic 
substance  has  an  absolutely  constant  inherent  magnetic 

polarity,  and  that  when  a  piece  of  iron  or  steel  is  ap- 
jiarently  neutral  its  molecules  are  internally  arranged  so 



UNITS  OF  MEASUREMENT  9 

as  to  satisfy  each  otlier's  jwlarity  forming  closed  magnetic 
circuits  or  chains  amongst  themselves. 

The  molecnhnr  tlieory  is  supported  by  tlie  fact  that  a 
click  may  be  heard  at  the  moment  of  magnetization  and 
demagnetization  of  a  bar,  and  also  that  heat  is  prodaiced 
when  a  bar  is  rapidly  magnetized   and  demagnetized. 

The  earth  itself,  as  previously  indicated,  behaves  as  an 
enormous  magnet,  and  objects  upon  its  siirface  are 
constantly  in  its  field  and  subject  to  its  influence ; 
consequently  if  magnetized  bars  are  laid  aside  without 
regard  to  the  direction  in  which  their  poles  are  placed 
they  lose  their  polarity.  To  prevent  this  demagnetization 
armatures  or  keepers  of  soft  iron  are  placed  across  the 
poles  when  not  in  use.  The  mutual  induction  of  armatures 
and  bars  is  more  powerful  tlian  the  inductive  influence  of 
the  earth.  The  armature  should  always  l)e  slid  off,  never 
forcibly  detached,  as  rough  usage  disturbs  the  polarization 
of  the  inolecules. 

The  small  bar  magnets  used  in  telegraph  instruments 

and  also  in  ships'  compasses  are  designated  needles,  and  as 
they  are  required  to  be  set  in  motion  by  a  slight  force  they 
must  necessarily  be  short.  They  therefore  lose  their  power 
readily  and  are  easily  demagnetized  by  heavy  currents  and 

lightning  discharges — sometimes  even  reversed.  Conse- 
quently there  is  a  great  advantage  in  making  the  moving 

parts  of  soft  iron  and  pivoting  them  upon  or  near  large 
permanent  fixed  magnets  so  that  the  needles  may  be 
magnetized  by  induction  and  the  polarity  be  permanent. 
Also  sucli  bar  magnets  are  placed  N  poles  dowaiwards  in 
our  hemispliere,  but  vice  verm  in  South  Africa  and  phices 
in  Southern  liemisphere. 

Units   of  Measurejeknt. 

Useful  definitions.  A  imit  is  one  or  a  single  thing  ;  for 

example,  a  stone  or  a  lieap  of  stones.  Considered,  however,  as 
a  collection  of  units  a  h(>ap  of  stones  Avonld  be  more  properly 
designated  a  niiviher.  When  one  number  exactly  contains 
another  the  latter  is  said  to  be  a  meamre  of  the  former. 

To  form  an  idea  of  the  value  of  any  quantity  we  must 
know  what  the  unit  is  and  have  some  conception  of  its 
niafrnjtnde. 
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At  the  begiimiiig,  students  in  Telegrajjhy  frequently 
experience  difficulty  in  connection  with  the  abstract  units 
employed  therein.  They  would  readily  comprehend  the 
concrete  examples  of  the  units  and  measures  of  length,  for 
example  incli  and  yard  ;  metre  and  kilometre,  and  of  time, 
day  and  year  ;  but  when  ignorant  of  electrical  quantities 
no  idea  is  conveyed  to  the  mind  of  the  value  of  100  ohms 
or  25  milli-amperes. 

All  physical  quantities  have  two  factors  :  (1)  a  unit  and 
(2)  a  vieasuve. 

In  order  that  agreement  shall  exist  in  science  three 
fundamental  units  have,  almost  universally,  been  adopted 

in  what  is  known  as  the  C.G.S.  (centimetre — gramme — 
second)  system.  These  units  being  only  interdependent 
are  often  styled  absolute. 

The  unit  of  length  is  the  centimetre,  cm.  ("3937  inch). 
It  is  the  hundredth  part  of  the  metre,  which  is  the  ten- 
miUionth  part  of  a  quarter  of  a  terrestrial  meridian. 

The  unit  of  weight,  thegiximme,  gr.  (15'132  grains),  is  the 
weight  in  vacuum  of  a  cubic  centimetre  of  distilled  water 
taken  at  4  degrees  Centigrade,  its  maximum  density. 

The  unit  of  time,  the  second,  being  ttj^  of  the  difference 
of  time  between  the  degrees  of  longitude. 

From  these  other  units  have  been  derived,  namely  : — 
Force.  The  xmit  of  force  is  called  the  di/ne,  and  it  is  that 

force  which  acting  on  a  mass  of  1  gramme  for  1  second 

gives  to  it  a  A-elocity  of  1  cm.  per  sec. 
In  London,  the  gramme  is  equal  to  081  dynes. 
Worh  or  energij.  The  unit  of  work  is  the  erg,  and  is  the 

amoimt  of  work  done  tlirough  a  distance  of  1  cm.  by  a 
foxve  of  1  dyne. 

Electromagnetic  Units  and  Standards  of  Electro- 
motive Force,  Resistance  and  Capacity. 

The  C.G.S.  unit  of  electromotive  force  exists  when  the 
P.D.  between  two  points  is  such  that  1  erg  of  work  has  to 
be  expended  to  bring  a  unit  of  positive  electricity  from 
one  point  to  the  other. 

This  unit  is  so  small  that  for  practical  work  electricians 
use  the  volt,  which  is  100,000,000  times  greater.  The 
connection    between   them    is   generally   indicated   by    a 
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system  of  index  notation  ;  tlms  the  volt  is  said  to  equal 

10^  times  the  C.CI.S.  unit.  In  a  simihir  way  a  thousand 
could  be  written  as  10'*  and  a  million  as  10'',  while 

fractional  quantities  have  ne,e;ative  indices.  Thus  O'l 
or  Yo  is  written  10  --  ̂  and  yoVo  ('*  **^1)  ̂ ^  1^  ""  ̂-  Examples  of 
this  conA^enient  method  will  be  supplied  with  other  units. 

The  A-alue  of  the  rult  is  determined  by  means  of  a  Clark's 
cell  of  standard  specification,  and  is  represented  by  "6974 
(If  It)  of  its  electrical  pressure  at  a  temperature  of  15°  C. 
That  is,  the  P.D.  between  the  j)oles  of  the  cell  is  1"4'>4 
volts.     Volt  often  represented  by  v. 

Unit  of  current.  If  in  a  circular  circuit  of  1  cm.  radius 
the  current,  passing  through  an  arc  1  cm.  in  length,  is  able 
to  exert  a  force  of  1  dyne  on  a  unit  magnet  pole  placed  at 
the  centre  of  the  circle,  the  current  is  said  to  be  of  unit 
strength. 

The  practical  unit  is  the  ampere,  Avhicli  is  yVth  or  10  —  ̂ 
of  the  C.Gr.S.  unit,  and  is  the  current  which  will,  by 

electrolysis,  deposit  silver  at  the  rate  of  "001118  gramme  per second  from  a  silver  salt  dissolved  in  water. 

Telegraph  engineers  use  a  sub-unit,  the  milli-ampere 
(the  prefix  milli  denotes  yoVotli  part),  which  is  written  by 
abbreviation  m. a.  and  sometimes  also  denoted  by  the  Greek 

y  (Gamma). 
Unit  of  resistance  is  possessed  by  a  conductor  if  when  its 

ends  haA'e  unit  difference  of  potential  a  current  of  unit 
strength  flows  through  it.  This  unit  is  far  too  small  for 
practical  purposes  and  is  replaced  by  the  ohm,  which  is  the 
amount  of  resistance  offered  by  a  filament  of  pure  mercury 

106'3  cm.  in  length,  Aveight  14'4521  grammes,  uniform  in 
cross-section  and  at  a  temperature  of  0°  C.  The  ohm 
is  1,000,000,000  or  10^  times  greater  than  the  C.G.S.  unit. 
Other  measurements  connected  with  the  ohm  are  the 

microhm  (T.ooa.oooth  part)  and  the  megohm  (which  is 
1,000,000  ohms).  The  ohm  is  usually  denoted  by  the  Greek 
letter  o>  (Omega),  and  the  megohm  by  its  capital  (fi).  The  ohm 
written  backwards,  mho,  is  termed  the  unit  of  conductance. 

The  relationship  of  the  practical  units  of  electromotive 

force,   current  and  resistance  is  _     .        —  1  ampere,  but 
1  ohm 

Ohm's    law    previously    quoted    is   only   true   when   the 
quantities    are    expressed   in   these  units.     For  example, 
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E 
altliougli    C    =    =    it  must    not   he    supposed    to  imply 

that    a    curreut  of  100  m.a.    =      '  hecause    100    m.a. 

100  - 
are  xcnnr  o^  ̂ ^^  ampere  ;  and  of  course  similar  treatment 
must  ohtain  with  regard  to  the  use  of  the  other  auxiliary 
units  :   milli-volt,   megohm,  etc. 

Tlie  unit  of  qiiautitij  is  the  amount  of  electricity 

couA^eyed  by  a  unit  current  in  one  second.  The  practical 
unit  is  the  Coulovih,  which  equals  10  —  ̂   or  joth.  of  the 

C'.Gr.S.  unit  and  may  be  expressed  as  C  x  i  or  the  quantity 
which  flows  in  a  ciirrent  of  electricity  lasting  one  second. 
One  Joule,  the  practical  unit  of  energy,  or  heat 

deA^eloped,  is  the  amount  of  Avork  done  when  a  pressure  of 
one  volt  sends  a  coulomb  of  electricity  through  a  circuit ; 

i.e.  CEt  or  C'Rt  {E  =  C F).  The  practical  unit  of 
capacity,  the  Farad,  equals  10—^  or  T.ooo.^TFCooot^^  V^^^  o^ 
the  C.G.S.  unit.  A  condenser  has  a  capacity  of  1  farad 
when  a  charge  of  1  coulomb  produces  a  difference  of 
potential  of  1  volt  between  its  two  coatings.  The  millionth 

part  of  a  farad  or  micro-farad  is  most  frequently  employed 
as  a  unit. 

Poicer. — The  practical  unit  is  the  Watt,  which  equals 

10"  ergs,  calculated  by  multiplying  together  volts  and amperes  being  the  energy  due  to  a  P.D.  of  1  volt  and  a 

resulting  current  of  1  ampere.  The  watt  also  equals  y-^ g- 
of  a  horse-power.  1000  watts  are  termed  a  It ilou-att,  and 
the  Board  of  Trade  unit  of  electric  energy  or  liilo watt-hour 
is  the  quantity  of  energy  supplied  in  one  hour  by  a  current 

at  such  a  pressure  that  the  jDroduct  of  A^olts,  amperes  and 
hours  comes  to  1000.  For  example  :  1 00  volts  2  amjoeres 
for  5  hours. 

Self-Ivductiou. — The  Henry  equals  10-'  C.G-.S.  units 
of  self-indiiction.  It  is  the  inductance  of  a  circuit  in  which, 
Avhen  the  inducing  current  varies  at  the  rate  of  1  ampere 
per  second,  a  counter  E.M.F.  of  1  volt  is  generated. 

In  connection  Avith  measurements  it  may  be  helpful  to 
some  students  to  be  reminded  of  the  facts  relating  to  the 
treatment  of  ratios,  equations  and  formulae.  It  Avould  be 
out  of  jDlace  here  to  make  more  than  a  passing  alliision  to 
Avhat  properly  belongs  to  the  branch  of  mathematics,  but 

on  account  of  the  importance  of  the  subject  the  reader's 
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attention  is  invited,  especially  as  experience  reveals 
considerable  neglect  on  the  part  of  a  large  number  of 
students.  A  little  consideration  will  convince  of  the  power 
and  utility  of  even  an  elementary  study  of  mathematics  and 
its  ready  application  to  all  kinds  of  problems  in  Telegraphy 

of  every-day  occurrence. 
The  relation  existing  between  two  quantities  of  the  >iaine 

khid  with  respect  to  the  number  of  times  the  one  contains 
the  other  is  called  the  mtio  of  the  one  to  the  other. 

A  field,  say,  of  10  acres  is  ten  times  as  great  as  a  field  of 
one  acre,  that  is,  an  area  of  10  acres  contains  the  area  of 

one  acre  ten  times.  This  ratio  is  expressed  as  10  : 1  or  V*. 
The  numbers  re j) resenting  the  ratios  are  called  the  terms 
of  the  ratios.  The  essential  condition  of  ratios  is  that  the 

quantities  compared  must  be  of  the  same  kind. 
Proportion  is  the  equality  of  ratios. 
Example,    as  4  :  8   so  is  44  :  88.     This  may  be  written 

A     o       ,i     oo       4         44  1  4         1        ,  44         1 

4  :  8  :  :■  44  :  88,  or  -    =  g^,  because  "g    =    g  88   ̂    2 
4  and  88  are  called  the  extremes,  8  and  44   the  means, 

and  it  is  always  true  in  proportion   that  the  product  of  the 
extremes  equals   the   product    of  the  means.     Given  three 
terms,  therefore,  the  fourth  can  be  calculated  ;  e.  g.  Find  a 
number  that  bears  the  same  ratio  to  12  that  4  has  to  (>. 

4:0::  number  required  :  12 

.*.  4  X   12  -^  ()  =^  number  required,  or  8. 
When  two  expressions  are  equal — as  in  the  first  example, 

4:8  and  44:88 — they  are  termed  an  equatiun.     The  un- 
known quantity  is  usually   denoted    by   the  letter   x,  the 

ratios  are  expressed  as  fractions,  tlius  -=-:-;)  '^i^'l  ̂ ^^^'  second 
.  ,  8      88 

example  would  be  -=--  — . ^  (i       12 

The  process  of  solving  an  e([aation  (U>pcnds  only  upon 
what  are  called  sell'-evident  truths  or  (i,xioin><: 

1.  If  to  equals  we  add  e([uals  the  sums  are  equal. 

2.  If  from  equals  we  take  ecpials  the  remainch'rs  are 
eqiial. 

3.  If  equals  ar(^  uinlliplicd  by  (Mpials  the  ])roducts  are 
equal. 

4.  If  equals  are  tlivided  by  equals  tlie  (piotients  are 
equal. 
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CVjiisicler  the  preceding  example  : 
Multiplying  both  sides  of  the  equation  hy  12  (axiom  3j 

4  X  12      a"  X  12 
we  get  — '■    =  - — -^ — .     The  factors  12  in  the  numerator 

and  denominator  of  the  right  side  cancel  each  other  and 
the  value  of  x  is  obtained  by  arithmetically  reducing  the 

left  side  or  ̂^4^=  8,  :.  x  =  8. 0 

To  solve  4,r,  —  8  =  3:  +  Ki.  In  this  case  the  unknown 
occurs  on  both  sides  of  the  equation,  but  following  the 
reasoning  supplied  by  the  axioms  we  can  transpose  any 
term  from  one  side  to  the  other  by  simply  clianging  its  sign. 

Subtract  x  from  both  sides  of  the  equation  and  the  ex- 

pression becomes  4x  —  x  —  8  =  16  (axiom  2).  Thus  we 
see  that  +  x  has  been  removed  from  one  side  and  appears 
as  —  X  on  the  other. 

Then  add  8  to  both  sides  and  we  get  4,x-  —  x  =  1(5  -|-  8 
(axiom  1). 

This  operation  removes  —  8  from  one  side  and  it  appears 
as  +  8  on  the  other.  By  collecting  the  terms,  4,t'  —  a- becomes 
3a!,  and  IG  +  8  becomes  24 ;  the  equation  then  reads  Sx  =  24, 

and  by  using  axiom  4  we  deduce  x  —  S. 
The  statements  that  ratios  are  directly  or  inversely  pro- 

portional present  difficulty  to  the  beginner,  and  Ave  invite 
attention  to  the  following  considerations. 

If  1  ton  of  coal  cost  25  shillings,  2  tons  Avill  cost  fifty 
shillings,  3  tons  75  shillings,  and  so  on.  Hence  the  cost  is 
proportional  to  the  tceiglit,  and  an  increase  of  one  ratio 
involves  an  increase  of  the  other.  The  proportion  is  then 
direct.  In  tlie  same  manner,  other  things  being  equal,  the 
amount  of  work  done  is  directly  proportional  to  the  nuuiher 
of  Avorkers. 

But  if  2  men  do  a  piece  of  work  in  (5  days,  4  men  can  do 
it  in  3  days,  and  (5  men  would  do  it  in  2  days. 

Hence    if   Ave  increase  the  nmnber  of   men   Ave   reduce 

the  time,  and  the  proportion  is  then  said  to  be  inverse,  for 
the   ratio   of   the   time  is  the  ratio  of  the  vien    inverted. 

6         2 
Take  the  first  \wo  conditions:  the  ratio  of  time=-   or    - 

o  JL 

2         1 
and  tlie  ratio  of  men  =  -   =    ̂ . 4         2 



Variation  and  percentage  is 

The  student  will  readily  call  to  iiiiiid  many  more 
examples  of  inverse  proportion  by  Avhich  an  increcnie  of 
ratio  involves  a  diminution  of  the  other. 

In  an  earlier  statement  Ohm's  law  was  enunciated  and 
E 

the  formula   given    C  =  — ,  and  from  the  foregoing  it  is 

readily  observed  that  an  increase  of  E,  while  R  remains 
the  same,  involves  an  increase  of  C,  their  ratio  being  in 
direct  proportion. 

Similarly  if  E  is  constant  then  a  variation  of  R  pro- 
duces an  inverse  change  in  C ;  that  is,  if  R  be  doubled 

then  C  is  halved,  and  so  on.  The  formula  C-  =  --  can 

become   CR  =  E    by   multiplying    both   sides   by   R,   for 
fi 

E 

771        ra 

CR  =~  X  —,  and  dividing  this  last  resvilt  by  C  the  expres- R      1 

sion'  becomes  R  =    ̂ . 

The  extent  of  variation,  i.e.  gain,  loss,  increase,  or  decrease, 
is  not  usually  exjjressed  at  so  much  per  unit,  but  at  so 

much  per  cent.,  which  is  equal  to  the  rate  per  unit  multi- 
plied by  100.  For  example,  the  current  in  a  circuit  increased 

from  80  m.a.  to  100  m.a.  ;  what  is  the  ])ercentage  of  the 
increase  ? 

The    increase  =  100  -  80  -  20  units 
,,  on  80  units  =  20  ,, 

20       1 
,,  ,,        1  imit    =  —  or      of  a  unit 80       4 

,,    per  cent.  ""  J  ̂  •^*^**'  °^'  ̂■'^% 

Example  2. —  The  resistance  of  a  circuit  decreased  from 
100"  to  72'"  ;  find  the  rate  of  the  decrease  per  cent. 

Decrease  =  100  -  72  =  28  units 
on  100  units  =  28     „ 

2  7 
,,        ,,        1  unit    =  or  —  of  a  unit 100       25 

„      per  cent.         =   ̂   X  100  --.  28% 
25 

tSinco  the  ratios  of  tlic  vale   per    unit  and    llic   rale  per 
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cent,  are  equal,  tlie  above  steps  may  in  practice  be  omitted. 
For  example,  wliat  percentage  increase  will  result  from  the 

addition  of  20*"  to  a  circuit  already  possessing  oOO"  V 
20  _    X       .         20  X  100  _      _  poo/ 

300       100'    '•''■  300""  
--^-O-s/o 

Essential  Qualities  of  Iron  and  Steel  for  Permanent, 
AND  Methods  of  Making  Permanent,  Magnets. 

It  has  been  previously  stated  that  thin  l^ars  of  steel 
can  be  more  powerfully  magnetized  in  proportion  to  their 
weight  than  larger  masses  ;  therefore  when  a  strong  per- 

manent magnet  is  required  it  is  generally  made  xip  of 
several  thin  plates  producing  what  is  called  a  compound  or 
lamiuiited  magnet.  The  ends  are  usually  fixed  in  pieces 

of  soft  iron  which  form  pole-pieces.  Magnets  of  the  hor^e- 
shoe  pattern  are  three  or  four  times  as  strong  as  bar 
magnets  of  equal  dimensions.  Examples  of  laminated 
horseshoe  magnets  occur  in  the  AVheatstone  ABC  and  the 

Hughes  type-printing  instrumeiits. 
The  common  practice  with  makers  is  to  use  an  electro- 

magnet for  making  j)ernianent  magnets. 
An  electromagnet  in  its  simplest  form  consists  of  a 

hollow  bobbin  of  insulated  wire  in  which  a  core  of  soft 

iron  is  placed.  During  the  passage  of  a  current  through 
the  coil  the  core  is  magnetized.  Generally  two  such  coils 
are  used  and  the  cores  being  yoked  together  with  soft  iron 
form,  Avhen  desired,  a  very  powerful  horseshoe  magnet. 
The  steel  is  moved  over  both  the  poles,  from  end  to  end 
across  each  in  turn  but  in  an  opposite  direction,  to  insure 
uniform  magnetization.  The  reason  for  this  reversing  is 
given  on  page  7,  where  it  was  stated  a  magnet  acts  upon  iron 
by  inducing  an  opposite  polarity  in  the  part  nearest  to  itself. 
We  have  previously  observed  that  in  the  field  of  a 

magnet  lines  of  force  pass  out  in  the  surrounding  air. 
Now  when  a  piece  of  iron  is  placed  in  the  field  many  of 
these  lines  of  force  are  disturbed,  being  diverted  and 
concentrated  through  the  space  occupied  by  the  iron. 

That  is,  more  lines  pass  through  the  iron  than  jn-eviously 
oci-upied  tlie  same  space  of  air.  This  results  from  the  iron 
affording  greater  facility  than  the  air,  iron  being  a  better 
medium  for  the  magnetic  flux.     This  property  of  iron  is 
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said  to  be  due  to  its  greater  ijerincahiUtij,  which  is  designated 
by  the  Greek  letter  /u-  (Mii). 

Ill  the  case  of  iron  the  value  of  /x  varies  Avith  the  nature 
of  the  iron  and  also  with  the  value  of  the  magnetizing 

force  becoming  smaller  as  the  point  of  ̂!«f(i/-ai/'o»,  is  reached. A  magnet  is  said  to  be  saturated  when  the  degree  of  the 
induced  magnetism  is  as  much  as  it  can  permanently  retain. 

This  variation  of /*  in  iron  is  shown  by  the  following  results. 
A  magnetizing  force  Avhicli  produced  10,000  lines  of  force 
per  square  centimetre  of  a  piece  of  annealed  Avrought  iron 
produced  5  in  air.  But  a  force  which  Avould  produce  50  in 
air  will  only  produce  10,000  in  the  iron.  This  falling  off 
constitutes  an  important  difference  between  magnetic 
reluctance  and  electrical  resistance,  for  while  the  latter 
remains  constant  however  the  E.M.F.  and  current  are  varied 

yet  magnetic  reluctance  (indicated  by  the  script  letter  M) 

increases  as  the  magnetizing  force  (also  termed  magneto- 
motive force,  represented  by  letter  J/)  is  increased  and  a 

limit  is  soon  reached  beyond  which  further  increases  do  not 
produce  much  effect.  For  example,  a  force  producing  6()() 
in  air  only  raised  the  value  in  the  iron  to  20,000. 

Magnetic  flux  or  total  magnetic  induction  is  measured  in 
units  called  the  Ma'xwell  and  represented  by  the  Greek 

letter  <^  (Phi)  Avhile  the    relationship  of  M,    J^'and  <^  is 

expressed  by  the  formula  <^  —    — . 

Gilbert  is  the  name  given  to  the  unit  of  S  and  the  unit  of 

reluctance,  or  the  M  of  1  cubic  cm.  of  vacuum  is  called  an 
oersted. 

Permeability,  /*,  is  the  converse  or  the  reciprocal  *  of  i^i; 
reluctance.  The  density  of  the  induction  or  the  number  of 
maxwells  is  usually  represented  by  the  letter  B  and  the 
number  of  gilberts  or  force  by  H.     The  ratio  of  B  to  II 

expresses  the  value  of  the  permeability,  /.  e.  /a  =  =^. 

The  poAver  of  retaining  magiiotism  permanently,  varies 
with  different  magnetic  suhstances:  hard  steel  and  nickel 
continue  in  magnetic  condition  with  very  little  change,  but 

*  Reciprocal  of  a  mimbcr  or  (juautity  is  unity  (1)  divided  by  tliat  nuinber, 
c.  ij.  of  10  it  is  iV.  etc. 
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soft  and  pure  iron  practically  loses  its  polarity  as  soon  as 
the  inducing  force  is  withdrawn.-  The  amount  remaining 
is  termed  its  residual  magnetism.  This  retention  not  only 
varies  with  the  qiiality  of  the  iron  but  with  its  shape,  being 
considerable  if  elongated,  and  especially  if  tending  towards 
forming  a  closed  magnetic  circuit,  like  a  soft  iron  ring. 

Another  curious  phenomenon  may  be  briefly  mentioned. 

It  has  already  been  observed  that  the  process  of  magnetiza- 
tion invoh'es  a  rearrangement  in  the  position  of  the 

molecules  of  the  iron.  If  then  it  be  magnetized  in  a  reverse 
direction  another  rearrangement  miast  take  place.  With  a 
rapidly  alternating  magnetizing  force  the  particles  of  iron 
are  therefore  in  a  state  of  continual  motion.  In  this  action 

two  effects  are  evidenced  :  (1)  the  motion  of  the  molecules 
lags  behind  the  magnetizing  force ;  and  (2)  energy  is 
consumed  in  internal  friction,  Avith  the  result  that  the  iron 
becomes  heated.  Prof.  Ewing  has  given  the  name  of 
Hysteresis  to  this  hnjgiug  of  magnetic  effects  behind  their 
causes. 

It  is  noteworthy  that  mechanical  vibration  assists  both 
magnetization  and  demagnetization  and  lessens  the 
residual  and  hysteresial  effects. 

Electromagnets  and  Simple  Calculations 
Relating  Thereto. 

A  spiral  of  wire  conveying  a  current  has  for  the  time  the 
l^roperties  of  a  magnet.     The  strength   of   the   magnetic 

Kio.  ■_'. —  Lints  of  force  from  cuirent  in  a  solenoid. 

field  due  to  this  solenoid  (Fig.  2)  is  dejoendent  upon  the 
strength  of  the  current  and  the  number  of  turns  or 
convokitions.  Its  power  for  doing  useful  work  is  very 

small.  AVhen  such  a  spii-al  is  woimd  on  a  bar  of  soft 
iron  the  lines  of  force  are  nearly  all  concentrated  through 
the  iron,  which  thus  becomes  a  temporary  magnet.  As 
previously   mentioned    such   a    combination    is   called    an 
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19 electroiiiagiu't  and  its  polarity  depends  upon  the  direction 
in  which  the  coil  is  wound.  The  electromagnet  has  all  the 
properties  of  a  permanent  magnet  so  long  as  the  current 
continues  to  flow,  and  it  can  be  constructed  to  possess  much 
greater  po^ver  than  it  is  possible  to  give  to  a  permanent 

YOKE 
Fio.  3.— Electromagnet. 

magnet.     Fig.   3   shows   the  connnon  horseshoe  form,  the 
cores  standing  upon    a    connecting  bar  of  iron,   and   the 
armature  is  fitted  across  both  the  cores  in  the  same  manner 

as  the  heei^er  of  permanent  magnets.     The  wire  in  the  coils 
must    be    connected    so    that    the    windings    Avould    be 
continuous  in  one  direction  if  the  magnet  Avere  straightened 
out.     Remembering  that  looking  at  the  -S 
[jole  of  an  electromagnet  the  direction  of 
the  current  round  it  is  the  same  as  the 

movement  of  the  hands  of  a  watch  (Fig.  4), 
it  follows  that  at  the  N  pole  the  direction 
is    reversed.      For    if    we   examine    the 

polarity  of  the  magnetic  field  to  a  current 
by  a  simple  ritle  first  given  by  Ampere  that 
if  the  observer  supjiose   himself  to  be  sAvimining   in  the 
wire  in  the  direction  of  llie  current,  with  his  face  towards 

the  magnet  (in  this  case  soft  iron  core),  then  the  N-seeking 
pole  will  be  in  the  direction  of  his  Icfl  hand. 

Let  a  single  convolnlion   of  the  wire  pass  throngli  the 

plane  of  the  paper  at  W,  tlu-n  small  magnets  near  it  would 
C  2 
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place  themselves  tangeutially  to  circles  of  which  the  wire 

forms  the  common  centre.    According  to  Ampere's  rule,  if  the 
current  is  passing  from  the  reader,  then  the  observer  would 

pass  through  the  plane  of  the  paper  head-foremost  and  the 
„  magnets  would  have  their  poles 

S^"  .^  turned  as  at  n  -s,  Fig.  5. •  ^^  Windings  or  spirals  can  be 
/  either    right-handed    or    left- 

*"  \     \     handed  helices.    In  Telegraphy 
.      I  most  of  the  apparatus  is  wound 

•  \       ®       I  right-handedly,  and  it  is  useful 
W       '  /    toremember  with  such  winding 

^       -^         /  thepoint  of  cr/t  of  the  current  is 
always  N  polarity  (see  Fig.  3). 

—  ,^  Also    note    that    a     simple 
N*^  ̂         X^  electromagnet  alicays  moves  its 

Fir.  5.  armature    one    loay,    and    that 
reversal   of   current  mahcs    )io 

difference  in  the  direction  of  the  movement. 
The  common  expression  of  the  law  of  the  electromagnet 

is  that  its  magnetism  depends  upon  the  strength  of  the 
current  and  the  number  of  turns  of  wire  in  the  coil. 

How  this  general  statement  is  modified  will  be  briefly 
considered. 

With  regard  to  the  total  magnetizing  force  of  a  solenoid 
carrying  a  current  it  is  simply  in  proportion  to  the  number 
of  ampere  turns,  as  the  above  law  is  concisely  formulated. 
That  is,  a  current  of  5  amperes  circulating  in  a  coil  of 

500  turns  gives  exactly  same  force  as  500  milli-amperes 
of  current  through  5000  turns.  In  both  cases  T  X  n  = 

2500  ampere  turns.* 
With  the  insertion  of  the  iron  core  of  the  electromagnet 

the  law  of  ampere  turns  is  only  true  in  certain  circum- 
stances— that  is,  if  the  citrrent  is  not  very  strong  and  the 

core  only  slightly  magnetized.  It  will  be  remembered  that 
permeability  of  the  core  is  not  constant,  depending  upon 

the  df>gree  of  saturation.  Then  again,  consideration  must 
be  given  to  the  amount  of  leakage  of  lines  of  force  which 
increases  with  the  distance  of  the  air  gaps  in  the  magnetic 
circuit.     This  distance  will  also  introduce  an   additional 

*  Strictly,  the  force  of  a  coil  is  equal  to  1'257  times  the  ampere turns. 
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reluctance,  the  permeability  for  air  being  1,  which  is  very 
much  less  than  any  magnetic  materials. 

(The  greatly  lessened  attraction  for  the  armature  exerted 

by  an  electro-magnet  Avlien  the  distance  between  them  is 
increased  is  therefore  explained  by  the  diminution  of  ̂  
(gilberts)  caused  by  the  increase  of  M,  when  the  great 
reluctance  of  the  air  gap  is  thus  introduced  into  the 
circuit.) 

It  is,  however,  very  convenient  to  speak  of  ampere  turns 
when  expressing  the  relation  between  the  strength  of 
current  and  the  amount  of  magnetism  produced.  The 
law  is  often  used  in  equational  form  and  expressed  as 

m  =  aC n,  where  m  is  the  strength  of  the  poles,  C  the 
strength  of  current  in  amperes,  and  a  is  a  constant 
depending  on  the  form,  mass  and  quality  of  the  core. 

The  strength  of  an  electro-magnet  is  independent  of  the 
material  and  thickness  of  the  wire  forming  the  coil. 

The  iron  chosen  for  the  cores,  yoke  and  armature  shonld 
be  as  thick  and  permeable  as  possible  and  form,  as  a  rule, 
almost  a  closed  magnetic  circuit.  By  this  means,  for  a  given 

number  of  ampere-turns  of  excitation,  we  are  able  to  produce 
the  greatest  amount  of  magnetism. 

The  construction  of  telegraphic  instruments  is  governed 
by  the  fact  that  the  magnetic  effect  of  a  small  current  with 
many  turns  may  equal  a  larger  current  with  fewer  turns. 
When  a  line  wire  is  very  long,  the  current  will  necessarily 
be  feel)le  and  the  coil  sliould  consist  of  thin  wire,  which 
occupies  little  space  and  allows  very  many  layers  to  be 
wound  on  the  bobbin  without  increasing  too  much  the 
distance  from  the  core.  When,  however,  the  line  is  short, 
each  layer  of  line  wire  would  probably  decrease  the  current, 
by  adding  to  the  resistance  of  the  circuit,  more  than  would 
be  made  up  by  the  multiplying  effect  of  the  increased 
number  of  turns,  for  a  few  such  layers  might  double  the 
resistance  of  the  circuit.  In  such  a  case  the  use  of  a  thicker 

wire  might  not  materially  diminish  the  current ;  for  if,  say, 
of  three  times  the  diameter  its  resistance  per  yard  would 
be  ̂ th  ;  and  although,  because  of  its  size,  the  distance  of 
each  layer  from  the  core  rapidly  increases,  yet  a  sufficient 
number  of  turns  may  be  employed  without  exceeding  the 
distance  at  which  the  current  acts  with  advantage. 

An  approximate  rule  for  obtaining  maximum  power  is 
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wlieii  the  electro-magnet  is  wound  to  a  resistance  equal  to 
that  of  the  rest  of  the  circuit  (battery,  line,  etc.).  When 

winding  laohbins  of  electro-magnets  other  factors  besides 
length,  thickness  and  resistance  of  wires  used  have  to  be 
considered.  The  height  or  distance  between  the  cheeks, 
the  radii  of  the  layers,  etc.  (see  Fig.  6).  For  telegraphic 

purjDOses  the  wire  used  on  electro-magnets  is  usually 
copper  and  invariably  covered  with  silk.  As  a  general 
rule  the  diameters  of  the  bobbins  and  the  lengths  of  the 
electromagnet  cores  are  in  the  ratios  2  : 5.  If  the  wires  are 
to  fill  tlie  same  total  space  and  are  of  the  same  metal  then 
the  following  are  approximate  rules  for  determining  the 
number  of  tiirns  and  resistances. 

(1)  The    resistance    is   invevsdij    proportional    to    the    4th 
power  of  the  diameter  of  the  wire. 

(2)  The  length,  and  hence  the  number,  of  turns  is  inversely 

proportional  to  the  square  (2nd  power)  of  the  wire's 
diameter.     Also  from  (1)  and  (2j  we  obtain 

(?)),  that  the  resistance  is  directJjj  proportional  to  the  square 
of  the  number  of  turns. 

Expressed  in  formxdae  these  statements  become — 

(1)  E  =  ̂ -  (2)  n  =  ̂-^         (3)  R  =  n^ 

The  third  equation  is  deduced  after  squaring  the  second 

one,  which  then  becomes  u^  =   — . 

The  application  of  the  above  statements  affords  important 
examples  of  the  use  and  value  of  the  elementary  rules 
considered  on  pp.  13  and  14. 
Now  the  resistance  of  a  conductor  varies  directly  as  its 

length  and  inversely  as  the  square  of  its  diameter.     That  is, 

The    comparison    of   two    wires   of   similar    material   is 

^<V  „.  «.  =  hM   ...   (1) 
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Also  considei-  that  to  fill  the  same  space,  if  the  diameter  of 
the  wire  is  greater,  the  length  and  number  of  turns  will  be 
reduced,  and  it  is  found  that  the  total  length  of  wire  Used 
is  inversely  proportional  to  the  sqiiarc  of  the  diameter. 
Thus  comjjaring  two  wires 

and  where  n  represents  the  total  number  of  turns 

nj^^  dl  .2) 

71.,  C/j- 

Substituting  the  above  value  of  I  in  the  result  (1)  we  have 

R,  ̂   dMr  ̂   dl 
R.,       d{'d,'       d^^ 

The  result  (2)  squared  becomes 

%  =  i^     therefore    ̂ ^  =  % 

This  last  result  proves — equation  (3) — that  the  resistanee  of 
the  windings  of  an  electromagnet  is  directly  proportional 
to  the  square  of  the  number  of  turns. 

It  is  possible  to  demonstrate  the  truth  of  this  conclusion 
in  another  way :  Suppose  Ave  have  a  coil  of  one  ohm 
resistance  with  one  turn  of  wire.  Split  the  conductor  into 
four  wires  and  we  then  have  four  turns,  but  the  area  of  each 
Avire  is  one  fourth  in  size.     Resistance  varies   directly  as 

length  and  inversely  as  area,  i.  t'.  i?  =-  (substituting  the 

figures)    =  y  or  4  X  4.  =  Ki.     The  number  of  turns  have 
4 

been  increased  from  one  to  four  and  the  resistance  from 

one  to  sixteen,  or  as  1-  :  4-. 
Appended  are  a  few  examples  showing  how  the  foregoing 

rules  are  employed. 

Example  1. — An  electromagnet  is  wound  to  a  resistance 

of  320"'  with  wire  20  mils,  diameter  ("  mil  "  tttVo  oi  inch). What  diameter  would  the  wire  have  to  be  in  order  that  with 

the  same  weight  of  wire  the  resistance  may  be  20"*  ? 
Now  Avith  wire  the  same  weujht  the  resistance  varies 

inversely  as  tlie  fnurtli  power  of  the  diameter,  because  the 



24 ELEMENTARY  TELEGRAPHY 

weight  of  a  Avire  w  =  I  X  d-  .'.  Z  =  -,    and  substituting 

(l- 

tliis  value  of  /  in  the  fonnuhi  already  known,  i.  c.  E 

cP'
 

we  have  R 

to 

iL 

d' 

d-        d- 

As    weights    given    are    alike 
R 

^1 

or  (substituting  the  figures  given)  -_ 
320 
20 

20^ 

d 

■■  ̂1* 320  X  20^ 20 
=  40  mils. 

Example  2. — Two  electro-magnets  similar  in  size  haive 
resistances  of  1  and  Ki  ohms,  the  weights  of  the  wires  being 
equal.  If  equal  currents  are  passed  through  the  magnets, 
Avhat  will  be  the  relative  magnetic  strengths  of  the  two  ? 

The  magnetic  strength  varies  as  the  product  of  the 

ampere  turns  or  C  X  n.     We  ha^-e  seen  that  R  varies  as  n- 

.-.  n  =  JR  and  Cn  =  CJR. 
The  current    is   the   same  in  both,  hence  the  magnetic 

strengths  are  .:r^:^^  or 
(V^i         x/l^> 

1  -A. 

T    9 

fl^/>>r,'>>rr>}>r>}'H}i'/}i  .'rffffffff^ffff^fffk         ii 

w ,.,.•,  ,,,!>/  >>>Hf  >f  >""">>>>"">' >>>>>l  \ 

\ 

it 
Fig.  G. — R  and  r  being  diamet>'rs  should  be  halved  for  radii. 

It  Avas  pointed  out  earlier  that  Avhen  Avinding  bobbins  of 

electromagnets  it  A\'as  necessary  to  consider  the  dimensions 
of  the  bobbins  as  indicated  in  Fig  (J. 
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The  total  length  of  wire  required  to  fill  the  bobbin  of  an 

electromagnet  of  given  size  is  found  as  follows  : — 

Let  r  =  the  internal  radius  of  the  bobbin 
R  =  the  external  radius 

h  —  the  height  or  distance  between  the  cheeks 
t  =  the  thickness  of  the  windings  or  depth  of  the  coil 
d  =  diameter  of  the  Avire 

m  =  the  number  of  layers 

n  —  the  number  of  turns  in  each  layer 
L  =  the  total  length  of  the  wire 

Evidently  the  length  of  one  turn  muhiplied  by  the 
total  number  of  turns  will  be  the  length  of  the  wire.  We 
must,  however,  first  find  the  average  or  mean  radius  of  the 

layers,  which  will  be  -g-  (J?  +  r).  Then  as  the  length  of 
a  turn  is  2  tt  the  radius,  the  average  length  of  a  turn  is 

2  TT  — '^ —  =  7r  (i?  +  r).    The  number  of  layers,  m,  is  equal 

to  t  divided  by  the   diameter  of  the  wire,  i.  e.  —.,  and  the 

number  of  turns,  n,  will  be  equal  to  — .  But  as  n  X  vi  equals a 
the  total  number  of   turns  we  can  substitute  the  above 

values  and  n  X  m  =   -  X  -  or  -— .      iVs  t  equals  R  -  r a       a         fh 

this  becomes      ̂   ̂. — '   and  tlic  foidl  loiqlh    is  the  product d'^  ■  ' 

of  the  mean  radius  and  the  tottd  nuinhcr  of  turns,  or 

J-     __    7rh(R_-i-r){R  -  r) 

d-      ̂ 

Now  the  product  of  the  sum  and  difPerence  of  two  numbers 

is  equal  to  the  drfference  of  their  squares,  so  we  may  rewrite 
the  equation 

d- 

Note  that  should  the  total  numl)er  of  turns  only  bo 
required  when  radii,  height  and  diameter  are  given,  it  is 

as  shown  above  -*-A_^).      ̂,\j^,,  ;j.  ,ii„ie„sions  are  given 
with  the  diameter  instead  of  lh(^  radius,  then  since  (/  =    '2r, 



20  JELEMENTARY  TELEGRAPHY 

the  total  length  when  <-/  d^  is  the  inner  diameter  and  D  the 

onter  diameter  will  he  L  ̂   ̂         .  70  '^  Ivemeniher   all Acr 

quantities  must  be  in  the  same  units. 

Example. — An  electromagnet  2  inches  long,  one  inch 
external  and  half-an-inch  internal  diameter,  is  to  be  fitted 
Avith  wire  20  mils,  in  diameter  :  What  length  wire  will  be 
reqiiired  V 

First    express  the  mils,   in   inches,   i.  e.   '02  inch ;  then 

_  TT  2  (1-^  -  1^')   _   3-1416x2(1- iv  _  3-1416  x  2  x  3 
4  X  -022      ~  -0016  "^        -0016  X  4 

=  2945  25  inches. 

The  figure  of  merit  of  an  electromagnet  is  generally 
defined  as  the  minimum  A-alue  of  the  current  which  will 
cause  it  to  work. 

As  examples,  the  Standard  Relay  has  a  figure  of  merit  of 

■5  m.a.,  and  the  20  ohms  Sounder  should  have  a  figure  of merit  of  55  m.a. 

Sometimes,  however,  the  figure  of  merit  is  indicated  by 
stating  the  current  required  to  produce  certain  result,  as 
the  deflection  of  a  magnetic  needle.  In  the  case  of  the 

ordinary  differential  galvanometer,  it  should  deflect  40°  to 
45^.  with  twenty  milli-amperes  through  one  coil. 

Exercise   I. 

1.  Describe  how  to  study  the  magnetic  field  near  a 
magnet.  State  the  effect  of  a  magnet  on  soft  iron.  The 
earth  is  said  to  behave  like  a  large  magnet ;  what  is  the 
effect  of  the  earth  on  a  bar  of  soft  iron  ?  How  would  you 
demonstrate  this  effect  ? 

2.  Sketch  careful!}',  the  lines  of  magnetic  force  due  to 
a  bar  magnet  (i)  when  it  is  placed  on  a  wooden  table, 

(ii)  w^hen  it  is  placed  on  a  thick  plate  of  soft  iron. 
3.  Describe  experiments  which  show  that  Avhen  electri- 

fication is  excited,  either  by  friction  or  electrostatic  in- 
duction, equal  cjuantities  of  positive  and  negative  electricity 

are  produced. 
4.  Explain  what  is  meant  by  the  electromotive  force 

between  two  points,  and  describe  some  method  of  obtaining 
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a  constant  electromotive  force  between  two  points  connected 

by  a  copper  wii'e. 
5.  A  wire  conveys  a  current  :  (a)  what  is  the  magnetic 

fiekl  produced  ;  {h)  couhl  chemical  action  also  take  place, 
and  (c)  how  could  heat  be  developed  ? 

G.  Electromagnets  have  soft  iron  cores.  What  would 
be  the  effect  (a)  if  hard  steel  cores,  (/))  if  brass  cores 
were  substituted  ? 

7.  Give  the  names  of  the  units  of  electromotive  force, 
resistance,  current,  capacity,  quantity.  State  also  the 
names  and  relative  values  of  the  practical  units  derived  from 
these. 

8.  Explain  what  you  understand  by  Ampere's  rule  for 
direction  of  current,  and  show  by  sketch  or  description  how 
it  bears  iipon  the  effect  of  a  current  uj^on  a  magnetic 
needle  {a)  when  the  wire  conveying  the  current  is  placed 
above  the  needle,  and  current  flows  from  N.  to  S. ,  (b)  when 
wire  is  beneath  needle  and  current  from  S.  to  N. 

9.  State  the  practical  value  of  the  so-called  absolute 
system  of  units  as  compared  with  an  arbitrary  system. 

10.  How  would  you  calculate  the  magnetic  strength  of 
a  solenoid,  the  current  and  number  of  turns  of  the  con- 

ductor being  known  ?  AVhat  is  tlie  effect  of  introducing  a 
soft  iron  core  ? 

11.  A  brass  tube  500  cm.  long  and  2  cm.  in  diameter 
has  to  be  wound  with  one  layer  of  covered  wire  one  m.m. 
in  diameter  over  the  covering.  What  will  be  the  length  of 
the  wire  ?     Ans.  330  m. 

12.  Two  bobbins  are  wound  with  the  same  weight  of 
wire,  one  being  4  mils,  and  the  other  2  mils,  gauge. 
What  are  the  relative  resistances  ?     Ans.  1  :  1(5. 
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PIIIMARY    BATTERIES,    AS    USED    IX    TELEGRAPHY  :     THEIR 

CONSTRUCTION'    AND   CHEMICAL   ACTION 

In  the  definition  of  a  voltaic  cell  it  has  been  already 

mentioned  that  the  electrical  energy'  is  obtained  by  the 
decomjDosition  of  the  constituent  parts  of  the  cell,  also  that 
it  was  convenient  to  regard  the  current  as  flowing  from  the 
positive  i^otential  to  the  negative. 

It  has  ])een  observed  in  a  cell  of  simple  form  containing 
two  clean  plates,  one  of  zinc  and  one  of  copper  immersed 
in  a  solution  of  dilute  acid,  that  there  is  chemical  action 
between  the  liquid  and  the  zinc,  and  also  an  apparent 
transference  of  hydrogen  to  the  copper  when  the  two  poles 
are  connected  by  an  outside  wire.  The  resulting  electrical 
action,  or  flow  of  electricity  in  the  conductor,  exliibits 

certain  phenomena,  the  principal  effects  being  : — 
(1)  The  conductor  if  thin  is  heated  (thermal  effect). 
(2)  A  magnetic  needle  placed  in  the  vicinity  of  the  wire 

is  deflected  {magnetic  effect). 
(3)  If  the  current  is  caused  to  pass  through  a  suitable 

liqxtid  (called  electrohie)  it  is  decomposed  (chemical  effect). 
Xow  if  two  isolated  spheres  are  oppositely  charged  and 

joined  by  a  wire  (Fig.  7),  the  apparent  transference  of 
electricity    speedily   tends  to    j)rodiTce  an  equilibrium  of 

n 

potential.  This,  of  course,  caiises  a  cessation  of  the  current 
—no  P.D.  exists. 

A  current  can  only  continue  so  long  as  the  ends  of  the 
wire  are  hept  at  different  electric  potentials. 

Tlie   cell  above   mentioned    is  an  attemiDt  to    insure  a 

28 
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continuous  current  by  imiintaiiiing  a  more  constant  JM)., 
and  may  be  regarded  as  a  generator  of  electrical  energy. 

The  zinc  strij)  is  observed  to  "waste  away,  and  tliis,  no 
doubt,  provides  the  power  to  produce  certain  electro- 

chemical actions  Avliich  are  capable  of  constantly  renewing 
the  difference  of  potential. 

As  the  current  flows,  however,  and  the  zinc  is  being 
consumed,  hydrogen  is  liberated  at  the  cojjper  plate, 
gradually  covering  it  with  a  thin  film  of  gas.  This 

deposition  has  two  bad  effects,  it  introduces  a  high  resist- 
ance into  the  cell,  and  as  hydrogen  is  electropositive  it  also 

produces  a  reverse  difference  of  potential,  and  tends  to  send 
a  current  opposing  the  true  one.  This  effect,  known  as 

■polarizatio)i,  results  in  a  rapid  falling  off  in  the  effective 
E.M.F.  of  any  cell  in  which  it  occiirs. 

Polarization  is  most  successfully  eliminated  by  using 
double  cells.  Other  remedies  for  it  chiefly  consist  of 
employing  some  substance  which  will  combine  Avith  the 

hydrogen  as  soon  as  it  is  e^-olved,  or  while  in  its  nascent  state. 
Another  deleterious  effect  observed  is  cau.sed  by  the 

impurities  contained  in  the  ordinary  zinc  plate.  These 
pieces  of  other  substances,  generally  tin,  iron,  other  metals 

and  arsenic,  set  up  what  is  called  "  local  action.''  These 
materials  have  a  difference  of  potential  from  the  zinc;  and 

local  currents  ensue  between  them,  uselessly  w^asting  the 
positive  plate.  Local  action  can  be  largely  reduced  by 
amalgamating  the  zinc  with  a  coating  of  mercury.  As  the 
working  of  the  cell  goes  on,  this  coating  is  maintained  by 
the  mercury  parting  with  the  zinc  which  is  dissolved  in 
the  acid  and  uniting  with  the  new  surface  portions  of  the 
plate  and  so  tending  to  cover  up  the  inii)urities  again. 

-POLE  +POLE  _  -f- 

•-iLh9  » — iMil'I'M'  '1 '1 — ^ 

A     BAT  TERr Vu:.  S. 

nil 

A  coll  is  syiiibolically  rcpi'cscnicfi  by  a  thick  am 
line  of  different  lengths,  the  former  rcprcsenling  I  he 

'positive  plate  and  the  latter  the  negafivt>,  \vliih>  a  battery 
is  shown  by  a  combination  ol  these  (Fig.  8). 
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Before  coutiuiiing  further,  the  beginner  shouhl  be 

familiar  Avith  the  following  chemical  terms  : — 
Molecule,  the  smallest  particle  of  matter  capable  of  free 

existence.  It  is  generally  formed  of  two  elementary  atoms, 
but  in  some  cases  three,  four,  or  six.  Atom  Avas  considered 

the  smallest  particle  of  matter  that  can  enter  into,  or  pass 

from,  combination,  but  tlie  discoA'ery  of  Radium  and  other 
researches  appear  to  indicate  that  the  atom  is  composed  of 
thousands  of  smaller  particles  called  electrons.  Element,  a 
substance  which  has  not  yet  been  decomposed  or  resolved 
by  chemical  analysis,  and  is  therefore  presumed  to  be 
imconipounded.  Some  of  these  elements  are  here  mentioned, 
each  with  its  chemical  SAinbol.  Carbon,  0  ;  Chlorine,  CI ; 
Chromium,  Cr  ;  Copper,  Cu  ;  Hydrogen,  H  ;  Lead,  Pb  ; 
Manganese,  Mn  ;  Mercury,  Hg ;  Xitrogen,  ISI  ;  Oxygen,  0  ; 
Potassium,  Iv  ;  Sodium,  Xa  ;  Sulphur,  S  ;  Zinc,  Zn. 

A  numeral  placed  after  a  SATnbol  indicates  the  number 
of  atoms  in  the  compound,  except  that  the  figure  1  is 
not  written,  being  understood.  In  any  chemical  equation, 

AA'hich  is  the  form  adopted  to  represent  the  chemical 
changes,  CA'ery  atom  taking  part  in  the  reaction  must  be accounted  for. 

In  the  simple  cell,  if  pure  water  (HoO)  were  used  the 
action  Avould  soon  cease,  because  zinc  oxide  (ZnO)  being 

insoluble  Avould  coA^er  the  zinc  jjlate  AA'ith  a  non-conducting 
compound.  Hence  generally  a  little  sulphuric  acid  (H0SO4) 

is  added  AA'hich  instead  of  zinc  oxide  deposits  the  soluble 
zinc  sulphate  (ZnS04).  The  dilute  sulphuric  acid  also 
offers  much  less  resistance  than  water.  The  action  of 

the  cell  may  then  be  represented  as : — 

Zn  +  H0SO4  +  H..SO4  +  Cu 
=  ZnSO^  +  H.,S04  +  HoCu 

It  is  important  to  note  that  the  E.M.F.  of  a  cell  is 
independent  of  its  size  or  shape,  depending  entirely  on 
its  constituents.  With  the  same  materials  an  egg-cup 

Avould  furnish  the  same  A'oltage  as  a  barrel  size.  There  is 
only  this  difference,  that  a  large  cell  has  more  active 
material  and  hence  lasts  longer  without  renewal.  Also 
that  the  larger  the  cell  and  the  closer  together  the  plates 
the  smaller  its  resistance. 
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The  conditions  to  be  desired  in  a  voltaic  cell  may  bo  thus 
enumerated  : — 

(1)  High  and  constant  E.M.F. 
(2)  Internal  resistance  small  and  without  variation. 
(3)  Low  first  cost  and  cheap  maintenance. 
(4)  Small  in  size,  easily  and  safely  attended  to. 

It  will  be  interesting  to  notice  in  the  types  of  cells  con- 
sidered how  these  conditions  are  fulfilled — none  possess  all 

of  them — and  in  Telegraphy  the  selection  of  any  particular 
battery  is  determined  by  the  character  of  the  circiiit  or  the 
work  required. 

Two  imj)ortant  laws  of  chemical  action  in  a  voltaic  cell 

and  battery  are  : — 

(1)  The  amount  of  chemical  action  in  a  cell  is  propor- 
tional to  the  quantity  of  electricity  that  passes 

through  it.  (Quantity  is  expressed  in  coulombs 
or  ampere-seconds.) 

(2)  With  a  battery  of  cells  joined  in  series  the  amount 
of  chemical  action  is  equal  in  each  cell. 

The  Daniell  cell,  Avhich  has  been  extensively  employed 
in  Telegraphy,  is  constructed  in  a  variety  of  forms,  but  the 
jDrinciple  is  the  same  in  all. 

Zinc  and  copper  are  used  as  the  positive  and  negative 
plates  respectively,  but  they  are  placed  in  different  liquids 
which  are  separated  by  a  porous  inner  cell  or  partition. 
The  liquid  surrounding  the  zinc  is  a  dilute  solution  of  zinc 
sul])liate  (ZnS04),  that  surroimding  the  cojjper  a  solution 
of  copper  sulphate  (CnS04).  (In  the  Minotto  cell,  a  type 
of  Daniell  largely  used  in  India,  the  liquids  are  kept  from 
mixing  by  the  difference  in  the  specific  gravities  of  the  two 
solutions.) 

A  Post  Office  pattern  of  Daniel!  cell  consists  of  a  teak 
box  divided  into  five  or  more  compartments  on  the  right 

of  which  is  placed  an  unglazed  jxn-ous  earthenware  pot 
(Fig.  9).  The  co])i)('r  is  a  thin  plate  and  is  placed  in  the 
porotis  pot  siirronnded  hy  a  conceutrated  solution  of  cop])er 

sulphate,  a  few  crystals  of  the  latter  being  added  lo  main- 
tain the  strength  of  the  soluticm.  The  copper  sidphate  acts 

by  combining  with  the  hydrogen  (comimre  with  action  of 
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simple  cell)  that  is  liberated  on  the  negative  plate,  forming 
sulphuric  acid  and  depositing  coj)per  on  the  copper  plate. 
This  entirely  prevents  polarization,  and  the  solution  of 
CuSO^  is  known  as  the  depolarizer.  The  zinc  is  in  the 
form  of  a  thick  plate  and  is  gradually  dissolved  in  the 
zinc  sulphate  solution,  forming  more  zinc  sulphate,  till 
the  solution  becomes  concentrated  and  crystals  are  de- 

posited. When  this  occurs  the  crystals  must  be  removed, 
a  portion  of  the  liquid  drawn  off,  and  the  cell  refilled  with 
Water.  The  porous  pot  is  coated  with  paraffin  Avax  round 
the  top  and  one  side  to  prevent  as  far  as  possible  the 
diffusion  of  the  liquids,  but  in  time  this  does  occur,  more 

Fig.  !'. — Daniell  Battery. 

especially  when  the  cell  is  not  being  worked.  One  result 
is  that  copper  becomes  deposited  on  the  zinc  plate  in  the 
form  of  black  mud,  and  when  this  appears  the  cell  must  be 
washed  ovit  and  renewed. 

The   action   of    Daniell   cell   set   up   as    above   can   be 

represented  thus  :  — 
Cu Zn  +  S04Zn  +  SO^Zn  ||  SO^Cu  +  SO^Cu 

=  ZnSO^  +  ZnSO^  +  ZnSO,  H  CUSO4  +  CuCu 

The  change  in  the  order  of  wi-iting  tlie  symbols  has  been 
made  to  more  clearly  indicate  the  reactions. 

In  practice,  advantage  has  been  taken  of  the  fact  that 
ZnSO^  is  formed  in  the  action  of  the  cell,  and  should  it 
not  be  required  for  immediate  use  the  cell  is  made  up  by 

filling  the    zinc    compartment   with   Avater.      Then   short- 
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circuit  (/.  c.  join  poles  with  very  low  resistance)  the  cell 
for  twenty-four  hours. 

The  chemical  action  of  the  cell  with  only  water  sup- 
jDlied  in  the  outer  compartment  is  modified  and  may  be 

represented  as  : — 

Zn  +  OHo  +  OH.  II  SO.Cu  -|-  SO^Cu  +  Cu 
=  ZnO  +  H,0  +  H,S04  II  CuSO^  CuCu 

The  E.M.F.  of  the  Daniell  cell  is  l^OS  volts,  and  its 
internal  resistance  varies  betweeii  2"  and  8"  according 
to  its  condition  and  size. 

The  voltaic  cell  in  most  general  use  is  of  the  Leclanche 

Fii:.  10.— Leclaiicli(>  cell 
I'lildlls  jiot. 

type,  probably  l)ecause  there  is  no  waste  of  materials  when 
the  cell  is  not  actually  at  work,  and  it  needs  very  little 
attention  when  required  only  for  occasional  use.  Its  chief 
defect  is  lack  of  constancy  if  the  cell  is  furnishing  much 
current. 

In  the  Leclanche  cell  (Fig.  lU)  the  |)ositive  i)late  is  a 
zinc  rod  which  is  immersed  in  a  solution  of  ammonium 

chloride  (Nll,,('l),  the  ordinary  salammoniac.  'i'lie 
negatives  })la1(>,  carbon,  is  phuMMl  in  a  porous  pot  and  sur- 

rounded with  a  mixliin'  of  hi'okcn  carbon  and  coarse  grains 
of  manganese  dioxiih-  (i\ln(J.,)  in  ('(inal  anmnnls. 
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The  carbon  plate  or  rod  has  a  head  of  lead  cast  round 
the  top,  to  which  the  terminal  is  connected.  The  iq^per 
part  of  the  carbon  and  the  lead  are  coated  with  paint  or 
tar  A\irnish,  and  the  porous  pot  is  sealed  up  excejDt  for  a 
small  A'ent  hole. 

The  results  of  the  action  of  the  cell  are  :  the  formation  of 

chloride  of  zinc,  free  ammonia  is  liberated  at  the  negative 
plate,  Avhilst  the  hydrogen  set  free  from  the  salammoniac 

combines  with  oxygen  of  the  dioxide  of  manganese,  forming- 
water  and  reducing  2MnOo  to  a  lower  oxide,  MuoOs ;  the 
chemical  formula  of  these  changes  being  :  — 

Zn  +  2XH,C1  +  lOlnO.,  =  ZnCl  +  HoO  +  2XH3  +  Mn.Oy 

The  liberated  hydrogen  does  not 
instantly  combine  with  oxygen  of  the 
depolarizer  (MnOo),  and  an  accumu- 

lation of  hydrogen  occurs  on  the 
carbon  after  continuous  working  for 
a  few  minutes  ;  but  this  polarization 
sjieedily  disappears  if  the  cell  be  left 
to  itself,  and  is  not  observed  if  the 
cell  is  only  worked  at  intervals  or 
with  a  very  Aveak  current. 

The  aggloiiienite  form  (Fig.  11)  of 
Leclanche  dispenses  with  the  porous 
pot  by  using  blocks  of  the  mixed 
carbon  and  manganese  Avhich  are 
placed  round  the  carbon  j^late  and 
held  there  by  indiarubber  bands,  and 

sometimes  by  a  canvas  wrapping  as  Avell.  In  this  case  the 
zinc  is  cylindrical,  almost  surrounding  the  upper  portion 
of  the  combination. 

Dry  cells  are  Leclanche  cells  in  which  the  excitant 

(XH4CI)  is  made  into  a  paste  Avith  some  absorbent  sub- 
stance. As  a  rule  the  positive  plate  forms  the  case  of  the 

cell  Avith  the  carbon  rod  in  the  centre  surrounded  by  a 
damp  black  paste  of  carbon  and  manganese,  and  also,  in 
some  patterns,  salts  of  iron,  magnesium,  silicon,  etc.  The 

make-up  of  the  various  dry  cells  is  A''eiy  similar.  In  the 
Obach  type  (shoAA^i  by  the  sketch  of  a  section,  Fig.  12)  the 
manner  of  fixing  the  brass  terminal  to  the  carboii  rod  is 

ingenious.     The  p'ui  is  inserted  into  a  vertical  hole  and  a 

Fii;.  H. — Leclanche 
agglomerate. 
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molten  alloy,  composed  of  Lismiitli,  lead  and  tin  is  poured 
around  tlie  pin.  Tliis  alloy  expands  slightly  in  cooling 

and  a  perfect  contact  between  the  p'ni  and  the  carbon  is 
made.  Dj-y  cells  are  very  portable,  but  deteriorate  when 
stored,  particularly  in  hot  climates,  and  when  exhausted 
they  cannot  be  replenished  but  have  to  be  replaced. 

SAWDUST 
CANVAS 

BLACK 
OePOLARlZINCi 

Paste. 

ExciTifsQ  paste 

ZINC 

CVLiNDER 

INSULATION 

u..  Ii'.— Oliacli  dry  cell. 

The  voltage  of  the  Leclanche  is  aliout  TC)  at  i(s  l)cst,  but 

is  usually  reckoned  as  1'45  or  I'f),  and  this  is  the  case  with 
each  of  its  types.  The  internal  resistance  of  the  })orous 

pot  form  is  about  l'",  the  agglomerate  '5  to  1",  and  tlie  dry 

cells  vary  according  to  size,  ranging  betAveen  "15"  for  large 
to  "5"  for  small  patterns. 

In  the  IjIciikomatm  cell  llic  chMiients  are  zinc  (amalga- 
mated) and  carhon,  with  cliromic  acid  as  the  depolarizing 

agent. 
Tiie  zinc  stands  in  a  porons  pot  wilh  a  small  (pianlity  of 

D   2 
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mercuiy  aud  a  weak  solution  of  sulphuric  acid.  The 
carbon  is  in  the  outer  earthenware  jar,  in  which  a  similar 
but  stronger  solution  of  sulphuric  acid  and  a  quantity  of 
bichromate  of  j)otash  is  placed. 

The  chemical  actions  of  the  cell  are  complicated,  but  are 
generally  explained  thus.  Zinc  snlpliafc  is  funned  hy  the 
action  of  tlie  sulphnric  acid  in  the  zinc  cell,  and  the  liberated 
hydrogen  acts  vitJi  the  mixture  of  chromic  and  sulphuric 
acic/.s  in  the  outer  compartment  foriivunj  icater  and  sulphate 
of  chromium. 

When  the  solutions  become  saturated  a  secondary  action 

results  in  the  deposition  of  chrome-alum  crystals  on  the 
negative  plate.  These  crystals  should  be  removed,  about 
half  of  both  scjlutions  withdrawn,  and  replaced  Avith  fresh 
solution  of  S04[l._,  in  the  outer,  aud  witli  water  in  the  inner 
compartment. 

If  Avorked  on  circuits  of  low  resistance,  the  Bichromate 

is  subject  to  polarization,  but  there  is  no  perceptible 

variation  in  its  E.il.F.  when  working  through  a  high  resist- 
ance. Its  E.M.F.  is  approximately  2  volts,  and  the  internal 

resistance  of  the  quart  size  averages  li". 

Battkuies — Skcon'dary  Cells  .vs  used  ik  Tele(;i!ai'hy. 

Cells  which  generate  electricity  by  internal  chemical 
action  are  called  prinutry.  But  chemical  actions  somewhat 
similar  to  those  already  described  in  the  cells  themselves 
are  produced  in  the  external  circuit  when  the  current  is 
allowed  to  pass  through  certain  compounds,  and  these 
chemical  changes  are  capable  of  furnishing  electrical 

energy.  Hence  the  name  ''secondary,"  "  accnmidator,"  or 
"storage'^  is  given  to  a  cell  which  accumulates  energy 
under  the  influence  of  a  primary  current. 

The  decomposition  of  substances  by  an  electric  current 
is  known  as  elect rohjsix.  The  conductors  by  Avhich  the 
current  enters  and  leaves  the  solution  or  electrolyte  are 
called  electrodes.  Where  the  positive  current  enters  the 
pole  is  called  the  anode,  and  the  negative  electrode  the 
cathode.  AVhenever  an  electrolyte  is  .decomposed  by  a 
current,  the  resolved  ions  (elements  or  groui)s  of  elements) 
have  a  tendency  to  reunite  ;  this  inclination  or  elfect  is  said 
to  be  due  to  their  chcmiccd  ajjhiity. 

The   elementary    principle    of    secondary   cells    can   be 
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observed  hy  the  electrolysis  of  water.  Fill  two  test-tubes 
with  water  acidulated  with  a  little  addition  of  sulphuric 

acid  to  diminish  the  resistance  of  the  water — which,  if  pure, 
acts  as  a  non-conductor.  The  tubes  are  inverted  over 

platinum  electrodes  placed  in  a  vessel  also  containing 

acidulated  water  (Fig.  13).  Platinum  electrodes  are  pre- 
ferred, as  this  metal  is  less  oxidizable  than  others  and 

resists  every  acid.  The  cells  used  for  the  electrolyzing 

current  must  have  a  minimum  E.M.F.  of  1'47  volts,  which 
is  the  value  of  the  affinity  of  hydrogen  for  oxygen,  or  the 
water  will  not  be  decomposed.  Although  a  feeble  current 
might  floAv  at  the  outset  with 
a  smaller  E.M.F.,  yet  as  soon 
as  the  opposing  E.IM.F.  of 
polarization  equalled  that  of 
the  charging  current  the 
action  would  cease.  The 

chemical  decomposition  is 
represented  by  the  equation  : 
2H.,0  =  2H.,  +  0,,  hydrogen 
being  evolved  at  the  cathode 
while  oxygen  becomes  the 
anion. 

Then  if  the  wires  are  dis- 
connected from  the  battery  and 

joined  to  a  galvanometer  a 
current  will  be  observed  flow- 

ing back  through  the  electro- 
lytic cell,  the  direction  being 

from  the  hydrogen  electrode  to  the  oxygen  electrode.  The 
effect  of  polarization  in  the  voltaic  cells  previously  mentioned 
produces  an  opposing  electromotive  force  in  an  exactly 
similar  way. 

The  first  rcmarkahlc  use  of  this  secondary  PIM.F.  was 
made  by  Plante  in  1800,  who  devised  cells  capable  of 

producing  high  chemical  activity.  The  electrodes  con- 
sisted of  sheets  of  lead  placed  in  dilute  sulphuric  acid. 

They  were  rolled  up  with  narrow  strips  of  felt  ])laced 

between  them  (Fig.  14).  A  charging  curi-ent  liberated 
oxygen  at  the  anodes — which,  combiiiiiig  witli  the  lead, 
formed  peroxide  of  lead  (PbO^). 

The  reversal  of  the  curn;nt  reduces  the  Vhi).,  to  sj)ongy 

Electrolysis  of  water. 
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lead  by  the  action  of  the  hydrogen  Avliieh  is  now  liljerated 
at  this  new  cathode,  Avhile  the  other  phxte  (now  the  ancjde) 
becomes  oxidized.  By  repeated  reversals  of  current  the 

plate  which  laat  served  as-  tJie  anode  is  deeply  coated  with 
PbOo,  while  the  cathode  assumes  a  spongy  metallic  state 

and  the  cell  is  then  "formed." 
It  is  important  to  notice,  however,  that  secondary  cells 

do  not  store  electricity,  but  they  accumulat^^  energy  in  the 
form  of  chemical  Avork,  and  are  then  capable  of  furnishing 
electrical  power. 

The  lengthy  ]H-ocess  of  "forming"  the  Plante  cell  Avas 
modified  by  Faure,  AA^ho  used  a  paste  of  red  lead  as  a 
coating  for  the  lead  plates.  These  j)astes  are  more  easily 
converted    than    the    solid    metal.      When    the    charging 

  ^   ^ 

Fig.  14. — Form  of  Planto's  original  plates. 

current  is  j^assed  through  the  cell  the  red  lead  at  the 
anode  is  oxidized  to  PbOo,  but  at  the  cathode  it  is  first 
reduced  to  a  lower  oxide  of  lead  (PIjO)  and  then  to  the 
spongy  metallic  condition. 

Accumulators  may  be  diA^ided  into  tAvo  classes  :■  those  in 

Avliich  the  plates  are  "formed/'  and  those  in  AAdiich  they 

are  ̂ ^  pasted.'' 
Improvements  of  the  "  formed "  or  Plante  type  are 

designed  to  produce  better  mechanical  structure  of  the 

plates  with  minimum  Aveight  of  metal  Av^hile  obtaining 
maximum  active  surface.  It  Avas  found  that  the  repeated 

charging  and  discharging  of  the  cell,  AA'hile  increasing  its 
capacity,  rendered  the  surface  of  the  plates  more  porous, 

and  the  "formation"  resulted  in  the  disintegration  of  the 
plates  OAving  to  their  Aveakened  mechanical  condition. 

The   "  pasted "   types   have   slight    differences    in    their 
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manufacture,  many  devices  haviiiji;  been  introduced  to 
prevent  tlie  paste  from  falling  away  from  the  plates. 

The  lead  is  cast  in  the  form  oL"  grids,  the  small  lioles 
having  inner  projections,  or  are  peculiarly  shaped  so  that 
the  paste  is  securely  embedded  in  the  interstices. 

Some  confusion  occvxrs  with  students  in  distinguishing 
the  positive  and  negative  poles  of  a  secondary  cell.  They 
recognize  that  tlie  plate  of  the  accumulator  connected  to 
the  negative  pole  of  the  charging  dynamo  becomes  the 
positive  plate  of  the  storage  cell,  while  its  negative  plate 
is  properly  the  positive  pole  when  it  is  supplying  power. 
By  conventional  usage,  however,  the  poles  and  plates  of  the 
secondary  cell  are  denoted  by  the  polarity  of  the  charging 
source.  That  is,  the  plate  in  connection  with  the  positive 
pole  of  the  dynamo  is  termed  the  poHitive  plate  and  pole, 
while  the  other  becomes  the  negative  (as  shoAvn  in  Fig.  15).  
 

Ll 

-~  1 

^ 
^ 

Fio.  1"). — Indicating  the  iiolnrily  of  acTiimiilatcrs. 

The  chemical  action  of  the  pasted  cells  is  generally  con- 
sidered as  though  one  plate  consisted  of  P1)S04  and  the 

other  PbO,  and  the  condition  before  charging  may  be 

represented  as  : — 
Negative.  Positive. 

PbO  +  HoSO,  +  11,0  +  PbSO^ 

When  charged,  both  "  pasted  "  and  "  formed  ''  cells  are 
regarded  as  having  identical  chemical  condition,  and 

represented  by  equation  it  is  :-  - 
Negative.  Positive. 

PbO.,  +  2H,S04  +  Pb 

By  comparing  the  two  above  equations  it  can  be  seen 
that  the  density  of  the  acid  increases  during  the  charging 

process  ;  therefore,  as  the  secondarij  current  produced  in 

discharging  the  cell  practically  reverses  the  chemical 

action,  the  condition  of  the  electrolyte  serves  as  an  index 

to    the    quantity    of   energy    remaining   in    the    cell.     An 
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hj'drometer  (Fig.  10)  is  used  for  testing  the  density  of 
the  solution  the  gravity  of  which  is  indicated  by  the  scale 
of  the  hydrometer  as  it  floats  in  the  celL  The  correct 

specific  gravity  of  the  electrolyte  is  usually  about  1'2. 
If  discharged  completely,  the  ultimate  result  would  be 

as  though  both  plates  consisted  of  PbS04,  and  the  solution 
devoid  of  sulphuric  acid,  i.  e.  PbSO^  +  2H.,()  +  PbS04. 

The  cells,  however,  are  never  allowed  to  become  ex- 
hausted. At  the  beginning  of  the  discharge  the  E.M.F. 

is  about  2"5  a'oUs,  but  it  drops  rapidly  to  a  little  over 
2  volts.  The  voltage  is  not  allowed  to  fall  below  TS,  and 
the  average  E.M.F.  per  cell  is  2  volts.  The  condition  of 
voltage  is  tested  by  a  voltmeter  or  potential  measuring 
galvanometer.  For  the  E.M.F.  of  individual  cells  a  small 

range  instrument  or  cell-testing  A'oltmeter  is  used,  while 
for  testing  a  number  of  cells,  or  the  whole  battery,  a  volt- 

meter is  provided  on  the  switcliboard.     "When  the  E.M.F. 

M  ̂ 1  ̂ 1  ai  y:\  M  gj  ̂ 1  kr^r^ 

F:(;.  16.— An  hydrometer. 

falls  '^as  low  as  1'8,  or  the  gravity  of  the  solution  is  less than  the  limit  specified  by  the  maker,  the  cell  is  recharged. 

The  plates  then  are  re-formed  into  lead  and  lead  peroxide 
and  the  solution  resumes  an  increased  density  by  the 

re-formation  of  sulphuric  acid. 

The  capacity  of  a  cell  is  stated  in  "ampere-hours,"  and 
a  cell  of  200  ampere-hours  will  theoretically  give  that 
product,  namely,  2  amjDeres  for  100  hours,  or  50  amperes 
for  4  hours,  etc. 

In  practice  it  is  found,  however,  that  the  capacity 
decreases  if  the  maximum  discharge  rate,  as  laid  down  by 
the  makers,  is  exceeded,  and  secondary  cells  last  longest 
and  give  best  satisfaction  when  regularly  employed  and 
carefully  attended  to. 

Thu  loss  of  liquid  due  to  evaporation  is  preferably  made 
good  with  jDure  distilled  water. 

The  [most  common  trouble,  "  ."^idphatuKj,"  is  a  whitish 
deposit  or^;growtli  on  the  plates  generally  caused  by 
excessive  discharge. 
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BuMincj  of  plates  may  be  similarly  caused,  or  by  over- 
charging. 

Slwrt  circuitimj  is  usually  due  to  bits  of  sulpliate  or 
fragments  of  metal  falling  doAvn  between  the  plates  and 
bridging  them  over. 

The  advantages  of  secondary  as  compared  ■with  primary 
cells  are : — 

(a)  Suitable  for  heavy  continuous  work. 
(h)  Much  greater  currents  can  be  taken  from  them. 
(c)  Exceedingly  low  resistance  (in  Telegraphy  generally 

negligible). 
{d)  Lower  first  cost. 
{e)  Lower  maintenance  cost. 
(/)  Smaller  floor  space. 
((/)  More  satisfactory  performance. 
As  an  example  of  economies  effected,  it  may  be  mentioned 

that  some  years  ago  the  Western  Union  Company  replaced 

20,000  231'imary  cells  costing  over  £2000  with  3000  storage 
cells  at  a  cost  of  about  £1700. 

Of  the  many  various  forms  of  modern  storage  cells  the 
following  are  described,  being  patterns  used  by  the  British 
Post  Office  at  important  telegraph  centres  in  substitution 
for  primary  batteries. 

The  Hart  Accumulator. 

The  Hart  cells,  which  are  a  sj^ecial  combination  of  the 
Faure  and  Plante  types,  have  carefully  prejoared  lead  grids, 
it  being  essential  for  ]iroper  Avorking  of  the  cells  that  no 
impurities  remain  in  the  lead.  Both  the  plates  are 
strengthened  by  ribs  which  ])ass  from  side  to  side  of  plates, 
and  tlie  form  of  construction  of  the  positives  and  negatives 
is  shown  in  illustrations  Nos.  19,  19a,  20. 

The  general  ap]:)earance  of  the  cells,  which  are  in  glass 
boxes,  is  shown  in  Figs.  17  and  IS.  The  former  gives  an 
illustration  of  three  cells  of  the  T  type.  Fitted  in  a  wooden 
framework  pla(;ed  in  these  cells  are  two  lajDright  sheets  of 

glass,  and  the  plates  are  suspended  from  them  by  pro- 
jecting lugs  which  rest  u]ion  the  top  edges  of  the  glass. 

Li  the  S  type  (Fig.  IH),  which  is  smaller,  the  lugs 
support  the  plates  by  projecting  over  the  sides  of  the  glass 

boxes  themselves.       For  connecting  the  ]-)lates    and  cells 
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together,  patent  non-corrosive  fittings  are  nsed,  tlie  metal 
being  a  s])ecial  lead  alloy  wkicli  is  not  affected  by  the  acid 
or  the  evolved  gases.  The  plates  are  kept  from  touching 
each  other  by  long  strips  of  ebonite  or  glass  tubes,  although 
the  most  recent  improvement  is  the  use  of  patent  sheet 
separators,  which  perfectly  insulate  the  adjacent  plates  and 
prevent  internal  short-circuits  forming  across  them.  These 
separators  consist  of  nitrated  cellulose,  which  is  not  attacked 

Fui.  17.— Hart  cells,  "T"  type. 

l)y  the  sulphitric  acid  or  gases  produced  during  charging  ; 

they  cover  the  surface  of  the  plates  and  are  used  in  con- 
junction with  the  existing  separators,  whether  they  be  glass 

tubes  or  any  other  form. 

The  positive  plate  is  known  as  the  "  Hart  Demi-Plante 
plate,"  the  grid  being  of  the  Plante  type,  but  is  not 
chemically  formed,  and  is  partially  pasted  with  a  sjjecial 
active  material  which  is  highly  porous  and  at  the  same 
time  very  hard  and  durable.  This  active  material  insures 
the  initial  capacity  being  obtained,  and  as  the  working  of 
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the  cell  proceeds,  the  grid  itself  gradually  hecomes 

"formed,"  so  that  the  cajiacity  is  maintained  during  the whole  of  the  life. 

Observe  the  formation  of  the  positive  grid  (Fig.  ID),  and 
that  the  thin  lead  shelves  are  strengthened  by  ribs. 

As  soon  as  the  cavities  have  been  filled  with  the  active 

material,  to  prevent  it  falling  away,  the  complete  plate  is 

Fia.  IS.— Hurt  cells,  "  S  "  type. 

sul)jected  to  a  rolling  pressure,  with  the  residt  that  the 
edges  of  the  grid  strips  are  bent  upwards  (Fig.  Vdci)  ;  thus 
grid  and  paste  are  closely  nnited,  and  ai)pear  to  be  one 
uniform  mass. 

It  is  claimed  that  tliis  plate  has  at  least  two  to  three  years 
longer  life  than  a  chemically  formed  Plante  plate,  as  there 
is  no  danger  of  any  impurity  being  left  over  from  chemical 
formation.  The  solid  diaphragm  in  the  centre  of  tlie  grid 
makes  it  exceedinglv  strong,  so  llial.  it  is  impossible  for  a 
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plate  to  buckle  under  normal  working  conditions,  ]-)rovided 
the  maximum  rates  specified  are  not  exceeded. 

Fi(i.  I'.i.— Hart  positive  gn<l. Fifi.  10((.— Hart  positive  plate 
(grid  pasted  and  rolled). 

The    negative    plate    is    of    the  interlaced  grid    design 
and  is  the  most  modern  form.      The  pellets  are  horizontal 

u 
Fk;.  -20. — Hart  nei'ative  sri '  Mushroom  "  insulator. 

in  one  piece  the  full  width  of  the  plate,  and  are  caged 
in  by  means  of  the  vertical  ribs  alternating  on  either  side 
of   the  grid  (Fig.    20).      The  active  material  is  specially 
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prepared  and  does  not  contract  during  the  conrse  of  work- 
ing, so  that  tlie  plates  maintain  full  capacity. 

The  glass  boxes  containing  the  cells  bed  on  a  layer  of 

sawdust  in  the  trays  which  are  supported  on  glass  "  mush- 
room "  insulators  (Fig.  21).  These  consist  of  two  separate 

castings,  the  upper  one  standing  in  oil  contained  in  the  cir- 
cular hollow  of  the  base  portion.  The  glass  and  oil  together 

help  to  prevent  leakage  from  the  cell. 

-Portiuii  of  Ciloride  inisilivc  iilatc. 

The  "  C'iiloimdk  "  AccUxMulator. 

The  name  of  the  cell  is  derived  from  the  emi)loynicnt  of 

chloride  of  lead  in  forming  the  negative  plate.  The  dis- 
tinguishing characteristic  of  \hc  ])ositivc  plate  is  that  it 

belongs  to  the  IMaiite  typo,  l)iil  is  "  built  up,"  tlie  plate 
consisting  of  a  strong  grid  composed  of  a  special  lead 

antimony  nii.\tui-(;  which  being  inoxidi/abh^  is  uualTccled  by 

the  chemical  changes  taking  pku'c.      I'urc  lead  tape-  coiled 
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into  rosettes  is  pressed  into  holes  in  the  grid,  these  being- 
cast  countersunk  on  Tooth  sides  for  the  purpose.  The 
rosettes  are  expanded  slightly  during  the  manufacture  of 
the  plate,  thus  being  securely  fixed  in  the  grid,  and  as  the 

acid  can  pass  i-ight  throiigh  the  rosette  it  insures  an  even 
working  of  the  active  material  with  a  very  low  internal 
resistance.  A  portion  of  the  positive  ])late  is  shown  in 
Fig.  22.    The  negative  plate  is  a  radical  departure  from  the 

Fn;.  23. — Chloride  negative  plate. 

usual  design,  the  frame  being  made  in  two  halves  riveted 
together  after  the  insertion  of  the  active  material,  which  is 
thus  contained  in  a  series  of  small  cage  compartments  or 
boxes.  It  will  be  noticed  from  the  illustration  (Fig.  23)  that 
the  outside  of  the  plate  is  a  finely  perforated  sheet  of  lead. 

The  advantage  of  this  "  box  "  negative  is  that  the  capacity 
of  the  plate  can  be  maintained  constant  over  a  long  period 
of  years.  A  special  feature  of  the  chloride  accumulator  is 
the  sejDarator,  which  consists  of  a  thin  sheet  of  Avood  of  the 
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same  size  as  the  plates.  The  wood  forming  the  separator  is 
subjected  to  a  special  treatment  which  renders  it  exceedingly 
porous  and  removes  all  substances  deleterious  to  the  plates. 
It  has  been  found  that  this  form  of  separator  tends  in  a 
peculiar  manner  to  maintain  the  capacity  of  the  cell  in  a 
way  not  possible  when  either  glass  rods  or  ebonite  forks  are 
employed. 

For  telegraph  work  the  chloride  K.CI.T.  cell  is  specially 
suitable.  Each  cell  contains  t\vo  plates  only,  one  positive 
and  one  negative,  instead  of  one  more  negative  plate  than 
there   are  positive   plates,    as  is   usually   the   case.      The 

Fig.  2-1.— Cliloiitle  cells,  K.G.T.  type. 

positive  plate  and  the  negative  plate  are  burned  to  a  Uuid 
connecting  strap  and  are  readily  installed  by  bending  the 
lead  strap  so  that  it  rests  on  the  edges  of  two  adjacent  glass 
boxes.  They  are  conveniently  arranged  live  in  a  tray 
(Fig.  24)  so  as  to  form  lO-volt  units,  which  are  advantageous 
in  certain  conditions  of  working.  Jlubber  rings  are  placed 
round  each  alternate  box  to  avoid  any  possibility  of  surface 
leakage  from  cell  to  cell. 

GllOrPIN(J    Oj'    PiMMAICi    B ATI' 10 R IKS. 

A  battery,  say,  of  four  cells  can  he  joined  in  three  ways, 
and  each  arrangcnnent  may  l)e  useful  \ov  a  particular 

purpose.     Com})are  the  exain])lcs  in   i''ig.  iM.    I 'resume  that 
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four  Leclaiiclie  cells  ai-e  there  represented,  each  cell  having 
E.M.F.  1'5  volt  and  intei-nal  resistance  4"" .  In  the  first  case 
(1)  it  will  be  observed  that  the  energy  of  each  cell  is  added 
to  that  of  the  others,  and  also  that  a  current  must  pass 

through  the  sum  of  the  individual  resistances  or  16". 
The  greatest  current  that  such  a  battery  can  pi'oduce 
is  when  it  is  so  joined  and  is  short-circuited.  Its  total 
E.M.F   is  then  divided  by   its  total  internal  resistance,  or 

1-5  X  4  3 
ampere  =  o/ .)  ni.a. 16  8 

This  is  the  maximum   current 

(O 

that 

<■'".'/ 

nund)er  of  such 

H 

w 

^2) 

+ 

oR"quANTiTy ' 

MULTIPLE    ARC 

Fin.  L'.'i.— Arraii^eiiK'iit.><  i.f  cells. 

vclU  joined  in  series   could   furnish,    for    if    twenty  or   a 

hundred  be  used  the  ratio  of  the  E.:\I.F.  and  resistance  is 

unaltered  in  value.     Eet  r.' for  one   cell  l)e  ''^    then    with 

cells    C  becomes ^  ̂  ",  which,  of  course,  equals 

r  X  )(.  '■ 

A 

larger  current  can, 
arranged  as  in  (2) 

however,  be  obtained  with  the  cells 

ciixcvL^^v.  c^  .^  v-/-  I^^  ̂ ^^s  ̂ ^^^'  although  the  E.M.F.  of 

cells  so  connected  is  only  that  of  one  cell,  yet  the  internal 

resistance  is  lessened  by  every  cell  added  in  parallel,  and 

the  combination  in  effect  becomes  as  if  one  cell  used  with 

plates  enlarged  fourfold.  If  the  internal  resistance  of  o
ne 

cell   be    represented   by    r,  then    for    four    cells    the    total 
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becomes    ,  ,  and  for  a  number,  n,  it  wonld  be     -.       With 4  n 

cells  joined  for  quantity  tlieir  combined  internal  resistance 
is   the    resistance    of    one    cell   divided    by    the    numher  in 

jxirallel.     In  example  (2),  then,  the  current  is    — '- — ,  and r 

1'5 
substituting  the  vah;es  this  l^ecomes    -— —  ,  or  1/300  m.a. 

Now  consider  whether  (1)  or  (2)  is  the  best  for  any 

particular  circuit,  say  of  24".  The  total  resistance  with 
cells    in    (1)    woidd     be    IG-^  +  24"^  =  40"    and     current 

=      '     —  =  150  m.a.,  while  with  cells  as  in  (2)  the  current 

1'5 
woidd  be  _   —  =  00  m.a.     The  inequality  of  these  two 

1  +  24  1        ̂  

results  becomes  greater  as  the  i-esistance  of  the  external 
circuit  is  increased,  because  the  difference  in.  the  internal 
resistance  of  (1)  or  (2)  becomes  less  appreciable  when  the 
battery  is  joined  to  a  circuit  of  considerable  resistance,  and 
(1)  gives  four  times  the  voltage  of  (2).  The  student  is 
advised  to  verify  this  by  selecting  numerical  examples. 

Therefore  it  follows  that  with  a  comparatively  large 
resistance  the  cells  should  be  joined  in  series,  and  Avhen 
the  external  resistance  is  small  the  maximum  current  is 

obtained  with  the  cells  connected  in  parallel.  The  governing 
rule  for  the  arrangement  of  cells  is  that  the  maximum 
current  ivill  he  produced  when  tlie  internal  and  external 
resistances  are  as  nearly  as  possible  equal. 

Sometimes  it  may  be  advantageous  to  join  as  in  arrange- 
ment (3)  series-parallel  or  multiple  arc.  For  example,  with 

an  external  resistance  of  2" 

the  current  in  (3)  is  ~   =  750  m.a. 

1  +  2 
but  with  cells  as  \n  (\)  C  =  \'^,  ̂  ̂  =  333  m.a. 

and         „         „         (-2)  (' ^  -^''^~    =■  rmm.n. 

k;  +  2 

4 

4  +  2
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Calculation  of  Xumber  of  ("ells  Required. 

It  was  deduced  from  Olim's  law  that  E  —  C  E,  from 
Avliicli  may  be  calculated  the  E.M.F.  necessary  to  produce 
any  current  through  a  given  resistance. 

Before  a  cell  or  battery  can  urge  a  current  through  an 
external  circiiit  some  of  its  energy  must  be  expended  in 
forcing  the  current  through  the  battery  itself.  Sometimes  this 
is  called  the  lost  E.M.F.  and  it  equals  Cr  per  cell  (C,  current  ; 
r,  internal  resistance).  The  efficiency  of  the  battery  in  the 
external  circuit,  R,  equals  C  R.  Thus  the  energij  expended 
in  overcoming  the  resistance  of  a  part  of  a  circuit  is  equal 
to  the  resistance  of  tliat  part  vtidtiplied  hy  the  current. 
If  the  voltage  per  cell  be  e,  then  the  E.M.F.  available  for  the 

external  ])art  of  the  circuit  is  e  —  Cr  per  cell,  or  for  n  cells  it 

is  equal  to  n  (e-('r).  Xow,  when  cells  are  in  series  and 
joined  to  external  resistance  R  the  current  produced  equals 

  —-  and  witli  all  of  their  cells  arranged  for  quantity 
nr  -h  R  .    »  H  J 

(^  —   .     It    has   been   alreadv  stated   that   the   best 
^^R 

means  for  obtaining  the  maximum  current  is  to  arrange 

—  =  R  (n  being  the  niimber  in  series  and  m  in  parallel). m 

E\idently,    however,    this    is    not    the    most    economical 
arrangement,  as  50  %  of  the  energy  is  expended  in  the 

battery  itself,  for  C  —  =  CR. m 

The  fonnula  for  finding  how  to  group  a  given  number  of 
cells  and    obtain  the  maximiim  current   through  a  given 
resistance  is 

^- — '   where  A'  =  n  X  m  or  total  number, 

then  )i  -=  "     and  m  ̂   '  .      Xow   —  is  to  equal  R. 
Ill 

and  A'  R  ~  irr  ; 

therefore  »-  =    and  n 

V^'
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Having  thus  obtained  the  uumher  of  cells  in  sericx  it  is 

easy  to  calcnlate  the  nnmber  of  nws  possible  with  the  whole 
number  of  cells  provided. 

Example  : — Find  the  arrangement  of  24:  cells  each  having 
an  internal  resistance  of  2"  which  will  produce  the  maxi- 

mimi  current  thr(ingh  an  external  resistance  of  3'". 

Number  in  series  or  ii  =  aJ — ^ —   —    \  ob  —  u. 
Therefore  four  rows  of  six  cells  in  series. 

We  have  previously  seen  that  the  E.M.F.  aA-ailable  (jut- 
side  the  battery  is  n  {e  -  Gr)  and  that  also  C  R  equals 
the  useful  A-olts  expended  in  the  external  resistance 

:.CR=  n  (e-C'r).  From  this  equation  can  be  deduced 
the  total  number  of  cells,  n,  required  to  furnish  the  given 

C  ?? 

current  C.     For  if  C  7?  =^  n  (e  —  Cr)    then  n  =  — '        . 
e  -  L  )' This  formula,  which  is  convenient  to  remember,  can  be 

established  by  an  application  of  Ohm's  la"\v,  for  C  ~  ■ -^         ̂ ^  nr  +  R  ' 
hence  C  (nv  +  R)  =  ne    and  GR  +  Gnv  =  ne, 

GR 

.'.  GR  =  ne  —  uGr,    i.  e.  G  R  =  )/  (e  -~Gi-)  and  ii  = — ~^-  . e  —  Gr 

Note  :  it  is  very  inadvisable  to  merely  memorize  formulae. 

They  often  prove  of  little  benefit  if  I'emembered  only  by 
the  letters  Avhich  form  the  eqiiations,  and  therefore  the 
reasoning  upon  which  they  are  based  should  always  be 
understood.  An  example  of  this  was  furnished  by  some 

candidates'  treatment  of  the  following  examination  question. 
"How  many  cells  each  of  2  volts  E.]\f.F.  and  negligible 

resistance  would  be  required  to  send  a  current  of  30 

milliamperes  through  an  external  resistance  of  2450'"  V  " GR 
The   formula    n  ■=-  — ^-  is  not  applicable  in  this  case e  —  Gr 

because  the  battery  resistance  r  is  negligible  and  therefore  the 

lactorGr  IS  eliminated.    J  lius  ?/  =  —  ==   =  3b  /;). 
e  2 

Thirty-seven  cells  must  be  jn-ovidfMl,  which  would  give  a 
little  above  30  m.a. 

In  the  case  of  secondary  colls,  thcii-  low  n^sistance  being 
generally  ignored  in  such  calculations,  the  required  number 

E   2 
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is  found  in  a  similar  way.  Also  observe  tliat,  with  a 
negligible  internal  resistance,  CH  represents  the  total 
E.M.F.   of  the  battery. 

The  battery  resistance  is  generally  small  compared  with 
the  resistance  of  the  line  and  instruments  in  an  ordinary 
telegraph  circuit,  consequently  the  cells  are  arranged  all 
in  series.  Occasions  may,  however,  arise  in  which  it  is 
necessary  to  use  cells  of  abnormally  high  resistance,  and 
this  could  be  remedied  by  joining  a  number  of  them  in 
l^arallel  rows.     The  current  then  furnished  by  n  cells  in 

series  and  in  rows  would  be  expressed  :  ('  =  . 

R  +
  '"■ 

Exercise  II. 

1.  AVhat  forms  of  battery  cells  are  used  in  practical 
Telegrai^hy?  What  is  the  electromotive  force  of  each, 

and  what  special  advantages  does  each  possess  '? 
2.  Describe  the  simple  voltaic  cell.  What  is  the  object 

(i)  of  amalgamating  the  zinc  jolate,  (ii)  of  using  a  battery 

with  two  fluids  ? — giving  an  example. 
3.  Explain  what  is  meant  b}^  joining  up  battery  cells  for 

"  quantity  "  or  "  in  series,"  and  show  how  to  determine the  total  electromotive  force  and  total  resistance  of  the 

combination,  the  E.M.F.  and  resistance  per  cell  of  the 
battery  being  known. 

4.  Give  a  careful  description  and  sketch  of  some  form 
of  galvanic  battery  with  which  you  are  acquainted,  stating 
the  chemical  actions  which  go  on  in  the  battery.  Indicate 
on  your  sketch  the  direction  in  which  the  current  flows 
when  the  terminals  of  the  cells  are  connected  by  a  wire. 

5.  A  battery  of  12  equal  cells,  in  scries,  screw^ed  up  in  a 
box,  being  suspected  of  having  some  of  the  cells  wrongly 
connected,  is  put  into  circuit  with  a  galvanometer  and  two 
cells  similar  to  the  others.  Currents  in  the  ratio  of  3  :  2 

are  obtained  according  as  the  introduced  cells  are  arranged, 
so  as  to  work  with  or  against  the  battery.  What  is  the  state 
of  the  battery?  Give  reasons  for  your  answer,  fl  in 
opposition.) 

().  A  circuit  is  formed  of  six  similar  cells  in  series  and 

a  wire  of  lO""  resistance.     The  E.M.F.  of  each  cell  is  I  volt, 
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and  its  internal  resistance  5".  Determine  the  difference  of 
potential  between  the  positive  and  negative  poles  of  any 

one  of  the  cells.     (5'25.) 
7.  Two  cells  arranged  in  series  are  alike  in  all  respects 

except  that  in  one  the  plates  are  twice  as  far  apart  as  in 
the  other.  When  the  poles  of  the  battery  are  joined  hy  a 
copper  wire  the  liqnid  in  both  cells  becomes  heated.  In 
which  is  the  rise  in  temjoerature  the  greater,  and  why  ? 

8.  Given  two  voltaic  cells  each  1"1  volts  and  3"  resistance, 
what  is  the  strength  of  the  current  in  milli-amperes  when 

joined  by  a  Avire  9'5'"  (a)  with  one  cell  alone,  (h)  both  cells  in 
series,  (e)both  cells  in  quantity  or  abreast  ?  (S(S  :  141"9 :  100.) 

9.  Of  three  cells,  each  1  volt  l"",  two  are  arranged  in  series, 
but  the  positive  and  negative  poles  of  this  battery  are  con- 

nected with  the  positive  and  negative  poles  of  a  third  cell 
as  in  quantity.  What  is  the  current  in  the  connecting 
wires,  which  have  negligible  resistance,  and  the  P.D.  be- 

tween poles  of  the  third  cell  V     (333  ni.a.  1'3  v.) 
10.  A  telegraph  line  has  a  resistance  of  1000'^  and  the 

instrument,  200",  requires  a  current  of  20  m.a.  How  many 
Paniell  cells  would  be  necessarv  (internal  resistance  5"  per 
cell)?     (2;!.) 

11.  It  is  required  to  give  a  current  of  25  m.a.  in  a  circuit 
the  resistance  of  which,  exclusive  of  the  battery,  is  570^. 

How  many  cells  each  of  4""  resistance  and  E.M.F.  of  1'2 
volts  will  be  reqiiired  V     (13.) 

12.  (a)  Having  given  eight  cells,  each  of  electromotive 
force  of  two  volts  and  internal  resistance  of  two  ohms,  what 
method  of  connecting  the  cells  will  give  the  greatest  current 

through  an  external  resistance  of  4"  ?  (h)  Wliat  will  be  the 
current  in  niilli-amperes  ?     (Two  rows  of  4  :  lOOO.) 
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xraKCRArii  instr uments 

The  Morse  key  in  its  sinii)lest  form  as  used  in  the  Post 

Office  is  shown  in  Fig.  26.  This  "  single  current  "  key,  as  it 
is  termed,  consists  of  a  single  brass  lever  pivoted  on  a  brass 

piece  or  "  bridge  "  fixed  on  a  wooden  base.  Its  movement 
is  restricted  by  contact  sto])s  which  are  platinum  tipped  ; 

Fig.  26.  — Single  current  key. 

platinum  is  used  being  less  oxidizable  should  sparking 
occur  when  tlie  key  is  worked  with  large  currents.  Such 
oxidation  introduces  resistance  at  the  points  of  contact, 
sometimes  causing  even  a  disconnection.  The  back  contact 
screw  carried  by  the  lever  is  adjustable.  The  electrical 

connections  of  the  two  "stops"  and  the  "bridge"  are  shown 
in  Fig.  27.  Xormally  the  lever  is  held  in  contact  with  the 
Inack  stop  l)y  the  tension  of  an  adjustable  spiral  spring. 

54 
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Fig.  2(S  shows  the  ordinary  [)atteru  of  the  P.O.  soiiinhn-, 

sometimes   termed    a    "pony"    sounder.     It    is    a    8imph3 

Fio.  27. — Electrical  connections  of  S.C.  key. 

form   of  horseshoe  electromagnet    with  the  two  coils   con- 
nected in  series  and   the  ends  of  the  wire  joined  to   tM^o 

Fii!.  iS.— r.O.  Siiiiii.Icr,  'JO"  .-inil  '.Km'". 

brass    terminals    on    the    base.      The    necessary    adjust- 

ments are:   'J'lie  axle  of  the  lever  carrying  the  armature 
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should  be  just  fi'ee  to  move  in  the  hollowed  ends  of  the 
screAv  pivots  which  limit  the  sideway  movement.  The 
transverse  screw  carried  by  the  lever  regulates  the  distance 
of  the  attracted  armature  from  the  cores  and  the  top  front 
screw  limits  the  amount  of  play  given  to  the  armature 

(about  ttV  of  an  inch).     Test  the  necessary  air-gap  distance 

Fig.  20.— S.C.  Galvanometer. 

between  the  cores  and  the  depressed  armature  with  a 

piece  of  paper.  All  the  adjustments  are  fixed  with  clamp- 
ing screws.  The  tension  of  the  spring  is  best  regulated 

with  working  signals,  but  with  a  very  strong  current  it  may 
be^better  to  adjust  the  armature  further  from  the  cores  rather 
tlian  employ  excessive  tension.  Various  windings  of  the 
sounder  coils  havebeen  introduced.  The  pattern  now  used 

for  direct  working  is  known  as  the  20-ohm  sounder,  but 
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like  all  later  P.O.  soauders  it  is  provided  Avitli  a  by-path 
C(m1  or  sliuiit.  The  coils  have  a  resistance  of  21",  the 
resistance  of  the  shunt  is  420'",  and  the  combined  resistance 
becomes  20"'.  The  object  of  the  shunt  and  its  resistance 
values  will  be  explained  later.  AVben  properly  adjusted 
this  sounder  should  work  with  55  m.a.,  and  the  working 
current  supplied  is  between  (10  and  SO  m.a. 

The  "  single  current "  galvanometer  is  an  instrument 
designed  to  indicate  the  presence  and  direction  of  a 
current,  being  based  on  the  principle  of  the  deflection  of 
a  compass   needle  by  the  magnetic   field    set  up  Avlien  a 

SOUMDER 

h|i|i[-^ 

o- 

SOUNOER 

^^=1 
EARTH 

h|i|i|-o 

KEY 

Down    Station 

-Dircut  .souniUfr  circiii' 

Up    Statiom 

current  passes  as  descrilx-d  in  ( 'liapter  1.  The  form  used  by 
the  P.O.  department  (indicated  in  Fig.  29)  has  a  polished 
mahogany  case,  a  silvered  dial  with  two  ivory  stop  pins, 
and  with  two  terminals  fixed  on  the  back  of  the  instru- 

ment. The  needle  in  the  latest  patterns  is  of  soft  iron 

and  rendered  magnetic  by  the  proximity  of  two  bar 
magnets  (see  description  of  Varley  single  needle).  _  The 

two  bobbins  together  have  a  resistance  of  30",  being  joined 
in  series.  The  needle  should  deflect  to  either  stop-pin 
with  about  10  m.a.,  i.e.  the  pointer  should  move  tothe 

right,  when  a  current  is  flowing  from  the  left  to  the  right 

terminals  of  the  galvanometer.     That  the  deflection  should 
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thus  correspond  to  the  direction  of  the  current  is  a  general 
rule  throughout  the  service  with  all  galvanometers. 

The  three  instruments  above  described  are  usually  pro- 
vided for  direct  sounder  Avorking  between  stations  only 

short  distances  apart,  and  the  simplest  method  of  joining 

up  such  a  circuit  is  shown  in  Fig.  'M). 
As  a  general  practice,  instead  of  a  return  wire,  the  ends  at 

the  terminal  stations  are  each  joined  to  an  earth-plate,  and 
the  curre2its  in  completing  their  circuit  are  assumed  to  pass 
through  the  earth  between  these  plates  as  if  they  were 
joined  by  a  conductor  of  practically  no  resistance.  Plates 
are  ahvays  buried  flat  and  upright,  the  oloject  being  to 
expose  as  large  a  surface  as  possible,  and  if  the  earth 
terminals  of  several  circuits  or  wires  are  connected  to  one 

earth  plate  it  should  be  large  and  buried  deep  in  soil  wet 
at  all  seasons.  The  contact  between  the  soil  and  the  plates 
introduces  resistance,  especially  in  dry  rocky  places,  and 
generally  a  water  or  gas  joipe  is  ]3referable  to  a  plate, 
because  of  the  larger  surface  supplied.  A  well-soldered 
connection  shoidd  always  be  made,  but  avoid  leaden 
pipes  which  have  been  fused  by  lightning  discharges 
passing  betAveen  them  and  adjacent  conductors. 

In  the  connections  of  telegraph  sets  the  arrangement 
adopted  is  that  the  most  important  office  should  joia  the 
positire  pole  of  the  battery  to  line  when  key  depressed, 
then,  as  explained  earlier,  the  current  is  assumed  to  flow 
from  this  station  along  the  line  ;  hence  this  terminal  office 

is  denoted  the  "  up  "  station,  while  the  other  extremity  of 
the  line  is  the  "  down  "  station.  At  any  intermediate 
station  the  line  is  regarded  as  both  "  up  "  and  "  down  " 
according  to  which  terminal  office  it  leads.  With  ca)-t]i 
return  circuits  at  the  up  office  the  up  line  terminal  is 
connected  to  earth,  but  the  doicn  line  terminal  at  the  down 
office.     vSee  Fig.  30. 

It  is  advisable  to  always  trace  the  circuit  with  tlie 
positive  ciirrent.  For  example,  up  station  sending  ;  from 
battery  to  front  stop,  to  bridge,  to  galvanometer,  to  line. 
At  down  station  current  passes  through  sounder  to  back 

stop  of  key,  thence  via  bridge,  gah-anometer  to  earth,  return- 
ing to  up  station  via  the  earth  connection  to  negative  pole 

of  battery.  Note  the  positions  of  the  keys  alters  the  path 
taken  ;  at  down  station  front  stop  is  disconnected,  while 
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;it    up    station   the    open    hack    contacts    disconnect    the 
sounder. 

It  will  he  oI:)served  that  no  current  traverses  the  circuit 

when  neither  station  is  sending,  and  this  arrangement  is 

termed  "  open  "  circuit  working.  Another  system  (shown 
in  Fig.  31)  offers  considerable  advantages  where  many 
intermediate  stations  are  placed  u]:)on  one  wire.  A  con- 

tinuous current  flows  when  no  work  is  going  on,  all  the 
switches  being  closed.  When  any  station  wishes  to  signal 
the  operator  pushes  the  switch  aside  as  station  3,  the 
circuit  is  Ijroken  and  the  armatures  rise.     The  signals  are 

STATION      1 

^4=1 

^RTH  I  I    I    I    I    I  I 

"Hilil'N'lr 

STATIO  N     2 STATIC  N     3 

s=6^' 
r? 

Fic.  31. — "Closed  "  circuit  system. 

then  sent  as  in  open  circuit  working,  by  the  key  completing 
the  circuit  for  the  baltery,  which  may,  however,  only  be 
provided  at  one  office.  An  advantage  is  that  the  same 
value  of  current  is  received  at  any  one  station  when  either 
of  the  other  stations  is  sending,  and  readjustment  of  the 
sounder  is  umiecessary  ;  but  a  great  disadvantage  is  waste 

of  battery  power,  and  a  switch  k^ft  over  breaks  the  circuit, 
also  a  fault  near  the  battery  end  may  prevent  any  station 
working.  Of  course  any  break  in  the  line  is  observed  at 

all  stations  by  the  absence  of  the  deflection  on  \hc  galva- 
nometers, if  used,  and  the  rise  of  the  armatures. 

The  large  currents  required  for  direct  working  sounders 
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cannot  be  obtained  in  circuits  of  more  than  a  few  miles 

■\vitliout  inconveniently  increasing  tlie  battery  power. 
Hitherto  it  has  1)een  tlie  practice  when  the  line  exceeded 

about  6  or  8  miles  in  length  to  rejolace  the  sounder  Avith  a 
relay,  and  work  the  actual  reading  instrument  in  a  local 

circuit,  but  Vyle's  direct-reading  polarized  sounder  can  be 
placed  directly  in  the  line  circuit,  and  will  gi^-e  firm  read- 

FiG.  3-2. — "  Vyle  "  polarized  sounder. 

able  signals  with  currents  of  one-tenth   the  vahie  required 
for  the  ordinary  sounder. 

As  will  be  seen  from  the  illustration  in  Pig.  32,  the 
polarized  sounder  in  appearance  resembles  the  ordinary 

instrument.  The  soft  iron  yoke  is  replaced  by  a  strong- 
horseshoe  magnet  (Fig.  33)  which  induces  a  polarity  in 

the  cores  equal  to  the  magnetism' produced  by  40  m.a.  of current.     The  magnetism  of  the  cores  and  the  tension  of 
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tlie  antagonistic  spring  exert  opposite  effects  on  the  lever 
of  the  sounder.  If  a  current  traverses  the  coils  in  sncli  a 

direction  that  it  tends  to  strengthen  the  magnetic  effect  of 
the  cores,  the  armatnre  is  attracted  ;  while  if  the  magnetic 
effect  is  weakened,  the  spring  tension  predominates,  and 
the  armature  lever  banks  against  the  npper  stop.  When 
the  effects  due  to  the  permanent  magnetism  of  the  cores 
and  the  spring  tension  are  equal,  the  condition  of  maximum 
sensitiveness  exists.  With  sounders  so  adjusted  the 
armature  remains  on  whichever  stop  it  is  placed  by  the 

hand.  It  was  found  that  in  many  instances  such  a  con- 
dition caused  the  operator  to  imagine  the  polarized  sounder 

Fic.  3?.  — ;\I:iKn<-'t  nnd  cores  of  polarized  sounder. 

required  readjustment,  with  the  result  that  afterwards 
unsatisfactory  signals  were  received.  This  led  to  the 
design  of  the  pattern  shown  in  Fig.  M,  which  is  a  modified 

and  in  some  i-espects  an  improved  form  of  the  instrument. 
The  usual  adjustable  studs  between  which  the  lever 

plays  are  replaced  by  fixed  stops,  thus  preventing  alteration 
in  the  adjustment  by  the  operator.  With  single  current 
working  sufficient  spring  tension  is  given  to  insure  a 
(k>ci(hMl  return  of  tlie  lover  to  the  upper  stop  when  the  line 
current  ceases. 

Several  thousands  oT  the  Vylc  [lolarized  sounders  are 

already  in  use.  I^'or  the  various  requirements  of  practical 

work  it  was  foujid  tliat  a  (lijfercmlidlv^'nuWug  of  .'')()()'*'  + 
500"  gave  beat  results,  although  two  other  patterns  are  in 
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demand  for  special  purposes  :  namely,  a  differentially  wound 

instrument  of  100"  -f  100"  ,  and  a  single  winding  of  5400" 

Fio.  34 — rolarized  sounder  with  fix'-d  adjiistnienls. 

hliunted  with  a  resistance  of  27,000"  giving  a  combined 
resistance  of  4500" . 

Fig.  35.  —  "  Differential ''  winding. 

Difcreutidl  winding  is  the  term  used  when  each  hobliin 
of  the  electromagnet  is  simihndy  woiind  with  tico  wires 
side  by  side  so  that  they  are  of  the  same  length,  resistance. 
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and    average   distance    from    the  core,   thns  giving    eipial 
magnetic   effect.     There   are    four  ends,    and    Avhen   two 

hohbins  are  nsed,  as  in  mowt  instruments,  tlie  finishing 
ends  of  one  bol)hin  are  joined  to  tlie  l)eginning  ends  of  the 
other,  making  two  continnons  paths  each  coin])rising  one 
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wire  on  both  bobbins.  Tn  the  case  of  the  polarized  sounder 
one  wire  terminates  at  D  and  U,  the  two  ends  of  the  other 
wire  being  bronght  to  the  terminals  marked  (D)  (U).  It  will 

be  noticed  b}^  reference  to  Fig.  35  that  a  current  passing 
through  each  path  in  contrary  directions  Avill  have  equal 
and  opposite  effects,  but  if  unequal  currents  traverse  each 
winding,  the  electromagnet  is  actuated  by  the  diference 
between  them,  hence  the  term  dijfereniidl  is  applied  to 
this  form  of  Avinding,  Avhich  is  adopt -.J  \n  manv  telegraph instruments. 

For  single  current  open  circuit  worl 
of  the  connections  is  used  Avith  th 

shown  in  Fig.   30,   except  that,   ai 
replaces  the  sounder. 

For  closed  circuit  Avorking  the  polarized  sounder  is  used 

in  a  A^ery  simple  and  thoroughl}'  efficient  method  slioAvn 
in  Fig.  36,  AAdiich  illustrates  the  "  B.  I."  closed  circuit 
system.  No  SAvitch  is  used  at  either  station,  and  thus  is 
eliminated  a  source  of  much  trouble  and  delay  hitherto 
frequently  arising  from  an  operator  leaAung  his  SAvitch 
open  and  Ijreaking  the  circuit.  The  battery  serving  the 
AAdiole  system  may  be  inserted  at  one  point,  or  if  the 
insulation  of  the  line  is  low,  can  be  divided  and  distributed 
at  favourable  points.  It  Avill  be  noticed  that  the  back  stop 
and  lever  of  key  are  normally  in  circuit,  and  the  battery 
is  connected  so  that  the  permanent  current  is  in  a 

"  spacing  "  direction,  i.  e.  from  "  D  circle  "  to  U,  and  the 
armature  levers  of  the  polarized  sounders  remain  against 
the  top  stop.  By  the  depression  of  the  key  at  any  station 
the  current  ceases  to  flow  and  the  armature  lever  is  brought 
down  by  means  of  the  magnetism  induced  in  the  core  by 
the  permanent  magnet.  Good  reliable  signals  are  obtained 
AAdien  the  spacing  current  does  not  exceed  10  to  15  m.a. 

and  no  apj^reciable  adA^antage  is  gained  by  exceeding  the 
latter  value. 

Relays. 

On  all  but  short  lines  the  receiving  instrument  was 

formerly  a  relay,  AAdiich  itself  giA'es  almost  inaudible  sounds, 

but  by  its  action  oj^ened  and  closed  a  "  local "  circuit  in 
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which   the   reading    sounder   and    a   battery   were    phiced 

(see  Fig.  37). 

r-\   !^\^   LOCAL  '     ' 

EARTH 
LINE 

^1 

LOCAL      CIRCUIT 

Fig.  37. 

A  diagrammatic         v  of  the  construction  of   the  Post 
Office  standard  rela     is  sliown  in  Fig.  38.     The  cores  of 

Fic.  3S.— P.O.  Staiiilaid  ivlay. 

the  two  electromagnets  are  pohari/(Ml  hy  a  liorseshoe  per- 
manent magnet  which  for  coinciiiciico   is   bent  roiiml  the 
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left-hand  bobbin.  'I'lie  A^  ]Dole  of  the  magnet  is  the  lower 
one,  and  near  the  poles,  fixed  on  a  A'ertical  brass  spindle 
carrying  the  tongue,  are  two  short  soft  iron  armatures. 
The  cores  of  the  bobbins  are  extended  by  polepieces,  and 
are  thus  adjacent  to  the  free  ends  of  the  armatures.  The 
magnetic  condition  of  the  armatures  and  cores  is  indicated 
in  the  figure  ;  the  latter  have  a  permanent  polarity  equal 
to  the  magnetic  effect  of  18  m.a.  of  current,  and  if  the 
armatures  are  exactly  central,  equal  attraction  is  exerted, 
but  a  very  slight  displacement  causes  a  movement  in  the 
direction  of  the  nearer  pole  until  the  tongue  rests  against 
one  of  the  stops.  For  single  current  working  the  armatures 

are  placed  nearest  to  the  left-hand  polepiece,  so  that  when 

B  "  wiiidiii" 

the  current  ceases  the  tongue  returns  to  the  spacing 
contact.  A  positive  current  entering  at  (U)  will  strengthen 

the  polarity  of  the  right-hand  core  and  Aveaken  the  left- 
hand  or,  if  strong  enough,  reverse  it.  The  attraction  and 
repulsion  of  the  four  jDolepieces  tend  to  make  the  relay 

very  sensitive,  and  its  figure  of  merit  is  '5  m.a.  with  coils 
in  series.  The  direction  of  the  movement  of  the  tongue  and 
armatures  of  the  relay  depends  upon  the  direction  of  the 
current,  and  this  is  true  of  all  polarized  instruments. 
Already  this  has  been  observed  with  the  polarized  sounder. 
But  the  direction  of  the  current  makes  no  difference  in  the 

working  of  a  non-polarized  instriiment ;  its  armature  is 
attracted  by  the  effect  of  either  current,  because  tchen  no 
current  is  floicing  no  magnetism  exi^sts,  or,  as  the  term 

implies,  it  is  non-polarized.  The  tendency  to  take  up  a 

definite  jDosition  or  "  bias  "  is  given  to  the  relay  tongue  by 
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a  lullleil  hcadcil  screw  wliicli  in(»\'t's  the  can'ia.nt' carniiin- 
the  two  contacts  N  and  .1/.  The  coils  are  cliffereutially 
wound,  as  in  the  case  of  the  polarized  sounder.  Two 

patterns  o£  the  standard  relay  are  in  use,  "  A  "  and  "  !>," 
the  latter  being  slightly  higher  ;  and  the  difference  in  the 

Avindiiigs  is  very  noteworthy  (see  Fig.  39).  In  the  "  B  " 
type  each  bobbin  winding  is  taken  separately  to  the 
terminal  connections  ;  this  gives  the  advantages  of  half 

resistance  and  lower  self-inductance  while  maintaining  the 
same  figure  of  merit  by  the  increased  height  of  the  cores. 

The  unit  of  self-inductance,  the  henry,  is  the  value 
of  the  inductance  of  a  circuit  in  which  a  counter 

E.M.F.  of  one  volt  is  generated  Avhen  the  current  varies  at 
the  rate  of  1  amp,  per  second.  The 
rise  of  a  current  to  its  full  value  is 

impeded  by  the  opposing  E.M.F. 
generated  by  the  lines  of  force 
cutting  through  the  adjacent  turns 
of  tlie  windings.  See  example  in 
Fig.  40,  where  a  current  moving 

from  -f  to  —  induces  a  momentary 
counter  or  opposing  current.  At  the 
instant  the  primary  current  ceases 

the  lines  collapse,   and  so  cut  the  —  + 

turns   in  a  reverse   direction,   then  fig4u. -showing 
,        .      ,  ,  '  self-mductance. the  induced  current  travels  so  as  to 

continue  the  originating  current  and  prevent  its  immediate 
cessation.  With  an  electromagnet,  the  value  of  the  self- 
indxictance  depends  upon  the  value  of  the  current  used, 
owing  to  the  variation  in  the  permeability  of  the  iron,  as 
tlie  magnetizing  force  changes.  For  a  current  of  20  m.a. 

the  self-inductance  of  the  "  A "  j)attern  is  3'25  henries, 
"  B  "  2-14  henries. 

The  self-inductance  of  an  electromagnet  with  its  coils 
in  ])arallel  is  one  quarter  of  the  value  with  its  coils  in  series, 

for  the  cjfectivc  number  of  turns  is  halved  and  the  sell'- 
inductance  of  a  coil  varies  directly  as  the  square  of  th(> 
number  of  turns.  When  in  parallel  the  effect Ive  number 
of  turns  is  halved,  because  with  two  wires  side  by  side  the 
current  traverses  both  at  the  same  instant.  The  induced 

currents  are  developed  by  the  momentary  changes  in,  or 
starting    and   stopping    of,   the    current,  and    the    iiistau- F  2 
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taiieous  effects  due  to  the  passing  through  of  the  lines  of 
force,  with  two  wires  in  j^arallel,  act  together  and  become 
as  if  created  by  a  single  conductor  of  douljled  size. 

This  halving  of  effective  turns  only  applies  to  the 

momentary  effects  of  self-inductance.  The  magnetic  field 
generated  by  steady  currents  is  proportional  to  the  actual 
number  of  turns,  which  remains  the  same  whether  joined 
in  series  or  jDarallel. 

The  following  interesting  experiment  (Fig.  41)  illustrates 

the  effect  of  self-induction.  The  relay  is  adjusted  neutrally. 
Sounder  1  is  joined  across  (U)  and  D  so  that  self-induction 
discharge  from  it  may  take  place  through  the  relay  and 

Fig.  41. — Self-iiiductaiice  exijerimeiit  with  relay  and  two  .souikIl'I.s. 

move  tongue  to  spacing  when  the  signal  ceases,  and  relay 
then  is  ready  to  repeat  the  next  signal  to  sounder  2  when 
key  is  again  depressed. 

In  the  local  circuits  the  effect  of  the  considerable 

inductance  of  the  sounder  was  sparking  at  the  contact 
points  of  the  relay,  and  they  were  consequently  oxidized. 
This  trouble  has  been  practically  eliminated  by  the 
provision  of  suitable  shunt  resistances  on  the  soimder  coils, 
thus  substituting  another  path  for  the  circulation  of  the 
induced  currents,  Avhich  previously  passed  across  the  air 
gap  when  the  tongue  was  moving  from  the  marking  stoji. 

In  single  current  circuits  the  relay  coils  should  be  joined 
in  multiple  Avhen  the  resistance  of  all  the  circuit,  excluding 
the  relays,  is  less  than  half  the  total  series  resistance  of  all 
the  relays,  in  the  circuit.  Otherwise  the  coils  should  be 
connected  in  series. 
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Brass  straj)s  are  provided,  and  by  tliein  the  electrical 
connections  are  made  as  shown  in  Fi^;.  4.2. 

Mnltiiik'. 

Currents  required  wlien  coils  in  multii^le  : — 

Standard  A,  20  to  30  milliamperes. 
Standard  B,  30  to  40  milliamperes. 

Currents  required  when  coils  in  series  : — 

Standard  A,  10  to  15  milliamperes. 
Standard  B,  15  to  20  milliamperes. 

The  standard  relay  is  adjustable  neutrally,  that  is,  when 
its  tongue  will  remain  on  the  stop  wliere  it  was  last  placed 

/VWVN/^  ^  VWVVV 

WP I    ,    I 

1 
DDI 

Fin.  13.— .Mi'cliaiiioal  bias  of  Staudanl  Ufulr;i 

(by  current  or  the  hand),  but  in  the  standard  neutral  relay 
a  central  position  of  the  tongue  is  obtained  by  meclianical 

means.     In  one  pattern  Iwo  helical  s]n-ings  act  on  opposite 
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sides  of  the  tongue,  and  in  tlie  other  a  flat  spring  is 
attached  to  the  front  of  the  tongue,  and  the  tension  or 
sensitiveness  of  this  spring  is  adjusted  by  varying  ihe 
length  capal)le  of  movement  (Fig.  43). 

;,«':%i.. 

Fii.-.  44.  — Xi>ii-iiolarized  rel;i,v  "B." 

A  von-polarized  rela}'  in  appearance  like  the  standard 
relay  is  shown  in  Fig.  44.  Its  two  soft  iron  armatures  are 
in  two  sections  brazed  together  with  a  layer  of  spelter  to 
l)reak  the  magnetic  circuit  and  assist  in  producing  more 
rapid  demagnetization.  The  pole  pieces  are  shaped  so  as 
to    bring   the    cores   near   to   the   ends  of   the  annatures 
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il 
(Fig.  45).  The  local  cinniit  remains  open  Avlien  the 

tongue  is  held  by  the  spring  against  the  left-hand  stop. 
A  current  of  G  ni.a.,  xpaeing  or  mai-king,  will  work  the 
relay,  which  can  be 
biassed  against  15 
m.a.  This  size,  called 

the  B,  has  six  ter- 
minals;  another  of 

larger  dimensions, 
non-polarized  relay 
V,  has  seven  termi- 

nals, Avill  work  with 
42  ni.a.,  and  can  be 
biassed  against  10 

m.a.     Both  V>  and  (' 
are  differentially  wound   with  resistances  13   20(> 

C  5()()-  +  5()(r.' 

Fif).  45. — Aimature  and  pole  pieces  of 
N.P.  relay,  "  B  "  and  "  U  "  patterns. 

2(K)'' 

Fiij.  4il.— N(,n-poIarized  relay  "  D.' 

A  small  iioii-]i()larizod  relay  called  I)  (illustrated  in 
Fig.  40)  has  live  terminals  lor  simplex  W(U-king.  Iiesist- 

ance  of  coils  200" .  it  will  res])ond  to  current  of"2  m.a.  and can  be  biassed  ai-ainst   15  m.a. 
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Kkvs. 

A  ff)rni  of  key  designed  for  special  use  Avith  a  double 

battery  is  illustrated  in  Fig.  47.  It  is  termed  "  single 
current  key  with  switch,"  and  has  fonr  terminals  whose 

Fk:.  47.  — S.C.  key  with  switch. 

internal  connections  are  A'aried  by  the  moA'cment  of  tlie 
switch,  as  can  be  traced  in  Fig.  48.  With  the  switch  to 

"  send  "  the  action  of  the  key  places  first  one  battery  and 
then  the  other  in  connection  with  the  line,  Avhile  Avith  the 

switch  to  "  receive  "  the  batteries  are  disconnected,  and  the 
line  is  joined  to  the  recei^^ing  instrument. 
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The  illustration  (Fig.  49)  shows  a  key  in  very  general 
use,  being   suitable   for   simplex,    duplex,  or    quadruplex 

CD 

(2) 

o 

o 
C3) 

Fii:.  4S. — Coiineotioiis  of  4-teriiiinal  key.    (1)  Switch  to  "  receive"  ;  (2)  switch 
to  "send,"  lever  at  rest ;  (3)  switch  to  "  seiifl,"  lever  ilejiresscd. 

Fi<i.  40.— r)-teriiiiiial  D.f'.'key-with  ailjii.stabli''cciitaf1.s. 

circuits.  With  a(ljusta])le  contact  screws,  i)latiiiuiii  con- 
tacts, mounted  on  an  ebonite  slab  lixed  on  a  j^olislied 

mahogany  base,  tlie  "  Doul)lo  current  Vex,   five  terminal," 
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as  it  is  called,  is  a  most  com-enient  piece  of  apparatus  ;  as 
can  be  seen  from  the  diagrams  (Fig.  50)  the  battery  can 

readily  be  reversed  or  cut  out  of  circuit  without  discon- 
necting the  circuit. 

A  reversing  key  without  switch,  of  special  construction, 

is  shown  in  Fig.  51  with  cover  removed.     This  hey  is  ]iro- 

Firi.  50— Internal  connections  of  5-terminal  key.     (1)  Sn itch  to  "send,"  lever 
at  rest ;  (-2)  switch  to  "  send,"  lever  depre.ssed  ;  (3)  switch  to  "  receive." 

vided  with  four  battery  terminals,  two  line  terminals  capped 

with  ebonite,  and  each  half  of  the  key  can  be  used  independ- 
ently if  desired.  As  will  be  seen  by  reference  to  sketch 

(Fig.  52),  the  upward  movement  of  the  lever,  caused  by 
depression  of  key,  makes  contact  with  the  thin  strip  before 
it  raises  the  latter  from  its  normal  contact,  Avhich  joins  the 

other  battery  pole  to  the  line  (see  Fig.  53).     By  this  means 
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the  disconnection  of  the  line  cannot  occur,  as  one  contact 
is  made  before  the  other  is  hrokcn. 

Fii;.  ill. — li-teniiiijal  lexersing  key. 

_)    To    Line 

LKE
r  L

EVER 

To   + 

.  To  —  Pole  Of  batTerf 

Fiii.  '>2. — Note  :  Wlieii  key  depressed  -}  tu line  before  -  contact  broken. 
t'lc.  03.— C'diineclions  of  0-terininftl reversing  key. 

8iMPF,K  Switch i:s. 

There  are  three  forms  of  two-way  switclu>s  in  common 
use  distinguished  hy  the  nuinl)(-r  of  tfuMr  terminals.     TJje 
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tliree-terniiiial  switch  is  shown  in  Fig.  54.     Owing  to  the 
general  use  of  the  six-terminal  switch  (Fig.  55),  with  such 

Fig.  54. — 3-terrainal  ■2-\vav  switch. 

Fio.  .55. — 6-terminal  "  Siniiilex  Duplex  "  switch. 

circuits  it  is  termed  the  "  simplex  diiplex  "  switch,  but  its 
positions  are  now  marked  1  and  2  to  adapt  it  for  many 
other  purposes  requiring  a  double  two-way  change.  The 
terminals  occupying  j)ositions  corresponding  to  XII  and  YI 
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oil  a  clock  face   are  joined   to   llie  adjacent  left  or  right 
terminals  according  to  the  placing  of  the  lever. 

Similar  in  construction,  but  with   nine  terminals,  is   a 

switch  which  provides  three  two-way  changes.      Its   coii- 

50. — Connections  of '.i-Ltrji.iiKil  switcli. 

nections  are  shown  in  Fig.  50,  and  it  is  noteworthy  that 
the  lever,  when  moved,  points  to  a  disconnected  terminal 
and  that  three  pairs  are  formed  with  one  of  the  disconnected 
terminals  intervening. 

-4-!ino  peg  swit 

The  U niversal  sioUcli — sometimes  also  termed  the  pcfj  com- 
tnulatov — enables  us  to  connect  any  one  line  joined  thereon 
to  any  other  of  the  lines.  Four  sets  of  metal  rods  or  brass 
bars  (Fig.  57)  insulated  from  each  other  are  fixed  at  right 
angles  ;  holes  are  drilled  through  both  sets,  so  that  when 
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the  peg  is  placed  in  any  one  of  the  upper  holes,  it  can  be 
passed  through  the  corresponding  hole  in  that  bar  of  the 
lower  set  which  is  directly  under  it.  Thus  connection 
between  any  of  the  iipper  bars  and  the  lower  ones  may  be 
changed  as  desired.  .Such  a  peg  switch  may  be  designed 
for  a  number  of  condjinations,  Init  a  lever  switch  is  more 
readily  manipidated  and  is  not  so  liable  to  be  left  care- 

lessly so  as  to  disconnect  a  line. 

The  Single  Needle. 

This  instrument  has  considerably  gone  out  of  use,  its 

ITb 

Down 
Lime 

^-
 

A 

SlJ   IS 

t r: x-fl 

\JP  LINE 

Fiii.  JS. — Connections  of  '•  drup-liaudle  "  single  needle. 

retention  upon  the  railways  being  no  doubt  due  to  the 
fact  that  it  is  easily  learnt,  requires  no  adjustment,  and 
that,  because  the  needle  will  work  with  a  great  margin  of 
difference  in  the  value  of  the  currents  received,  it  allows  a 
large  number  of  stations  to  be  linked  together.  The 
drop-handle  form  of  the  sending  part  is  still  in  favour 
with  these  companies,  and  this  description  is  primarily 
intended  for  their  operators.  The  arbor  of  the  handle 
consists  of  two  separate  conducting  parts  {A  and  B, 
Fig.  58)  separated  by  boxwood  or  ebonite.  To  .1  the 
negative  j)ole  of  the  battery  is  joined,  while  the  positive 
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pole  is  connected  to  /)'.  /S  and  Nj  are  two  steel  springs 
each  in  connection  ^vitll  the  brass  pieces  h  and  /jj,  and  the 
springs  are  normally  in  contact  by  means  of  the  metal 
bridge  piece.  The  continuity  of  the  line  is  thus  main- 

tained through  the  coils  of  the  receiving  portion  of,  the 
instrument  which  is  joined  l)ctween  the  down  line  termiiial 

Down 
Line  or  e 

Fig.  5',!.— Connections  ol' single  neeille,  left-hand  lajiper  depiussed. 

and  h].  A  metal  pin,  p,  is  fixed  on  A,  and  a  similar 
projection  2^1  is  fitted  beneath  B.  When  the  lumdle  is  at 
rest  these  projections  remain  between  the  springs  and 
brass  pieces  without  touching  either.  The  effect  of  the 
movement  of  the  handle,  say  to  the  left,  is  to  put  p  in 

contact  with  *S'  and  /;,  against  1)^,  sending  a  positive  current 
to  the  down  line,  while  turning  the  handle  to  the  right 
places   /;   against   N,    and    /;,    touches   h,   thus   joining   the 
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positive  to  tlie  up  line.  In  this  Avay  the  direction  of 
the  current  is  reversed. 

The  sending  portion  of  the  "  tapper "  form  of  single 
needle  is  called  a  commxitator,  and  consists  of  tAvo  keys 
the  mechanical  details  of  which  cannot  be  shown  so  as 

to  clearly  indicate  also  the  electrical  connections.  It  is 
possible,  however,  to  identify  the  action  of  the  tAvo  keys 
by  considering  the  connections  shown  in  diagram  (Fig.  59), 
bearing  in  mind  that  each  key  has  tAvo  distinct  electrical 

portions — a  back  lever  and  a  front  contact  piece.  The  left 
tajiper  is  shown  depressed  and 
the  positive  pole  is  joined  to  the 

down  line  via  the  back  leA-er,  Avhile 
the  returning  current  passes  from 
the  up  line  to  the  back  contact  of 
the  right  tapper,  thence  to  the 
front  contact  of  the  left  tapper  to 
the  negative  jjole.  The  alteretl 
conditions  —  Avlien,  instead,  the 

right  tapper  or  key  is  depressed — 
can  readily  be  traced.  Should 
both  tappers  be  depressed  at  the 
same  time  the  connections  of  the 
commutator  are  noAV  so  arranged 

that  the  battery  cannot  be  short- 
circuited.  The  terminals  X  Y 

jjennit  the  introditction  of  a  night 

bell  Avhen  the  strap  is  remoA-ed. 
„     ,      „  ,  ,    .  The  receiving  part  of  the  single 
Fl(^.  111!.— Penuaiieiit  magnets,  lion  n      •  -n  ■    i   j- 

clieek  pieces,  and  indncea  needle    needle  IS  praCtlCallA"  a  SpeCiai  lOmi 
of  variey  pattern.  ^^  ̂j^^  ̂   ̂^  galvanometer  previously 

described.  To  remove  the  liability  of  demagnetization  of  the 

small  needle  fonnerly  used,  Mr.  Yarley  designed  an  arrange- 
ment of  bar  magnets  and  a  soft  iron  needle  which  OAved  its 

polarity  to  their  influence.  This  form  of  induced  needle 
is  illustrated  in  Fig.  CO.  N  S  and  N-^  S-^  are  two  bar 

magnets  Avith  like  poles  adjacent  to  AA'hich  soft  iron  strips 
are  fixed  ;  these,  j)assing  through  the  cheeks  of  each  bobbiji, 
are  in  close  j)roximity  to  the  needle,  Avhieli  is  like  an 
inverted  letter  U. 

Another  form  of  induced  needle,  devised  by  Mr. 
Spagnoletti,    emjoloys    tAvo    horseshoe     magnets    and     a 
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by  a  layer  of  sj^elter  (zinc).  Tlie  similar  poles  of  the 
magnets  are  adjacent,  and  tliey  are  placed  above  and 

below  the  soft  iron  axle  as  shown  in  Fig.  01.  l?y  induc- 
tion the  lower  end  of  the 

needle  becomes  north  polarity 
and  the  upper  portion  south. 
The  shape  of  the  needle 
secures  a  firm  impact  xii^on 

the  stop  pins  while  the  horse- 
shoe magnets  retain  their 

magnetism  for  a  very  long- 
period  of  time. 

The  coils  of  the  single 
needle  have  a  resistance  of 

200",  and  current  required  is 
15  to  20  m.a.,  although  figure 

of  merit  is  o'OC)  m.a.  Two 
sounding  pieces  are  now  often 
fixed  adjacent  to  the  stop  pins 
or  in  place  of  them,  and  as  each  gives  a  different  sound 
when  struck  by  the  indicating  pointer  the  proper  signals 
can  be  distinguished  and  the  needle  becomes  an  acoustic 
instrument. 

SiKignuletli  iiulueeil  iici- 

TllK    DoUliLli    .SOUXDEF!, 

This  ccnnbination,  hitherto  termed  the  double  plate 
sounder,  consists  of  a  standard  neutral  relay  (see  p.  (39) 
with  two  plate  sounders  in  its  local  circuits,  a  S.C. 
galvanometer,  and  the  sending  part  is  a  single  needle 
commutator.  The  two  sounders  are  fitted  in  a  sounder 

screen  in  which  the  galvanometer  is  also  placed.  The  left 
jjlate  is  of  steel,  and  its  soimd,  wlien  struck  by  the  hammer 

fitted  to  the  armature,  corresponds  to  "dots,"  while  that  of 
the  brass  plate  on  the  right  indicates  "  dashes."  The  total 
resistance  of  the  sounders,  which  have  420'"  shunts,  is  20" 
each ;  one  is  connected  to  the  terminals  Df7  on  the  relay, 
and  the  other  to  (7>)  and  (IJ) ;  that  is,  between  the  relay 
coils  joined  in  parallel.  Current  required  14  to  17  m.a. 
The    connecting    strap    of    tiie    two   inner   l)ack   tenninals 

G 
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(XY)  of  the  comiuvitator  must  remain  opened  or  the  relay 
would  be  cut  out  (see  diagram,  Fig.  02). 

'J'he   direct  working  polarized  double   sounder  is  illus- 

trated in  Fig.  63.  Resistance  between  the  terminals  is 

430",  working  current  10  m.a.  The  apparatus  works  per- 
fectly in  the  line  circuit,  without  relay  or  local  battery,  and 

is  consequently  admirably  adapted  for  railway  systems. 
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Flo.  63. — Polaiiztd  double  suiiiider. 
G  2 
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Fig.  04.— P.O.  diileieiitial  galvanometer 
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Galvanometers. 

The  P.O.  pattern  of  differential  galvanometer  is  illus- 
trated in  Fig.  64.  Tlie  needle  is  either  of  the  Varley  or 

Spagnoletti  induced  types  previously  described,  although 
in  the  former  the  bar  magnets  are  placed  below  the  coils 
instead  of  above  them  as  in  the  case  of  the  single  needle. 
From  the  diagrams  accompanying  the  figure  it  will  be 
noticed,  being  differentially  wound,  that  if  Tinequal  currents 

pass  in  opposing  directions  throiigh  the  coils  then  the  deflec- 
tion corresponds  to  the  dijference  in  the  value  of  the  two 

currents.  Resistance  of  each  coil  50",  shuuted  with  30O, 

making  resistance  of  each  43*^  ajDproximately.     Thus 

Resistance  of  galvanometer  with  coils  in  series      86" 

„      „  parallel  ei'S"-. 
Deflection  should  be  40°  to  45°  with  20  m.a.  through  one 
coil.  Top  of  needle  is  deflected  to  right  when  current 
passes  from  1  to  2  or  3  to  4.  Except  for  very  small  de- 

flections the  values  of  the  currents  producing  them  are  not 
proportional  to  the  number  of  degrees  indicated. 

The  Tanoent  Galvanometer. 

The  chief  feature  of  this  instrument  is  that  when  the 

two  directive  forces — that  due  to  the  earth's  magnetism  and 
that  exerted  by  a  current 

— are  acting  at  the  same 
time  upon  the  small  mag- 

net needle  then  it  takes 

up  a  position  where  these 
two  forces  balance.  The 
lines  of  force  due  to  the 

earth  are  equidistant  and 
parallel,  and  to  insure  the 
same  condition  with  the 
lines  of  force  developed 
by  the  current  the  needle 
must  not  exceed  ̂   to  jq  of 
the  diameter  of  the  coil. 

The  accompanying  sketch 
(Fig.  65)  shows  liow 
these  relative  sizes  enable  the  Held,  due  to  the  current, 
to  be  uniform  at  the  centre  where  the  needle  turns.     The 
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Post  (Mce  form  of  tlie  iiistnmient   shown  in  Fig.   66  is 

(lifEerential,  each  coil  having  a  resistance  of  160'"  and  so 
connected  that  "when 
terminals  (2)  and  3  are 

joined  the  coils  are  in 
series  between  terminals 
1  and  (4). 

The  shnnt  coils, 

giving  valnes  ith,  iV^^^i 
ith,  J^th.  sVtli,  T^rTith. 

and  Ty^jyth,  can  be  placed 
in  parallel  Avith  the 
circuit  of  the  coils  by 
the  insertion  of  a  brass 

peg,  and  by  this  means 
comparatively  heavy 
currents  (ranging  up 

to  800  m.a.)  can  be 
measured  with  fair 
accuracy. 

The  readings  on  the 

tangent  galvanometer 
are  not  proportional  to 
the  angle  of  deflection 
in  the  ordinary  circle 

degrees — for  example, 

deflections  of  ?,0\  45°, 
6r)^  are  not  prodi;ced 

by  currents  in  the  ratios  H,  1,  f,,  but  to  the  values  of 

the  tangents  of  the  deflected  angles,  /.  e.  'T)?",  1,  T'o  ;  thus 

P.O.  form  if  t  in^'ont  s^lvaiiometpi. 

Fifi.  67.— Illustrating  tlie  construction  of  a  tangent  scale. 

a  deflection  of  60'  represents  a  current  value  three  times 

greater  than  that  producing  30°.  Instead,  however,  of 
ascertaining   the   values  of   deflection    by   reference    to    a 
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tangent  table,  a  scale  is  formed  on  the  instrument  so  that 
they  are  indicated  hy  the  pointer. 

If  a  line  be  drawn  at  right  angles  to  the  radins  of  a  circle 
(Fig.  07),  and  equal  lengths  are  marked  off,  then  lines  drawn 
from  the  centre  to  these  points  intersect  the  circumference. 

Now  the  tangent  of  an  angle  is  ])roportional  to  the  value 

perpendicular^  .^  ̂̂ ^^,  ̂ ^^^  .^  .^  A2^  ̂̂^.  ̂ ^^3  A3  ̂ ^^^^  ̂ ^  ̂̂ ^_ base  A(J  AC, 

The  particular  length  marked  off  divided  by  the  radius  of 
the  circle  thus  gives  the  value  of  the  tangent  of  the  angle  of 
deflection,  and  a  direct  reading  of  this  projDortion  can  be 
obtained  by  marking  the  circle  where    the  lines  cut   the 

Fid.  68.— The  tangent  galvanometer  scales. 

circumference.  The  number  of  such  divisions  indicated  by 
the  pointer  represent  proportonal  current  strengths. 

The  sensitiveness  of  the  needle  is  varied  by  using  a 
small  curved  bar  magnet  fitted  on  a  stalk  so  as  to  be 

above  the  needle.  When  the  similar  poles  of  this  con- 
trolling magnet  and  that  of  the  needle  are  adjacent  the 

latter  will  more  readily  respond  to  the  influence  of  the 
current,  because  the  influence  of  the  earth  is  more  or  less 

negatived,  and  of  course  the  needle's  sensitiveness  is  less 
when  opposite  poles  are  adjacent.  The  required  degree 
can  be  obtained  by  raising  or  lowering  the  contrdlling 
magnet. 

In  making  tests,  care  must  he  taken  that  the  pointer 
stands  at  zero  Avhen  no  current  is  flowing,  both  when  the 
controlling  magnet  is  removed  and  when  it  is  replaced. 

The  dial  is  divided  into  two  separate  scales  (Fig.  08),  one 
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semi-circvilar  scale  giving  the  ordinary  degrees  marked  on 
both  sides  of  a  zero  as  in  the  case  of  the  differential 

galvanometer,  while  the  other  semi-circle  gives  the  mark- 
ing of  the  tangent  divisions.  This  scale  is  prepared  with 

an  inner  and  an  outer  range.  The  inner  divisions  have 

values  starting  from  a  central  zero  to  100  on  each  side,  where- 
as the  outer  or  slceic  scale  has  zero  on  the  right  100  mark 

and  re-numbers  the  diA'isions,  thus  making  the  left  extremity 
200.  To  bring  tlie  pointer  to  rest  over  the  i<lieic  zero  the 

instrument  is  turned  through  an  angle  of  60°.  It  will  be 
observed  that  near  the  inner  zero  and  at  100  on  the  skew 

Fic.  (V.'.— Horizontal  sal^anf>iiieter. 

scale  the  divisions  are  farther  apart,  and  consequently  de- 

flections in  that  vicinity  can  be  accui'ately  read.  Besides 
obtaining  a  greater  range  with  the  outer  scale,  in  some  cases 

using  the  "skew"  zero  gives  increased  sensitiveness.  The 
normal  adjustment  should  be  such  that  a  "  sealed  standard 
cell"  in  good  condition  will  give  about  80  divisions  on  the 
outer  scale  with  no  shunt.  This  enables  actual  A-alues  of 
current  to  be  compared. 

The  key  provided  on  the  base  is  to  enable  the  needle  to 
be  quickly  brought  to  rest.  The  depression  of  the  key 
short-circuits  only  one  coil  (2)  (4). 

A  mirror  is  phiced  near  each  scale  so  that  correct  read- 
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iuo-  is  insured  by  observing  that  the  pointer  obscures  its 
reflection. 

The  horizontal  galvanometer  (Fig.  69)  is  most  frequently 
used  in  connection  with  the  Wheatstone  Bridge.  It  has  a 

single  flat  coil  with  a  small  magnet  about  an  inch  in  length 
pivoted  like  a  compass  needle.  Fitted  to  the  magnet  is  a 
very  light  pointer  which  projects  over  a  scale  and  mirror, 
the  latter  to  avoid  parallax  error  when  taking  readings,  as 

Fi(i.  70.     Q  and  I  detector. 

explained  previously.  The  case,  which  has  a  glass  co^'er 
unda  small  window  to  admit  light  upon  the  scale,  is  moved 
until  the  pointer  is  at  zero  and  the  magnet  rests  in  the 
magnetic  meridian.  The  P.O.  instrument  Avound  to  a 

resistance  800"-  produces  a  deflection  of  10  divisions  with 
E.M.F.  of  1  Daniell  cell  through  52,000-.  Other  windings, 
or  a  D'Arsonval  tyjoe,  are  sometimes  iised. 

Perhaps  the  most  generally  convenient  galvanometer  is 
the  small  Q  and  I  Detector  used  by  linemen.  This  detector 
(illustrated  in  Fig.  70)  lias  two  windings,  the   Q  ((luantity) 
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coil  having  a  resistance  of  '2"^,  and  the  I  (intensity)  coil  lOO 
resistance.  The  needle  may  be  of  the  Spagnoletti  or  Varley 
induced  types.  About  140  m.a.  through  the  Q  coil  should 

jsroduce  a  deflection  of  between  20°  and  30°,  while  10  m.a. 
through  the  I  coil  should  cause  a  deflection  of  from  40° 
to  50°. 

In  some  patterns  either  one  or  both  coils  are  provided 
with  shunt  resistances,  which  are  inserted  by  means  of 
switches  placed  upon  the  top  of  the  case. 

Another  form  of  galvanometer  common  in  laboratories, 
but  of  very  little  use  in  practical  telegraphy,  is  the  astatic, 

shown  in  principle  by  Fig.  71.  It  generall}-  consists  of  two 
flat  coils  of  wire  and  two  magnetic  needles  so  pivoted  that 

they 'move  horizontally  one  AAatliin  and  the  other  aboA^e  the 
coiis.  The  poles  of  the  needles  are  dissimilarly  placed, 

that  is,  A^  above  S,  and  rice  versa,  and  by  this  means  the 

Fin,  71. — Astatie  galvanometer. 

directive  force  of  the  earth's  magnetism  is  practically 
eliminated,  consequently  tJie  needles  can  respond  very 
easily  to  the  effect  of  a  current.  Sometimes  they  are 

suspended  by  a  thin  AA^ire  or  silk  fibre  instead  of  being 
pivoted.  The  greatest  defect  of  the  astatic  galvanometer 
is  its  sluggishness  in  returning  to  zero. 

A  halUstic  galvanometer  differs  from  an  ordinary  astatic 

galvanometer  in  the  fact  that  it  possesses  a  heavy  needle 
made  nearly  spherical.  The  needle  takes  a  relatively  long 
time  to  swing,  and  the  peculiar  shape  reduces  the  resistance 
of  the  air  to  a  minimum.  In  an  ordinary  galvanometer 
it  is  desired  to  bring  the  needle  to  rest  as  soon  as  possible, 
but  in  the  ballistic  galvanometer,  since  the  quantity  of 

electricity  passing  is  calculated  from  the  amplitude  of  the 
first  swing,  it  is  desirable  to  check  or  damp  the  needle  as 

little  as  possible.  Since  the  charge  and  discharge  of  con- 
densers consist  of  momentary  impulses,  the  slow  movement 
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o£  the  ballistic  g-alvanometer  makes  it  a  very  convenient 
instrument  for  measuring  their  relative  capacities  (see 
Condenser  Testing). 

The  Thomson  galvanometer,  prototype  of  the  mirror  or 
reflecting  galvanometers,  was  invented  by  Lord  Kelvin. 
Instead  of  employing  a  pointer,  as  in  the  galvanometers 
already  considered,  a  ray  of  light  from  a  lamp  is  reflected 
on  to  a  scale  placed  some  feet  distant.  The  needle  consists 
of  three  or  more  pieces  of  magnetized  watch  spring  fixed 
on  the  back  of  a  small  mirror  which  is  suspended  by  a 
single  thread   of  torsionless  silk,  and   so  arranged   as   to 

Fifi.  72. —Simple  form  of  Thomson  galvanometer,  and  principle  of  reflection. 

indicate  its  movements  by  the  beam  of  reflected  light. 
It  can  be  seen  by  reference  to  Fig.  72  that  a  deflection  of 
the  needle  is  greatly  magnified  in  the  movement  of  the 
spot  of  light  on  the  scale.  For  general  working  or  testing 
the  Thomson  galvanometer  consists  of  a  coil  of  wire  wound 

to  a  resistance  of  from  2000'"  to  10,000'^.  A  controlling 
magnet  is  fitted  on  a  stem  abo^e  the  coil.  To  make  the 

instniment  dead  heat,  and  thus  prevent  the  mirror  oscil- 
lating to  and  fro  Avhen  deflected,  the  mirror  is  enclosed 

in  a  brass  or  coi:)per  tube.  The  eddy  currents  generated 
in  the  tube  and  tlie  opposition  of  the  closely  confined  air 
l)()11i  combine  to  make  the  mirror  move  eraduallv,  and  if 
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the  damping  effect  is  considerable  it  will  stop  "  dead  "  iu  its 
final  position,  returning  to  zero  when  the  current  ceases. 

A  more  delicate  form  of  instrument  has  four  coils,  within 
Avhich  are  two  discs  carrying  the  small  magnets,  biit  placed 

so  that  the  X  poles  on  the  top  disc  are  over  the  -S'  poles  of 
the  lower  disc   thus  forming  an  astatic  comhiiiation     (Fig. 

VAN£ 

s 
V. 

N 

DISC 

Fio.  72a. — Astatic  form  of  Thorns 
galvanometer  needles. 

Fio.  73. — The  coiistituent  iiarts  of 
the  D'Arsonval  galvanometer. 

72rt).  The  mirror  is  fixed  on  the  same  suspension,  so  as  to 
move  with  the  magnet  needles,  and  reflects  the  beam  of 
light  through  an  opening  between  the  double  coils.  An 

aluminium  vane  tends  to  steady  the  swing  of  the  combin- 
ation. The  sensitiveness  of  the  galvanometer  is  adjustable 

by  a  pair  of  "scissors"  controlling  magnets. 
The  jy Arffonral  belongs  to  the  class  termed  mnvincj  coil 
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X. 

galvaiionieteis.  Id  the  forms  ulready  cuusitlered  the  magnet 

moves  and  the  coils  are  fixed,  wliereas  in  the  D'Arsonvai 
tyjDe  the  suspended  coil  rotates  between  the  poles  of  a 

large  fixed  horseshoe-shaped  magnet.  The  movable  coil 

is  of  rectangular  shape  (as  shown  in  P'ig.  73),  formed 
of  a  number  of  turns  of  fine  wire,  in  some  cases  wound 

upon  a  light  ahiminiTim  frame  so  that  "  eddy  currents " 
may  be  set  up  in  the  frame  and  assist  to  damp  the 
swinging  motion  of  the  coil.  The  magnetic  field  of  the 
magnet  is  maintained  as  uniform  and  strong  as  possible 
by  suitably  designing  the  j^oles,  and 
further  concentrated  by  placing 
within  the  coil  a  small  cylindrical 
piece  of  soft  iron,  fixed  so  as  to 
allow  the  coil  freedom  of  movement. 
When  a  current  traverses  the  coil  it 

tends  to  set  itself  with  its  plane  at 
right  angles  to  the  direction  of  the 

field  between  the  poles  of  the  pei'- 
manent  magnet.  This  motion  is 

resisted  by  the  torsion  of  the  sus- 
pending wire,  and  the  coil  almost 

immediately  takes  up  a  position  in 
which  the  twisting  of  the  wire 
balances  the  force  due  to  the  mutual 

action  between  the  magnet  fit;ld  and 

the  current's  field.  The  mo^'ement 
of  the  coil  is  indicated  by  the  reflec- 

tion of  a  mirror  as  with  the  Thomson 

gah^anometer. 

A  special  type  of  D'Arsonvai  gal- vanometer, in  which  the  mirror  is 

replaced  by  a  pointer  and  the  coil  is  pivoted,  is  now  some- 
times used  instead  of  the  horizontal  galvanometer  shown 

in  Fig.  09. 

In  the  Ayrton  and  Mather  type  of  moving  coil  rellcct- 
ing  galvanometer  the  permanent  magnet  forms  a  hollow 

cylinder  Avith  a  very  narrow  air-gap  betwcHMi  the  jioles 

(as  shown  in  Fig.  74).  'J'he  coil,  in  \\w  shape  of  a  long- 
narrow  rectangidar  winding  witii  no  iron  core,  is  encloseil 
in  a  thin  silver  tube  so  that  the  movement  of  the  coil  is 

thoroughly  damped  by  the  "  eddy  currents"  which  are  set 

5 

Fic.  74. — Priueiiileof  tlic  Ayitoii 
and  Slather  Kalvaiioiiiett!r. 
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lip  iu  the  tube  wlien  it  rotates  or  swings  iu  the  maguetic 
field  between  the  poles. 

The  Westou  voltmeter  is  a  moving  coil  galvanometer 
Avith  its  scale  marked  to  give  direct  voltage  readings. 
The  movable  coil  consists  of  a  niimber  of  turns  of  fine 

wire  wound  iipon  a  flat  rectangular  aluminium  frame 
which  is  delicately  jjivoted  at  the  top  and  the  bottom  in 
jewelled  bearings  fastened  to  the  polepieces.  A  soft  iron 
cylinder  concentric  Avith  the  curbed  surfaces  of  the  pole- 

Fi<:.  75.— The  elements  of  the  Weston  voltmetei-. 

pieces  insures  the  concentration  of  the  field  of  the  large 
pemianent  magnet  shoAAii  in  Fig.  75.  The  movable  coil 
is  controlled  by  two  flat  spiral  hair-springs  which  are 
wound  in  opposite  directions ;  consequently,  when  one 
is  twisted  up  by  a  movement  of  the  coil,  the  other  is 
untwisted.  These  springs  are  also  made  to  serve  the 

jDurpose  of  leading  the  cun-ent  into  and  out  of  the  coil. 
The  deflecting  force  is  the  interaction  between  the  field 
due  to  the  current  traversing  the  coil  and  the  radial  field 
in  air  gap  of  the  permanent  magnet,  while  the  controlling 
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ft)rce  is  the  torsional  reaction  of  the  spiral  springs.  An 
aluminium  pointer  moves  over  a  graduated  scale  and 
mirror  indicating,  when  the  coil  is  deflected,  the  E.M.F. 
in  volts. 

A  similar  instrument  is  designed  for  giving  by  direct 

readings  the  Talue  of  the  currents  in  amperes  or  milli- 

amperes.  In  these  "  ammeters "  the  movable  coil  only 
carries  a  small  fraction  of  the  main  current,  substantial 

shunts  being  connected  in  parallel  Avith  the  coil  and  so 
introduced  that  the  readings  of  the  instrument  give  an 
exact  measure   of   the    currents.     If   the   ammeter  had  a 

GE.^^6R^T0R 

Fia.  76.— Coils  and  connections  of  the  megger. 

high  resistance  it  Avould  reduce  the  strength  of  the  current 
when  placed  in  the  circuit,  consequently  the  coil  is 
wound  to  a  fraction  of  an  ohm.  But  a  voltmeter  is  always 
joined  as  a  ̂ liunt  to  the  circuit  Avhere  a  measurement  is 

desired,  and  has  a  very  high  non-inductive  resistance 
joined  in  series  with  it.  The  variation  in  P.D.  then  caused 
by  the  connection  of  the  voltmeter  is  negligible. 

The  "Megger"  is  an  instrument  recently  introduced  to 
measure  the  insulation  resistance  of  underground  cables. 

It  is  a  combination  of  a  donhlc  moving  coil  and  hand- 
dynamo,  having  a  scale  cali1)rated  1o  indicate  resistance 

values  from  50,000"  to  100  megohms.  The  moving  portion 
of  the  galvanometer  consists  of  two  coils  rigidly  connected 
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together  and  to  a  pointer  (Fig.  7(5),  the  coils  being  pivoted 
to  rotate  in  the  field  of  poAverful  bar  magnets  concentrated 

by  a  hollow  iron  cylinder.  The  "  pressure  "  or  voltage 
coil  is  joined  as  a  shunt  across  the  generator  like  a  volt- 

meter, whilst  the  "  current  "  or  ammeter  coil  is  connected 
in  the  direct  circuit  to  the  line.  A  current  passing  through 
the  latter  coil  tends  to  set  the  pointer  at  zero  on  the  scale, 

and  force  acting  upon  the  "  pressure  "  coil  tends  to  move 
it  in  the  opposite  direction ;  consequently  the  actual 
position  of  the  pointer  is  due  to  the  resultant  of  the  two 
opposing  forces.  If  the  insulation  of  the  line  is  low  the 

"  current  "  coil  prevails  and  a  low  reading  results,  but 
should  the  insulation  be  high  less  current  flows  through 

the  "  current  "  coil  and  the  "  pressure  "  coil  tends  to  deflect 
the  pointer  along  the  scale. 

The  testing  current  is  produced  by  the  magneto  generator, 

and  the  maximum  A-oltage  which  the  P.O.  Megger  is  per- 
mitted to  generate  is  500  volts. 

Shunts  and  Their  Use. 

For  calculating  the  strength  of  the  current  in  a  {•ircuit 
it  is  necessarv  that  the  total  resistance  in  the  circuit  slioidd 

<H 
o <2> 

R 

be  considered.  In  Fig.  77,  a  battery  of  E  A^olts  and  in- 
ternal resistance  ?•"'  is  joined  in  circuit  with  a  galvanometer E 

G",  and  resistance  i?",  then  by  Ohm's  law  C  =  p   ,    -p   ,    ' 
Whatever  the  relative  values  of  the  different  resistances,  the 
current  is  the  same  in  all  parts  of  such  a  circuit.  This  is, 
however,  not  the  case  when  more  than  one  path  occurs  in  a 
circuit,  as  in  Fig.  78,  where  several  resistances  are  in 

parallel.      Between    A    and     B   are   four    waj^s    totalling 



TELEGRA P II  IXS m  UM£lNTS 

97 

increased  facility  to  the  passage  of  the  ctirreiit,  and  the  sum 
of  their  coinbined  resistances  is  less  than  that  of  the  best 

conductor  amongst  them.    When  such  "  m  itltiijlc  "  paths  have 
equal  resistances,  then  the  combined  or  joi)it  resistance  ('//i') 
is  equal  to  the  resistance  of  one  of  them  divided  by  the 
number  in  parallel.     For  example,  of  ten  such  circuits  of 

50 50"  each   the  JR  ̂   vt;,  or   5"". 

The  facility  offered  by  a  conductor  to  the  current  is 
termed  its  conductance  and  is  the  inA'erse  of  resistance  ; 

its  unit  being  the  "  mho  "  (ohm  reversed).  The  relation- 
ship between  resistance  and  conductance  can  be  expressed 

as  follows : — 

Resistance  =  r — ~ — - — —  >  and Conductance 
1 

Resistance 

The  total  conductance  of  several  wires  in  [)arallel  is  the  -skdi 
of  their  separate  conductances. 

Conductance 

Fio.  TS.— Four  iTsistanccsJoiMel  in  "  iiiultiiile." 

If  in  Fig.  7S  the  Four  paths  are  2'",  3",  4'",  5'",  then  the 
total  conductance  is 

1  ^  j_  ̂   no- 

^  +  i  +  i  +  ̂        77        77" 
(10 

The  combined  resistance  of   two  circuits   in   parallel  is 
equal  to  their  product  dividetl  by  their  sum,  that  is,  for 

9.")  X  7*1 

25- and  75",  JR  =  "'--  ̂ -L  =  1875'".     The  current  divides 25  +  75 
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between  a  nuiuber  of  paths  in  parallel  in  direct  iDroportiou 
to  their  respective  conductances.  With  two  resistances  in 

parallel  of  32*^  and  -lO  a  current  cjf  l-l-l  m.a.  would  divide 
as  80  ni.a.  and  64  m.a.  because  the  conductances  are  as 

^  : -,\t  or  ̂   =^  -•     To  ascertain  the   division  of  currents 

with  several  unequal  branches  or  paths  (as  in  Fig.  78)  it 
is  necessary  to  express  the  ratios  of  the  conductances  by 

using  a  common  denominator,  e.g. — 

,  .  1  .  1  .  X  _  30  :  20  :  15  :  1
2 

2    •   3    •  4   •    .5    -  (3Q 

Then  of  each  division  of  the  current  into  77  parts  the 

first  takes  y"  and  the  last  if,  i.e.  if  the  total  current  be 
385  m.a.  the  division  woiild  be  150  m.a.,  100  m.a.,  75  m.a., 
and  60  m.a.  The  most  common  examj^lesof  the  application 
of  the  above  jDrinciple  are  to  be  found  in  connection  with 
the  shunts  ajjplied  to  reduce  the  current  passing  through  a 
galvanometer.  The  range  of  the  unshunted  P.O.  tangent 
galvanometer  is  from  about  ̂ ^J  of  a  m.a.  to  2h  m.a.,  but 
by  means  of  its  shunts  currents  up  to  800  m.a.  can  be 
measured.  The  resistance  of  the  galvanometer  in  the  first 

example  is  o2(J'",  but  in  the  last  it  is  oidy  1".  As  indicated 

in  previous  paragrajohs,  joining  a  resistance  in  "  multij)le  " 
Avitli  the  coil  of  the  galvanometer  will  reduce  its  resistance, 

the  combined  \alue  being  'I — '-.     Unless  the  resistance  of 

the  circuit  external  to  the  galvanometer  is  high,  then  the 
introduction  of  the  shunt  will  reduce  the  total  resistance  in 

the  path  of  the  current  so  much  that  a  stronger  current 

will  flow.  For  example,  if  the  external  resistance  is  100"* 
with  the  unshunted  and  shunted  tangent  galvanometer 
mentioned  above,  then  the  total  resistances  are  100  +  320 
=  420  and  100  +  1  =  101,  and  the  total  currents  in  the 
two  cases  will  vary  as  lOl  :  420.  Thus  instead  of  y^y  part 
of  101  flowing  through  the  shunted  galvanometer  we  have 

^0  of  420,  or  approximately  1:4.  If  the  external  resist- 
ance be  6000*"  the  currents  will  then  be  as  6001  :  6320,  or 

approximately  1  :  105,  hence  the  greater  the  external 
resistance  the  less  is  the  change  in  the  strength  of  the 
current.  On  the  other  hand,  if  the  external  resistance  is 

negligible  then  the  currents  will  be  1  :  320.  but  as  only  ̂ h^Q 



TMEGkAPJi  insthuments  m 

of  the  latter  flows  through  the  oalvunonieter  coil  the  current 
vahie  is  the  same  therein  as  when  it  was  nnshiuited. 

Example. — A  battery  of  lO"*  is  connected  to  a  galvanometer 
of  5000'" ;  will  the  deflection  obtained  be  altered  hy  the 
introduction  of  a  xV^h  shunt  ? 

On  account  of  the  low  resistance  of  the  battery,  the 
Avhole  of  its  E.M.F.  is  available  for  the  external  circuits, 
and  the  currents  flowing  will  be  inversely  proportional  to 
their  resistances,  Avhicli  are  5000  +  10  and  500  +  10. 

('urrents  therefore  vary  as  510  :  5010,  or  api^roximately 
1  :  10,  but  in  the  second  case  only  xV^h  of  the  current  flows 
through  the  galvanometer,  the  deflection  of  which  remains 
practically  unaltered . 

If  (r  and  (S  represent  the  respective  resistances,  then  the 

ratio  ot  their  coiKiuctances  is   ̂      :    _,   or   _,       ̂    :    ̂ ,         ,, 
r/      S        G  X  S       G  X  S' 

and  if  the  current  be  considered  as  composed  of  (/  and  *S 
parts,  then  S  jxirts  ]jass  through  the  galvanometer  Avhilst 
G  parts  are  shunted.  When  the  tenth  shunt  is  used,  (/  +  *S 
l)arts  are  equal  to  10  S  and  the  current  flowing  through  G 

is       '        or  ̂ —,  that  is  I'nth  of  the  total  current.     Theshiinl 
(r+S  lO.S  

'" 

/■s  iKinied  hij  the  pi'ojMU'tion  of  the  eur)-eiit  it  alloic.s 
I  h  rough  the  galvanometer.  Hence  in  this  case  the 
value  of  the  current  in  the  undivided  circuit  is  found 

by  multiplying  by  10,  which  is  termed  the  muItiphjiiKj 
IKHcer  of  the  shunt.  From  wliat  has  already  been 
shown,  it  should  be  evident  that  this  S  must  have  a 
value  T,th  of  G,  and  similarly  Tr^th  and  xTjoth  shunts  are 

respectively  ̂ V  ̂'■'  '^^^^^^  ui>  ̂'''-  Calling  the  multiplying 
power  of  the  shunt    in,   the  general  rule  is  expressed  : — 

G 
S  -^^  1    (I)-     Then  since  iSim  -  1)  =  G,  and  Sm  ̂ -  G  +  'S, 

m  —  1  ^  ^ 

(t  4-  S 
it  follows  that  vi  --  — r, —  (II).     The  combined  resistance 

,  , ,       ,  ̂ .    GxS    .'"  n  .  G  +  S  G  +  S of  G  and  o  is  ̂ ,   ,    .,  >  i.  e.  —  'i  -^      t,      >   but  vi  =       .,     > Ct  +  o  o  o 

/■' 

therefore  the  joint  resistance  =  —  (HI).    The  results  I,  II 

and  III  are  imiDortant. 
We  have  already  noticed  the  circumstances  in  wliich  the 

H   2 
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iiitnxhu-tioii  ot"  the  shunt  t-aust'il  tin  increase  iu  the  value 
of  the  current,  and  to  jDrevent  sueh  variation,  foiiipeiimli)i(j 
t-exiistanees  have  been  designed  to  maintain  the  resistance 

of  the  gah-anonieter  part  of  the  circuit  constant.     Such 
resistances  must   of  course  equal  the  difference  between 
the  uushunted  galvanometer  and  the  joint  resistance  of  the 
galvanometer  and  its  shunt.     With  the  yVtli  shunt  on  the 3:20 

tangent  galvanometer  this  woidtl  be  320  —  ̂ 7-  =  288*". 
Ordinarv    shunts    must    bear    a    lixed    relation    to    the 

Galv. 

90O* 

Fii;.  7;'. — ■'Universal"  shunt. 

resistance  of  the  galvanometer  with  \\lii(  li  they  are  used. 
That  involves  the  measurement  of  fractional  parts  of  an 
ohm,  as,  for  instance,  the  above  yo^^^  shunt  sliouhl  have 

a  resistance  35'56",  a  very  awkward  value  to  measure. 
The  "  Universal  Shunt  "  devised  by  Prof.  Ayrton  can  be 

used  Avith  any  galvanometer,  and  as  there  are  no  fractional 
parts  of  ohms  in  the  values  the  coils  can  be  more  easily 
adjusted.  The  general  principle  is  indicated  in  Fig.  71). 
The  coils  are  joined  between  .1  and  B  and  across  the 
terminals  of  the  galvanometer,  while  one  end  of  the  main 
circuit  is  also  connected  to  A,  but  the  other  end  is  joined 
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to  G,  which  is  in  connection  with  a  sliding  contact  lever 
capable  of  moving  over  the  studs  LetAveen  which  the  shunt 
resistances  are  fixed.     Only  the  coils  between  A  and  C  are 

in  the  shunt,  the  coils  between  ('  and  B  being  added  to  the 
resistance  of  the  galvanometer  circuit.     Therefore  the  value 

G  +  »S'  is  constant,  whatever  the  position  of  the  lever,  and G  -\-  S 

since  the  multiplying  power  of  the  shunt  is       ̂ ;,      ,  then 

it  follows  that  m  is  the  shunt  resistance  divided  int(^  a 

constant  number.     Suppose  the  lever  to  be  on  stud  1,  then 

m  is  — T,,  ̂/^-    .  the  galvanometer  being  shunted  with  the 

10,000  ^ 
whole  of  the  shunt  coils.  When  the  lever  is  turned  to 

stud  tV>  ̂   is  ̂^''^^^  '"1(1  '''  -^  ̂   becomes  (Q  +  R)  +  S  or 

(fj  +  9000)  H-  lOOO,  while  m  equals  ̂^  ̂iqaA^^^^^'    ̂̂ '^"^"1^    i^ 
ten  times  the  midtiplying  power  in  the  first  case.  Thus 
the  value  of  the  numerator  is  G  +  10,000  in  whatever 

position  the  lever  is  placed,  whose  function  is  to  alter  the 

value  of  *S'  in  the  denominator.  Other  values  of  shunts 
may  be  introduced  besides  those  indicated  in  Fig.  79. 

With  this  Universal  shunt,  however,  the  rule  that  joint 

resistance   ecaials   —    does    not    obtain,    the     i"atio     ])eing ni 

■     This    numerator   varies    Avith   each  shunt,   con- m 

sequently   the  value   of   tlie    current   in   the   main   circuit 
changes  unless  the  circuit  resistance  is  very  high. 

Five  illustrative  worked  examples  follow  : — 

Example  1. — A  galvanometer  of  5000  ohms  resistance 
and  shunted  by  a  resistance  of  500  ohms  gives  a  deflection 
of  300  divisions.  What  shunt  will  be  required  to  reduce 
the  deflection  to  lt)0  divisions  with  the  same  current? 

At    first  the    current   through   G    is    in    the    proportion 

'^,^—r.  ~  i.-^-7Z7-  —  ,,  which  is  the  value  of  the  shunt.  The r/  +  8      5500     .1] 
current  is  then  reduced  to  I  of  300  divisions,  therefore  the 

shunt  vahie  will  he  I  of  ,',    ̂   :;\.;,  and  since 

m  -  1  3g 
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Example  2. — -A  galvanometer  and  shunt  have  a  joint 
resistance  of  15".  If  the  resistance  of  the  gah'anometer 
is  1000,  what  is  the  resistance  of  the  shnnt  ? 

Let  R  represent  the  combined  resistance,  then 

R  =  %^^,  i.  e.  R  {G  +  S)  =  OS  and 

RG=  GS  -  RS.  -S        ̂ ^ G-R 

1     t.u    ,-         ̂ 1       c               1000  X  15         1-  no 
snbstitnting  the  ngures           -^  =  lo  23i„. 

Kxample  3. — {(t)  Wliat  is  the  comlMued  resistance  of  the 
P.O.  tangent  galvanometer  with  the  tenth  sliunt  and  the 
resistance  of  the  latter  ? 

(/))  What  proportion  of  :^0  m.a.  will  tlow  throngh  the 
galvanometer  with  the  alcove  shnnt,  and  what  is  the  general 

hirmnla  emphn'od  in  siicli  cases? 

G       o'^O 
(a)  Joint  resistance  —  —  =   — — =  32" m        10 

,.       320  X  32       .,-... 

320  -  32 

(/>)  Current  in  galv.  ̂   —    of  total  rni-rent 

320  +  35-5(i       -"  ̂ " 
 X  .((--m.a. 

The  proportion  of  current  flowing  in  the  shunt   woidil  l)e 

—    of  the  total  current. 
G  +  N 

Example  4. — A  galvanometer  of  50(10'"  is  connected  in 
circuit  with  a  wire  of  10,000  ;  what  is  the  percentage 
change  in  the  main  current  hy  shunting  the  galvanometer 
with  yVth  shunt? 

The  total  resistance  of  the  circint  with  the  galvanometer 
unshunted  is  15,000a>.  When  shunted  the  total  resistance 

becomes  10,500.  Then  1  ( ),5(  )0  :  1 5,0(  »0  : :  1 0< )  :  1 42-S5,  <  .r  an 
increase  of  42'85%. 
Example  5.- — A  current  of  28  amperes  divides  between 

four  Avires  of  2'5",  10",  25",  and  50"  connected  in  parallel  ; 
determine  the  current  in  each  branch. 

)Since  the  currents  divide  proportionally   as  their  con- 
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ductances,  which  are  "4,  "1,  '04,  and  "02,  and  28  amperes 
are  proportional  to  tlie  total  conductance  or  '50,  therefore currents  are 

%  of  2S  -:  20  amps.  '}^  of  28  =  5  amps.       , 

_'   of  28  =     2  amps,    and    „~  of  28  =;  1  amp. 'ob  ■;)() 

Note,  the  droj^  in  volts  across  each  conductor  is  pro- 
portional to  C  R  and  the  same  for  each  branch,  being 

20  X  2-5  -  5  X  10  =  2  X  25  -  1  X  50  =  50  volts. 

RESISTANCE  Coils. 

The  metals,  although  classed  as  conductors,  offer  cer- 
tain resistances.  The  resistance  offered  by  a  centimetre 

cube  of  a  substance  is  termed  its  specific  resistance,  and, 

taking  the  value  of  pure  copper  to  be  unity,  the  comjjara- 

tive  A'alues  of  the  metals  most  used  are  approximately  as 
follows  : — 

Copper .     1 German  silver .     13 
Aluminium 

.    1-8 
Platinum  silver    . .     15 

Platinum     . 

.    5-5 
Platinoid .    23 

Iron    . .    (1 Manganin     . .    24 
Tin      . .    8 Eureka .    30 

Resistance  also  varies  according  to  the  temperature  of  the 

substance  ;  that  of  metals  increasing  with  a  rise  in  tempera- 
ture, although  with  alloys  very  much  less  than  with  jDure 

metals,  (lerman  silver  has  ja^h  of  the  variation  of  copper, 

while  platinoid  has  about  a  half  of  the  variation  of  German  sil- 
ver, and  the  variation  of  eureka  and  manganin  is  practically 

nil.  Resistance  coils  are  tested  at  a  temperature  of  (iO^  F. 
(I5'G  C).  The  temperature  variation  of  copper  is  nearly 
"43%  per  degree  centigrade.  When  used  for  resistance  coils 
the  low  values  ai'e  generally  composed  of  thick  wire,  whereas 
for  high  resistances  wire  of  finer  gauge  is  used.  Besides 
allowing  for  more  accurate  adjustment  of  actual  lengths 
required,  this  distinction  in  the  employment  of  thick  and 
thin  wires  provides  for  the  probaljle  strengths  of  currents 
therein  and  the  economy  of  size  and  cost. 
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A  very  relialjle  and  convenient  form  of  a  set  of  resist- 
ances is  shown  in  Fig.  80.  This  resistance  box  is  teniied  a 

"  retardation  coil  "  rnvinp;  to  the  purpose  for  which  it  is 

I'll;.  SO. -  •  Retaiilation  "'  coils. 

used  in  duplex  working.  It  consists  of  eight  coils  having 

respectively  1(>,  L>(r,  ̂Y",  40'-,  and  100",  200",  300",  400". 
These  vahies  provide  a  range  from  10"  to  1100"  hy  steps 

of  10".  The  coils  of  platinoid 
wire  are  douljle  wound  upon 
the  bobbins  and  so  joined  that 
the  effects  of  seK-ind action  are 
eliminated  (see  Fig.  81).  The 
wire  is  insulated  with  one  or 

two  layers  of  silk  and  con- 
nected between  the  brass 

blocks  fitted  on  the  ebonite 

top.  By  removing  any  of  the 
circular  brass  pegs  tlie  coil  of 
the  value  marked  is  inserted  ; 

thus  in  Fig.  80  a  total  resist- 
ance of  500"  has  been  placed 

in  the  circuit.  The  pegs 
should  fit  tightly  and  be  inserted  as  if  by  screwing,  then 
with  all  the  pegs  in  position  the  resistance  between  the 
terminals  of  the  brass  l)]ock  will  be  negligible.  Another  set 

of  resistances  known  as  a  "condenser  coil  "  havino-  seven 

Fi<;.  81. — Elements  cf  "double  wound" resistance  coils. 
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values  is  illustrated  iu  Fig.  82.  The  resistances  are  50", 
100",  200",  300",  400",  lOUO",  2000",  and  srixe  a  range  from 
50"  to  4050"  by  gradations  of  50". 

V\>..  82.  —  "Coii(li;ii.S(M- '   ri'sis'.iiiiec  cijils. 

I'"ii:.  S;t.— IMc'tal-ciiscd  resist aiic". 

In  Fig.  (S.">  we  liav(^  an  illustration  of  a  coil  Wdiiiul  iion- 
iiiductivelv  on  a  hrass  hobbiji  enclosed  in  a  brass  ease  witli 
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the  terminals  mounted  on  an  ebonite  strip.  Tliis  is  nsitally 

termed  a  "  metal  case  resistance  "  and  the  values  of  the  coils 
are  chosen  to  provide  a  protective  resistance  in  certain  "  uni- 

versal battery  "  leads,  as  will  be  explained  in  that  section. 
'J'he  metal  case  promotes  radiation  of  the  heat  deA^eloped. 

The  rheostat,  a  very  convenient  form  of  a  double  set  of 

resistance  coils,  gives  generally  a  range  from  0  to  8430"  by 

steps  of  10".     The  "C"  pattern,  with  coils  in  a  circular 

Fk;.  S4.— riaii  of  rheostat  "C 

brass  case,  has  two  contact  arms  arranged  so  tliat  each 
moves  over  one  half  of  the  contact  studs.  The  ten  coils  of 

one  semi-circle  are  of  40"  each,  while  the  value  of  each  coil 
in  the  other  semi-circle  is  400"  and  the  maximum  obtain- 

able by  the  arms  is  4400".  Three  additional  resistances, 
4000",  20",  and  10",  provided  on  the  base,  are  inserted  by 

withdrawing  the  pegs.  The  connections  of  rheostat  "  C  " 
are  shown  in  Fig.  84. 

The  standard  joattern,  rheostat  "D,"  is  illustrated  in  Fig. 
85.  The  contact  studs  are  larger  and  are  arranged  in  two 
circles  on  the  ebonite  top.  Reliable  connection  is  obtained 
bv   the  radial  arn:is   consisting  of  three  phosphor   bronze 
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strips  bent    ro  that  eadi    separately   touches  tlie  contact 
studs. 

The  coils  are  of  platinoid  wire,  silk  covered,  woiind  on 

four  bobbins.  One  contains  tlie  10". "and  20*"  coils  -wound 
with  24  mil  gauge,  and  another  carries  the  40"  resistances 
of  14  mils  dianictcr.     The  third  bobbin  is  Avound  with  two 

Kic.  S5.— Rheostat  "  1). 

thicknesses,  tlic  coils  connected  to  the  studs  marked  4(K>', 
800",  and  1200",  are  of  wire  10  mils  in  diameter,  wliilo  llic 
remaining  400"  coils  are  wound  with  wire  of  iS  mils 
diameter.  One  bobbin  carries  the  4000"  coil  which  is 
wound  with  wire  of  5  mils  thickness.  The  400"  and  -10" 
bobbins  after  being  wound  are  dip]ied  into  melted  ])araflin 
wax,     Tlie  whole  of  the  coils  are  encloscMl  in  a  iioHsIkmI 
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mahogany   case.     Fig.    86  is   a    diagram   of   the   internal 
connections  of  this  i^attern. 

Xi^^ 

F        4000  400 

^^413600    400"    SCO 
^  EACH   COIL 

ii. — Internal  poniuctions  of  rlieostat  '■■  D. 

IK 

Condensers. 

\    condenser,   in    ]n-inciple,   consists  of  two  condnctors 
separated  by  a  dielectric 
and  arranged  so  that  a 

chai'ge  upon  one  conduct- 
or induces  a  charge  upon 

the  otlier.  There  is  no 
flow  of  electricity  through 

the  dielectric,  biit  an  in- 
ductive action  across  it. 

Siich  an  arrangement  is 
depicted  in  Fig.  87. 

A  and  B  are  two  metal 

plates  separated  by  a 
sheet  of  glass.  Let  A  be 
earth  connected  while  B 

is  joined  to  a  battery  or 
other  source  of  energy. 

The  positive  charge  on  /> 
acts  across  the  glass,  and 

the  nearer  surface  of  -.1  is  negatiA'cly  electrified,  but  the 
induced  positive  js  neutralized  through  the  earth  connectioji. 

Fio.  S7 ■Two  metal  plates,  A  and  B,  with  a 
sheet  of  glass,  showing  the  eleiiients  of 
a  condenser. 
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.i's  negative  reads   on    />',   wliicli  is  rendered   capable  (>£ 
receiving  a  further  charge,  and  so  on.     ]}y  these  reactions 
the  charges  on  A  and  B  accumulate  or  are  coinloiaed 

The  capaeitij  of  a  condenser  depends  upon  :  — 

(1)  The  size  and  form  of  the  phites  or  conductors.    ■ 
(2)  'J'he  thickness  of  the  dielectric  ;  and 
(o)  The  inductive  cajDacity  of  the  non-conductor. 
The  condition  (3)  de])ends  upon  the  power  possessed  by 

the  substance  for  transmitting  the  inductive  action  across 
it.  The  specific  inductive  capacity  values  given  by  diiferent 
authorities  xavy  considerably  ;  but,  approximately,  the  more 
important  materials  may  be  compared  as  follows  :  Air,  1  ; 
parathn  wax,  2  ;  glass,  3  ;  mica,  5.  The  last  substance  is 
the  most  satisfactory  dielectric  used,  but  the  high  cost  of 
mica  renders  it  prohibitive  except  for  standard  condensers. 

The  ordinary  condensers  for  telegraph  purposes  have  for 

many  years  been  manufactured  by  sheets  of  tissue  pai)er  in- 
fused with  paraffin  wax  l)eiug  placed  alternately  Avith  sheets 

of  thin  metallic  foil.  The  odd  nundjers  of  the  tin-foil 
sheets  were  bunched  and  joined  to  one  terminal,  the  even 
numbers  being  connected  to  the  other  terminal.  The  sIoav 
process  of  assembling  the  sheets,  one  by  one,  with  250 

separate  pieces  reqiured  to  make  up  a  1-microfarad  plate 
rendered  the  labour  cost  high,  and  the  percentage  of  failures 

through  short  circuit  o]'  lo\v  insulation  was  considerable. 
The  new  methdd  of  condenser  manufacture  introduced 

and  patented  by  Mr.  G.  F.  Mansb ridge  consists  in  the  use  of 

"tin-foil  paper"  of  the  same  character  as  that  employed 
for  tea  wrappers,  but  very  carefully  ])reparcd  lo  insure 
good  metallic  surface  and  the  electrical  continuity  of  the 

tin  film.  The  paper  is  Tised  in  long  strips,  and  for  tele- 
gra])h  condensers  two  foihnl  pa])ers  are  placed  with  their 
metallic;  sides  alternating. 

Two  interleaving  sheets  of  plain  ])aper  are  used  so  that 
the  dielectric  on  each  side  is  made  up  of  one  body  paper 
and  one  plain  paper.  Stri])s  of  copper  foil  abont  I  inch 

wide  are  slipped  between  the  foiled  surface  and  the  inter- 
leaving paper  and  protrude  aboiit  I  inch  so  as  to  serve  as 

a  soldering  point  for  the  terminal  connection.  The 
condenser  plates  and  papers,  having  been  rolled  up  together, 
are  passed  through  complete  and  thorough  drying  ])rocesses. 
They  are  then   soaked  for  two   hours  in  h(jt  paraffin  wax, 
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following  which  they  are  subjected  to  certain  pressure 
adjusted  to  provide  that  a  good  body  of  wax  remains  in  the 
paper  and  maintains  its  insulation  and  capacity  for  many 

years. 
Besides  being  cheaper,  lighter  in  weight,  and  smaller, 

condensers  made  of  foiled  paper  have  the  peculiar  advantage 
of  possessing  to  an  almost  perfect  degree,  the  property 
which  in  a  pneumatic  tjxQ  is  called  self-sealing.  Con- 

sequently they  are  jDracticilly  proof  against  short  circuit 
and  can  be  subjected  to  .lucli  higher  voltages  than  is 
permissible     with    those    made     From    metallic    foil,     any 

l-'io.  S8. — 2  u;.f.  coiideuscr. 

mi>mentary  short  circuits  produced  by  a  disruptive  dis- 
charge being  instantly  and  automatically  sealed.  This 

automatic  sealing  is  brought  about  in  the  following  way  : 
owing  to  the  extreme  thinness  of  the  conducting  film,  the 
small  quantity  of  heat  generated  at  the  point  of  short 
circuit  Ijy  the  siidden  discharge  of  the  condenser  through 
that  point  is  sufficient  to  cause  the  film  of  metal  immediately 
surrounding  the  point  of  breakdown  to  be  ftised  into 
minute  globules.  The  separation  of  these  globules  from 
each    other   and   from   the    surrounding   metallic    surface 
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effectually  isolates  the  point  of  breakcloAvii,  and  the  defect 
is  thus  instantly  sealed  up. 

Condensers  after  having  been  tested  for  capacity,  electri- 
fication, and  insulation  are  made  iip  into  various  forms  and 

values.  A  very  convenient  2  m.f.  condenser  is  illustrated 
in   Fiu'.   8<S.      The   condenser  chieflv  used   for    balancing 

I'lo.  S9. — 7'2.j  m.f.  cuhdeiiser. 

purposes  in  duplex  circuits  is  divided  into  two  sections 
Avliich  can  be  usetl  separately,  but  if  joined  by  the  strap 
shown  in  illustration  Fig.  89  and  Diag.  90,  it  has  a  tola! 

capacity  of  7 '25  m.f.  by  steps  of  I  m.f.  The  capacity  may 
be  varied  by  inserting  pegs  between  the  brass  bar  which 
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carries  one  teriuiiial  and  the  brass  blocks.  The  other 
terminal  of  the  condenser  is  insulated  and  alone  on  the 

ebonite^ wlal).     In   some  cases,  as  with  subterranean  cable 

0  0  a  a    0  0a 
I'll:.  '."I. — Coiiiiettioiis  of  Tj  condi'ii 

circuits,  it  is  necessary  to  nse  a  condenser  divide(|  into 

three  sectiinis.  The  cajxicity  values  of  this  "triple" 
condenser  are   indicalcd   in   Fi<;-.   '.)1.     IVar   in    miinl   that 
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\'\r..  01.— Valuts  iif  ■'  Triple"  cumlenser. 

capacity  is  added  by  insert  iiuj  the  pegs,  not — as  in  the  (,'ase 
of  resistances — by  withdrawing  them. 

Capacity  Tests. 

When  a  condenser  is  charged  there  are  equal  quantities 

of  positive  and  negative  on  its  two  plates.     If  these  plates 
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ail'  {■oniiected  tlirougli  a  galvanometer  the  condenser  is 
discharged  in  a  very  brief  interval,  and  by  observing  the 
swing  of  the  galvanometer  we  can  measure  the  quantity 
passing  in  the  discharge.  Now  quantity,  Q,  depends  upon 

capacity,  K,  and  potential  or  E.M.F.,  1',  as  expressed  in, the 

-}- 

Fiii.  0-.'. 

Inrjuala  K If   each  c'oudeiiser   is  charged  to  ct[ual 

dilferenccs  of  potential  Ijy  using  the  same  battery,  then  the 
defleetions  of  the  needle  will  depend  upon  their  relative 
capacities.  With  a  condenser  connected  as  in  Fig.  92, 
when  the  key  is  depressed  there  occurs  a  rush  of  current 

into  the  condenser  to  satisfy  its  capat'ity  ;  Inil  all  How  nf 

curi'ent  ceases  when  the  full  dift'erenco  of  potential  has  been 
attained,  and  when  the  key  is  raiseil  the  condenser  will 

I'cmain  cliargcd.  If  the  battery,  the  cojidenser,  and  a  ballis- 
tic galvanometer  be  placed  in  the  circuit  (Fig.  9-a)  depress 

key  and  charge  the  comlenser.  When  the  key  rises  to  the 
top  contact,  the  discharge  passes  through  the  galvanometer. 
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Take  several  readings  of  the  discharge  and  compare  theii' 
mean  with  that  of  the  reatiings  of  a  second  condenser, 
Avhich  replaces  the  first  one.  The  throw  of  the  needle  is 
proportional  to  their  respective  capacities. 

To  comply  with  the  requirements  of  the  Post  Office 
specification  the  capacity  of  each  section  of  a  condenser  is 

measured  throiigh  a  carefi;lly  calibrated  reflecting  galva- 
nometer by  taking  the  discharge  after  the  section  has  been 

charged  for  a  period  of  10  seconds  with  an  electromotive 
force  of  30  volts. 

The  insulation  test  is  made  Avith  an  E.M.F.  of  400  volts, 

>  EARTH 

Dischiiige  key  and  cniidensi  r  capacity  test. 

and  the  mininmm  insulation  allowed  is  KKIO  megohms  per 
microfarad,  so  that  a  5  m.f.  condenser  should  have  at  least 

1  o_oo^  or  200  megohms  insulation  resistance.  The  reading- 
is  observed  one  minute  after  the  battery  is  first  applied  to 
the  condenser.  This  stipulation  is  very  imjDortant  owing 

to  the  phenomena  of  dielectric  polarization  termed  electrifi- 
cation. The  first  deflection  observed  when  the  battery  is 

connected  to  the  condenser  becomes  gradually  less  as  if  the 
insulation  resistance  steadily  improved.  This  gradual 
reduction  of  leakage  during  a  continued  application  of  the 
battery  is  evidence  of  the  good  condition  of  the  dielectric, 
and  irregularities  in  the  fall  are  taken  to  indicate  the 
existence  of  defects  in  the  insulation. 

For  the  purpose  of  these  tests  a  primary  or  secondary 
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battery  giving  ut  least  400  volts  is  required,  and  in  addition 

to  the  reflet-ting  galvanometer  with  the  universal  shnnt  box, 
short  circuit  and  reversing  keys  or  discharge  key. 

The  latter  is  provided  Avitli  two  trigger  hooks,  and  can 
be  i^laced  in  three  positions.  Fig.  93  gives  a  diagrammatic 
view  of  a  discliarge  key  joined  np  for  testing. 

On  pressing  down  the  lexer  it  makes  contact  with  stud 

rro^ 

(2A 

Q> 

"2,  and  is  held  in  that  position  hy  trigger  T.^;  it  is  then  in 
the  "  charge  "  position.  I5y  depressing  T.,  the  lever  is  reh^ascd 
from  2  but  is  prevented  from  tcniching  1  \)y  trigger  'L\. 
This  breaks  the  battery  circuit,  the  lever  being  in  the 
insulate  position.  When  1\  is  depressed  the  lever  rises  at 
once  and  makes  contact  with  stud  1.  If  it  is  required  to 
discharge  the  condenser  at  once,  by  depressing  2\  a  small 
l^iece  of  metal  engages  with  To,  moving  it  at  the  same  time 
and  allowing  the  lever  to  rise  against  the  top  contact.  A 
battery  reversing  switch  or  key  is  also  provided. 

I  2 
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The  capacit}'  of  a  condenser  varies  directly  as  the  extent  of 
the  surfaces  of  the  opposing  plates  and  condensers  are  gener- 

ally joined  for  quant  it  ij,  that  is,  with  all  the  outer  coating 
terminals  connected  together,  and  similarly  the  inner  plates. 
Three  1\  m.f.  condensers  joined  to  add  capacities  are 

shown  in  Fig.  94,  and  the  total  capacity  inserted  is  17 '25 
m.f.  But  condensers  may  also  be  joined  in  cdHcade,  and 
the  combined  capacity  is  then  less  than  the  smallest 
condenser.  The  value  of  this  capacity  is  calculated  in  the 
same  way  as  combined  resistances.  For  example,  three 
condensers  joined  as  in  Fig.  95,  having  capacities  of  2  m.f., 
3  m.f.,  and  4  m.f.  respectively,  combined  in  cascade  give  a 

1  12 
value  equal  to  ̂    j   ^^,or  —  m.f. 

The   joint    capacity   of    two    condensers    in    cascade    is 

(S^ 
— G>- 

^S)— 
-e — 

-Q 

l-'iii.  'Xj. — Throe  cuiKioii.sL'is  in  cascade. 

ascertained  like  joint  resistance  of  two  coniluctors  in 
])arallel,  namely,  l)y  the  product  of  their  respective 
capacities  divided  by  their  sum. 

The  use  of  condensers  in  central  battery  systems, 
cable  and  duplex  working,  will  be  explained  in  those 
sections. 

Inspection  and  Testing  of  Tf.i>K(;kapii  Instruments. 

The  iigure  of  merit  of  the  various  instruments  required 
for  practical  inir})oses  in  telegraphy  slioidd  be  ascertained 
by  arranging  a  circuit  of  the  particidar  instrument  in 
series  with  a  battery  and  rheostat.  Before  placing  new 
apparatus  in  Avorking  circuits  it  should  be  thoroughly 
examined  for  mechanical  and  electHcal  faults, — platinum 
contacts  clean,  all  adjustments  true  with  pivots  and  bear- 

ings having  minimum  free  movement.  Instrument  coils 
are    tested    for    continuity    and    resistance,  and  insulated 
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parts  sliould  have  a  niiiiimum  insulation  resistance  of  a 
megohm.  With  new  apparatus  lacquer  may  have  to  be 
removed  to  insure  proper  electrical  contact. 

Two  tests  are  made  with  differentially  wound  instru- 
ments :  (1)  for  equal  magnetization,  in  which  the  coils  are 

placed  in  series  with  a  key  and  battery  ;  (2)  for  eqnal 
resistance  by  joining  the  coils  in  parallel.  These  connections 
are  shown  in  Fig.  !)G,  and  if  the  instrument  is  unaffected 

Fiii.  00. — SfcinJard  relay  as  pduiii'Cleil  f'ni-  ditlerentialily  losls. 

hy  the  same  cnrrent  jiassing  in  opposite  directions  in  the 
first  test,  and  by  equal  currents  in  the  second,  if  proves 
satisfactorv  diiTcrentialitv. 

ExEncTSFi  in. 

1.  (a)  Wliat  are  induced  and  unindnced  needles?  (h) 
Why  are  tlie  Spagnoletti  and  Varley  needles  so  shapeil  V 

2.  ('()in])are  the  ordinary  and  polarized  sounders,  iiuli- 
cating  their  essential  differences,  with  advantages  ;ind 
disadvantages. 

3.  A  sounder  requires  l'OO  am])('i'(^-turns  ;  how  conhl 
this  value  be  provided  V 

4.  When  is  a  relay  employed,  and  what  is  its  fuiu-tion  ? 
Is  the  line  current  increased  by  its  introduction  ? 

5.  Is  the  stat(Mnent  correct  that  a  relay  only  marks  with 

a  marking  cui-rent;  wouhl  reversing  the  "local  battery" 
correct  reversed  siuiials  V      I'iXnhiin   Fiillv. 
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{').  Define  the  "Henry":  what  percentage  decrease  in 
the  valne  of  the  self-induction  of  j^attern  "  B "  from 
pattern  "  A  "  of  the  standard  relay  ? 

7.  How  is  self-indnctance  eliminated  in  resistance  coils  ? 

Supply  sketch. 
8.  Describe  a  non-polarized  relay ;  can  it  be  biassed  ? 

Give  reasons  for  your  answer. 

9.  "What  is  a  rheostat  ?  Describe  the  pattern  "  D," and  furnish  a  diagram  of  its  internal  connections. 
10.  Draw  a  diagram  of  S  C  simplex  circuit  (sounder  or 

polarized  sounder)  with  three  stations.  What  happens  if 
the  up  station  depresses  key  while  the  intennediate  office 
is  sending  ?     Explain  fully. 

11.  Describe  a  sounder.  How  would  you  proceed  to 
adjust  one  that  Avas  unreadable  ? 

12.  Give  a  plan,  sketch  or  diagram  of  tAvo  7]  m.f. 
condensers,  indicating  therein  what  Aalues  you  Avould  use, 
and  how  vou  would  connect  them  to  obtain  a  total  cajoacitv 
of  10-5  ni.f. 

13.  A  condenser  of  unknown  capacity  is  joined  in 
cascade  with  a  condenser  of  30  m.f.,  and  their  joint 
capacity  is  12  m.f.     What  is  the  unknown  capacity? 

1-1.  What  is  the  object  of  providing  the  capacity  of  a 

condenser  in  sections?     Describe  a  "triple"  condenser. 
15.  Describe  briefly  the  theory,  construction  and  use  for 

telegraph  purposes,  of  (i)  an  ammeter,  (ii )  a  voltmeter,  and 
fiiij  a  megger. 

16.  Describe  the  5-terminal  1)  C  key  Avith  diagram  of 
connections  in  each  position.  If  the  key  Avas  only  sending 
out  one  current,  how  Avould  you  trace  the  fault  ? 

17.  What  are  the  essential  features  of  a  tangent  galva- 
nometer as  regards  size  and  shape  of  the  coil  and  needle  ? 

GiA^e  reasons. 
18.  Explain  object  and  use  of  (i)  skew  scale,  (iij  mirror, 

and  (iii)  controlling  magnet  of  tangent  galvanometer. 

19.  If  a  tangent  galvanometer  indicates  120  diA'isions 
with  the  20th  shunt,  Avhat  is  the  total  value  of  the  current, 
and  does  the  insertion  of  the  shunt  decrease  the  deflection 

to  TrVth  of  its  prcA'ious  A-alue  ?     Exj^lain  fiilly. 
2().  The  resistance  of  a  galvanometer  is  lO^I",  and  it  is 

connected  in  circuit  with  a  battery  of  1.')  volts  and  f)" 
interna]  resistance.     The  gah-anometer  is  shunted  so  that 
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yVtli  of  the  total  current  flows  in  it.     Find  the  resistance 
of  the  shunt  and  the  current  in  the  battery. 

21.  A  battery  of  1*"  is  joined  to  a  galvanometer  of  4"  and 
a  resistance  coil  of  2",  and  the  reading  is  100  divisions. 
What  will  be  the  reading  if  the  galvanometer  is  shunted 

with  4"  ?     (70  divisions.) 
22.  A  battery  of  very  low  resistance  is  connected  with 

a  galvanometer  of  high  resistance,  and  a  deflection  is 
produced.  A  shunt  is  now  connected  across  the  coils  of 
the  galvanometer  and  the  deflection  remains  practically 
unaltered.     Explain  exactly  why  this  is  the  case. 

23.  An  accumulator  of  10  cells  is  connected  to  two 

wires  of  1000'"  and  2000'"  respectively.  What  current 
passes  through  each  circuit,  and  how  would  these  currents 
be  affected  if  a  resistance  of  500""  is  connected  across  the 
batterv  terminals  ? 
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TELEGU.U'II    LINES 

Acrinl. — Hitherto  open  lines  liave  been  preferred  u'itliont 
hesitation,  when  there  has  been  a  choice,  owing  to  their 
lower  first  cost,  better  electrical  characteristics,  and  also 
because  they  are  more  accessible.  But  the  invention  and 

improvement  of  air-space  cables,  and  the  more  general  use 
of  metallic  return  circuits,  has  led  to  a  great  extension  of 
underground  lines  in  the  United  Kingdom.  Also  the  cost 
of  maintenance  of  air  lines  in  exposed  districts,  the  unsatis- 

factory behaviour  of  those  circuits,  in  bad  weather,  and  the 
fact  that  when  installing  a  large  underground  system  the 
cost  Avas  less  than  that  for  overhead  lines  ;  all  these  dis- 

advantages have  been  contributing  factors  in  causing  the 

aerial  lines  to  lose  their  precedeni-e.  Nevertheless,  in  many 
circumstances  it  may  still  be  more  satisfactory  and  eco- 

nomical to  use  an  air  line  such  as  are  in  England  erected  upon 
roadsides,  railways,  and  canal  banks.  Routes  must  ahvays 
be  very  carefiilly  selecteil,  as  straight  as  possible,  and  ujion 
piiblic  rather  than  private  property  on  account  of  the 
trouble  and  difficulty  exi^erienced  in  the  matter  of  wayleaves. 

P^or  several  reasons  the  sides  of  a  railway  provide  the  best 
facilities.  In  large  towns  the  choice  is  between  overhouse  or 

underground  ;  Avith  the  former  tlie  lines  crossing  thoiough- 

fares  miist  be  from  oO  to  .'^)")  feet  aboA-e  the  ground. 
There  is  the  further  trouble  with  OA'erhouse  lines  of 
damage  to  roofs  and  chimneys.  Care  must  be  taken  with 
all  aerial  lines  to  prevent  them  falling  in  the  puldic  way  if 
the  poles  and  Avires  become  broken. 

The  conductor  chiefly  used  for  telegraph  lines  has  Ijeen 

iron,  gah'anized  to  prevent  it  rusting,  of  A-arying  gauges 
according  to  rec[uirement,  and  usually  distinguished  by 
their  Aveight  in  lbs.  per  mile. 

120 
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Weight Diameter Breaking No.  of  twists 

-   I 

Ohms per  mile. ill  mils. weight  in  lbs. in  6  inches. 
per  mile. 

600 200 
1800 11) 

8-88 

450 181 1350 
23 1 1  -84 

400 171 1200 
24 

13-32 
200 121 COO 30 

26-64 
GO 66 

(used  for 

binding 
25  in 

and jointing.) 3  inches 

A  range  is  allowed  on  the  values  of  these  standards. 

In  all  overhead  lines  it  is  of  the  ntniost  importance  that 
eflicient  joints  should  be  made  in  the  conductors  and  that 
the  conductors  should  be  thoroughly  well  bound  1o  the 

insulators.  The  best  style  of  joint  is  undoubtedly  tlu^ 
Britannia  joint  (illustrated  in  Fig.  07). 

The  method  of  binding  an  iron  wire  to  an  insulator  is  shown 
in  Fig.  08.  Two  laps  of  binding  wire  are  taken  round  the 
line  wire  at  ̂ 4.  The  inner  end  is  then  taken  round  the  neck 
of  the  insulator  to  the  under  side  of  the  line  wire  at  7>,  and 

alter  one  comjih'te  hi]:)  is  then  taken  liack  round  the  insulator 
to  A,  and  lapped  on  tlic  line  wire  for  about  a  dozen  turns 
to  C.  The  other  end  oT  the  binding  wire  is  then  taken 
from  the  under  side  of  the  line  wire  at  A  round  the  neck 

of  the  insulator  to  the  u]")])er  side  of  tlie  line  Avire  at  ]>,  and 
then  similarl_y  lapped  oxer  the  line  wire  Id  J). 

For  l}i.'^ul(ih)r,s,  white  pdrcelaiii  has  given  best  results, 
although  glass,  earthenware,  and  ebonite  have  also  been 

used.  'I'he  Cordeaiix  form  (shown  in  Fig.  00)  is  termed  a 
(lonhle  shed  insulator.  Tlic  inner  cu]i  is  ke])t  (b-y  during 
wet  weather  and  so  maintains  its  insulation,  while  the 
surface  and  shape  of  the  outer  cup  assists  the  cleansing 
action  of  the  rain.  The  s(!rew  thread  allows  the  insulator 
to  be  removed  from  the  bolt.  When  wires  have  to  be 

terminated  sometimes  a  Langdon  insulator  is  used.  The 

double-shed  form  with  three  groov(>s  is  shoAvu  in  Fig.  100. 

^rhe  P.O.  icrm'nud  insidator  is  a  strong  double-grooved 
form  of  the  ('oi-dcanx  Ivpc  (see  Fii>'.   Ktl  ). 
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The  spur  or  side  hnoh  insulator  is  of  the  form  slio'wai 
in  Fig.  102.     The  grooved  boss  fitted  on  the  outer  cnp  is 

CD     S 
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for   the  attachment    of  wires  carried    away  in    a  vei'tical 
direction. 

Fid.  KH.— P.O.  tonniiial  iiisiilatoi-.  ¥><■■  inj.-Sinn-  insulatdf. 

Where  a  line  terminates  and  a  covered  l(>adin,<i-in  wire  is 

vised  then  an   iuKuhator  ol"  special  form  'nn-eiilcil  hy  Messrs. 
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Sinclair  and  Aitken  is  provided  (see  Fig.  103).  It  is  made 
in  two  parts  wliicli  scre^v  together ;  the  inner  cup  has  a 
deep  groove  cut  to  accommodate  the  covered  wire  so  that  it 
is  well  i^rotected  from  the  Avet  when  the  outer  shed  is  screwed 
into  position.     This  insulator  is  specially  designed  for  use 

Fic.  103.— The  Sinclnir-Aitki'U  k\',diii.n-iii  insulator. 

with  rubber  insulated  leadiiig-in  wires  ;  where  paper  insu- 
lated lead-covered  leading-in  wires  are  employed  another 

form  of  the  S.A.  insulator  is  ]n-ovided. 
(kipper  li-ire. — Owing  to  its  superior  electrical  qualities 

copper  is  joreferred  to  iron  for  long  telegraph  circuits.  The 
following  ̂ table  shows  the  requirements  of  the  dilTerent 
gauges  employed. 
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Har]i  Di;a\\\  Coi'i'Eii  WiuE. 

Weight  in  lbs. Diameter  in Breaking No.  of  twists 
Ohms 

per  mile. 
mils. 

weight  in  lbs. in  6  inches. 

15 
per  mile. 

800 223 2400 

1-09 

()()() 193 
1800 

20 

1-4G 

4()() 158 
1250 25 

2-19 

o(  »< ) 
137 950 

30 

2-92 

200 112 
G50 

20]  -t 25  -.S^ 
30)     t 

4-39 

150 07 490 

5-85 

100 
1 

79 330 

8-78 

A  range  is  allowed  on  some  of  these  standards. 

The  high  tensile  strength  of  hard  drawn  eopper  wire  is  im- 
parted solely  hy  the  mechanical  process  of  drawing  it  thrcnigh 

dies  slowly  decreasing  in  diameter,  and  as  a  consequence 
the  greatest  proportion  of  the  strength  is  near  the  surface  of 

the  Avire,  so  that  even  a  deep  scratch  on  the  wire  at  right- 
angles  to  its  length  Avill  appreciably  decrease  the  tensile 

sti'cngth,  especially  if  the  wire  be  also  slightly  bent  or 
twisted  at  that  point. 

Further,  if  the  wire  he  heated  to  any  extent — for  example, 
in  the  process  of  sc^ldering  a  joint — the  particles  which 
have  been  forcibly  arranged  in  a  certain  position  by  the 
drawing  process  rearrange  themselves  into  a  more  or  less 
crystalline  condition,  and  the  result  is  always  a  reduction 
in  the  tensile  strength  of  the  wire,  the  amount  of  reducticni 
dei)ending  on  the  degree  to  which  the  tem})erature  lias  been 

raised.  Copper  wire,  therefore,  must  be  handk-d  with  greater 
care  and  skill  than  is  necessary  with  iron  wire,  and  it  also 
needs  s])ecial  protection  from  chaling  against  the  neck  of 

the  insulator.  With  a  moderate  amount  of  care,  howevei", 
many  miles  of  copper  wire  can  be  erected  without  the 
slightest  risk  of  failure. 

In  binding  copper  wire  to  an  insulator,  it  is  necessary,  as 
previously  stated,  to  protect  the  conductor  fmiu  chafing,  ami 
a  good  method  is  shown  in  Fig.  104.  A  soft  copper  (ape 

is  lirst  hound  round  tlic  conductor  for  a  distance  ol"  several 
inches,  the  ends  heing  tightened  up  with   pliers  so  that  the 
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tape  does  not  lie  slack  on  tlie 
wire.  A  special  binder  is  then 
employed  made  of  copper  wire 
flattened  ont  at  the  ends  and 
well  annealed.  This  hinder  is 

placed  round  the  neck  of  the 
insulator  and  the  flattened  ends 

brought  one  over  and  one  under 
the  line  -^^-ire  and  twisted  round 
over  the  layer  of  tape  (as  shown 
in  Fig.  104).  The  binder  is  so 
made  that  about  one  turn  of  the 

unflattened  wire  passes  round 
the  conductor  on  each  side  and 
the  ends  of  the  binder  should  be 
twisted  round  the  conductor  in 

the  same  direction  as  the  prelimi- 
nary layer  of  tape  ;  no  soldering 

is  needed. 

Wood  -poles. — Whenever  cir- 
cumstances permit,  wooden  poles, 

on  account  of  their  cheapness, 
are  employed  for  supports  on 
telegraph  lines. 

The  timber  generally  used  is 
either  red  fir  or  larch  Avood,  pre- 

ferably of  Xorwegian  growth,  or 
grown  imder  similar  conditions 
as  regards  soil  and  climate.  All 
poles  should  be  straight  and  free 

from  large  or  dead  knots,  A\-ith 
the  annular  rings  closely  pitched, 

indicating  slow  gi'owth.  The 
Ijutt  of  the  tree  should  be  sawn 

across  at  the  end,  but  it  should 
not  be  reduced  in  diameter. 

Creosoting  is  the  most  success- 
ful of  the  many  preservative 

processes  Avhich  have  been  de- 
vised Avith  the  object  of  prolong- 

ing the  life  of  the  wood  poles. 
A  number  of  poles  are  placed  in 

a  cylindrical  vessel  fi-om  which 
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the  air  is  exhausted,  tlius  extracting  the  greater  part  of  the 
moisture  from  the  timber,  and  hot  creosote  is  forced  into 
the  timber  under  pressure.  About  10  lb.  of  creosote  per 
cubic  foot  of  timber  is  necessary  to  insure  good  results. 

The  dimensions  of  the  poles  on  any  line  vary  according 
to  the  number  and  size  of  the  wires  and  the  general  local 
conditions.  It  shoidd  be  remembered  that  as  the  height 
of  the  wires  is  increased,  the  diameter  of  the  poles  must  be 

Fii.;.  101". — Jointing  of  kirgc  copiicr  and  iron  wires. 

increased,  but  no  general  rule  can  be  given  for  the  height 
of  the  lowest  wire  on  a  line,  this  being  governed  entirely 
by  local  conditions. 

Poles  are  usually  set  at  a  distance  of  from  00  to  75  yards 
apart,  and  on  lines  wdthout  curves  the  span  is  frequently 
increased  to  80  yards.  Wood  poles  should  be  planted  to  a 
depth  of  from  4  to  0  feet,  the  exact  depth  depending  on  the 
length  of  the  pole  and  the  character  of  the  soil. 

tfMUMAIta 

■ai    ."  -'-''' 

Fici.  104';.— Jiiiiitiug  of  iiliosphor  bronze  wire. 

The  top  of  the  pole  should  l)e  protected  from  the  weather, 
as  timber  is  particularly  vulnera])le  at  the  end  grain  ;  in 
ordinary  cases  a  sheet  metal  or  cast  iron  pole  roof  is  em- 
l)loyed,  or  a  wooden  finial  where  an  ornamental  finish  is 
desired. 

A  single  wire  is  sometimes  carried  on  an  insidator  iixed 

at  the  top  of  the  pole  by  meajis  of  a  saddle  hradict  (Fig.  10,1) ; 
in  such  cases  the  sheet  metal  polo  roof  is  fixed  by  the 
coach  screws  which  hold  the  saddle  bracket.  On  curves 

an  iron  saddle  stay  is  employed  with  this  bracket  to 
prevent  the   bracket   and  the  insulator  bolt  canting,  the 
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stay  being  secured  to  the  pole  by  coacli  screws  ]>assi]ig 
through  triangular  wooden  blocks.  When  a  line  of  wires 
is  carried  rmmd  the  outside  of  a  curve  on  a  road,  the 

insulator  nearest  the  road  on  each 

arm  is  provided  with  a  guard  to 
prevent  a  loose  wire  overhanging 
the  roadway  and  becoming  a  source 
of  danger  to  traffic.  This  guard 
may  be  of  the  hook  or  hoop  type, 
a  disadvantage  of  the  latter  being 
that  it  assists  the  accumulation  of 
snow. 

At  angles  and  on  curves  the  line 
wires  exert  a  lateral  pull  on  the 
pole,  and  in  order  to  take  up  this 

Fig.  105. -Saddle  bracket.  stress,  the  pole  is  usually  provided 
Avith  a  stay  or  a  strut,  the  former 

being  a  device  for  taking  a  tensile  stress  and  the  latter  a 
thrust.  If  the  lateral  pull  is  slight  only  one  stay  is  used, 
but,  where  necessary,  the  size  or  the  number  of  stays  is 
increased.  The  upper  end  of  the  stay  should  be  attached 
to  the  pole  as  near  as  possible  to  the  resultant  point  of  the 
cond)ined  lateral  pull  of  the  line  Avires.  If  the  stay  is 
fitted  much  above  or  below  this  point,  the  pole  is  subjected 
to  a  bending  movement.  The  method  usually  adopted  for 
fixing  the  lower  end  of  a  stay  is  to  anchor  a  stay  block 
under  undisturbed  soil,  as  shoAvn  in  Fig.  108.  A  soiuid 
])iece  of  an  old  pole  4  to  0  feet  in  length  is  frequently 
used  for  a  stay  block.  The  stay  rod  is  screwed  at  its 
upper  end  for  tightening  purposes,  and  is  provide<l  with  a 
ratchet  nut  which  engages  upon  a  bow  (Fig.  KKi)  to  which 
the  stay  wire  is  spliced.  Care  should  be  taken  that  tlie 
stay  clears  the  line  wires  by  not  less  than  four  inches  ; 
Avhere  this  clearance  cannot  conveniently  be  allowed  a 
atay  crutch  or  outrlrigcr  (Fig.  107)  should  be  fitted  to  carry 
the  stay  clear  of  the  line  wires,  as  shown  in  Fig.  108,  which 
also  illustrates  the  positions  of  the  other  fittings,  inchuling 
pole  steps.  The  illustration  shows  a  wooden  telegrajih 

pole  carrying  twenty-five  line  wires,  and  this  may  be  con- 
sidered as  a  tj^pical  case  of  good  overhead  construction. 

The  six  oak  arms  are  48  inches  long  x  2^  inches  x  2J 
inches.     The   arms   should  alwavs  be  fixed  on   one   side 
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(the  "up")  of  the  pole  as  shown, 
the  pole  being  slotted  to  a  depth  of 
half  the  width  of  the  arm.  Each 

arm  is  fixed  by  a  pole  arm  bolt,  the 
nut  and  the  large  thick  washer 

bearing  against  the  arm.  When- 
ever a  pole  is  cut,  for  example,  for 

the  purpose  of  fitting  an  arm  or  a 
pole  roof,  the  surface  exjiosed  by 
cutting  should  be  coated  with  a 
mixture  of  tar  one  part,  creosote 
two  parts.  Tlie  earth  wire  consists 
of  galvanized  iron  wire  weighing 
4U0lbs.  per  mile.  A  short  length 
is  loosely  coiled  at  the  base  of  the 
pole  and  the  wire  is  fixed  at  the 
back  of  the  pole  (or  on  the  side 
remote  from  the  roadway)  by  means 
of  staples.  It  is  then  bent  round 
the  arm  bolt  so  as  to  lie  between 
the  head  of  the  bolt  and  the  washer 
at  the  back  of  each  arm  and  carried 

to  the  top  of  the  j)ole  as  shown,  to 

form  a  more  or  less  elhcient  light- 
ning conductor.  All  the  arm  bolts 

are  thus  electrically  connected  to- 
gether and  to  earth.  Each  arm  is 

also  earth  wired  with  No.  J  2  S.W.CI. 

(standard  Avire  gauge)  soft  galva- 
nized iron  wire.  One  turn  of  the 

wire  is  stapled  round  the  arm  be- 
tween each  pair  of  insiilators,  and 

the  wire  is  also  brought  round  the 
arm-bolt  hole.  The  waslier  under 
the  nut  bears  on  this  part  of  the 
wire,  and  consequently  all  the  arm 
wires  are  also  connected  to  earth. 

Tlie  chief  advantage  of  eartli-wiriug 
is  to  prevent  direct  leakage  between 
wire  and  wire,  but  of  course  it 
tends  to  lower  the  insulation  resist- 

ance. The  arms  are  fitted  exactly 
12  inches  apart  on  the  pole,  and  tlie 

K 
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pairs  of  iusiilator  Ijolts  on  eacli  side  of  tlie  j)o]e  are  set 

exactly  at  12-iiicli  centres,  consequeiitlv  tlie  line  Avires  on 
each  side  of  the  pole  are  syimnetrically  placed,  each  -wire 
forming  the  corner  of  a  12-inch  square.  (This arrangement 
is  necessary  in  the  case  of  tele2)h(>ne  lines  if  they  are  tAvisted, 
as  they  should  be,  to  neutralize  inductive  effects.) 

A  stay  is  always  used  to  support  a  pole  on  cui-\-es  and 
angles  in   jDreference   to   a  strut,  but  Avhere  there  is  not 

Fig.  107.— Outrigger. 

sufficient  space  on  the  outside  of  the  curve  for  a  stay  it 
is  necessary  to  use  a  strut,  which  is  placed  on  the  inside 
of  the  curve.  The  strut  should  meet  the  pole  as  near 
to  the  resultant  point  as  possible,  and  it  is  obviotis  that 
the  angle  between  the  pole  and  the  strut  should  be  as 
great  as  the  conditions  permit.  Aji  example  of  a  strutted 

pole  is  given  in  Fig.  109.  In  this  case  the  -strut  is  of 
similar  timber  and  dimensions  to  the  pole  itself.  The  top 
of  the  strut  is  shaped  to  fit  the  pole,  which  should  not  be 
cut  to  receive  the    strut,  as  such  cutting  would  weaken 
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Fki.  lOS.— a  :i5-liuu  wooden  irulc,  with  .slay  liltud  on  ouliiggci-. 
K  2 
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tlie  pole  at  a  point 
w  li  e  r  e  great 

strength  is  needed. 
The  stresses  tend  to 
force  the  stmt  into, 
and  lever  the  pole 
out  of,  the  ground, 
and  in  order  to 

counteract  this  tend- 
ency stay  blocks  are 

fitted  (as  sho^\ni  in 

Fig.  109)  near  the 
ends  of  the  pole  and 
strut.  The  scarfed 
end  of  the  strut 

should  be  well  coat- 
ed with  tar  and  cre- 

osote, and  this  end 
of  the  striit  is  then 
bolted  to  the  pole. 

About  midway  be- 
tween this  point  and 

the  ground  line  is 
fitted  a  tie  bolt. 

In  positions  Avhere 
the  stresses  are  too 

great  for  ordinary 
single  poles  and 
Avhere  it  is  not  possi- 

ble to  use  stays  or 
struts,  A  poles  are 

frequently  employ- 
ed. A  good  example 

of  an  A  pole  is  given 
in  Fig.  110.  The 
structure  consists  of 
two  similar  poles, 
scarfed  and  bolted 

together  at  the  top, 

each  pole  being  re- 
duced suflSciently  to 

form  a  joint  vaiying 

in  length  from  five 
Fig.  lO'J.— Pole  wiiU  strut. 
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to  six  feet,  care  being  taken 
that  the  diameter  of  each  pole 
is  not  reduced  to  less  than 

two-thirds  of  its  original 
dimension.  The  scarfed  ends 
are  coated  with  the  tar  and 
creosote  mixture  and  are  then 

bolted  together  by  two  dia- 
meter bolts.  About  half-way 

down  the  pole  is  fixed  a  tie- 
bolt  with  washers  and  dis- 

tance tube.  The  bottom  of 

each  pole  is  notched  to  receive 
a  pole  brace,  from  six  to  eight 
feet  long,  which  is  fixed  to 
the  poles  by  diameter  bolts, 
and  on  very  heavy  lines  or  at 
curves  kicking  hloclis  should 
be  placed  at  right  angles  to 
the  brace  block,  one  above 
and  one  below  the  brace,  as 
shown  in  the  illvistration,  the 

lower  block  being  placed  on 
tlie  inside  of  the  curve.  Oak 

arms  57  inches  long,  bored  to 
carry  4  insulators,  are  used 
with  A  poles. 

H  i->oles  are  frequently 
employed  on  very  heavy  lines 
where  provision  has  to  be 
made  for  a  large  number  of 
wires  and  in  situations  where 

the  conditions  demand  a  pole 
of  considerable  strength.  As 
shown  in  Fig.  Ill,  this  struc- 

ture consists  of  two  similar 

poles  erected  18  inches  apart 
and  braced  together  by  a 
system  of  trussing.  The 
bottom  of  each  pole  is  notclied 
to  receive  a  timber  brace, 
which  is  secured  to  the  poles 
by  diameter  bolts,  and  at 

curves     additional     security^ 

,'irss^ 

Fill.  110.  —  '   A  "  pole. 
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Fig.  111.— "H"  pole. Fio.  112.— Iron  pole 
withifoot  plate. 
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against,  lateral  displacement  is  nlitained  by  means  (if  kicking 

blocks  placed  at  right-angles  to  the  ends  of  the  timber 
brace,  the  lower  block  being  placed  on  the  inside  of  the 
curve.  The  triissiiig  consists  of  horizontal  tie  bolts  with 

washers  and  distance  tubes.  Between  these  tie  bolts  diag- 
onal truss  rods  are  fixed.  The  truss  rods  are  secured  at 

one  end  by  the  tie  bolt  and  the  other  ends  are  united  l)y 
a  steel  truss  ring. 

Oak  arms  72  inches  or  7(5  inches  long,  bored  to  carry 
6  insulators,  are  invariably  used  with  H  poles. 

Iron  poles. — Although  the  initial  cost  of  iron  poles  is  con- 
siderably greater  than  that  of  wood  poles  of  the  same  height 

and  strength,  iron  poles  possess  niimerous  advantages  and 
are  frequently  employed,  especially  in.  countries  where 
wood  is  unsiiitable  owing  to  climatic  conditions,  the  attack 
of  insects,  or  transportation  difhculties. 

In  cases  where  a  line  has  to  be  erected  over  very  rough 

or  mountainous  covmtry  iron  poles  possess  a  distinct  ad- 
vantage, as  being  composed  of  two  or  more  sections  they 

are  conveniently  handled .  In  many  localities  iron  poles  are 
also  more  durable  and  their  use  undoubtedly  minimizes 
the  cost  of  renewals  and  repairs  ;  and  as  their  diameter  is 
smaller  than  that  of  wood  poles  they  offer  less  resistance  to 
the  wind,  and  consequently  there  is  less  risk  of  the  line 
being  wrecked  through  violent  storms.  Two  types  of  poles 
are  illustrated  in  Figs.  112  and  113,  one  fitted  with  a 
ribbed  foot  plate  and  the  other  with  a  pile  base ;  the 
poles  fitted  with  a  foot  plate  form  a  very  rigid  structure 

capable  of  withstanding  sudden  and  hea'vy  strains.  Poles 
with  a  pile  base  possess  the  great  advantage  of  being 
suitable  for  driving  into  the  ground,  thus  obviating  the 
expense  of  digging  holes.  They  are  also  very  firm  and 
rigid  directly  they  are  erected,  as  the  surrounding  soil 
is  not  disturbed,  and  the  wires  can  therefore  be  safely 
suspended  at  once. 

Earth  borers  (Fig.  114)  are  devised  to  reduce  the  laboTxr 
and  cost  of  pole  setting.  In  lightand  sandy  soils  and  where 
no  greater  depth  than  four  feet  is  required  these  tools  have 
advantages.  The  rotating  motion  conveyed  by  the  handle 
heaps  the  earth  upon  the  blade  of  the  borer,  which  is  then 
removed.  By  means  of  a  long  bar  the  soil  is  loosened 
before  the  borer  is  asain  inserted. 
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\ 
Fig.  113.— Iron  pole 

with  pile  base. 
Fio.  114.— Earth  borer. 
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Hamiltnv  'pole  (Fig.  115). — This  type  of  iron  pole  has 
been  specially  designed  for  use  abroad,  and  is  constructed 

to  combine  strength  and  durability  Avith  lightness,  porta- 
bility and  simplicity  of  construction.  The  poles  are 

composed  of  8-feet  lengths  of  riveted  steel  tubes.  These 
are  either  galvanized  or  heated  and  dipped  into  tar,  the 
former  process  being  more  durable,  although  the  latter 
cheapens  the  first  cost.  Each  tube  slips  over  the  other 
and  is  strengthened  on  the  inside  by  means  of  a  stiffening 

ring.  A  pointed  cap  fitted  to  the  top  of  the  pole  is  detach- 
able and  may  be  taken  off  while  the  cap  is  driven  on. 

The  tubes  of  corresponding  dimensions  are  perfectly  inter- 
changeable, therefore  erection  is  readily  carried  out  without 

skilled  labour.  Care  should,  however,  be  taken  to  see  that 
the  riveted  seams  are  placed  on  alternate  sides  of  the 
pole  (as  shown  in  Fig.  115).  The  corrugated  base  plate  and 

the  root  of  the  pole  are  of  tarred  cast  iron  and  are  there- 
fore unaffected  by  climatic  influences.  Three  holes  are 

drilled  in  the  side  of  the  root  to  allow  trapped  water  to 
escape.  The  base  plate  screws  on  to  the  cast  iron  root  (as 
shown  in  Fig.  115).  For  shipping  the  tubes  are  telescoped 
into  one  another,  so  that  each  pole  then  occupies  a  space 
8  feet  long  by  the  diameter  of  the  largest  tube. 

Orerho\ise  lines. — When  it  is  necessary  to  support  a  line 
of  wires  from  the  top  of  a  building,  parallel  light  tubular 
poles  are  invariably  used  (Fig.  116).  These  are  supported 
by  chairs  which  are  placed  on  the  roof,  a  layer  of  felt  and 
sheet  lead  being  interposed  between  the  chair  and  the  roof. 
The  felt  prevents  any  noise  in  the  house  due  to  the  vibration 
of  the  wires,  and  the  lead  provides  a  firm  seating  for  the 
chair  and  a  protection  for  the  felt.  Such  iron  poles  must 
have  at  least  four  stays,  and  longer  poles  made  up  of  two 
or  three  tubes  should  have  at  least  eight  stays.  Combina- 

tion roof  poles  consist  of  two  or  three  sections  telescoped 
together,  the  length  of  the  joint  lieing  2  feet. 

Aerial  cahles,  "  dry  core  "  Avith  a  covering  of  vulcanized 
indiarubber  and  an  outer  covering  of  ozokerited  tape  or  a 
still  more  durable  pattern  of  lead-covered  cable,  are  useful 
for  overhouse  and  under  bridges.  Not  l^eing  strong 
enough  to  support  tliemscdves  they  are  suspended  from  a 
number  of  steel  Avires  by  raw-hide  slings  (Fig.  117).  The 
hook  is  slipped  over  the  suspender  and  then  turned. 
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Fro.  115. — Hamilton  pole. Fra.  116. — Overhouse  iron  pole. 
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Game  guards. — In  some  distriots  the  birds  are  warned  of 
the  presence  of  tlie  line  wires  by  small  alnmiiiium  flags, 
which  are  attached  to  them  so  as  to  swing  qiiite  freely. 
Fig.  118  shows  how  the  game  guard  is  attached  to  a  copper 
wire  by  means  of  a  binder. 

Wiring. — The  coils  of  wire  for  the  lines  are  supplied  on 
drums  which  can  be  fitted  on 
handbarrows.  One  end  is 
drawn  out  and  taken  over 

the  pole  arms  for  some  little 
distance.  The  mre  is  then 

pulled  up  and  stretched  by 
means  of  tension  ratchet  and 

draw  tongs.  The  proper  sag  or 

dip  is  a  matter  of  great  import- 
ance, and  allowance  has  to  be 

made  for  the  temperature  at 

the  time  of  erection.  At  22°  F. 
the  tension  applied  should  be 
one-fourth  of  the  breaking 
strain  (see  Tables) :  this  pre- 

caution must  be  taken,  other- 
wise a  line  erected  in  summer 

might  break  with  the  next 

winter's  frosts.  The  following 
formulae  give  the  relation  be- 

tween the  length  of  the  span, 

weight  of  wire,  and  stress  : — 

Where  I  =  length  of  span  in  feet. 
%v  =  weight  of  one  foot  in  lbs. 
s  =  stress  in  lbs. 

d  —  dip  or  sag  in  feet. 

Lines  are  numbered  as  shown  in  sketch  Fig.  119.  When 
a  wire  is  run  on  a  saddle  it  is  invariably  known  as  o,  then 

looking  at  the  "  up  "  side  of  the  pole — that  is  the  si(]e  facing 
the  up-station- — they  are  numbered  as  in  the  figure. 

Undcrgroiivd  line^. — Prepared  guttapercha  covered  wires 
have  been  the  form  of  cables  for  underground  work. 

These   were   generally   laid   in   cast-iron  pipes   as  far  as 

Pig.  117. — Aerial  cable  suspension 

fZ  = 

Pw 

8  s 
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possible  xxnder  the  footAvay  upon  the  roads  at  a  depth  of 
two  feet.  Flush  boxes  were  provided  at  distances  of  100 
yards  or  less  apart. 

Fii:.  lis. — Game  <;iianl. 

The  form  of  cable  now  used  for  underground  work  is 

variously  termed   "dry  core,"  " air-sjDace,"  and  "paper"; 
its    efficiency    depends    upon   the    presence    of    dry    air 
between  the  paper  insulated  wires.    The  conductors,  which 

are    of   the    highest   conductivity 
copper  wire,  vary  in   gauge,  anil 
the    cables   are    frequently    of    a 
composite  type  with  multiple  twin 
wires    and    single    screened    con- 

ductors.     As    an    example,     one 

]Dattern     contained     twenty-eight 
200  lb.  conductors  twisted  in  pairs, 

fifty-six    150    lb.,    also     multiple 
twin,  and  thirty-four  70  lb.  single 
screened  conductors. 

Other  patterns  of  cables  con- 
forming to  the  same  general  con- 

ditions are  made  differing  only  in 
the  means  employed  to  obtain  a 
continuous  loose  wrapping  of 
paper  on  the  wires,  thus  providing 
as  great  an  air  space  as  possible 

and  a  reduced  capacit}-.  The  paper  used  for  "pairs"  is 
distinguished  by  various  colours,  which  mav  be  red,  white, 

Zl 

Fio.  119. — The  numbering 
of  telegrajili  lines. 
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blue,  or  green,  and  there  is  also  a  colour  difference  in  the 
cotton  thread  which  is  wound  to  keep  the  paper  in  position. 
The  wire  bound  with  the  red  string  is  always  the  A  wire  of 
the  jjair,  that  lapjied  with  Avhite  string  forming  the  B  wire. 

Fir:.  120. — A  full-sized  sectiuu  of  a  couiiMi.sitt;  teligraiih  ami  telciilnMic  caltio  iiiaiie 
by  tlie  British  Insulated  &  Helsb.v  Cables.  Ci)n.sideralilc  ((Uantities  of  this  cable  are  in 
use  by  tlic  Hrilish  Post  Office  on  their  nndergronnd  routes.  The  cable  illustralcd  con- 

tains jiairs  of  100  lb.  and  100  lb.  conductors  ;  twenty-two  single  "  screened"  conductors 
weighing  200  lbs.  i)er  mile,  for  telegraph  imrjioses,  and  forty-two  singlc-scroened  70  lb. 
conductors — 102  wires  in  all. 

The  single  conductors  have,  in  addition  to  the  i)apcr  wrap- 
pings, a  spiral  wni})ping  of  copper  tape  wliich  forms  a 

continuous  conducting  tube.  These  screened  conductors 
are  generally  placed  in  an   outer   ring  and  their  copper 



142  ELEMENTARY  TELEGRAPHY 

wrappings  have  direct  earth  connection  by  contact  with 
the  lead  sheathing.  The  copper  tape  prevents  variations 
of  potential,  within  or  without  the  conductors,  interfering 
with  one  another  according  to  the  principle  demonstrated 

by  Faraday's  experimental  researches.  The  lead  sheathing 
forms  a  continuous  tube,  thus  preventing  the  ingress  of 
moisture. 

A  specimen  section  of  a  large  "  dry  core  "  cable  is  shoAvn 
in  Fig.  120.  The  sheathing  of  some  cables  is  an  alloy  with 
3%  tin  which  is  stronger  than  lead  alone  and  also  better 
resists  corrosion  or  chemical  action.  In  America  much 

trouble  has  occurred  through  faults  produced  by  the  electro- 
lytic action  of  stray  currents  from  electric  supply  systems. 

The  lead  tubing  is  perforated,  permitting  the  admission  of 
moisture  and  thus  breaking  down  the  insulation.  Water  will 

find  its  way  into  the  cast-iron  pipes,  and  chemical  action  can 
then  take  jjlace  between  the  iron  and  lead.  The  admission 
of  moisture  is  prevented  as  much  as  possible  by  packing 
the  lids  of  joint  boxes  with  yarn,  grease  and  whiteiiing  ;  also 
large  quantities  of  j)etroleum  jelly  are  used  when  drawing 
in  the  cables,  thus  giving  the  lead  a  protective  covering. 

Leakage  currents  are  diverted  by  connecting  or  "  bonding  " 
the  lead  sheaths  and  iron  pipes  together  by  means  of  thick 
copper  wire  or  bands  and  making  good  earth  connections 
at  suitable  intervals. 

Jointing  must  have  special  attention  owing  to  the  hygro- 
scopic character  of  the  paper.  A  thorougiily  dried  paper 

sleeve  is  first  drawn  over  the  paper  covering  of  one  of  the 
wires  to  be  jointed.  The  tAvo  conductors  are  bared,  cleaned 
and  then  tightly  and  evenly  twisted  together ;  possible 
injury  to  them  by  pliers  must  be  carefully  avoided.  The 
twist  turned  back  parallel  to  the  length  is  not  soldered, 
and  the  paper  sleeve  is  brought  over  the  joint  and  tied. 
All  the  joints  are  not  made  at  one  point,  and  the  diameter 
of  the  si^lice  is  kept  as  small  as  possible  by  suitable  space 
being  given.  A  final  paper  wrapping  is  given  to  the  whole 
of  the  jointed  wires,  and  over  all  a  lead  sleeve  is  pulled,  the 

latter  being  secured  to  the  lead  sheathing  by  a  phuuber's 
wiped  joint. 

The  lead  sleeves  are  providetl  with  a  screw  cap  air  nozzle 
and  the  joints  are  tested  by  the  use  of  air  pressure  and  soap 
suds.     At  stations  the  cables  terminate  in  connection  boxes. 



TELEGKAni   LINES 143 

These  consist  of  cast  iron  boxes  having  two  compartments 
separated  by  a  perforated  cast  iron  sheet  or  diaphragm. 

Electrical  connection  between  the  tw^o  chambers  is  provided 
by  insvdated  metal  pins  which  are  fixed  airtight  in  the 
perforations.  The  cable  condnctors  are  soldered  to  the 

connection  pins,  wlnjse  other  ends  are  joined  to  the  leading- 
in  wires  which  consist  of  silk  and  cotton  covered  conductors 

in  leaden-sheathed  cables.  The  lid  of  a  cable  connection 

box  is  fixed  by  nnts,  bolts,  and  lining  to  insure  the  com- 
jDartments  being  per- 

fectly airtight. 
Suhnuirine  cables. — 

Fig.  121  gives  a  f nil- 
sized  section  of  a  snb- 
niarine  cable  of  the 

type  recently  laid  be- 
tween Great  Britain 

and  the  Continent. 

The  four  seven-strand 
copper  condiictors 
offer  a  resistance  of 

about  6"  per  mile  and 
the  mileage  capacity 
and  weight  are  about 
•25  m.f.  and  140  lbs. 
respectively.  Each 
conductor  is  insulated  »  ■ 
with  three  alternate  layers  of  guttapercha  and  Chatterton 

compound.  The  four  cores  are  w^ound  helically  round  a  centre 
of  tarred  hemp  and  then  covered  with  a  layer  of  cotton  tape 
treated  with  ozokerit.  Over  this  is  wound  a  brass  ribbon 

as  a  protection  against  the  teredo,  a  submarine  boring  worm. 

The  cable  is  th(>n  sheathed  with  sixteen  tarred  galvanized 
iron  wires  and  given  a  final  covering  of  two  layers  of  yarn 
wdiich  has  been  soaked  in  a  mixture  of  pitch,  bitumen  and 
resinous  oil.  The  shore  ends  are  more  strongly  armoiired 
by  a  number  of  external  steel  wires. 

A  short  length  of  "  air  space  "  cabl 
of  Wight  ('.)  inilesj  iii:l(S97,  and  soiii(> across  the  Irish  Sea. 

The  number  of  cables  in  the  world  is  estimated  at  about 

2000,  and  of  course  they  vary  somewhat  in  construction.    The 

Fio.  121.— Section  of  a  4-conductor  submarine  cable. 

was  tried  to  the  Isle 
lavc  since  been  laid 
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"  all-British  "  Pacific  cable  is  perhaps  the  most  interesting, 
and  the  greatest  length  yet  laid  in  one  piece  occurs  in  one 
part  of  this  cable,  the  section  from  Fanning  Island  to 

VancouA-er,  Avhich  are  distant  about  4000  nautical  miles. 

Testing   Instruments  employed,  and   Methods  of   using 
THEM    IN    THE    8IMPLER    TeSTS. 

The  W]icatsto)ie  Bridge,  one  ol  the  most  xiseful  of  testing 
instruments,  is  formed  by  a  combination  of  resistance 

coils.  Three  separate  sets  are  provided,  and  for  measur- 
ing the  value  of  an  unknown  resistance  the  four  are 

so   placed   that    when    balanced    with    the    three    known 

Fig.  122. — Conveutional  arrangement  of  Wheatstoue  Bridge  balance. 

values  the  fourth  can  be  calculated.  This  is  conveniently 

explained  by  means  of  a  parallelogram,  although  in  prac- 
tice it  never  bears  this  form.  Consider  Fig.  122.  The  two 

circuits  HaFxQ  and  llhGDQ  have  the  same  difference 
of  potential  at  the  ends  H  and  Q  with  the  negative  battery 
l)ole  at  //  and  the  positive  at  Q.  Therefore  along  each  path 
it  is  possible  to  find  points  liaving  a  corresponding  fall  in 

potential,  and  should  a  galvanometer  "bridge"  two  such 
points,  then  no  deflection  would  result,  but  if  there  is  a 
potential  difference  between  points  so  joined  then  a  current 

passes.  Let  a  be  lOO"  and  x  lOOO"  ;  h  1000"  and  1)  100-" ; 
also  consider  the  battery  reversed,  i.  e.  with  the  positive 
pole  at  H.  Then,  since  the  E.M.F.  expended,  or  the  fall  of 
potential,  in  any  part  of  a  circuit  ia  directly  proportional  to 
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the  resistance  of  that  part  as  compared  with  the  remainder  of 
the  circuit,  it  follows  that  more  E.M.F.  is  used  in  x  than  in  a, 
aud  also  a  greater  fall  in  h  than  in  D.  Consequently  F  is 

at  a  higher  potential  than  G',  and  if  the  E.M.F.  is  22 volts  at  H  the  difference  between  F  and  G  is  18  volts.     For 

X      10, 

proportions  used  are  a  i,  x  10,  h  10,  and  D  1.  Now  let 

a  and  h  be  1000" ,  x  1000<" ,  but  D  100'- ,  then  in  the  upper 
path  half  the  fall  occurs  between  II  and  F,  because  a  and 

X  are  equal,  but  in  the  other  path  1°  E.M.F.  are  expended 
in  b,  therefore  F  is  still  at  higher  potential  than  G.     If, 

=  — ,  and  for  every   11  units   of  voltage  the 

<J> 

[g;Z3  CD  O  CD  C3  CD  C5M- 
CDCr3CDCZ3 

n. o 
  200   100 
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O   5, 
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Fig.  ]l'3. — Diagrammatic  plan  of  Wlipatstone  Bridge  with  resistance  \alues, 

however,  we  then  make  x  100'"  and  IJ  lOOO""  a  current  will 

pass  fi'om  G  to  F.  It  is  evident  therefore  that  the  resist- 
ances may  be  so  adjusted  that  F  and  G  have  the  same 

potential  and  no  current  pass  through  the  galvanometer. 
This  denotes  a  balance,  and  the  following  proportion  is  then 
true  : — 

I, 
1)  or  —  =  — X  D 

In  the  actual  instrument  (shown 
Fig.  123)  the  three  resistances  a,  h, 
Their  values  are  varied  by  using  brass  pegs  fitting  I)etween 
brass  blocks  arranged  in  four  rows.  The  sections  a  and  h 

are  called  the    "ratios"  and  D  the  "rheostat."     The  best 

aD •"=    J- 

diagrammatically    by 
and   D  are  in  a  box. 
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resistances  to  use  in  the  ratio  arms  may  be  determined  by 

experiment,  but  as  a  general  rule,  the  higher  the  resist- 
ance (x)  to  he  measured,  the  higher  should  be  the  values  of 

a  and  h.  To  avoid  possible  induction  effects  upon  the 

needle  of  the  horizontal  galvanometer  used  in  "  bridge,"  the 
battery  key  should  be  first  depressed  and  not  raised  until 

after  the  galvanometer  key,  which  should  be  only  moment- 
arily depressed.  The  theoretical  range  of  values  measur- 

able by  the  Wheatstone  Bridge  is  from  to  1,233,210", 

but  in  practice  small  values  would  be  measured  more 

accurately  by  means  of  a  "  slide  icivc "  or   metre  hrkhje. 
A  straight  german- 
sih'er  wire  is  fixed  on 
a  board  parallel  to  a 
metre  scale  and  the 
ratios  are  formed  by 

the  position  of  a 
slider  or  key  to  Avliich 
the  galvanometer  is 
attached. 

When  testing  Avith 
the  Wheatstone 

Bridge  the  resistance 
to  be  measured  is 

joined  as  shown  in 
Fig.  123.  At  the 
points  ̂ i  and  1)  there 
are  two  terminals 
insidated  from  each 

other  by  an  ebonite 
tube,  and  by  using  the  reversing  switch  (Fig.  123a)  the 
connections  between  these  terminals  are  changed  over. 
Thus  the  direction  of  the  testing  current  through  x  may 
be  reversed  without  altering  the  pole  of  the  battery  or 

affecting  the  direction  of  the  galvanometer's  deflection, 
Avhicli  woidtl  probably  tend  to  confusion. 

Test  for  line  or  conductor  resistance. — When  tliere  are 
several  Avires  betAveen  tAA^o  stations  the  individual  resist- 

ance of  any  of  them  can  be  oljtained  best  by  aA'oiding  the 
use  of  earth  return.  The  distant  station  is  requested  to 
bunch  them  together  and  the  testing  office  then  measures 

^^^ 

^■2'i'l. — Uoubic!  teniiiiiiUs  of  Wliiiatstoiie 
IJiiilgu  iiml  ievtr.siii"  s«  iU-li. 
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the  resistance  of  two  at  a  time  with  the  Wheatstone  Bridge. 
Say,  for  example,  there  are  three  wires  (i,  h,  and  c.  Measure 
the  loop  of  a  and  ?>,  d  and  c,  then  h  and  c.  The  result  of 
the  first  tAvo  pairs  added  together  is  2a  +  h  +  e  ;  from  this 
subtract  the  value  of  the  third  j)air,  h  +  c,  and  the  remainder 
is  twice  a.  In  a  similar  manner  the  resistance  of  any  of 
them  could  be  calculated. 

llie  position  of  an  eavth  fault  can  he  found  hy  looping 

the  faulty  wire  with  another  good  conductor.  Tiie  resist- 
ance of  the  metallic  circuit  thus  formed  if  not  recorded  is 

first  measured  l)y  connecting  both  wires  to  the  Wheatstone 
bridge  in  the  ordinary  way  (Fig.  123),  the  one  earth  in  the 
circuit,  at  the  fault,  having  practically  no  efPect.  Then  the 
positive  pole  is  earthed  (Fig.  1-4)  and  with  a  balance  tlie 

Fi(i.  124. — Vai'lcy  luoii  test  for  iiosition  of  eartli  fault. 

folloAving  proportion  exists  :  (let  L  be  the  ascertained  value 

of  the  loop  and  x  the  portion  from  /)  to  the  fault) — 
a 

[)  + ,  :.  a  (1)  +  ,r)  =-  />  (L  -  .r)  and 

al)  +  (IX  =  l)L  -  l>x,  i.e.  ax  +  hx  =  hL  —  aD,  .'.  x  = 
hl.~al) 

a  +  h 

If  the  ratios  are  c(piai  llicii  x _  _  L  -  J)      ,  loop  —  rheostat 

Dividing  the  result  of  this  "  looji  test"  by  the  conductor 
resistance  per  mih^  gives  llic  distance  of  the  fault  from  the 
testing  station. 

Ill  some  cases  tlu;  Wheal  stone  Ih'idge  can  also  \}c  em- 
ployed for  testing  llie  hisuJallun  resistance  of  a  liiu\  The 

conductor  is  disconnected  at  lh(>  distant  station  and  the 
positive  pole  is  earthed.  As  the.  resistance  to  be  measured 
is  generally  greater  than   ihe  range  of  the  rheostat  arm, 

L  2 
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the  ratios  a  and  h  are  adjusted,  a  being  the  greater.  The 
value  obtained  is  the  total  insulation  resistance  of  the 

Avhole  line  and  must  be  multiplied  by  the  length  of  the 
line  in  iniles  if  the  insulation  resistance  per  mile  is 

required. 
To  test  fur  a  cuntact. — The  distance  of  a  contact  fault 

can  be  ascertained  by  using  a  Wheatstone  Bridge  and 
having  one  of  the  lines  earthed  at  the  distant  end  where 

Fici.  IJ5. — Valley  test  for  po.sition  of  contact  fault. 

the  other  is  disconnected  (see  Fig.  125).  It  shoidd  be 
observed  that  A  is  direct  to  earth  and  that  the  battery  lead 
is  via  the  disconnected  wire  and  through  the  contact. 
Presuming    that  the  resistance  (L)   of   the   earthed  wire 

is  known  or  calcnlated,  then,  when  balanced,  ̂ ^    =rjr   » L—x      D+x 

etc.     11  a  third  wire  is  available  it  should  in  preference  be 

Fio.  120. — Pomeioy's  lirst  test  for  resistance  of  earth  connection  at  E. 

used  and  joined  to  A  while  the  distant  station  loops  it  with 
the  Avire  previously  earthed. 

Metliod  of  testivg  earth. — To  oljtain  the  value  of  the  earth 
connection  resistance  at  an  office  two  tests  have  been  devised. 

In  the  first  test  the  connections  are  made  as  shown  in 
Fig.  126  with  a  line  {L  resistance)  earthed  at  its  far  end 
while  the  earth  plate  (whose  resistance  is  required)  is  joined 
to  D.     When  balance  obtained — 
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_!L__ii  or  nl)  ̂ -h(L  +  x),  i.e.  aD=  hL  +  hx. 
L  +  X     I) 

With  the  second  test  another  line  is  used  as  a  battery  lead 
which  must  have  an  earth  connection  at  a  place  apart  from  the 
other  two,  the  connections  being  as  in  Fig.  1 27.     Then  when 

balanced—  =  ̂  —      or  oR  +  ax  =  hL.      Subtracting  this L       R  +  X 

result  from  that  of  the  first  test  al)  -  ciR  -  ax  =  hx,  hence 

(((B  -R)  =  x(a  +  h),:.  X  =  ̂CD^^)-     Note  the  value  of ^  a  +  h 
the  rheostat  is  not  the  same  in  both  tests,  hence  the  use  of 

Fu).  127. — Pomeroy's  second  test  for  resistance  of  earth  connection  at  E. 

D  and  R ;  also  that  the  battery  pole  is  changed  to  insure 
the  current  shall  be  in  the  same  direction  at  the  earth  plate 
in  both  tests. 

Suhmarine  eahle  teM><. — When  a  cable  is  being  laid  a 
constant  test  is  applied  to  ascertain  the  condition  of  the 
conductor  and  its  insulation.  The  ship  is  generally 
regarded  as  the  testing  station  except  in  the  case  of  very 
long  cables,  when  tests  for  continuity  and  insulation  are 
made  at  both  ends.  If  a  cable  is  only  of  moderate  length 
and  contains  several  conductors,  these  are  joined  in  series 
with  a  small  battery  and  galvanometer  on  board  the  ship, 

while  the  "  shore  "  has  also  a  galvanometer  in  the  circuit. 
Any  break  in  the  conductor  will  be  ol)served  by  the  failure 
of  the  permanent  current  and  the  absence  of  the  proper 
deflections  on  the  galvanometers.  A  continuous  test  is 
also  applied  to  the  insulation  of  the  cable  by  the  liigli 
E.M.F.  of  p  200-cell  batteiy  with  one  pole  earth  connected. 
The   shore  end  of  the  cable  being  always  insulated,  the 
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leakage  of  ourreut  through  the  covering  of  the  cable  to  the 

sea  is  observed  by  the  deflection  of  a  A-ery  sensitive  galva- 
iK)nieter.  Any  abnormal  change  in  its  indications  as  the 
cable  is  being  snbmerged  points  to  the  existence  of  a  fault 
and  its  position  is  at  once  souglit  for.  .Shoidd  an  injury 
cx])ose  the  conductor  we  have  an  earth  faidt  Avhose  locality 
may  be  ascertained  by  using  the  Wheatstone  Bridge  and 
the  loop  test.  Ilie  resistance  of  the  cable  thus  determined 
will,  in  conjunction  with  the  observation  at  the  shore  end, 
give  the  required  data  for  calculating  the  position  of  the 
leak.  If  the  conductor  is  broken  within  the  cable  so  as  to 
cause  a  disconnection  the  distance  of  the  fault  can  be  found 

by  ascertaining  the  capacity  of  the  cable  in  the  same  way 
as  when  testing  the  cajiacity  of  a  condenser  (see  p.  113). 

An  earth  fault  in  a  short  cable  can  be  masked  for  a  short 

time  by  using  a  positive  current,  which  has  the  effect  of 
creating  an  oxide  of  the  metal  at  the  broken  jDoint,  thus 
sealing  up  the  fault  temi^orarily,  although  tlie  conductor  is 
gradiuxUy  eaten  away.  A  negative  current  has  a  reverse 
effect  and  by  opening  the  fault  will  thus  entirely  break 
down  communication.  For  this  reason  cables  are  tested 

Avith  negative  currents  to  line  which  may  discoA'er  small 
faults  that  positive  currents  woidd  seal  up. 

As  an  instance  of  the  durability  of  cables  insulated  with 
iiuliarubber  it  may  be  mentioned  that  a  iew  years  ago  a 

cable  Avas  raised  after  twenty  years'  submersion  in  the  West 
Tn<lian  Avaters.  It  AA-as  still  in  perfect  electrical  condition  ; 
the  copper  conductor  had  not  suffered  from  the  action  of 
any  sulphur  in  the  rubber  and  the  state  of  the  insulation 
was  mechanically  good. 

Ivi^uhition  resistance  testivfj. — EA'ery  line  has  two  separate 
and  distinct  resistances:  (1)  that  of  the  conductor,  Avhich 

is  the  resistance  of  the  wire  itself  ;  ('1)  that  of  the  insulation, 
w  liich  is  the  condition  of  the  dielectric  acting  against  the 
esrape  of  the  current  to  earth.  The  latter  may  be  the 

jcsistance  of  a  cable  coA'cring  or  of  pole  insulators  on  an 
aerial  line.  If  tlie  insidatiou  was  perfect  (an  impossibility) 
jio  loss  of  current  Avould  occur  :  the  received  current  would 

equal  the  curi-ent  sent.  The  A-alue  of  the  insulation  resist- 
ance, if  below  1  megohm,  may  be  determined  by  the  Wheat- 

stone  bridge,  as  already  described. 

The  "  megger  "  (p.  95)  can  be  used  for  measuring  resist- 
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ances  between  r)0,()(¥J"  and  100  megohms,  and  is  simpler 
and  more  accurate  for  high  resistances  than  the  Wheat- 
stone  bridge.  The  generator  must  be  driven  at  a  fairly 
uniform  speed  at,  or  above,  the  prescribed  number  of 

rcvohitions  per  minute,  to  maintain  a  constant  ^■olt-age. 

I'he  resistance  can  l)e  read  olf  tlie  scale  uitluuit  any calcidation. 

When  testing  a  cable  in  good  condition  ii  is  observed 
that  the  first  rush  of  the  current  due  to  the  capacity  (jradmdhj 

decreases,  and  after  one  miiiute's  application  of  the  voltage 
the  insulation  resistance  appears  to  reach  a  normal  value. 
This  apparent  improvement  of  the  insulation  is  diie  to  the 

effect  known  as  "  electrificaiion,"  which  ismentioned  earlier. 
For  ordinary  insidation  tests  it  is  suilicient  to  take  the 

readings  after  one  minute's  electrification. 
For  the  common  faults  in  land  lines  the  procedure  is  as 

l'(il]i)\vs  :  — 

r* 
Fig.  1'28. — Localizing  e.irtli  on  a  lino. 

Localizuig  cnHli  on  a  line  (see  Fig.  128). — Station  D  is 
asked  to  disconnect.  A  current  is  sent  from  the  testing 
station  through  a  galvanometer  and  the  degree  or  distance 
of  fault  roughly  judged  by  the  deflection  obtained.  The 

stations  from  the  terminal  inwards  disconnect  successiA'ely, 
when  advised,  the  testing  office  awaiting  the  reply,  say 
From  C,  and  testing  before  communicating  with  B.  It  will 
he  then  ascertained  tlxat  the  fault  is  in  the  section  beyond 

the  last  disconnection  by  the  removal  of  the  galvanometer's deflections. 

In  the  case  of  a  disconnect io)i,  testing  outwards,  the 
stations  are  asked  in  turn  to  carlh  the  line,  and  the  presence 

III'  a  deflection  proves  the  continuity  of  the  circuit,  whilst 
the  absence  of  a  deflection  will  denote  the  faulty  section. 
To  reduce  the  number  of  tests  a  central  station  may  he 
first  advised.  When  testing  for  contact,  get  a  station 
through  Avhich  both  wires  pass,  and  beyond  the  fault,  to 
disconnect  botWlines.     Put  an  earthed  galvanometer  in  one 
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line  and  an  earthed  lattery  in  the  other  (see  Fig.  129). 
The  intervening  stations,  inwards,  disconnect  both  lines 
until  the  deflection  is  removed,  thus  indicating  the  fault  in 
the  section  bevond  the  L^st  disconnection. 

K5> 

Hl'i 
Fio.  129. — Localizing  contact  on  a  line. 

Faults  in  instriime)its  can  be  located  by  remembering 
the  connection  of  the  apparatus  or  referring  to  a  diagram 
and  observing  the  effect  of  sent  or  received  signals.  Also 

with  short  lengths  of  covered  wire  the  apparatus  connec- 

tions may  be  bridged  to  discover  the  faulty  insti-ument.    A 

Fig.  130. — Differential  test  of  battery  resistance. 

reasonable  application  of  the  rules  above  giA-en  for  faults 
in  lines  will  enable  similar  troubles  in  working  sets  to  be 
readily  traced. 

Measurement  of  battery  resistance. — A  very  simple 
method  is  indicated  in  Fig.  130,  if  an  even  number  of  cells 
are  to  be  tested.     Place  the  two  halves  in  opposition  and 
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balance  the  resistance  of  the  Avhole  with  a  rheostat  through 
a  differential  galvanometer. 

The  half  deflection  method  is  suitable  for  high  resistance 
such  as  that  of  a  jDrimary  cell  or  battery.  Join  it  in  series 
with  a  key  tangent  galvanometer  and  rheostat  (as  shown  in 
Fig.  131).  Suppose  with  no  resistance  in  R  and  using  the 
3Y(j  shunt  a  deflection  of  140  divisions  is  obtained,  and 
then  to  halve  the  deflection  20"  is  inserted.  Now  the 
halving  of  the  deflection  indicates  half  the  current,  and  this 
Avould  result  from  doubling  the  resistance  previously  in 
the  circuit.  That  is,  the  added  resistance  eqiials  the  former 

total  resistance  or  20"  —  G  -\-  x.  The  shunted  galva- 

nometer equals  1" ,  .'.  a;  =  20  —  1.     If  resistance,  say  30", 

R 

li 
Fio.  131. — Half  deflection  test  of  battery  resistance. 

is  inserted  in  R  to  obtain  a  suitable  deflection  before  halving, 
and  to  reduce  a  deflection  of  120  divisions  to  00  divisions 

R  was  increased  to  100",  then  the  added  resistance  is  still 
equal  to  the  amount  previously  in  the  circuit.  That  is  : — 

70"  =  i?  +  G  +  cc  =  30  +  1  +  X,  or  ;c  =  70  -  31. 
The  internal  resistance  of  a  secondary  cell,  or  cells 

subject  to  polarization,  may  be  determined  by  means  of  an 
ammeter  and  voltmeter.  First  taking  the  E.M.F.  reading, 
e^,  when  the  cell  is  not  working.  Next  the  E.M.F.,  e.y,  and 
also  the  current,  c,  when  the  battery  or  cell  is  joined  to  a 
known  resistance.  As  the  difference  in  voltage  between 
the  open  and  closed  circuit  is  due  to  loss  in  forcing  the 

current  through  tlie  internal  resistance  (.i')  tlien  x  =  —   

For  example,  if  e^ 

X  =  ̂ ^  =  -2". 

5  volts  ('._,  =  4,  and  c  5  amperes,  then 
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Measurement  of  E.M.F.  of  hatteries.  The  simplest  means 
is  by  using  a  voltmeter  and  obtaining  direct  readings,  but 
two  other  methods  are  very  practical  with  primary  cells 
and  batteries. 

(1)  The  direct  deJlectio)i  or  e(itial  rei^i-^taiice  method 
depends  upon  the  fact  that  if  the  resistance  of  a  circuit 

is  unaltei'ed  then  the  current  therein  Avill  vary  directly  as 
the  EJI.F.  In  practice  a  tangent  galvanometer  is  used  with 
a  rheostat  and  the  circuit  resistance  made  sntlicient  to  render 

the  different  A-alues  of  the  cells'  internal  resistance  negli- 
gible. C'onsequently  with  different  cells  substituted  in  a 

circuit  of  given  resistance  the  different  currents  and  their 
deflections  will  be  in  relative  proportion  to  the  varying 
voltages  of  the  cells. 

(2)  Equcd  current  method.  In  this  test  the  cell  or  battery 
is  joined  to  a  galvanometer^  key  and  resistance  (as  in  Fig. 
131)  although  the  galvanometer  need  not  be  a  tangent.  A 
suitable  deflection  is  obtained  by  inserting  resistance  in  R. 
With  the  different  cells  the  resistance  is  varied  to  produce  the 

same  current,  therefore  b}^  Ohm's  law  the  different  voltages 
are  in  direct  proportion  to  the  resistances. 

Exercise  IV. 

1.  Describe  the  earth  -wiring  of  a  telegraph  pole,  with sketch. 

2.  (n)  What  descriptions  of  timbei*  are  ordinarily  used 
for  telegraj)li  poles  in  Great  Britain  ?  (/*)  Describe  con- 

cisely one  method  of  preserving  such  poles  from  decay. 

3.  Sketch  and  desc-ribe  a  "  stay  "  and  a  "  strut  "  ;  explain 
hoAv  fixed,  and  the  circumstances  which  determine  their 
use. 

4.  Explain  how  a  copper  wire  is  attached  to  an  insulator 
and  siipj^ly  a  sketch. 

5.  How  would  you  localize  an  earth  faidt  in  an  under- 
ground wire  if  you  had  another  available  ? 

6.  If  three  lengths  of  cable  having  respectively  an  insula- 
tion resistance  of  300,  400,  and  500  megohms  be  joined  in 

a  continuoxTS  length,  what  will  be  the  insidation  resistance 

of  the  vYhole  cable  ?  (127-C  a) 
7.  Explain  briefly  the  meaning  of  insxilation  resistance, 
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and  what  is  the  relation  between  the  "  total  insnlation  "  of 

a  circuit  and  the  "  insulation  per  mile  "  ? 8.  What  are  the  values  of  the  resistances  in  the  three  arms 

of  the  Wheatstone  bridge  ?  How  would  you  measure  yyt" 
and  1,233,210,  the  extreme  limits  theoretically  possible? 

9.  Given  four  wires  a,  h,  c,  d  lietween  two  stations,  find 
the  resistance  of  <l. 

10.  Show  how  to  test  for  contact  when  a  third  wire  is 
available. 

11.  Explain  how  to  find  the  resistance  of  an  earth 
connection. 

12.  How  would  you  test  the  internal  resistance  of  a  battery 
of  10  Daniell  cells  ? 

13.  Why  is  it  necessary  in  localizing  a  contact  faidt  to  use 
an  earthed  galvanometer  and  an  eartlied  battery  ? 

14.  A  contact  exists  in  the  apparatus  of  a  D.C.  dx.  Uni- 
versal battery  set.     Plow  would  you  localize  it  ? 

15.  A  battery  of  5"  resistance  has  its  jjoles  connected  by 
a  resistance  of  10".  The  potential  difference  between  the 
poles  is  observed  to  be  15  volts  ;  what  is  the  E.M.F.  of  the 
battery  ? 

16.  Describe  the  process  for  laying  and  jointing  a  dry 
core  cable. 

17.  Give  a  description  of  an  iron  pole  suitable  for  over- 

house  lines  and  the  method  ol'  fixing. 
18.  How  would  you  measure  the  following  resistances  by 

means  of  a  Wheatstone  Bridge  :  5'-,  5000'",  and  500,000-  ? 
19.  Describe,  Avith  sketch,  one  of  the  following  types  of 

insulator  :  "  Langdon,"  "  side  knob,"  or  "  Cordeanx." 



CHAPTER  V 

TELEGRAPH    SYSTEMS 

The  Simpler  Sj/fitem.'<  of  Mamial  Telegrnplnf 

In  single  current  Avorking  it  is  necessary  to  provide 
the  receiving  instrnment  with  opposing  spring  tension  or 
definite  hias  to  insnre  the  resumption  of  the  normal  or 
spacing  position  after  the  cessation  of  the  line  signal.  This 
antagonistic  condition  is  constant,  and  therefore  variations 
in  the  value  of  the  received  current  produce  irregularities 
in  the  signals  recorded  ;  hence  this  system  requires  the 
strength  of  the  current  from  the  various  stations  in  the 
same  circuit  to  be  maintained  approximately  equal  and 
unvarying.  Owing  to  the  leakage  from  aerial  lines  in 
wet  weather  it  is  stipulated  in  the  United  Kingdom  that 
Avhenever  it  is  not  certain  the  insulation  of  the  line  and 
the  condition  of  the  batteries  can  be  maintained  at  the 

highest  standard  without  special  expense,  single  current 
circuits  of  10  miles  or  more  should  not  be  established. 

Single  current  working  is  also  unsatisfactory  upon  any 
but  very  short  lengths  of  subterranean  and  submarine 
cables  owing  to  their  electrostatic  capacity.  The  distortion 
and  retarding  effect  in  such  cables  being  approximately 
twenty  times  that  of  the  same  length  of  aerial  line  wire. 
(In  this  connection  it  may  be  mentioned,  however,  that  the 
behaviour  of  cables  is  now  being  improved  by  a  practical 

application  of  Prof.  Pupin's  theory  of  loading  cables  with 
inductance  coils  at  uniform  distances  apart.)  The  capacity 
of  a  line  must  be  satisfied  before  the  maximum  value  of 

the  current  is  received  at  the  distant  end,  and  not  only 
does  this  charging  of  the  line  occupy  definite  time,  but  the 
discharge  must  also  occur  before  the  next  signal  can  be 
properly  received.  Putting  the  line  to  earth  at  the  sending 
end  after  each  signal  provides  a  fall  to  zero  potential.    But 

156 



TELEGRAPH  SYSTEMS  157 

if,  instead  of  earthing  the  line,  the  battery  pole  is  changed, 
this  imposes  a  reversed  potential  equal  to  twice  the  pre- 

vious difference.  For,  suppose  at  first  the  positive  pole 
be  used,  then  when  line  earthed  the  fall  of  j^otential  is 
positive  to  zero.  The  application  of  the  negative  pole 
instead  of  earth  gives  the  potential  value  of  the  battery 
heloiv  zero  and  the  fall  is  from  positive  to  negative,  or 
double  what  it  was  before,  and  the  discharge  of  the  line 
is  hastened. 

In  consequence,  therefore,  of  the  increased  speed  of  work- 
ing attained,  the  more  constant  adjustment  of  apparatus 

possible  and  greater  economy  effected,  double  current  work- 
ing is  almost  always  adopted  in  the  Post  Office  service  for 

direct  working   circuits.     The    difference  between  single 

+  &  ZERO 

s-c.  n^rwi^ 
k^  ̂   ̂  D.C. 

-  &  ZERO 

P'lG.  132. — Theoretical  repieseiitaliun  of  single  currents  and  double  currents. 

and  double  current  systems  is  shown  diagrammatically  in 
Fig.  132.  Between  the  signals  in  the  former  there  are 
intervals  of  no  current  or  zero  periods,  whereas  in  D.C. 
working  the  periods  of  one  current  alternate  Avith  another 
in  reverse  direction,  so  that  practically  there  is  always  a 
current  on  the  line,  and  signals  are  formed  by  changing  its 
direction.  Consequently  by  this  system  variations  in  the 
strength  of  the  current  are  self-adaptive,  equally  affecting 
both  directions,  and  j)ulavized  receiving  instruments  can  be 
worked  without  l)ias  (their  most  sensitive  position).  There 
is  a  further  advantage  of  \).V.  working  in  cfHiiiectioii  with 

the  limited  use  of  iioti-poUtvizcd  inslrumcnts.  It,  is  that 
therein  the  amount  of  residual  iiKtrpwlisni  (the  polarity 
remaining  after  the  withdrawal  of  the  magnetizing  force) 
due  to  the  first  current  is  rendered  ineffective  by  the 
reversed  induction  of  the  succeeding  current. 

The  diagram,  Fig.  133,  shows  the  connections  of  a  D.C. 
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a-J 

circuit,  relay  with  sounder.     The  galvanometer  is  the  S.C. 

pattern. 
With  the  key-switch  in  the  sending  position   the   two 

interiuil  switches  make  contact  ^vith  their  right-hand  studs, 
disconnecting  the  relay  and  joining  the  Lattery  to  the  line 
(see  Fig.  50). 

DcwNLiNEcd  E  The  key  contacts  are 
adjusted  to  give  a  small 
break  before  reversing. 

Working  currents  re- 

quired are  : — 
Standard  relay  "  A  "  with coils  in  series 

7  to  10  m.a. 

Standard  relay  "  B  "  with coils  in  series 
10  to  15  m.a. 

and  double  these  values 

with  the  coils  in  parallel. 
The  E.M.F.  necessary  is 
])rovided  by  using  large 
Daniell  cells,  tlie  number 

being  calcidated  to  allow 
an  additional  25%  for 

leakage  and  other  losses. 
At  the  present  time  the 

polarized  sounder  is  rei)lacing  the  relay  Avith  excellent 
results.  The  relay,  besides  requiring  a  local  battery,  is  a 
delicate  instrument  for  the  unskilful  to  adjust,  and  with 
the  same  allowance  of  line  currents  the  polarized  sounder 

has  a  margin  of  50%  lor  working  signals. 

r-O 

O 

0--J 
Fig.  133.— D.C.  relay  and  sounder  simplex. 

Differential  Duplex. 

Hitherto  the  methods  of  working  considered  ha^e  been 

"  simplex,"  which  only  admit  of  signalling  in  one  direction 
at  a  time.  Duplex  teiegra])hy  enables  messages  to  be  sent 
in  both  directions  simultaneously  on  the  same  circuit.  The 

"  differential "  system  requires  the  use  of  differentially 
wound  receiving  instruments.  It  has  been  observed  in 
connection  with  them  that  if  equal  currents  flow  in  the 
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two  coils  but  in  opposite  directions  the  resulting  magnetic 
effect  is  nil. 

Tlie  connections  oi'  differential  duplex  are  such  that  two 
circuits  of  equal  resistance  are  open  to  the  sent  current 
through  its  own  receiving  instrument,  which  is  iinaftected 
because  the  coils  are  divided  each  in  one  of  the  two  circuits. 

The  theoretical  connections  of  this  arrangement  with 

polarized  sounders  is  shown  in  Fig.  lo-l. 
To  siinj^lify  the  description  a  single  current  key  and 

battery  are  given,  but  few,  if  any,  S.C.  duplex  circuits  are 
now  used  in  the  Post  Office  telegraphs.  One  winding  of 
the  polarized  sounder  is  joined  to  line  and  the  other  to  a 
rheostat   in   which   is  inserted   a  resistance  equal   to  the 

UP 

>. 

Down 

Fiti.  134.— Tlicorctit'al  diayraiii  ditleicntial  diip'tx. 

line  plus  the  distant  stations  a])i)aratus  through  which  the 
line  current  travels.  The  branch  path  through  the  rheostat 

is  known  as  the  "  com^jcnsation  "  or  artificial  circuit. 

When  up  station's  key  alone  is  depressed  the  current 
flows  to  strap  joining  (Lf)  and  I),  dividing  half  to  line, 
thence  through  down  station  via  U  T)  of  polarized  scninder 
(marking),  back  contact  of  key  and  earth  to  earth  at  up 
station. 

The  other  pui't  of  (•iirrcnt  llu-oiigh  TlJieo  unites  with  the 
returning  line  ])()i-ti()n,  and  bolh  ivlurn  to  the  ]u\gative 
pole  of  the  battery.  Krjual  cui'renls  How  through  W) 
to  {D)  and  I)  to  U  of  the  u})  station's  instrimient,  and 
therefore  there  is  no  movement  of  the  armature.  Similar 

action  occurs  when  oidy  the  down  station's  key  is  de- 
pressed, except  that  the  direction  of  the  line  portion  of 

the  current  is  to  earth,  returning  via  earth  at  up  station 
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back  contact  of  key,  (U)  to  (D)  (marking),  line  and  U  to  D 
of  own  instrument  opposing  the  effect  of  the  half  current 
which  passing  through  Rheo  returns  by  (D)  to  (C7).  There 
the  two  portions  combine  and  return  through  the  depressed 

key  to  tlie  negatiA-e  ]3ole. 
Now  suppose  both  stations  depress  their  keys  at  the 

same  instant.  The  two  line  currents  being  in  the  same 
direction  combine,  and  at  each  station  the  value  of  the 
current  in  the  line  coil  of  the  jDolarized  sounder  is  twice 
that  in  the  coil  placed  in  the  compensation  circuit.  The 
movement  of  the  armature  is  caused  by  the  difference  in 
the  currents,  which  corresponds  to  the  effect  produced  when 
one  station  sends  alone. 

With  double  current  duplex  working,  the  D.C.  key  is 

used,  the  sAvitch  being  kept  in  the  "  send  "  position.  The 
currents  passing  to  line  Avitli  the  keys  at  rest  are  both  in 

the  "spacing"  direction,  antl  being  added  together  they 
preponderate  over  the  effect  of  the  half  current  circulating 

in  the  compensation  circuit,  thus  producing  a  spacing- 
result  at  each  station.  When  both  keys  are  simultaneously 

depressed  the  combined  line  currents  are  in  the  "  marking  " 
direction,  and  out-weigh  the  influence  of  the  compensation 
currents.  With  one  key  at  rest  and  the  other  depressed 

the  line  currents  oppose  each  other  ;  this  enables  the  com- 
pensation current  at  each  station  to  operate.  Where  the 

key  is  at  rest  the  effect  is  "marking,"  and  at  the  other 
station,  Avhere  the  key  is  depressed,  the  result  is  "  spacing." 

Li  the  above  explanation  of  the  differential  duplex  the 
line  and  artificial  circuits  Avere  considered  as  equalized  by 
the  resistance  inserted  in  Rheo,  but  this  can  be  the  case 
only  on  short  aerial  lengths.  The  character  of  a  line 
depends  also  upon  the  amount  of  electrostatic  capacity  it 
contains,  and  a  satisfactory  duplex  balance  is  not  obtained 
unless  compensation  has  been  provided  for  this  disturbiiig 
element.  The  behavioxtr  of  the  line  may  sometimes  be 
imitated  by  connecting  a  condenser  of  suitable  capacity 
across  the  rheostat.  By  this  means  the  effects  of  the 

impulses  of  the  current,  caused  by  the  line's  capacity,  are 
neutralized  by  the  charge  and  discharge  of  the  condenser, 
and  the  receiving  instrument  at  the  sending  end  is  not 
affected  by  the  movements  of  the  key. 

The  folloAving  diagrams  and  exijlaiiations  may  serve  to 
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indicate    how    this   capacity   comjDensation    may   be   con- 
sidered : — 

Fig.  135.  Wheii  key  depressed  there  is  an  initial 
impulse  of  the  current  charging  the  condenser  before  the 
current   passes    through    the    resistance   R.      The    E.M.F. -    1+ 

R 
-^H 

iH 

Fig.  135. — Conilenscr  charge  and  discharge— 1. 

applied  to  the  plates  of  the  condenser  varies  according  to 
the  resistance  in  R.  For  if  R  has  no  resistance  then  no 

fall  of  potential  occurs  and  the  condenser  remains 
uncharged.  Conversely  Avitli  considerable  resistance  there 
is   a   loss   of   volts   in   R,  and  a  corresponding  i^otential 

Fic.  13G. — Condenser  charge  aii<l  discharge— [[. 

difference  between  its  terminals  and  tlie  plates  of  the 
condenser.  The  repelled  +  impulse  passes  to  the  negative 
pole  of  the  battery.  When  the  key  is  released  the  two 
plates  of  the  condenser  discharge  through  the  resistance 
and  neutralization  results. 

Fig.   136.     \n  both  the  circuits  tlu^  condifions  and  re- 
sults are  as  in  the  previous  example  :  the  initial  imijulses 
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from  the  condensers  passing  to  the  battery  and  the  neiitral 
izatiou  of  the  condensers  taking  place  through  i?i  and  i? 
respectively. 

Fig.   137.     This  diagram  illustrates  the  charge  on  line 
and  in  artificial  circuit  when  key  depressed.     The  begin- 

Fio.  137. — CoDflenser  cliarge  and  cliscliarge — III. 

ning  +  impulses  from  earth  and  comjDensation  circiiit  pass 
to  the  battery  through  the  polarized  sounder  or  relay  coils, 
producing  equal  and  opposite  effects.  When  key  is  released 
the  condenser  neutralizes  through  B  and  the  line  charge 
(the  sending  end  being  disconnected  in  the  battery  path) 

passes  through  the  distant  station's  apparatus  to   earth. 

rt! 

Down 

X] 
Fig.  138. — Condenser  charge  and  discharge — IV 

This  releases  the  negative  charge  on  the  earth's  surface, 
which  is  then  neutralized.  The  potential  of  an  earthed 
point  in  a  circuit  is  considered  as  zero. 

Fig.  138.  ̂ ^Tien  both  keys  of  a  D.C.  duplex  circuit 
are  connected  as  shown  in  this  diagram,  that  is,  up  station 
depressed,  down  station  at  rest,  each  end  of  the  line  is  at 
positive  potential  and  it  is  charged  positively,  while  the 

condensers  are  charged  as  shown.     AMien  the  up  station's 
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key  reverses  there  are  two  paths  open  to  the  condenser's 
discharge,  namely,  through  R,  or  through  key  and  battery. 
It  is  generally  assumed  that  all  passes  through  the  latter 
path,  neutralizing  the  effect  on  the  galvanometer  of  the 

line's  discharge  as  they  both  proceed  to  the  negative  pole 
of  the  battery.  The  positive  pole  of  the  battery  l^eing 

joined  to  the  "  split  "  of  the  receiving  instrument  neutralizes 
there  the  discharges  of  the  condenser  and  earth  which 
take  place  through  its  coils  producing  equal  and  opposite 

magnetic  effects.  The  recharged  condenser's  +  may  be 
considered  as  inducing  negative  on  the  opposite  side,  and 

similarly  the  earth's  surface,  being  now  positive,  also 
induces  negative  on  the  wire  (see  Fig.  137).  The  charges 
at  the  down  station  are  not  disturbed.  Both  the  condenser 

and  line  discharges  and  recharges  are  caused  by  the 

reversal  of  the  battery  ;  it  is  therefoi'e  only  essential  to 
consider  the  station  at  which  tbe  key  is  changed  in  position. 

Now  it  is  necessary  that  the  condenser's  action  shall  balance 
the  effects  of  the  line,  not  only  in  quantity,  but  also  in  time 
or  distribution,  and  in  the  case  of  a  line  of  considerable  length 
its  charge  and  discharge  is  not  instantaneous  but  gradual. 
Further,  it  maybe  considered  as  piecemeal,  that  is,  the  effect 
of  the  distant  capacity  operates  subsequent  to  that  of  the 
nearest  portion.  This  is  imitated  in  the  artificial  circiiit  by 
introducing  adjustable  resistances  in  series  with  the 
condenser  such  as  the  retardation  coil  (Fig.  80)  and  when 
necessary,  also  placing  condenser  coils  (Fig.  82)  between 
the  sections  of  the  condenser.  The  effect  of  inserting 
resistance  is  to  slow  down  the  rate  of  charge  and  discharge 
of  portions  of  the  condenser  and  thus  compensate  for  the 
disunited  effect  of  the  capacity  of  the  line. 

A  complete  duplex  set  is  shown  in  diagram  Fig.  139.  It 

includes  a  simplex-duplex  switch  to  enable  the  change  in 
connections  to  be  made  for  single  working  and  so  economize 
the  battery  power  when  the  amount  of  traffic  is  not  consider- 

able. The  differential  galvanometer,  besides  indicating  the 
values  of  tlie  currents  and  the  condition  oC  the  line,  greatly 
assists  in  obtaining  an  accurate  balance.  For  exani[)le,  an 
u])ward  movement  of  the  needle  after  depressing  the  key 
denotes  too  much  resistance  in  the  rheostat  (an  aid  to 

memory  is  :- — when  movement  upward  or  to  the  liUjIit, 
Reduce,  and  for  the  contrary  of  course  increase). 

>\  2 
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The  capacity  is  then  adjusted  by  observing  the  moment- 

ary "  kicks,"  but  in  this  case  an  upward  movement  indicates 
too  little  capacity  in  the  compensation,  that  is,  the  move- 

ments due  to  inaccui-ate  capacity  balance  are  the  reverse  of 
those  produced  b}"  unbalanced  resistance.     A  disconnection 

in  the  compensation DownLinemE 

Upline  o»E  ~ 

iRHEOq.   I 

CEHZS  fTtn  6 

L<h 

^ 

circuit  or  an  earth 

fault  upon  the  line 
causes  the  sending 

station's  signals  to 
be  correctly  received 
at  own  end,  but  a 

disconnected  line  re- 
verses the  sending 

marks.  A  heavy  loss, 

preventing  satisfac- 
tnry  duplex,  will, 
hi  iwever,  generally 

allow  simplex  work- 
ing ;  the  current 

tlien  passes  through 
l)otli  coils  of  the  re- 

ceiving instrument 
and  so  produces 
twice  the  magnetic 
effect  upon  the  cores. 

Besides  resistance 

and  capacity,  the 
character  of  some 
circuits  is  affected 

by  the  amount  of 
inductance  they  pos- 

sess. Inductance  is 
usually   denoted  by 

Fio.l39.-D.C.dy..ndsx.  independent  batteries  ^-^^     g^.^^     j^^^g^.      -^ 

Lenz's  name,  L.  and  it  depends  upon  the  permeability 
of  the  circuit  and  the  surrounding  medium.  It  may  be 

negative  or  positive  in  its  effects,  according  as  it  assists  or 

opposes  the  current  that  produces  it.  We  have  noticed 

that  capacity  causes  an  initial  rush  of  current,  but  induct- 
ance produces  an  opposite  effect,  namely,  to  impede  the  rise 

of  the  current  ;  and  in  many  respects  they  act  in  an  exactly 

r-0 

On 

D.C.Key 

HII 
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opposite  manner,  and  so  can  be  made  to  compensate  for  each 

other's  effects.  When  tlie  first  lonaj  underground  circuits 
were  established,  considcral)le  dilHculty  was  experienced 
owing  to  induction.  The  circuils  running  parallel  for 
many  miles  reacted  upon  each  other,  causing  false  and 
mutilated  signals.  The  most  effective  and  econcmiical 
of  the  various  methods  tried  was  the  employment  of  the  Vyle 
polarized  sounder.  The  inductance  of  the  instrument  is 
(32  henries,  and  owing  to  this  very  useful  property,  circuits 

which  previously  were  balanced  by  means  of  triple  con- 
densers and  condenser  coils  could  be  balanced  by  means  of 

a  single  condenser.  The  polarized  sounder  also  allows  the 
balance  of  a  duplex  circuit  to  vary  considerably  without 
necessitating  a  rebalancing  adjustment. 

It  has  been  found  advantageous  to  learn  the  connections 

by  giving  letters  to  the  six  terminals  of  the  two-wav  switch 
shoA\m  in  Fig.  55:  DRULSK:—D,  to  (D)  of  P.Sdr. 
or  relay ;  /?,  to  rheostat ;  U,  U  of  P.Sdr  ;  L,  left  of  key  ;  S, 

"  split  "  of  P.Sdr  ;  A',  back  centre  of  key. 
Current  required  must  be  calculated  for  duplex  conditions, 

namely  20  to  30  m.a.  through  one  winding  ;  note — one  coil 
of  P.S.  or  relay  at  both  offices  enters  into  the  calculation  of 
resistance.  For  circuits  less  than  1 50  miles  in  length  large 
Daniell  cells  and  for  over  150  miles  bichromate  are  used. 

"  Bridge  "  Duplex. 

Among  the  points  of  diffei'euce  between  the  differential 
and  the  bridge  systems  are  :--(l)  hi  the  former  the  receiv- 

ing instrument  is  undisturbed  by  outgoing  signals  owing 
to  the  currents  dividing  equally  between  its  two  coils,  one 
of  which  is  placed  in  the  artificial  circuit  and  the  other  in  the 
line,  whereas  in  the  bridge  method  this  is  attained  by  both 
the  coils  of  the  receiving  instrument  being  placed  hetiveen 

or  «ej'o.s.s'  the  two  circuits.  (2)  The  neutral  condition  of 
the  differential  instrument  depends  upon  equal  cnrvents, 
bu4  in  the  bridge  system  the  instrument  is  iniaffected 

when  the  points  it  l^ridges  liaA^e  ccfiuil  potent'udx.  And 
(3)  since  a  received  current  passes  through  tlio  i-oils  in 
series  there  is  no  need  for  a  bridged  instrument  to  he 
differentially  wound. 

Referring   to    Fig.     140,     observe    that    the    ))alanciiig 



166 ELEMENT  A  R  Y   TELEGRAPH  Y 

resistance  in  the  rheostat,  say  at  A,  is  made  np  hy 

inserting  a  valiie  equal  to  the  line  (/■")  added  to  the  joint 
resistance  of  the  jjranch  Hh  (/?")  and  the  path  through 
P   which    is    the   resistance    of   QE    (R'^)    coml)iii('d    with 

(T) 

Fin.  140. 

Qh  (cf)   added  to  P.     The  resistance  of  the  liridge  path 

can  l)e  expressed  as  P  + ^    ,  and  tlierefore 

A's  Rheo  =  ?  + 

R  +  q 

P+  ~^
'' 

^    R  +  q 

P  + R  + 

Perhaps  substituting  numerical  values  will  lielp  to  elucidate 
this  algebraical  statement. 

LINE      lOOO" 

Fio.  HI.  — Priueiple  of  liridge  duplex,  with  examples  of  relative  resistaiioes. 

Let  the  line  be  lOOfL,  the  receiving  apparatus  400"^,  and 
the  duplex  resistances  1000"",  then  Rheos  equal  1500'"  (as 
shown  in  Fig.  141). 

Now  consider  the  potential  conditions  with  the  reversed 
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battery  poles  of  the  double  current  system  of  working  whicli 
is  generally  adopted. 

Case  I,  Avliere  both  stati(jns'  keys  are  at  rest  and  the  joining 
11])  such  as  to  produce  spacing  direction  of  current  through 
the  receiving  instrument.  This  places  the  negative  ])ole  at 
station  A  to  point  a,  and  positive  pole  at  station  B  to  point  Jt 
(Fig.  140).  Let  each  E.M.F.  be  100  volts,  then  the  fall  of 

potential  in  the  line  path  between  h  and  a  is  from  -|-  100  to 
-  100,  or  a  total  P.D.  of  200  volts.  Of  this  two-fifths  are 
used  in  /  and  li  respectively,  so  that  the  potential  at  II  is 

+  100  less  80  or  -\-  20,  and'the  potential  at  7^  is  -  100  less 80  or  -  20.  Through,  each  artificial  circuit  the  P.D.  is  100 
and  zero,  one  being  negative  and  the  other  positive.  The 

potential  at  Cris  —  GO  and  at  Q  +  (JO,  therefore  G'  is  40  volts 
lower  than  F,  whereas  Q  is  this  value  above  H,  and  currents 
pass  as  indicated  in  Fig.  142. 

Case  II,  with  one  key  depressed  (say  at  A)  and  the  other  at 
rest.  The  potential  at  both  ends  of  the  line  is  +  100,  thus 
no  fall  can  occur  between  a  and  h,  consequently  the  points 
F  and  H  are  each  +  100.  In  the  balancing  paths,  however, 
the  P.D.  remains  100  to  zero  and  G  and  Q  have  a  potential 
of  GO,  therefore  currents  pass  as  shown  in  Fig.  143. 

Case  III. — When  both  keys  are  depressed  the  impressed 
voltage  at  h  becomes  negative,  consequently  the  fall  is  from 

+  100  at  a  to  —  100  at  b,  or  200  volts.  The  potentials  at  the 
various  points  correspond  to  Case  I  with  reversed  signs 

and  "  marking  "  currents  pass  as  shown  in  Fig.  144. 
At  present  the  "  bridge  "  method  of  duplex  is  chiefly 

used  on  cable  circuits,  and  the  effects  of  their  considerabl(^ 
electrostatic  capacity  can  be  compensated  for  by  placing 
condensers  across  the  duplex  resistances  (/,  g,  h  and  ([). 

These  "  signallimj  "  condensers  can  be  adjusted  so  that  the 
time  occupied  in  chai'ging  and  discharging  the  circuit  can 
be  very  considerably  reduced.  Until  the  condensers  are 
fully  charged  the  duplex  coils  maybe  considered  as  having 
no  resistance,  and  in  order  to  satisfy  the  full  absorbing 

power  of  the  condenser's  capacity  the  applied  E.M.F.  is 
pressed  forward  or  drawn  out  Avith  considerable  impetus. 
Thus  this  action  is  of  very  great  value  in  liastening  the 

charge  and  discharge  of  the  line.  The  capacity  of  tlie  signal- 
ling condensers  has  a  disturbing  effect  upon  the  formation  of 

the  in-coming  signals,  l)ut  this  can  be  rectified  by  placing 
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-20 

Fio.  142. — A  and  B  at  rest,  "spacing"  at  both  stations. 

+  100 

i  * Fig.  143.—^  depressed,  "marking"  at  B, 

B  at  rest,  "  .spacing"  at  A. 

-20 

Fig.  \ii.~A  and  B  depressed,  "  marking"  at  both  stations. 
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a  slitinted  ̂ 'reading''  condenser  in  the  bridge  path.  The 
increase  of  the  line's  capacity  by  the  introduction  of  these 
condensers  may  generally  be  compensated  for  by  increasing 

the  capacity  of  section  ('3  of  the  "  tri]Dle  "  condenser. 

Central  Battery  Systems. 

The  remarkable  and  rapid  development  of  central  battery 
telegraph  working  Avliich  has  taken  place  in  the  British 
telegraphs  Avithin  the  last  few  years  contains  the  application 
of  new  ideas,  and  the  close  attention  of  every  student  is 
invited  to  t]ie  methods  here  described.  The  success  of  the 

introduction    of   central  battery  working   has    led    to    its 

Polarized Sdr 

-00- 
^^ 

Out  Station 

RES.  COIL 

1000" 

Fiii.  145. — A  simple  C.B.  circuit  using  a  permanent  line  current. 

extension  in  other  directions,  and  the  system  is  being 
copied  by  several  other  administrations.  Some  notice  has 

already  been  given  to  the  "  closed  circuit"  system  of  work- 
ing, which  is  in  some  respects  a  central  battery  system, 

although  apparently  never  developed  quite  in  the  manner 
now  effected  in  this  country.  The  first  striking  feature  of 
the  system  is  that  the  source  of  power  is  centralized  at  one 
station  and  there  are  no  batteries  at  any  of  the  other  offices. 
There  is,  therefore,  the  manifest  advantage  of  saving  in 
battery  accommodation  with  the  initial  cost  of  installation 
and  the  expense  of  maintenance.  Also  a  cause  of  failures 
is  removed,  apparatus  of  simpler  cliaracter  can  be  employed, 
and  fcAver  adjustments  are  needed. 

As  an  example  of  possible  economies  it  may  be  mentioned 
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that  in  London  tlie  introdnotion  of  the  CB.  system  in  the 
metropolitan  area  abolished  scattered  groups  of  batteries 
on  more  than  1 000  telegraph  circuits,  replacing  them  by  a 
single  group  of  accumnlators  installed  in  the  central 
battery  station.  And  the  further  extension  of  the  system 
lias  noAv  already  banished  some  tens  of  thousands  of 
primary  cells  with  a  yearly  saving  of  thousands  of  pounds 
for  battery  maintenance. 

One  of  the  earliest  methods  is  shown  in  diagram  Fig.  145, 

where  at  the  central  station  a  galvanometer,  S.C.  key,  900" 
sounder,  and  a  1000"  resistance  coil  are  connected  to  a 
doTible  battery  of  +  38  volts  and  --  40  volts.  Normally 
there  is  a  permanent  current  of  about  0  m.a.  passing  to 
line  via  the  sounder  and  galvanometer.  At  the  out  station 

this  current  flows  through  the  4500"  polarized  soimder  in 

a  "  spacing  "  direction.  The  depression  of  the  key  at  the 
central  office  changes  the  direction  of  the  current  bj^  joining 

the  —  40  volt  battery  to  line  through  the  1000"  resistance 

and  causes  the  polarized  sounder  to  "  mark."  When  the 
key  at  the  out  station  is  depressed  the  short-circuiting  of 
the  4500"  polarized  sounder  reduces  the  line  resistance  by 
that  amount  and  the  current  is  increased  to  35  m.a.  which 

actuates  the  900"  sounder.  The  disadvantage  attending 
this  simple  arrangement  is  that  during  idle  periods  the 
battery  is  uselessly  expended,  and  with  many  such  circuits 
there  woiild  be  a  considerable  loss. 

The  central  battery  omnibus  circuit  arrangement  devised 

by  Mr.  Mercer,  of  the  Engineer-in-Chief's  Department, 
obtained  the  system  of  double  current  working  from  a 
single  pole  battery  by  producing  reversing  condenser 
impulses.  The  out  stations  are  connected  as  leak  paths  on 
the  main  line,  but  each  branch  is  interrupted  or  broken  by 

the  insertion  of  a  condenser,  so  that  the  central  station's 
battery  would  not  furnish  a  continuous  current  if  the 
insulation  of  the  line  was  perfect. 

The  original  arrangement  has  been  modified,  and  the 
apparatus  now  iised  is  shown  in  diagram  Fig.  146.  At  the 
central  office  a  l)attery  of  80  volts  is  connected  to  the  line 

through  a  1000"  metal-cased  non-inductive  resistance  coil 
and  a  S.C.  galvanometer.  The  rest  of  the  head  office 
apparatus  is  identical  with  that  supplied  to  the  out 

stations,  namely,  a  single  ciirrent  key,  a  4500"  polarized 
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sounder  with  fixed  adjustments,  and  a  4  in.f.  condenser. 
The  principle  nnderlying  the  working  is  that  a  condenser 
having  been  charged,  is  potentially  a  battery,  and  remains 
so  until  discharged.  Thus  in  the  a1)sence  of  any  leakage 

the  ai^plication  of  the  central  station's  E.M.F.  charges  each 
condenser  up  t^o  a  value  of  80  volts.  The  depression  of 
any  key  puts  the  line  to  earth  at  that  point.  If  this  occurs 
at  an  out  station  each  condenser  discharges  through  its 
own  polarized  sounder,  giving  a  momentary  current.  Now 
with  a  neutral  adjustment  the  effect  of  this  impulse  is  to 
bring  the  armature  sharply  down,  Avhere  it  remains,  not  by 
virtue  of  any  current  continuing  in  the  coils,  but  by  being, 
in  that  position,  more  under  the  influence  of  the  magnetism 
than  the  control  of  the  spring  tension.     To  terminate  the 

Out  stations 

fi 

^ Hi 

^^ 

Hi. 

Fio.  1401. — C. B.  nmnilius  circuit  ordinary  arrangement  with  polarized  sounders 
liaving  fixed  adjustment. 

signal,  whether  dot  or  dash,  it  is  only  necessary  for  the  key 
to  rise,  charging  the  condensers  again  in  the  reverse 
direction  and  giving  the  equivalent  of  a  spacing  current. 

At  the  out  ofhces  the  connections  are  such  that  each  station's 
sending  is  recorded  upon  its  own  polarized  sounder  as  Avell 
as  at  all  the  other  sounders  in  the  circuit ;  this  indicates  to 
the  signalling  station  that  everything  is  in  order  and 
dispenses  Avith  the  use  of  a  galvanometer.  At  the  central 
office,  however,  the  polarized  soiinder  is  joined,  not  to  the 
middle  of  the  key,  but  to  the  back  stop,  and  therefore 
that  instrument  is  not  actuated  by  the  working  of  its  own 
key.  The  galvanometer  shows  the  condition  of  the  line, 
short  deflections  accompany  the  working  impulses,  and  a 
continuous  deflection,  when  no  traffic  is  passing,  indicates 
the  amount  of  leakage.  Much  attention  has  been  given  to  the 
problem  of  the  character  and  value  of  the  resistance  placed 
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in  the  battery  lead,  and  Mr.  E.  Y.  Smart  has  demonstrated 
how  to  calculate  the  best  resistance  for  working  conditions. 
That  if  no  resistance  is  placed  in  the  battery  lead  then  the 

<-\\-*^ 

M 

(1)    Normal 

rj- 
<— ij-^WVA 

(2)   KEY  DEPRESSED 

(3)    KEY  RJSING 

-niiislratiiii'  cliai'Lje  ami  dischar<;e  of  omniV>ns  circuit. 

depression  of  an  ont  station's  ke}'  does  not  alter  the 
potential  at  the  head  office,  consequently  no  signal  pro- 

duced. If  an  exceedingly  high  feed  resistance  be  inserted 
then  almost  a  complete  discharge  occurs  at  the  head  office. 
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The  best  value  is  that  which  allows  for  falling  insulation 
resistance  due  to  bad  weather  conditions  and  consequent 
loss.  It  is  found  that  the  weakest  point  in  the  system  is 
the  working  from  the  furthest  out  station  to  the  head 
office,  and  the  minimum  insulation  allowable  is  three  times 
that  of  the  conductor  resistance.  The  most  satisfactory 
results  are  obtained  with  a  feed  resistance  of  1000".  Then 

with  a  line  of  1000'"  and  two  out  stations  SOO""  apart  the 
depression  of  the  head  office  key  gives  a  current  of  80  m.a., 

the  Avorking  of  the  nearest  out  station's  key  allows  a  current 
of  52  m.a.,  and  the  terminal  out  office  obtains  a  value  of 

39  m.a.  Fig.  147  shows  the  directions  of  charge  and 
discharge  when  the  intermediate  station  is  working. 

Upon  a  line  Avhere  the  insulation  loss  is  very  great, 
satisfactory  working  has  been  found  possible  by  providing 
a  special  set  at  the  head  office.  Witli  this  arrangement 
it  is  possible  to  work  to  and  from  any  out  office,  even 
though  the  change  of  potential  at  the  head  office  produ(;eil 

by  an  out  station's  key  be  only  2  volts. 
By  nreans  of  the  six-terminal  reversing  key  (shown  in 

Figs.  51,  2,  3)  the  head  office  works  double  current  outwards. 
The  impulses  through  the  polarized  relaying  sounder  cause 
strong  signals  to  be  recorded  on  the  ordinary  polarized 
sounder.  Owing  to  the  method  of  joining  up  no  local 

battery  is  required  ;  for  when  the  relaying  sounder's 
armature  is  against  the  spacing  contact  the  +  80  battery 

charges  the  4  m.f.  condenser  through  the  1000*"  resistance 

coil.  The  depression  of  an  out  station's  key  alloAvs  the 
cliarge  in  the  8  m.f,  condenser  to  pass  through  the 

]iolarized  relaying  sounder,  thence  via  the  G-terminal 
key  and  galvanometer  to  line  and  earth  at  the  sending 

station.  TJie  relaying  sounder  is  set  neutral,  conse- 
cpunitly  the  momentary  current  causes  the  armature  to 
bank  against  the  marking  sto])  and  thus  provide  a  patii 
to  earth  for  the  discharge  of  the  4  m.f.  condenser.  The 

4500"'  polarized  sounder  is  also  set  neutral  with  fixed 
adjustments  and  it  responds  to  the  magnetic  effect  of  the 
discharging  im])ulse.  When  the  signal  is  terminated  by 

the  rise  of  the  distant  station's  key  the  magnetism  of 
both  tlie  polarized  relaying  sounder  and  the  ordinary 

polarized  sounder  is  rediu-ed  by  the  recharge  of  the 
respective  condensers,  the  springs  predominate  and  retract 
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the  armjitures.     Thus  the  line  signals  are  recorded  on  the 
reading  instrument.     The  full  connections  of  this  special 

head  office  set  are 

shown  in  Fig.  148. 
Xo  alteration  is 
made  in  the  out 

station's  apjDaratus, 
but  the  reduction  of 
the  feed  resistance 

to  800"^  permits  a 
current  of  about  60 
m.a.  when  the  key 

is  down  at  the  in- 
termediate station, 

and  43  m.a.  at  the 
terminal  office. 

In  this  omnibus 

system  the  internal 
resistance  of  the 

battery  plays  a  most 
important  part,  and 
therefore  secondary 
cells  are  best. 

Primary  batteries 

may  in  some  posi- 
tions be  more  economical,  but  it  is  found  that  a  maximum 

loss  of  10  volts  in  the  battery  is  all  that  can  safely  be 

allowed  when  polarized  sounders  of  4500"  are  used. 

KiG.  14S.— C.C  omnibus  ciicuit  Head  office  upecial 

net  with  polarized  relaj'ing  sounder  500'^  +  500'" 
allowing  great  length  and  leakage. 

The  Hav  Cextral  Battery  Duplex. 

Several  forms  of  duplex  have  been  introduced  with  C.  B. 
working,  but  Avith  only  partial  success  until  Mr.  C.  E.  Hay, 

of  the  Engineer-in-Chief's  DejDartment,  devised  the  follow- 
ing system,  which  has  displaced  the  earlier  methods  and  is 

extensively  used  on  short  lines  having  no  insulation  losses. 
It  wiU  be  observed  from  the  theoretical  diagram 

(Fig.  149)  that  at  the  head  office  the  standard  relay 

occupies  the  place  of  the  galvanometer  in  a  Wheat- 
stone  Bridge  arrangement.  The  two  ratio  arms  are  of 

lOOO*"  resistance,  one  is  connected  to  the  line,  the  other  to 
a  fixed  resistance  of  1250".     The  line  resistance  is  made 
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up  to  o50",  by  the  insertion,  if  necessary,  of  a  resistance 
coil  in  the  line  path  at  the  head  office.  At  the  out  station 
the  apparatus  includes  a  differentially  wound  polarized 

sounder  500"  +  500*^,  a  single  current  key,  and  a  500" 
resistance  coil.  The  middle  of  the  key  is  connected  to 

the  "  split  "  of  the  sounder  coils  and  the  front  contact 
to  earth.  The  normal  resistance  of  the  line  path  is  there- 

fore 350  +  500  +  500  +  500",  or  1850".  Consequently 
there  is  a  want  of  balance  and  the  potential  at  A  is 
higher  than  at  B.  This  causes  a  permanent  current  to 
flow  through  the  galvanometer  coils  and  the  relay  in  a 
spacing  direction,  that  is,  from  D  to  (U)  terminals.  The 
polarized  sounder  at  the  out  station  is  joined  up  so  that  the 
magnetism  due  to  the  inducing  magnet  and  that  due  to  the 

OrO-^^^-r-^' 
PSJ^Soo 

Out  Stn. 

Ckntral  Stn.  v 

Fiii.  14ii.— Theoretical  diagraui  of  Hay  C.B.  dujilex. 

permanent  line  current  are  about  equal  and  the  necessity 

to  "bias"  the  sounder  is  reduced  to  a  minimum. 
When  key  dejyressedab  out  station,  A  to  earth  then  becomes 

850",  but  B  to  earth  is  always  1250",  so  that  their  ratios  are 
now  2 : 3  (normally  they  are  3 : 2).  The  potential  at  B 
therefore  is  now  higher  than  A,  and  thus  current  flows 
through  relay  (U)  D  (marking). 
When  key  depressed  at  central  statiun :  This  places  the 

relay  coils  in  parallel  with  the  ratio  arms^ncreases  the 
line  current  from  25  m.a.  to  40  m.a.  and  operates  the 

sounder  at  the  out  station.  'IMu'  out  station's  key  is  at 
rest,  and  consequently,  altliongh  the  current  is  augmented, 
it  divides  ujiequally  the  larger  part  passing  through  the 

j-elay  from  (D)  to  (U)  with  a  spacing  rcsidt. 
When  both  keys  depressed  shnultaneuusly,  then  the  pre- 

vious reduction  of  resistance  is  still  iurther  diminished 
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by  the  "  cutting  out "  of  lOOO"  resistance  at  the  out 
station,  and  the  line  current  is  now  80  m.a.  The  potential 
of  B  is  higher  than  A,  as  already  explained,  therefore 

the  preponderating  current  through  the  relay  coils  pro- 
tluces  marking.  The  polarized  sounder  responds  to  the 
effect  produced  by  the  line  current,  altli(jugh  it  only 

traverses  one  ■winding,  because  the  magnetization  pro- 
duced is  equivalent  to  that  of  40  m.a.  through  both 

windings.  At  the  head  ofhce  the  standard  relay  actuates 

a  900"  sounder,  which  is  joined  in  a  local  circuit  in  the 
usual  manner.     Thus  it  is  seen  that  by  simply  Avorking 

^|l|l|-x^ fuse  Sr 

E  ̂  

Fiii.  100.— Connections  of  Hay  C.B.  ch'plex  (line  +  x  =  350*"). 

a  single  current  key  the  out  station  produces  the  effect 
of  a  double  current  on  the  relay  at  the  head  office ;  that 
the  action  of  the  receiving  instrument  at  either  office  is 
independent  of  the  movements  of  the  key  at  that  station, 
and  therefore  the  essential  condition  for  accurate  duplex 
working  has  been  achieved. 

The  working  connections  are  shown  in  diagram  Fig.  150. 

Vyle  and  Smart's  Central  Battery  Duplex. 

In  this,  the  most  recent  duplex  with  the  central  energy 
system,  the  inventors,  Messrs.  C.  C.  Vyle  and  E.  V.  Smart, 
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have  succeeded  in  producing  a  metliod  of  working  suit- 
able for  either  long  or  short  distance  circuits.  It  possesses 

some  distinct  advantages  over  the  Hay  system — the  work- 
ing from  the  head  office  is  on  the  double  current  system  ; 

it  is  satisfactory  with  a  large  amount  of  line  leakage;  and 
it  lends  itself  to  an  extraordinary  degree  for  the  require- 

ments of  concentration  or  the  emergency  of  Wheatstone 
working. 

The  principle  of  working  and  essential  connections  are 
shown  in  Fig.  151.  The  arrangement  at  the  central  office 
is  similar  to  that  of  an  ordinary  differential  duplex  but 

with  a  non-polarized  relay  (500"  +  500")  and  the  6-terminal 

Fk:.  101.— Skeleton  connections  of  Vyle  and  Smart's  C.B.  Duplex.    (6')  and  /'  "f 
.standard  relay  at  out  stations  should  be  crossed. 

reversing  key.  At  the  out  station  a  8.C.  galvanometer, 

S.C.  key,  and  standard  relay  "  B  "  (lOO"  +  100"  )  are  joined 
in  series  with  a  fixed  resistance  of  4000"  connected  lietween 
the  galvanometer  and  the  line  terminal  of  tlie  relay.  At 
the  outset  sufficient  resistance  is  inserted  in  the  rheostat 

at  the  central  office  to  cause  a  current  to  pass  out  to 

line  showing  a  deflection  of  55°  on  the  differential  galva- 
nojneter.  This  generally  results  from  the  addition  of 

4000"  to  the  normal  line  balance  with  tlie  out  station's  key 
at  rest.  When,  however,  the  insulation  is  low  the  out  office 

key  is  depi'essed  and  resistance  is  inserted  in  the  condenser 
coil  there  (see  Fig.  153)  and  equalized  in  the  central 
office   rheostat  to   give    the   line   more  current   and    thus 

N 
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compensate  for  the  loss  tliroiigli  leakage.  With  the  out- 
office  key  depressed  the  proper  resistance  balance  is  shown 
by  the  needle  of  the  differential  galvanometer  remaining 
vertical,  and  the  central  office  can  then  balance  the  static 
condition  of  the  line  in  the  nsual  Avay.  With  the  circuit 
in  its  normal  condition,  that  is,  with  both  keys  at  rest  and 
an  E.M.F.  of  80  volts,  the  current  in  the  line  path  will  be 
about  45  ni.a.  At  the  central  office  about  one-third  of  this 
value  circulates  in  the  artificial  branch,  and  the  difference 
between  the  unequal  currents  passing  through  the  coils  of 

^^^^  the     differentially    wound 
500"  +  500"  non-polarized 

relay  is  sufficient  to  over- 
come the  tension  of  the 

spring  and  hold  the  tongue 
away  from  the  local  circuit 
contact.  The  line  current 
traverses  the  coils  of  the 

standard  relay  in  a  spacing 
direction.  With  a  moment- 

ary short-circuit,  which  is 
indispensable,  the  depres- 

sion of  the  ()-terminal  kej'' 
changes  the  direction  of 
the  currents,  not  their 

value ;  the  non-polarized 
relay  is  therefore  unaffect- 

ed, but  the  out  station's 
relay  responds. 

If  the  out  station  alone  is  signalling  the  depression  of 

the  key  there  throAvs  the  4000"  resistance  and  the  con- 
denser coil  into  the  line  circuit.  This  restores  the  zero 

balance  at  the  head  office  ;  the  currents  there  then  divide 

equally,  the  cores  of  the  non-polarized  relay  are  de- 
magnetized, and  consequently  the  spiral  spring  causes  the 

tongue  to  make  contact  with  the  marking  stop  and  so 
operates  the  reading  sounder. 
When  both  stations  send  simiiltaneously  the  current 

reversals  actuate  the  instrument  at  the  out  office,  and  the 
restoration  of  balance  effectively  controls  the  movement  of 
the  non-polarized  relay  at  the  central  office.  It  may  be 
observed   that  the  out  station    receives   two   strengths   of 

Fig.  152.— Out  station,  Vyle  and  Smart's  C.B. 
duplex  and  simplex  for  short  and  under- 

ground circuits. 
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current,  owing  to  the  alteration  in  value  when  its  own  key 
is  depressed,  but  the  relay  responds  equally  well  to  both. 

In  the  case  of  circuits  of  forty  iniles  and  under  it  has 
been  found  possible  to  replace  the  standard  relay  and  local 
circuit  at  the  out  station  by  a  polarized  sounder.  The 
difference  in  current  strengths  and  the  consequent  varying 
attraction  of  the  armature  of  the  polarized  sounder  is 
compensated  for  by  placing  the  4  m.f.  condenser  on  the 
earth  side  of  the  polarized  sounder  (Fig.  152)  and  joining 

500'"  resistance  between  the  key  and  the  "  split  "  of  the 
coils.  The  stronger  impulse  then  passes  through  one  coil 
and  the  Aveaker  through  both,  consequently  the  volume  of 
sound  is  constant.  On  the  longer  circuits  Avhere  the  relay 

is  employed  sufficient  sound  is  produced  in  the  20"  sounder 
if  the  local  circuit  E.M.F.  is  provided  by  a  o-cell  dry 
battery.  OC  course  the  local  circuit  of  the  non-polarized 
relay  at  the  central  office  comprises  the  usual  900"  sounder 
and  24-volt  battery. 

Some  interesting  developments  of  C.B.  Avorking  are 
appended,  but  they  are  intended  for  the  information  of 
the  more  advanced  students,  being  beyond  the  prescribed 
range  of  the  ordinary  grade  syllabus.  A  very  recent 
arrangement  of  the  Vyle  and  Smart  C.B.  duplex  provides 
for  simplex  Avorking  and  can  also  be  used  on  a  concen- 

trator. The  apparatus  is  shown  in  the  diagram  (Fig.  153). 
Note  that  80  volts  positive  are  used  as  the  spacing 
current,  the  necessary  change  in  connections  being  made 
on  the  relay  at  the  oiit  station.  For  simplex  Avorking 
+  40  volts  are  provided  instead  of  the  +  80  to  reduce  the 
amount  of  loss  that  may  occur  through  leakage  and  further 
economy  effected  by  interrupting  the  circuit  with  a  4-m.f. 
condenser.  At  the  central  office  a  9-terminal  sAvitch  is 

used  for  making  three  necessary  changes  in  the  connec- 
tions for  duplex  or  simplex.  Tbc  alterations  required  for 

simplex  Avorking  are:  +  40  substituted  for  +  80,  the  arli- 
ficial  circuit  is  disconnecteil,  and  the  local  sounfler  circni) 

ks  changed  over  from  llu^  "marking"  to  the  "spacing" 
contact  of  the  noii-j)olarized  relay.  At  the  out  station  a 
3- terminal  SAvitch  suffices,  and  when  mo\'ed  into  the 
Bimplex    position  it  transfers   the  earth    connection    from 

N   2 
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the  relay  to  the  front  stojD  of  the  key.  Tlie  relay  is  then 
joined  into  the  condenser,  the  other  terminal  of  which  is 

connectetl  to  earth  through  a  4000'"  resistance  coil.  In 
some  cases,  however,  provision  is  made  for  night  calls  by 
replacing  this  resistance  coil  with  a  polarized  sounder  circuit 

"  1)  "   pattern,  which  is  extended  into  a  suitable  position 

Fid.  \bi. — Connection  of  Vjle  and  Smart's  C.B.  dnplex  and  simplex. 

for  that  purpose.  The  details  of  these  changes  can  be 
perhaps  better  understood  with  the  following  theoretical 
diagram  of  the  simplex  conditions  (Fig.  154).  At  the  out 
station  with  the  relay  adjusted  neutrally  it  follows  the 
movements  of  the  out  station  key.  This  is  a  test  of 
neutrality,  but  a  slight  spacing  bias  given  will  remove 
them,  and  yet  signals  received  from  the  central  office 
are  still  good.  When  at  simplex  then,  normally,  only 
the  current  due  to  leakage,  if  any,  flows  from  the 

+  40  volt  battery  whose  E.M.F.  charges  the  out  station's 
condenser.  The  sjoring  of  the  non-polarized  relay  holds 
the  tongue  in  contact  with  the  M  stop,  having  j^ractically 

no  opposition.  The  depression  of  the  out  station's  key 
puts  the  line  direct  to  earth,  and  a  current  of  25  to  35  m.a., 
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according  to  line  resistance,  flows  throngh  the  non- 
polarized relay  attracting  the  armatiires  and  closing  the 

local  circuit.  The  depression  of  the  central  office  key 

joins  —  80  volts  to  the  circuit,  discharging  and  recharging 

the  out  station's  condenser,  both  effects  occurring  in  tlie 
"marking"  direction  through  the  relay  there. 

As  arranged  for  the  C.B.  concentrator  the  line  terminates 
at  a  switch  spring  Avhile  the  head  office  set  is  connected  to 
the  tip  of  a  peg.  When  employed  for  short  or  underground 
circuits  the  rheostat,  retardation  coil  and  condenser  have 
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Fro.  154. — Skeleton  connections  of  Vyie  and  S!nart's  C.B.  simplex  with  extension sonnder  at  out  station  for  night  calls. 

fixed  values,  and  the  out  station's  relay  is  replaced  by  a 
polarized  sounder  joined  as  shoAvn  in  diagram  Fig.  152. 

The  remarkable  adaptation  of  the  central  battery  system 
in  circumstances  of  special  emergency  is  illustrated  in 
Fig.  155.  Many  towns  which  may  be  temporary  centres  of 
telegraph  pressure  have  only  C.B.  omnibus  out  station  sets. 
In  these  cases,  if  it  is  desired  to  extend  the  circuit  or  to 

provide  for  Wheatstone  working,  the  following  arrange- 
ments will  be  found  suitable.  A  local  head  office  which  is 

usually  the  terminal  on  the  C.B.  circuit  may  become  an 
out  station  and  the  line  extended  to  a  distant  head  office — 

a  more  convenient  transmitting  centre — where  an  ordinary 
duplex  set  modified  can  be  used.  By  this  means  dis- 

tances of  several  hundred  miles  have  been  covered. 

No.  1  station  is  the  ordinary  C.B.  omnibus  set.  No.  2 
station  shows  the  same  set,  but  Avith  a  Wlieatstone  trans- 

mitter and  galvanometer  added  for  Wheatstone  Avorking  to 
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the  head  office.  Xo.  3  provides  for  Wheatstone  working  to 
and  irom  the  head  office.  To  adapt  an  ordinary  Wheatstone 
duplex  set  for  these  special  requirements  the   following 

changes  and  adjustments  are  necessary  : — At  an  up  station 
reverse  batteries ;  at  a  down  station  reverse  D  and  {U)oi  relay. 

Switch  must  remain  at  duplex.      .    ert  8000"  in  the  rheostat, 
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4  m.f.  in  the  condenser,  and  500"  in  the  retardation  coil  at 
the  outset.  The  maximum  resistance  in  the  compensation 
path  Avill  insure  a  large  preponderance  of  current  passing 
out  to  line  amply  sufficing  to  reach  the  most  distant  station. 
The  resistance  may  be  made  afterwards  approximately  twice 
the  resistance  of  the  line.  The  head  office  can  obtain  a 

balance  by  the  out  station  depressing  key — ^if  more  than  one 
out  station  take  two  balances  ;  first  to  the  nearest  and  then 
to  the  most  distant  station.  The  rheostat  should  then  have 
a  value  double  that  of  the  mean  balance. 

Perhaps  a  still  more  interesting  application  of  the  C.B. 
system  on  a  short  or  underground  line  is  the  following 

*mr  ■♦500  L,^ 

Fio.  156. — C.B.  Wheatstone  and  key  :  theoretical  connections. 

arrangement,  which  provides  for  key  simplex  or  duplex ; 
duplex  Avith  Wheatstone  from  the  central  office  and  key 
Avorking  from  the  out  station  ;  or  Wheatstone  simplex  from 

the  out  station,  the  central  office  being  able  to  stop  the  trans- 
mitter when  necessary.  To  accomplish  these  advantages 

several  conspicuous  novelties  have  been  introduced.  The 
theoretical  diagram  is  given  in  Fig.  150.  At  the  central 

office  a  double  battery  of  80  volts  with  500"  in  each  lead  is 
joined  to  a  transmitter,  G-terminal  key,  Wheatstone  receiver, 
and  differential  galvanometer  to  rheostat  and  line.  After 

leaving  the  galvanometer  the  line  path  is  through  a  non- 

polarized relay  in  the  local  circuit  of  which  the  900" 
sounder  and  rxsual  24-volt  battery  are  joined.     With  3000" 
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in  the  rheostat  a  good  current  passes  to  line  via  the  N.P. 
relay  whose  tongue  is  forced  to  the  spacing  stop.     The  line 

current,  at  the  out  station,  passes  through  S.C.  galvanometer, 

a  500"  resistance  coil,  one  winding  of  the  Wheatstone 
receiver,  and  thence  via  bridge  of  key  and  its  back  stop 
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to  earth.  No  local  battery  is  i-equired  on  the  receiver, 
owing  to  the  provision  of  a  4500"  polarized  sounder  and  4 
m.f.  condenser,  and  one  of  the  prominent  features  of  this 
arrangement  is  the  singular  manner  in  Avliich  they  are 
connected  betAveen  the  line  and  earth. 

Placing  them  across  the  receiver  and  the  resistances  500*" 
and  1000"  insures  sufficient  potential  difference  between 
the  condenser  plates  to  obtain  accurate  signals  on  the 
polarized  sounder,  when  the  central  office  sends,  Avhatever 

may  be  the  position  of  the  out  station  key.  Also  it  is  note- 
worthy that  splitting  of  signals  by  the  movements  of  that 

key  is  impossilile.     Any  disconnection  therein  automatically 

<if  Stn  1 

Fk).  15S. — C.B.  repeater  witli  jiolarizeJ  relaying  sounders  :  showing  the  only 
battery  in  the  circuit. 

diverts  the  current  through  the  receiver  coils  and  the  two 

resistances,  1000"  and  3000",  to  earth.  The  current  is  there- 
by reduced  but  this  is  compensated  for  by  the  effect  then  pro- 

duced in  both  windings  of  the  receiver.  For  diiplex,  adjust 

rheostat  with  out  station's  transmitter  running,  until  signals 
are  good  on  the  receiver  at  the  central  office.  The  action 

of  the  transmitter  is  of  course  similar  to  that  of  the  key — 
merely  throwing  into  the  circuit  the  extra  resistance — and 
at  the  central  office  the  resistance  of  the  rheostat  is  made 

just  sufficient  to  secure  an  excess  of  current  through  its  own 

receiver  in  the  "marking"  direction.  This  is  arranged  for 
by  joining  the  (U)  to  (D)  winding  in  the  rheostat  or  compensa- 

tion path,  Avhich  then  offers  the  least  resistance.  The  usual 

adjustment  of  the  non-polarized  relay  is  made  so  that  the 



186 ELEMENTARY  TELEGRAPHY 

weakened  line  current,  consequent  upon  the  movements  of 

the  out  station's  key,  will  enable  the  spring  to  place  the 
tongue  on  the  "M"  contact  and  close  the  local  circuit. 
The  full  connections  of  this  arrangement,  which  can  be 
used  also  on  a  concentrator,  is  shown  in  Fig.  157. 

As  a  conclusion  to  this  description  of  C.B.  systems  it 

may  be  worth  while  to  notice,  another  direction  of  develop- 
ment, namely,  that  of  relaying  or  translation.  The 

principle  of  a  C.B.  repeater  is  shown  in  the  theoretical 
diagram  Fig.  158.  At  the  repeating  office  an  earthed 
battery  is  joined,  through  a  resistance  and  a  polarized 
relaying  sounder,  to  each  line.  The  terminal  stations  are 
fitted  with  a  polarized  sounder,  condenser,  and  8.C.  key. 
Suppose  station  Xo.  2  depresses  the  key  ;  this  earths  the 

<-|  III 

Fin, 159. — Method  of  joining  polarized  relaying  sounders  on  C.B.  repeater. 

line,  and  a  current  passes  out  from  the  repeating  station 
through  relaying  sounder  2,  whose  armature  is  consequently 
attracted.  The  condenser  at  station  Xo.  1  is  enabled  to 

discharge  through  the  earthed  connection  thus  given  at 
the  repeating  station,  and  the  movements  of  the  key  at 
station  Xo.  2  are  correctly  reproduced  on  the  polarized 
sounder  at  station  Xo  1.  The  signals  in  the  other  direction 
are  similarly  repeated.  Attention  is  directed  also  to  the 
means  by  which  the  discharging  condenser  impulses  are 
made  non-efPective  upon  the  polarized  relaying  sounders. 
For  example,  it  is  essential  that  when  station  Xo.  2  is 
sending  the  P.H.  sounder  1  should  not  be  actuated  by  the 
condenser  discharge  of  station  Xo.  1.  This  is  prevented 
by  joining  the  coils  of  the  P.R.  sounders  in  the  manner 
shown  in  Fig.  159. 
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Universal  Ijattkry  Working. 

For  many  years  there  have  been  arrangements  made  for 
supplying  the  E.M.F.  of  one  battery  to  several  circiiits 

simnltaneously.  This  method  of  working  differs  from'the 
C.B.  and  "closed  ciixnit "  systems  in  that  the  latter 
provide  one  sonrce  of  power  for  all  the  stations  in  the 
circuit,  whereas  a  universal  battery  supplies  the  power  for 
several  sets  of  instruments  in  the  same  o;(fice. 

The  internal  resistance  of  a  battery  reqxiired  for  universal 
purposes  is    a  matter   of   considerable    importance.      For 
when  several  circuits  are  joined  to  a  battery  of  appreciable 
resistance,  then  a  variation  of  current  occurs  in  the  lines 
according  to  the  number  working  simultaneously.      This 
will  be  evident  if  the  values  of  the  currents  then  obtained 

are  considered.      For  example,  let  a  battery  of  40  volts 

E.M.F.    and   internal  resistance    100""  be   joined   to   nine 
circuits  of  900"  each.     The  cxirrent  in  one  line  working 40 

alone  is  (7  =  kt^tt— ,    ,7^7  =  40  m.a.,  and  when  all  are  working "00  -'r  100 

total  C  =         ̂^^         =  200  m.a.,  and  of  this  i  or  22*2  m.a., 

jaass  into  each  circuit.  With  four  times  as  many  circuits 
the  total  current  becomes  320  m.a.,  but  only  ̂ ^th  part  of 
this  is  taken  by  each.  Now  let  the  battery  be  of  negligible 
resistance,  then  it  matters  not  hoAV  many  lines  work  at  the 
same  moment,  the  value  of  the  current  in  each  is  unaltered. 
Take,  for  example,  the  previoiis  first  and  last  cases  ;  with 

one   wire   C  =  — —  =  44   m.a.,  and   with    36   equal   lines 
900 

r'  f2  =  ICOO  m.a.,  or  ?^  =  44  m.a.  in  each.     Very  early 2-)  3() 

this  distinct  advantage   of   secondary  cells   over  primary 
l)atteries  led   to  the   introduction   of   the   former  for   the 

purpose  of   universal  battery  working.      With,    however, 
only  five  or  six  lines  it  is  possible  to  Avork  them  from  a 
primary  battery,  but  even  then  the  circuits  must  not  differ 
in  resistance  by  more  than  25%,  and  best  results  obtain 
when  artificial  resistances  are  placed  in  the  circuits  to  make 
them  nearly  correspond.     The  resistance  of   the   primary 

battery  must  always  be  much'  below  the  joint  resistance  of 
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all  the  circuits  connected  to  it.  With  the  introduction  of 

secondary  cells  it  became  possible  to  extend  the  universal 
battery  system,  and  in  most  large  offices  the  whole  of  the 
circuits  are  supplied  thereby.  This,  however,  entailed  a 
number  of  alterations  in  the  connections  of   the  circuits 

^n 

i>-i 

r"0    0--1 

Fig.  IGO.— D.C.  iiniveraal  battery  :  showing  necessity  for  double  battery. 

and  the  provision  of  fuses  or  cut-outs,  generally  short  thin 
pieces  of  lead  or  tin-lead  which  melt  Avith  abnormal 
currents.  Such  may  readily  result  from  the  presence  of 
faults  and  cause  injury  to  cells,  or  a  fire  might  be  produced. 

H 

H^ 

Fio.  161.-  AnangPinent  of  voltages  in  use. 

In  circuits  where  both  poles  of  the  battery  are  utilized,  then 
universal  working  also  entails  the  supply  of  double  battery 

power — that  is,  for  example,  in  cases  where  a  primaiy  or 
independent  battery  of  50  volts  could  be  used,  then  the 
E.M.F.  necessary  Avith  a  universal  battery  would  be  100 

volts,  halved  to  provide  -f  50  and  —  50.  The  need 
for  this  and  altered  circuit  connections  will  be  apparent 
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when  diagram   Fig.   160  is  considered,   which  represents 
portions  of  two  D.C.  sets.     Suppose  that  while  one  key  is 
depressed   the   other    is   at   rest,  then   both  poles  of   the 
battery  are  joined  through  the  local  earth  connection  and 

it  is  short-circuited.     To  prevent  this  the   S.C.  key  with 
switch  (Fig.   47)  is  used  on  all  D.C.  circuits  at  terminal 
offices  using  a  universal  battery.      The    manipulation    of 
this    key    joins     either    pole 
alternately   to  line,  but  uses 
only  one  at  a  time,  the  battery 
being    divided    and    earthed 
at  its  centre.      The  standard 

plan  of  applying  the  different 
voltages  to  the  circuits  from 
a   secondary  cell   installation 
is    shown     in     diagrammatic 
form  by  Fig.  161 .     For  main 
batteries    six   sets   of   twenty 
cells  are  joined  so  as  to  give 

the  voltages  indicated.     Tw^o 
extra  sets  are  provided  for  the 
purpose     of     recharging    the 
cells.     To    secure    an    equal 
share  of  the  work  for  each  set 

they    are    switched    regularly 
into    positions    relatively 
changed  until  each  in  turn  is 
thrown  spare  for  recharging. 

Three  fuses  are  placed  in 
each  battery  lead  between  the 
cells  and  the  instruments : 

on  the  battery  rack,  one  of 

25-ami)ere  value,  5-ampcrc 
on  the  main  cabinet  in  the 

instrument  room,  and  1-ampere  on  the  table  distributing 

case.  The  general  arrangement  is  shown  in  Fig.  li')2. 
As  an  additional  protection,  resistances  are  placed  at  each 

instrument  in  the  main  ])attery  leads  of  the  value  of  2"^  per 
volt  of  the  power  used,  and  thus  provide  that  the  current 
sliall  not  exceed  half  an  anii)ere  if  a  short  circuit  occurs  on 
the  instrument  side.  From  the  switch  cabinet  in  the 

battery  room  the  power  leads  pass  to  the  main  cabinet 

BATrtRY  Sw.  Cabinet 

25  a- -X- fuses,    25a. 

162. — General  distrilmtion  of 

power  and  fuses. 
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Fig.  103. — Main  battery  cabinet  in  in.struuient  rooiu. 
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in  the  iiistrumeut  room  (shown  in  Fig.  lOS),  which  shows 

four  groups  of  six  combined  fuse-holders  and  test  holes. 
To  the  latter  the  table  distributing  lead  is  joined  and  the 
withdrawal  of  the  U  link  enables  the  circuit  to  be  dis- 

connected without  interfering  with  the  fuse,  which  is  of 

the  5-anipere  fibre  tube  type.  The  voltmeter  is  provided 
with  three  test  holes  to  enable  it  to  be  joiiied  to  the  various 

circuits  by  means  of  a  cord  having  two  pegs.  A  distribu- 
tion and  fuse  case  fsnch  as  shown  in  Fig.   1(J4)  is  generally 

Fio.  16i.— TiiWe  distribution  and  lusc  case. 

provided  for  every  third  table  in  the  instrument  roon),  and 
to  them  are  brouglit  the  8  or  If)  voltage  leads  from  the 
main  cabinet,  Avhile  the  outgoing  wires  ]mss  to  the  various 
instruments  on  the  tables  supplied.  For  each  voltage  in 
use  two  vertical  bus  bars  are  provided,  mounted  on  the 

back  of  porcelain  blocks,  tiirough  which  pass  ten  1 -ampere 
glass  tube  fuses  held  in  spring  contact  with  the  bus  l)ar 
and  a  square  socketed  cap  on  the  front  of  the  porcelain 
block.  The  instrument  leads  are  attached  to  these  square 
tenninal  caps  at  the  side  and  a  removable  brass  cap  locks 
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the  fuse  in  ]Aa.ce  ;  this  cap  is  taken  off  and  the  fuse 
removed  when  it  is  desired  to  disconnect  the  battery  from 
any  particular  instrument  (see  Fig.  165).  If  it  is  then 
desired  to  change  the  voltage  on  that  instrument  lead  a 

QLAAAAAyV^ 

7?777777777777 
Power 

STRIP JOINED  TO 
INST. 

Fig.  105.  — Universal  battery  fuse  and  terminal  cap  in  table  case. 

flexible  cord  with  screw  cap  at  each  end  is  used  to  join 
the  lead  to  another  voltage.  One  of  the  caps  is  sometimes 
provided  with  an  ebonite  pin  to  j^revent  a  fuse  being  left 
in  the  normal  hole. 

Fig.  1(J6. — Connections  of  three  universal  battery  S.N.  sets. 

In  an  earlier  installation  now  being  superseded  by  the 

aboA'e,  each  instrument  table  had  a  distributing  case,  the 
power  being  supplied  by  means  of  test  holes  and  V  links, 
and  the  1-ampere  fuses  were  provided  in  a  separate  box  at 
each  instrument. 
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For  single  needle  cireuits  nniversal  battery  system 

primary  cells  are  xisiially  employed.  The  following  altera- 

tions are  necessary  at  "up"  and  "down"  offices:  The 
front  contact  screw  of  the  left-hand  tapper  is  raised,  to 
prevent  contact  Avhen  the  tapper  is  depressed,  antl  a  ping 

is  placed  under  the  back  spring  of  the  right-hand  ta])per 
to  caiise  a  disconnection  there.  Commutators  used  at 

intermediate  offices  require  no  alteration. 
The  resistances  of  the  diiferent  S.N.  circuits  worked 

from  the  same  set  of  batteries  must  be  approximately 

equalized  for  the  reasons  already  giA-en.  Note  that  at 
an  intermediate  office  the  coils 

of  the  needle  (^OO'")  are  in  the 
down  section  of  the  line.  The 

connections  required  for  the 
three  different  stations  are 

shown  by  corresponding  sets 
in  the  same  office  (Fig.  10(5). 

Doid^le  sounders  (90(J")  usually 
take  the  place  of  single  needle 
instruments  at  offices  Avhere 

secondary  cells  are  installed 
for  the  universal  batteries. 
Their  ccnnmutator  contacts  are 

adjusted  as  in  the  manner 
specihed  for  S.N.  circuits. 

In  the  battery  leads  of  less 
than  80  volts  metal-cased  re- 

sistances (Fig.  83)  are  used 

instead  of  "resistance  lamps." 
IJotli  are  primarily  intended  as  protective  resistances,  and  so 
that  a  short  circiut  in  the  instrument  shall  not  produce  more 

than  '5  ampere,  their  value  is  never  less  than  2"  per  volt  of 
the  power  used.  The  tongue  of  the  relay  (T  terminal)  is  earth 
connected,  and  the  pole  of  a  single  earthed  battery  is  joined 
to  the  sounder  coils.  Each  of  the  battery  leads  passes 

through  a  1-ampere  fuse  before  reaching  the  instrument. 
S.C.  relay  and  sounder  circuits  have  their  connections 

affected  by  the  introduction  of  secondary  cells,  and 

the  "  up "  and  "  down "  stations  are  joined  as  shown 
in  Fig.  1()7.  When  jDolarized  relays  are  used  "  down " 
sets  cannot  be  wori<ed  fi-oiii  the  same  battery  as  "up" o 

li.  107  — Universal  battery  :  S.C.  u]) 
stfitioii.  For  down  statinn  chaiigi! 
battery  pole  (U)  and  D  of  relay 
and  'falvanometer  terminals. 
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sets,   because  only  one  pole  of  a  single  Ijatlery  Is  avail- 
able (either   +   or  — ),  the  other  being  earthed.     The  np 

I'lij.  108. — Uuivcrsal  battery  :  .s.C.  inteniie'liati;  station. 

Vu..  16'J. — Uiiiver.sal  batleiy  :  D.C.  iijj  station.    For  down  station  reverse 
battery  {U)  aii'l  D  of  relay  anrl  galvanometer  terminals. 

set  requires  positive,   while  the  down   set   uses  negative, 
consequently  two  separate  batteries  must  be  provided.    An 
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iuterjuediatc  station  IS.C.  would  Le  connected  us  in  Fig.  1(58. 
At  eacii  station  the  relay  and  sounder  could  be  replaced  by 
a  polarized  sounder  witli  manifest  advantages.  The  same 
remark  apjilies  to  the  D.C.  circuits  on  the  universal  battery 

0M 
^2} 

KiG.  1711. — Connections  sliowinn  c'1i;im;;cs  at  inLerinciliate  station 
D.C.  universal  liatterics. 

system  whose  connections  arc  shown  in  Fig.  1(51).  At  an 

intermediate  station,  if  llic  I'csistances  of  the  sections  are 

2K)t  approximately  c((iial,  a  "coil  resistance  various"  is 
placed  in  the  snialh']-.  The  changes  necessilatcnl  by  this 

provision  arc  indicated  in  ilic  two  sets  shown   in  I*'ig.  170, 
O    2 
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acc-ording  to  tlie  section  e(|iuilized  :  i'l)  if  the  doAvii  line  is 
the  smaller  ;  (1)  when  the  resistance  is  placed  in  the  xx\) 
section.  line 

hatterv 

Wi 

Fill.  171.  —  Dilloi'iuUal  (Jupkx:  uiiivcrsal  batterii;.s  up  station. 

differential    dnplex   as    adapted   for    the    universal 
system  nectl   only  be   considered  as  arranged  for 

double  current.     The  up  station  con- 
nections are  shown  in  Fig.  171.     To 

assist    the    memory    the    ()-terminal 

switch  may  be  lettered  (rO  Ii^  S  L  ]) 
(as  shown   in  Fig.   172,  where  (!  is 
the    galvanometer  connection;    0  is 
nothing  ;  R  right  of  key  ;  S  split  of 
relay ;  L  left  of  key ;  1)  down  of  relay). 
For  a  down  ofiice  four  crosses  in  the 

connections  must  be  made  :— 
I)  and  (U)  of  relay 

+    „     -   ,,   key 
es  on  the  two  upper  terminals  of  galvanometer, 

lower 

-O-teniiiiial  switcl 

liiplex  up  station. 
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The  current  required  is  20  to  •^)()  ui.a.  through  one  -wind- 
ing, and  note  that  one  coil  of  relays  at  both  up  and  down 

offices  is  in  the  line  path,  and  must  be  included  in  the 

calculation  for  resistance.  Exactly  the  same  cah-ulations 

are  necessary  -when  the  polari/ed  sounder  re])lacert  the 
relay. 

Simple  ]\Ietiiodr  of  Cable  Working. 

The  speed  of  w(n-hing  in  sidnnarine  cables  depends 
primarily  upon  th(>  length,  ca]mcity  and  the  resistance 
of  their  conductors.  It  may  also  be  modified  by  other 

conditions,  such  as  inductance  and  leakance — but  usually 
for  telegraph  purposes  the  two  latter  are  neglected.  The 
electrical  constants  which  vary  the  character  of  each  cable 
exist  in  differing  proportions  according  to  its  type,  and 
therefore  speed  is  connected  Avith  the  manufacture.  The 

celebrated  KR  law  first  formulated  by  Lord  Kelvin  ex- 
pressed the  speed  as  being  inversely  proportional  to  the 

proditct  of  the  capacity,  K,  into  the  resistance,  R,  of  the  cable. 
Therefore  speed  has  roughly  been  considered  as  varying 
according  to  the  square  of  the  length  with  cables  similar 
in  construction.  For  with  twice  the  length  the  capacity 
is  doiibled  and  the  resistance  is  doubled.  The  KB  for  a 

single  line  and  earth  circuit  compared  with  a  looped  or 
metallic  circuit  between  the  same  stations  is  now  estimated 

as  being  in  the  ratio  „  t^  r.^^  '^i"  1  : 1.1. 
f  A.2Zr It  has  already  been  shown  that,  where  capacity  exists, 

charge  precedes  current  and  the  speed  of  working  is  deter- 
mined by  the  time  required  to  cause  a  sufficient  potential 

difference  at  the  distant  end  to  affect  the  receiving  instru- 
ment. In  a  long  cable,  should  the  battery  be  disconnected 

before  the  current  has  appeared  at  the  distant  end,  the  charge 
still  travels  onAvard.  If  the  cable  is  earthed  at  the  sending 
end  after  each  signal  the  charge  can  escape  thence  also. 
Should  the  battery  be  reversed  the  nearest  portion  of  the  first 
charge  is  met  and  neiitralized  by  the  reversed  charge,  Avhich 
itself  also  progresses.  Thus  a  cable  maybe  positive  in  one 
part  of  its  length  and  negative  in  another,  or  even,  if  long, 
may  be  traversed  by  successive  charges  either  alike  or  of 
opposite  sign,  in  the  niiinncr  nf  waves.     Owing  to  the  effect 
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of  a  cable's  capacity  tlie  current  only  gradually  readies 
its  maximum  and  the  production  of  a  signal  is  retarded  ; 

fnrtlier,  when  the  battery  has  been  remo^'ed  the  signal  is 
prolonged,  especially  if  the  cable  is  not  earthed  at  the 
sending  end  between  each  signal.  A  reversed  current  sent 
after  each  signal  neutralizes  a  portion  of  the  charge  and 
the  effect  of  prolongation  is  minimized.  If  an  ordinary 
relay  were  used  the  armatures  would  not  respond  until 
the  current  had  attained  sufficient  strength  to  act,  and  the 
signal  would  not  cease  until  the  current  had  sufficiently 
diminished.  Consequently  such  an  instrument  at  the  end 
of  a  long  submarine  cable  would  require  the  application  of 
considerable  E.M.F.,  which  would  jeopardize  the  safety  of 
the  cable  besides  reducing  the  speed  of  working.  With  a 
reflecting  galvanometer,  however,  a  signal  is  indicated  when 

the  strength  of  the  current  varies  in  the  slightest  degi'ee  ; 
usiially  only  a  few  cells  of  the  Daniell  type  are  employed. 
The  signals  are  produced  at  the  sending  end  by  a  double 
sending  key,  or  pair  of  tappers  like  those  of  a  single  needle. 
The  syphon  recorder  has  practically  replaced  the  mirror  as 

a  receiving  instrument.  In  it  (as  in  a  D'Arsonval  galva- 
nometer) the  coil  is  movable  and  the  magnet  is  fixed. 

When  reversed  signals  are  received  the  coil  mo\'es  from 
side  to  side  and  by  means  of  a  thread  connecting  them 
causes  a  corresponding  movement  of  the  syphon.  This 
consists  of  a  very  thin  glass  tube  bent  so  that  one  end 
dips  into  a  vessel  containing  ink  while  the  other  faces  the 
paper  and  is  so  arranged  as  to  be  free  to  move  across 
or  in  a  direction  at  right  angles  to  the  length  of  the  slip. 
Continuous  vibrations  are  imparted  to  the  syphon  and  the 
ink  is  thrown  on  to  the  paper  in  a  shower  of  small  dots. 
When  the  slip  is  caused  to  travel  onwards  and  the  syphon 
is  moved  from  side  to  side  it  will  trace  lines  apon  the  slip 
and  thus  the  movements  of  the  coil  are  recorded  on  the 

paper. 
Many  devices  have  been  proposed  for  hastening  the 

discharge  of  a  cable  and  produce  "  square "  signals  by 
curbing  them.  Among  such  arrangements  was  a  eiirh-keij 
designed  to  send  alternate  currents  of  varying  duration. 
The  use  of  condensers  of  suitable  capacity,  liesides  very 
materially  obviating  interferences  by  earth  currents,  tends 
to  fix  the  zero  point.     The  signals  are  thus  given  by  short 
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impulses,  and  no  continuous  current  can  flow  as  a  condenser 
is  inserted  at  each  end  of  the  cable.  In  accordance  with 

traffic  requirements  hand  signalling  is  generally  replaced 
by  automatic  working  and  the  principal  cables  are  worked 
duplex  on  the  bridge  system. 

A  cable  from  Ireland  to  Nova  Scotia  belonging  to  the 
Direct  United  States  Cable  Company  was  the  first  ocean 
cable  to  which  duplex  working  was  applied.  Its  conductor 

resistance  was  about  7000"  with  a  capacity  of  about  980 
microfarads.  The  working  speed  through  this  line  was 
found  to  be  about  100  letters  per  minute  each  way,  or  very 
nearly  twice  the  speed  with  simplex  working. 

Exercise  V 

1.  ((f)  What  is  meant  by: — 
I.  Open  circuit  working. 

II.  Closed     „  „ 
III.  Double  current   ,,  ? 

(/')  Is  the  single  needle  a  double  current  or  a  single 
current  system  ? 

2.  Explain  briefly  the  differential  system  of  duplex 
working. 

3.  Diagram  and  description  of  rheostat  "7),"  tracing 
the  path  of  the  current  when  the  value  in  the  rheostat  is 

5050". 
4.  Describe  the  varioits  y>avts  of  apparatus  required  to 

instal  a  double  sounder  as  used  by  the  Post  Office. 
5.  Give  a  diagram  of  the  apparatus  and  connections  of  a 

D.C.  polarized  sounder  duplex  circuit. 
G.  Give  a  list  of  the  instruments  required  for  D.C.  relay 

and  sounder  duplex  circuit,  and  s]3ecify  the  function  of 
each. 

7.  Trace  the  path  of  the  (lischarg(^  of  a  condenser  iji 
D.C.  duplex,  illustrating  your  answer  with  a  diagram  of 
the  necessary  parts. 

8.  What  changes  are  mad(^  for  ]).(\  differential  (lu])lex 
.in  the  universal  battery  system  V 

9.  With  both  stations  joined  as  in  previous  question, 

what    indicati(jns   would  yon   (»x|)cct   W    the    down    station 
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had  the  strap  of  the  reh^y  open  ?     Give  reasons  for  your 
answer. 

10.  Explain  the  relation  between  the  fall  of  potential 
and  resistance,  and  show  liow  this  is  applied  in  the  Hay 
central  battery  duplex. 

11.  Describe  the  Ijridge  duplex,  and  explain  why  the 

j-eceiving  instrument  need  not  be  differentially  wound. 

12.  Diagram  D.C".  duplex,  universal  batteries,  polarized 
sounders,  and  both  stations.  Trace  ̂ vitli  arrows  the  cur- 

rents with  up  key  depressed,  down  key  at  rest,  and  explain 
how  signals  are  received. 

13.  In  differential  D.C  duplex,  universal  system,  with 
relays  ;  what  resistance  would  be  required  in  the  rheostat 
to  olDtain  a  balance  if  the  line  is  1125  ohms  resistance  ? 

14.  State  briefly  what  effects  would  be  observed  in  the 
above  circuit  when  (a)  line  is  disconnected,  or  (h)  wire 

broken  at  a  rheostat  terminal,  or  (c)  the  up  station's 
key  switch  is  over  to  "  receive."  Give  reasons  for  your answers. 

15.  In  emergency  how  Avould  you  replace  a  4-terminal 
key  with  a  3-terminal  or  a  5-terminal  key?  Give  diagrams 
with  your  explanation. 

16.  Explain  the  C.B.  omnibus  condenser  system,  with 
diagram. 

17.  Give  an  explanation,  wiih  diagram,  of  the  Vyle  and 
Smart  method  of  C.B.  dujDlex  working. 

IS.  Detail  the  arrangement  of  the  fuses  and  other  pro- 
tection supplied  for  circuits  working  on  a  universal  battery 

of  secondary  cells. 
19.  If  you  have  to  Avork  a  number  of  circuits  from  one 

battery  on  the  universal  system,  show  by  a  numerical 
example  that  the  battery  resistance  must  be  low  so  that 

the  current  may  not  materially  A'ary,  hoAvever  many  circuits 
are  AA'orked. 

20.  Trace  briefly  the  distribution  of  power,  in  a  secondaiy 
cell  installation,  from  the  cells  to  the  instrument. 

21.  Descril)e  Avith  sketches  the  table  distribution  case, 
and  show  how  a  change  of  poAver  is  effected. 

22.  Supply  a  diagram  of  a  D.C.  circuit,  three  stations, 
each  universal  battery,  shoAving  the  special  connections  at 
the  intermediate  office  AAlien  the  doAvn  section  of  the  line 
has  the  loAver  resistance. 
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23.  Five  wires  of  000"  each  are  connected  to  a  battery 

of  8'5  volts  and  10"  resistance  on  the  universal  system ; 
what  is  the  current  (i)  in  each  line  ?  (ii)  What  will  it  be 
if  one  line  is  disconnected  ?  (iii)  What  Avill  it  be  if  two 

lines  are  disconnected?  (10  m.a.,  lO'l  ni.a,  10'2  m.a.) 
24.  Six  circuits  of  HOO"  each  supplied  on  the  universal 

system  ;  what  must  be  tlio  greatest  resistance  that  a  battery 
can  have  so  tliat  the  current  mav  not  varv  more  than  25%? 

*(4:>  n  earl  v.) 



CHAPTER    VI  ^ 

MTS('KLLAN'EOr;=5 

Edi-tli  currc)it.<<. — It  is  generally  possible,  in  the  United 
Kingdom  at  least,  to  consider  the  earth  connections  at 
different  stations  as  being  at  a  common  potential,  bnt  more 

distant  points  on  the  earth's  surface  are  found  to  liaA'e 
different  potentials,  and  therefore  currents  would  j^ass  in 
lines  connecting  them.  Magnetic  storms,  such  as  are 

observed  fi-eqnently  in  the  Arctic  regions  when  the  aurora 
is  of  a  rapidly  varying  character,  sometimes  extend  over 
very  large  areas  and  disturb  telegraphic  communication 
by  producing  earth  currents.  In  Xovemljer  1903  a  total 
cessation  of  telegraph  business  resulted  for  al)out  twelve 
hours  in  England  and  some  other  coimtries  of  the  Continent. 
The  most  recent  similar  disturbance  occurred  on  Septemlier 

2."»,  1000,  and  the  aurora  was  then  observed  in  Scotland, 
Switzerland,  Italy,  France,  and  South  Africa.  Undoubtedly 
tliese  storms  are  connected  with  variations  in  the  radiation 

of  the  sun,  whose  dark  spots  are  at  such  times  more  in 
evidence. 

When  circuits  are  interrupted  by  earth  currents  the  best 

method  for  restoring  communication  is  generally  l)y  form- 
ing a  metallic  circuit — using  a  second  Avire  and  removing 

tlie  earth  connections. 

Another  means  is  the  use  of  condensers,  as  in  the  sub- 

marine cable  AA'orking,  and  thus  breaking  the  continuous 
circuit.  In  the  latter  case  the  receiving  instrument  must 
be  adjusted  neutrally  so  as  to  respond  to  the  impulses  and 
form  correct  signals.  Details  of  alterations  required,  Avith 

various  types  of  circuits,  to  restore  and  maintain  com- 
munication during  the  ]u-evalence  of  earth  currents  are 

given  in  Plate  ̂ oa  of  "  Telegraph  Diagrams "  of  the G.P.O.  1900  edition. 
202 
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Methods  of  ntoTECTiNG  Lines  and  Apparatus  from 

Lightning  and  Power  Circuit  Currents. 

The  possibility  of  contacts  between  telegrajili  and  power 

Avires  snch  as  electric  li^ht  and  traniwa}"  circnits  is  pro- 
vided for  as  re.gards  aerial  lines  by  the  i*egnlation  that 

cpiard  irires  must  be  erected  and  maintained  at  places 
where  there  is  a  liability  of  contact  with  snch  overhead 

conduct(n-s.  The  risk  of  damage  to  apparatus,  shock  to 
operators,  or  even  a  fire  has  been  safeguarded  by  the  pro- 

vision of  fuses,  heat  coils,  and  ̂ irotectors.     At  small  offices 

PROTECTORS 

Frc.  173. — Arraiigi'ineut  of  hi'at  coil  ami  piotector  for  two 
liiK.'s  and  iiistruiiifiits. 

a  coml)ination  of  these  are  supplied  in  fire-proof  cases, 
but  in  larger  stations  they  are  fitted  on  a  test  and  cross- 
connection  frame  in  a  basement  fire-proof  chand:)er  to 
Avhich  also  the  underground  wires  are  first  led.  The  glass 

tube  cut-out  is  a  thin  fuse  wire  "  blowing  "  at  1  ampere. 
Tlie  heat  coils  are  small  brass  bobbins  Avound  Avith 

fine  AA^ire  to  l,^)""  or  25".  The  line  is  connected  to  the  coil 
Avire,  the  other  end  of  Avhich  is  soldered  to  the  bobbin, 
Avhile  the  instrument  is  connected  to  a  pin  secured  to  the 
bobbin  by  a  special  kind  of  solder  of  a  Ioav  fusing  point. 

A  current  of  '2')i)  in. a.  iiassing  for  '■'>()  sees,  is  sudicicnl  to 
melt  the  sohhM-  and  enable,  a   spring  In  ])u\\    llic   ])in   out 
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of  the  bobbin  and  disconnect  the  instrument.  In  some 

patterns  the  line  is  also  earthed  Tvhen  the  heat  coil 

"strikes."  The  lightning  protectors  are  generally  "D" 
pattern,  which  consists  of  two  oblong  carbon  plates  about 

ly  by  i",  separated  by  a  sheet  of  mica  having  three  small 
circular  holes  to  provide  air  gaps.  The  line  wire  is 
connected  to  one  plate  by  a  spring,  which  also  keeps  the 
combiaiation  together  and  places  the  other  carbon  plate 

against  the  tinned  brass  plate,  which  is  earth-connected. 
The  arrangement  of  these  dcAdces  is  shown  diagrammati- 

callj'  in  Fig.  173,  where  a  combination  heat  coil  and 
protector-strip  is  shown  as  used  for  two  wires. 

tyj^e  lightning  protect'irs. 

Two  protectors  of  the  "  C  "  type  are  shown  in  Fig.  174, 
with  the  iron  cover  removed.  A  sheet  of  mica  is  j^laced 
between  two  carbon  plates.  The  lower  plates  are  fitted  in 
tinned  brass  holders  connected  to  screw  terminals,  while  the 
other  carbon  plates  are  held  by  spring  clips  joined  to  the 
earth-connected  brass  bar. 

Tci^  hoard. — From  the  fire-proof  chamber  the  wires,  with 
silk  and  cotton  flame-proof  insidation,  are  taken  in  lead- 

coA'ered  cables  to  the  test  board  of  the  pattern  sho-^vn  in 
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Fi^'.  175.     Here   the  iiornuil  connect  ion  of   the    lines  ami 

instruments  is  as  shown  by  Fig.  17().     'J'lie  switch  springs 

Switch  sj  rin;^'  tost  loan 

()[  the  line  connection   are   j()iiie<l   1)y   their  inner  contacts 
to  the  inner  contacts  of  the  instrument  s|)rings,  and  when 
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everything  is   iu  order  no  connections  usually  apjDear  on 
the   face    of   the   hoard.     For   special    purjDoses,    tests   or 
crosses,   pegs    and   cords    are   used,    and   when  a   peg   is 

I  inserted     the     springs     hreak 

^-        ■   o — [— I  contact  with  their   inner   con- 

\  )  Q~|  nection,  and  the  line  or  instru- 
'^  ̂      — o       '  ment  can    thus   be    separately 

employed  for  special  require- 
ments. A  galvanometer  and  a 

test-hole  tablet  are  provided 
for  making  the  different  local- 

ization tests.  Ill  large  offices 

several  panels  like  that  illus- 
trated would  be  required,  and 

the  further  provision  of  a 
divisional  test  board  is  some- 

times found  convenient  as  an 

intennediate  and  local  test- 

ing point  between  the  main 
board  and  the  instrument  tables.  The  Avires  serving  the 
instruments  are  distributed  from  a  connection  strip  of  the 

Piu.  176. — Xonual  counecliou  of  test 
springs,  and  eflect  of  inserting  peg. 

Fiii.  17".  —  liistiument  connection  strii'. 

form  shown  in  Fig.  177,  which  is  lixed  on  the  underside  of 
each  table  and  affords  a  ready  means  for  making  local 

changes  of  sets.     At  the  tables  also  the  main  earth-connec- 

I 
Fig.  its. — Earthing  strip. 

I 
tion  is   obtained  for  each  instrument  Ijy  an  earthing-strip 
such  as  is  shown  in  Fier.  1 7(S. 



APPENDIX 

QUESTIONS     SET     AT     THE    CITY    AND     GUILDS 
OF    LONDON    INSTITUTE    EXAMINATIONS 

IN   TELEGRAPHY,   ORDINARY   GRADE 
1908 

1.  A  galvanomckn-  of  'JOO  ohms  resistance  is  placed  in  series  with  a 
battery  whose  ek^ctro motive  force  is  27  volts  and  resistance  15  ohms  and 
a  resistance  coil  of  500  ohms,  and  the  deflection  is  observed.  The  resist- 

ance coil  is  short-circuited  and  the  same  deflection  as  before  is  produced 
by  shunting  the  galvanometer.     Find  the  resistance  of  tlie  shunt. 

2.  {(()  How  many  cells,  each  of  2  volts  electromotive  force  and  negligible 
resistance,   would  be  required  to  send  a  current  of  30  milli- 
amperes  through  an  external  resistance  of  2450  ohms  ? 

(h)  Show  why  it  is  that  a  larger  number  of  circuits  can  be  worked 
on  the   universal  system  from  secondary  than  from  ̂ mmary 
batteries  having  the  same  total  electromotive  force. 

3.  (a)  Sketch  and  describe  the  Post  Office  standard  relay. 
(b)  Show  by  what  path  or  paths  the  lines  of  force  of  the  permanent 

magnet  find  their  way  from  one  pole  to  the  other. 
4.  Describe  devices  used  in  the  protection  of  lines  and  apparatus  from 

(i)  lightning,  (.?)  power  circuit  currents. 
5.  (a)  What  determines  whether  a  telegraph  pole  should  be  strutted  or 

whether  it  should  be  stayed  ? 
(6)  Show  how  each  is  effected  in  practice. 
(c)  What  are  longitudinal  stays  and  for   what  purposes   are   they 

erected  ? 
6.  An  earth  fault  exists  in  an  underground  wire  ;  describe  how  to 

localize  the  fault,  (1)  if  no  other  wire  is  availaltle,  ( ?)  when  a  second  wire 
is  available  for  the  purpose  of  the  test. 

7.  («)  Give  a  diagram  of  a  double-current  duplex  circuit  for  a  line  over 
200  miles  in  length. 

(b)  What  are  the  paths  of  the  static  discharge  of  the  line  and  of  the 

condenser  in  a  double-current  duplex  circuit '? 8.  Describe  and  illustrate  central  or  common  battery  working  on  a 
4-of5ce  circuit. 

9.  (a)  What  are  the  essential  features  of: — (i)  a  bichromate  cell  ;  (i')  a 
Leclanche  cell  ;  {J)  any  form  of  dry  cell  in  use  for  telegraph 

purposes s  i 
(b)  Give,  briefly,  the  uses  to  which  each  class  is  put. 207 
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10.  Describe  and  iUubtratc  the,  method  of  wiudiiij^  les-istancc  coils  used 
for  testing  purposes  ;  cxplaiu  the  necessity  for  the  method  of  winding 
(•nii)loyed  and  saj'  of  wliat  material  the  wire  is  made. 

11.  Give  a  description,  Mitli  sketches,  of  a  j'olarizcd  sounder,  and 
enumerate  its  advantages  for  telegraph  purposes. 

12.  (a)  Show  how  to  calculate  the  ipiantity  of  wire  rerpiired  to  fill  the 
bobbin  of  an  electromagnet  of  a  given  size. 

(//)  "What  is  meant  by  the  "  sclf-induution  "  of  an  electromagnet  ? 

1908   (SPECIAL   EXAMIXATION) 

I.  {a)  What  are  the  essential  qualities  of  iron  for  electromagnets  ' 
{b)  If  you  were  provided  with  a  low  electromotive  force,  would  you 

use  thi(;k    or  tlnn  wire    for  winding  an    electromagnet,    the 

remainder  of  the  circuit  being  of  negligible  i-esistance  ;     Give 
the  reason  for  your  answ(?r. 

'2.   Describe  any  two  methods  of  measuring  (ij  the  electromotive  force, 
and  {..')  tlie  internal  resistance  of  a  battery. 

3.  Give  a  brief  description  (jf  the  Wheatstone  AUG  instrument  and 
explain  the  principle  of  its  working. 

4.  Describe  and  illustrate  the  construction  of  a  jiaper-core  lead-covered 
cable  for  telegraphic  purposes,  a  jiortion  of  tin;  calilc  to  be  employeil  for 

loop  working  and  a  portion  for  single  wire  cu'cuits. 
5.  Show  diagraramatically  Jiow  three  double-current  simplex  circuits 

(up,  down  and  intermediate  offices)  of  unequal  resistance  can  be  worked 
otfonc  1  lattery,  and  explain  any  steps  that  it  may  be  necessary  to  take  to 
secure  good  working. 

6.  Compare  the  relative  advantages  of  dilfercntial  and  bridge  duplex 
working,  giving  a  simple  sketch  to  illustrate  each  system. 

7.  How  would  you  localize  earth,  contact  and  discunncctiun  respectively 
on  a  long  aerial  line  ? 

8.  («)  Descrilie  the  construction  of  the  latest  type  of  condenser. 
{b)  State  the  more  common   uses  and  functions  of  condensers  in 

telegraphy. 

{).  Give  a  descriiition  of  any  form  of  secondary  cell  in  use  for  telegraphic 
purpose^,  and  explain  its  chemical  action. 

10.  (a)  What  are  earth  currents  ? 
(i)  How   can   their   disturbing  clfects  on    the  working   of  a  long 

telegraph  circuit  be  eliminated  i 
II.  Describe,  with  sketch,  a  iirotector  hir  submarine  cables. 
12.  A  wire  having  a  resistance  of  48  ohms  is  so  arranged  as  to  form 

a  com[ilete  square,  A  B  C D,  the  ends  being  connected  at  A.  Find  the 
resistance  when  a  current  enters  at ./  and  leaves  at  the  diagonally  opposite 
point  C,  and  state  the  effect  of  joining  B  and  D  by  a  resistance  of  24 
ohms. 

1909 

1.  Three  circuits  which  are  Ijeing  worked  on  tlie  universal  principle  from 
a  primary  battery  have  external  resistances  of  800,  900  and  1000  ohms 
respectively  ;  if  the  electromotive  force  of  the  battery  be  50  volts  and  its 
resistance  100  ohms,  calculate  the  current  which  passes  in  the  circuit  of 
highest  resistance  (/)  when  it  is  working  alone,  (w)  when  the  three  circuits 
are  working  simultaneously. 
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2.  'What  are  the  most  coniiiionly  f'mi)lo3^ed  substances  for  insulating aerial  bare  wires  ?  Sketch  any  form  of  insulator  and  explain  the  method 
of  binding  a  copper  wire  to  the  same. 

3.  Oive  a  diagram  of  a  <louble  current  differential  duplex  circuit  lecjuiring 
two  retardation  coils,  and  explain  the  action  when  both  keys  are  de2)ressed 
simultaneously. 

4.  Describe,  with  illustrations,  any  form  of  non-polarized  relay  employed 
for  telegraphii^  purposes,  and  state  its  uses. 

ri.  ̂ Vhat  arc  the  practical  units  of  resistance,  current  and  electromotive^ 
force  ?  What  is  the  standard  for  the  unit  of  resistance  and  how  is  it 
related  to  the  absolute  unit  ? 

6.  How  would  you  ascertain  the  locality  of  a  contact  between  two 
wires  if  a  third  good  wire  were  available  for  testing  purposes  ?  Give 
an  example. 

7.  Describe,  with  diagram,  any  simple  method  of  tclegraiihic  working 
through  a  long  submarine  cable. 

8.  What  number  of  bichromate  cells  would  be  required  to  work  a  simplex 
Wlieatstone  circuit  with  three  stations,  A,  B  and  C,  the  distance  between 
A  and  B  being  105  miles,  and  between  T>  and  C  90  miles,  the  line  wire 
being  of  copper  weighing  300  lbs.  per  mile  ? 

9.  What  IS  a  ditferential  galvanometer?  Give  a  sketch  of  the  induced 

needle  and  exjihiin  why  a  permanently  magnetized  needle  is  notemploj'ed. 
10.  («)  Exjilain   brietiy  the  most  usual  method  of  preserving  wooden 

poles,  and  state  what  are  its  advantages  over  other  methods. 
{h)  State  the  relative  advantages  of  wood  and  iron  for  poles. 

11.  Give  a  sketch  of  the  combined  ])rotective  apjiaratus  consisting  of 
lightning  protector,  fuse  and  heat  coil,  and  state  what  are  the  functions  of 
the  two  latter. 

12.  Define  (i)  polarization  and  {ii)  local  action,  and  state  how  thej-  are 
overcome  in  tlie  bi-hroinate,  the  Leclanche,  and  the  Daniell  cell. 

1910 

1.  Mcnlinn  some  of  the  effects  of  an  electric.'  current  by  means  of  whi<'h 
its  presence  can  be  detected  and  its  strength  measured. 

2.  The  coils  of  a  post  office  standard  relay  are  connected  to  a  Daniell 
cell  of  5  ohms  resistance  ;  calculate  the  relative  magnetic  effects  when  the 
coils  are  joined  [n)  in  series,  {h)  in  parallel. 

3.  A  l>attery  of  unknown  resistance  is  ])roducing  a  current  of  20 
nulliam])cics  through  an  external  circuit  of  1000  ohms.  When  a  second 
circuit  of  1000  ohms  is  connected  to  the  battery  the  current  passing  in 

the  battery  i.s  increased  to  3.'5  milliamperes.  ('alculate  the  resistance  of 
the  battery. 

4.  Give  diagrammatic  sketches  showing  the  connections  of  («)  the 
ordinary  double  current  key  and  {b)  i\w  single  current  key  with  switch. 

Which  is  used  for  "  universal  "  working,  and  why  ? 
5.  Explain,  with  the  aid  of  diagrams,  the  principle  of  the  tangent 

galvanometer.  Why  should  the  needle  be  small,  and  why  cannot  a  deflec- 

tion of  90 '  be  obtained  on  an  orilinaiy  tangent  galvanometer? 
6.  How  is  a  universal  hical  battery  connected  to  a  number  of  sounders 

(worked  by  relays),  and  what  is  the  essential  point  in  the  battery  in  order 
that  the  arrangement  ma\'  work  satisfactorily  ? 

7.  How  is  a  polarized  relay  set  neutral  ?  Explain  the  adjustments  of 
the  relay. 
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8.  What  are  tlie  functions  of  an  "eartli"'  wire  on  a  telegraph  pole  ? 
AVliat  is  the  ert'ect  of  a  bad' earth  ?  Give  a  sketch  showing  how  the  eartli 
wire  is  fixed  from  the  butt  to  the  roof  of  a  pole  having  arms  on  it. 

9.  Give  a  sketch  showing  how  a  heavy  pole  can  be  erected  by  means  of 
ladders  and  a  pole  cart. 

10.  Describe,  with  sectional  drawing,  the  construction  of  a  submarine 
cable.     Why  is  the  conductor  of  stranded  wire  ? 

1"1.  State  the  value  of  the  current  required  to  work  («)  an  ordinary 
.sounder,  (b)  a  polarized  sounder,  and  (r)  a  standard  relay.  Explain  why 
the  values  differ. 

12.  What  is  meant  by  "up"  and  '■  down  "  offices  ?  Give  a  diagram 
showing  three  stations  connected  together  for  working  on  tlie  double  cuin-nt 
Morse  svstem. 
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A 

Absolute  units,  10 
Accumulator,  36 

,,  charging  of,  39 
, ,  clieiuicii  1  action  uf,  39 

Chloride,  The,  45 
,,  electromotive     force 

of,  40 
,,  forming  of  plates,  37 

Hart,  The,  41 
,,  resistance  of,  153 

Aerial  cables,  137 
,,  ,,       suspension,  139 

Aerial  lines : — 
construction  of,  120 
on  iron  poles,  135 
on  wood  poles,  126 
overhouse,  137 

Agglomerate  Leclancht',  34 
Ammeter,  95 
Ampere,  11 

,,        hour,  40 
,,        turns,  21 

Anode,  36 
Artificial  ciruit,  159 
Astatic  galvanometer,  90 

,,       needles,  92 
Atom,  30 
Ayrton  and  Mather  galvanometer,  93 

15 

Ballistic  galvanometer,  90 
Battery  cells,  29 
,,  ,,  bichromate,  35 

.,  ,,  Clark's  Standard,  11 
,,  Daniell,  31 
„  dry,  34 

,,  ,,  grouping  of,  47 
.,  ,,  Leclanciio,  33 

,,  secondary,  36 

Battery  resistance,  measurement  of, 
152 

,,  ,,         simple  voltaic,  3 
,,  ,,         size  and  E.  M.F., 

30 

,.  ,,         testing    E.M.F., 
154 

,,       universal  system,  187 
Bobbin,  calculations  for  winding,  21 
I'.iacket,  saddle,  128 
Breaking  strain,  139 
Bridge  duplex,  165 

.,  .,        compensation     bal- 
ance, 166 

D.C.,  167 

,,  ,,        both  keys  at   rest, 

167-8 , ,  . ,       both  keys  depressed , 

167-8 ,,  ,,       one   key  depressed, 

167-8 Britannia  joint,  122 

C 

Cables,  dry  core,  140 

,,       paper,  140 ,,       submarine,  143 
tests  of,  149 

Capacity,  electrostatic,  160,  197 
,,         inductive,  109 
, ,         unit  of,  1 2 

Cathode.  36 
Cells.     See  Battery  cells 
Central  Batteiy  Systems,  169 
,,  ,.         condenser   impulse 

circuits,  170 

,,  ,,         emergency  Wx,  181 
,,  ,,         Hay  duplex,  174 
,,  ,,         Omnibus,171 
,,  ,,         repeater,  186 211 
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Ceulral    Battery,   special   kcv   and 
Wheatstoiie,  183 

,,  ,,  Vyle  and   Smart 
duplex,  176 

Closed  circuit  working,  59,  63 
Commutator,  77,  80 
Com}iosite  dry  core,  140 
Condenser,  108 

,,  adjustment  of,  164 
,,  coils,  105 
,,  Mansbridge  method,  109 

self-sealing,  110 

triple,  ll'i Condensers  in  cascade,  116 
Conductor,  conductance  of,  11,  97 

,,  resistance  of,  11,  97 
Conductors  joined  in  multiple,  97 

.,  and  insulators,  "2 
Const)Uction,  aerial,  120 

,,  submarine,  143,  149 
.,  underground,  139 

Coulomb,  12 
Creosoting,  126 
Current,  division  of,  98 

maximum,  49 
unit  of,  11 

D 

Daniell  cell,  31 

D'Arsonval  galvanometer,  92 
Derived  units,  10 
Detector  Q  and  J,  89 
Dielectric,  108 
Difference  of  potential,  2 

unit  of,  10 

Dill'erential  duplex,  158 
,,  galvanometer,  85 

Direct  sounder,  55 
Double  current  system,  157 

,,  ,,       duplex,  163 

, ,  , ,  , ,       universal 

battery  sys- 
tem, 196 

■     ,,       sounder,  81 
polarized,  83 

Drop-liandle,  single  needle.  78 
Dry  cell,  34 
Dry  core  cables,  140 

Duplex  working  "Bridge,"  165 
,,  ,,  double  current,  164 

Dyne,  The,  10 

E 

Eartii  connection,  58,  206 

,,  resistance,  148 
ciuTents,  202 

,,      fault,  147,  151 
,,      magnetic  force  of,  9 

,,      plate,  58 wiring  of  pole  arms,  129 
'■  Eddy"  currents,  93 
Electric  attraction   and    rc[(u]sion, 

2,  3 
,,        potential,  2 Electrical  units,  10 

Electricity,  frictional,  3 

,,  positive  and  negative,  2 
, ,  theory  of,  1 

Electrification,  114,  151 
Electrodes,  36 

Electrol3'te,  36 
Electro-magnetism,  18 
Electro-magnets,  19 
,,  ..         armature  of,  19 

,.         cores  of,  19 
.,  ,,         resistance  of.  17 

Electromotive  force,  2 

,,  ,.  ,,      measurement 

of,  154 
,,  ,,  ,,      standard  of,  11 
,,  .,  ,,      unit  of,  11 

Electro-static  capacity,  160,  197 

Erg,  The,  10 

F 

Farad,  12 
Faults,  151 

,,       contact,  148 
,,       disconnection,  151 
,,       earth,  147.  151 
,,       localization  of,  152 

Figure  of  merit  of  galvanometers, 
57,  85 

,,  ,,         sounder  20*",  57 ,,  ,,         standard  rela^^  66 
Fire,  precautions  against,  203 
Formulae  and  treatment  of.  12,  17, 

22,  50 
Frictional  electricity,  3 

Fuller's  bichromate  cell,  35 
Fundamental  units,  10 
Fuse  case,  191 
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r, 
Galvauonicters : — 

astatic,  90 

Aja-tou  ai)(l  Mathei'j  !»•! 
ballistic,  90 

D'Arsonval,  92 
Detector  Q  and  I,  8!> 
ditferential,  85 
horizontal,  88 

Megger,  95 
retiecting,  91 
shnnts,  98 
single  current,  56 
tangent,  85 

P.O.,  86 
,,        skew  scale,  88 

Thomson,  91 
Weston  voltmeter,  94 

Game  guards,  139 
Gilbert,  17 

H 

Hart  accumulator,  41 
Hay  C.  B.  duplex,  174 
Heat  coil,  203 

,,      ,,     and  protector  strip,    204 
Henry,  12 
Horizontal  galvanometer,  89 
Hydrometer,  40 

I 

induced  current,  67 
Induction,  17 

,,  electro-magnutic',  161 
,,         electro-static,  165 

Insulation  resistance,  114,  117,  150 
Insulators  and  conductors,  2 

,,         Cordeaux,  121 
,,         double  cup,  121 
,,         leading  in,  124 
„         S  and  A,  124 
,,         side  knob,  123 
,,         terminal,  121 

Iron  poles,  135 
,,    wire,  121 

J 

Jointing  : — 
airspace  uablo,  142 

copper  wires,  125 
iron  ,,       121 

large  conductors,  127 
pho.sphor  bronze  wire,  12 

K 

Joint  capacity,  116 
,,     resistance,  97 

testing,  142 

Keys : — 
double  current, 

73 4-termiiial,  72 

reversing  ,, 

single  current 

5-  ,          73 

6-  ,,  74 
3-       ,,         54 

Kicking  blocks,  133 
K.K.  rule,  197 

L 

Lead  grids,  44 

,,    peroxide,  37 Leclanclie  cell,  33 

,,  ,,  agglomerate,  31 
Lightning  arrester  or  protector,  204 
Lines  :  aerial,  120,  137 

,,        overhouse,  137 
,,         underground,  139 

Loop  test,  147 

M 

Magnetic  storms,  202 
Magnetism,  5 

,,  earth's,   9 ,,  force  of,  8 
,,  theory  of,  8 

Miignets,  permanent,  16 
Manganin,  103 

Megger,  95 
Megohm,  11 
Mho,  11,  97 
Microfarad,  12 
Microhm,  11 
Milliampere,  11 
Mirror  galvanometer,  91 
Molecular  theory  of  mngnetism,  8 
Molecule,  30 

Multiplying  power  of  shunt,  99 

die, 

induced,  80 
single,  78 
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Negative  electricity,  2 

,,       plate  and  pole,  "29 Neutral  relay,  43 

Non-polarized  relay  B,  70 
>)  ),  ))     C  and  D,  71 
,,  ,,       sounder,  55 

N  pole  of  solenoid,  18 
Numbering  of  wires,  140 

0 

Oak  arms,  128 
Obach  dry  cell,  34 
Ohm,  detinition  of,  11 

Ohm's  law,  5 
Omnibus  C.B.  circuit,  170 

Open  and  closed  circuit  workinj,',  59 
Outrigger,  130 
Overhouse  cables,  137 

,,  lines,  137 

P 

Paper  cable,  140 
,,      sleeves,  142 

Peg  switch,  77 
Percentages,  15 
Permanent  magnet,  16 
Permeability,  17 
Peroxide  of  lead,  37 
Plante,  37 
Platinoid,  103 
Polarization,  29 
Polarized  relay,  64 

,,       sounder,  60 
Poles  A,  133 

,,     creosoted,  126 
,,     H,  134 
,,     iron,  135 

,,     w'ood,  126 
Pomeroy's  test  of  earth  resistance, 148 

Porous  pot,  33 
Positive  electricity,  2 

,,       pole  and  plate,  4,  29 
Potential,  2 

,,         difference,  2,  4 
,,  ,,       unit  of,  10 

Protection  of  circuits,  203 

B 

Reading  condenser,  169 
Relays,  A  pattern,  65 

Relays,  B  pattern,  67 

.,"      C        .,        71 
,,       D       ..        71 
.,       differential  winding.  62 

'..  .,  ..         test  of, 
117 

,,       uou-pularized,  70 
Relaying  sounder,   polarized,    173, 186 

Reluctance,  17 

Repeater,  central  battery,  186 
Resiiiual  magnetism,  157 
Resistance.  103 

coils.  103 

,,  .,      condenser,  105 

,,  .,     metal-cased.  105 
,,  .,      retardation,  104 

,,  ,,     rheostat,  106 
.,  specific,  103 

Rheostat,  connections  of  D,  108 

Secondary  cells,  charging  of.  39 
chemical  action  of,  39 

.,         chloride  type,  45 

.,         distribution  of  voltages 

of,  161 .,         electromotive    force    of. 
40 

,,  Faure  type.  38 
.,  forming  of  plates  of.  37 
;.  Hart      ..41 

universal  working.  187 
Self-induction,  67 

,,  unit  of,  12 
'■  Series,"  cells  joined  in,  48 

.,         resistances  joineil  in.  96 
Siiunt,  galvanometer,  99 

,,       multiplying  power  of,  99 
.,      resistance  of,  97 
,,      sounder,  57 
.,       universal,  100 

Signalling  conden.ser,  167 
Single  current  .system,  58.  156 

. ,   universal  work- 
ing, 193 

needle  .system.   78 

,,  .,  .,  universal  work- 
ing, 192 Skew  scale,  88 

Solenoid,  18 
Sounder,  direct,  57 
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SonndiT,  double.  81 

[lolarized.  8:] 
,,         polarized,  60 
,,  ,,     relaying.  173,  186 
,.         shunted,  57 

S])aeing  current,  64,  ir)6 
Spagnoletti  needle,  81 
Specific  inductive  capacity,  109 

,,       resistance,  103 
Standard    of    electromotive    force, 

11 

Standard  relaj',  65 
Static  capacity,  160,  KU 

,,      induction,  165 

Staj-s,  128 
Strand  conductor,  143 
Stress,  139 
Struts,  130 
Suhninrine  cables,  143 

capacity  of,  197 
,,         core  of,  143 
,,         electrification  of,  151 

insulation  resistaiicr  of. 
150 

protecting   material   of, 
143 

,,         resistance  of,  143 
,.         tests  during  laying  of, 

149 
,,         working  speed  of,  197 

Subterranean  construction,  139 

Switch-spring  test-box,  205 
Syphon  recorder,  198 

Table,  copper  wire,  125 
,,      iron  wire,  121 

Tangent  galvanometer,  85 
Test-board,  modern,  205 
Testing  switch,  146 
Tests  and  measurements,  1  14 

Tiiomson's  mirror  galvanometer.  91 
,,  syphon  recorder.  19S 

Three  wire  test,  146.  148 
Tinfoil  jiaper,  109 
Trussing,  133 

U 

Underground  construction,  139 

,,  wires,  jointing  of,  142 

Unit  of  capacity,  12 

,,     of  current,  11 
,,     of  electromotive  force,  10 

,,     of  force,  10 
,,     of  cpiantity,  12 
,,     of  resistance,  11 
,,     of  work,  10 

Unit.s,  9 

,,     absolute,  10 
,,     C.G.S.,  10 
,,     derived,  10 
,,     electrical,  11 

,,     electro-magnetic,  11 
,,     electro-static,  12 
,,     self-inductance,  12 

Universal  Battery  system,  187 
Universal  Battery   system,   circuit 

alterations,  193 

Universal  Battery  system,  distribu- 
tion and  fuse  case,  191 

Universal  Battery  system,  duplex, 196 

Universal    Battery    .system,    fuses, 
scheme  of,   189 

Universal  Battcrv  svstem.  principle 
of,  187 

Universal    Battery    svstem,    single 
needle,   192 

"  Up  "  and  "  Down  "  stations,  58 

Varley's  induced  needle,  80 
,,        loop  test,  147 

Volt,  The,  11 
Voltaic  cell,  3 

,,       electricity,  3 
Voltmeter,  94 

Vyle  .t  Smart's  C.  B.  du]ile\-,  176 

Watt,  The,  12 
Weston  voltmeter,  94 
Wheatstone  Bridge,  144 

,,  ,,     reversing  switch 146 

Winding,  differential,  62 
double,  104 

Wiie,  breaking  stress  of,  139 
,,      copper,  124 

,,  ,,       binding  of,  126 
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ire,  copper,  jointing  of,  126 
,,       talile  of  sizes,  etc., 125 
,,       tensile  strength,  125 

iron,   liinding  of,  121 

,,     jointing  of,  121 
,,     table  of  sizes,  etc.,  121 

length  of  winding  on  bobbin, 
21 

resistance    of.    and  temiiera- 
ture,  103 

Wires,  leading  in,  124 
,,     weight  and  diameter,  23,  121 125 

Zero,  potential,  2 
Zini'.  amalgamation  of,  29 

,,     impurities  in,  29 
,,     shallow  circular,  34 
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Davis,  W.  E.  Quantities  and  Quantity  Taking  .  net 

Denning,  D.  Art  and  Craft  of  Cabinet  Making 

Elliott,  A.  G.  Gas  and  Petroleum  Engines 

Elsden,  J.  V.      Principles  of  Chemical  Geology       .      net 

Engineer  Draughtsmen's  Work.     Hints  to  Beginners  in 
Drawing  Offices       .  .  .  .  .  .  .16 

Explosives  hidustry.  Rise  and  Progress  of  the  British  net      1  .'j     0 

Farrow,  F.  R.     Specifications  for  Building  Works        net       3     6 

„  Stresses    and     Strains,    their     Calcula- 
tion, etc.   .  .  .  .  .      net        5     0 

Findlav,    Sir    G.      Working   and    Management    of    an 
English  Railway    .... 

Fletcher,  B.  F.  and  H.  P.     Carpentry  and  Joinery     net 

„  „  Architectural    Hygiene,    or 

Sanitary   Science   as    ap- 
plied to  Buildings        net 

FoDEN,  J.     Mechanical  Tables        ..... 

Gay,  a.,  and  Yeaman,  C.  H.     Central  Station  Electricity 
Supply   net 

Gray,  J.      Electrical   Influence   Machines.      (Wimshurst 

Machines)   7iet       5     0 

Greenwell,  a.,  and  Elsden,  J.   V.      Roads,  their  Con- 
struction and  Maintenance      .  .  .  .      net       5     0 
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GniFFiTHs,  A.  B.     Treatise  on  Manures 

GuTTMANNj  O.     Manufacture  of  Explosives.     2  Vols. 

„  Twenty  Years'  Progress  in  the  Manu- 
facture of  Ex})losives  .  .      7id       3     0 

Harris^  W.    Practical  Chemistry.    Vol.  I.     Measurement       1      0 
Vol.  II.     Exercises  and  Problems  .  .16 

Vol.  III.     Analysis  .  .  .  .16 

Hatch,  F.  H.     Mineralogy,  The  Characters  of  Minerals, 

their  Classification  and  Description  .  .  .26 

Hawkins,    C.    C,    and    Wallis,    F.     The     Dynamo,    its 

Theory,  Design  and  Manufacture.    2  Vols,    each  7tel     1 0     6 

Herbert,  T.  E.     Telegraphy.     A  Detailed  Exposition  of 

the  Telegi'aph   System  of  the  Bi'itish   Post  Office 
jict       6     6 

HiBBERT,  W.     Electric  Ignition  for  Motor  Vehicles      net       1      6 

Hills,  H.  F.     Gas  and  Gas  Fittings        .  .  .      ?iel       5     0 

HoBART,  H.  M.    Electx'ic  Motors — Continuous  Polyphase 

and  Single-Phase  Motors         .      7iel     IS     0 

„  Elementary  Princijiles  of  Continuous- 
Current  Dynamo  Design         .      7ict       7     6 

„  Table  of  Properties  of  Copper  Wires. 
Mounted  on  Rollers        .  .      7iet       2     6 

Paper  with  Metal  Edges         .      Jiet       1     0 

HoBART,    H.    M.,    and    Ellis,    A.    G.     Armature    Con- 
struction .......      7iet     15     0 

HoBART,     H.     M.,    and    Stevens,    T.     Steam    Turbine 

Engineering    ......  7iet     21      0 

HoBART,    H.    M.,   and   Turner,    H.    VV.     Insulation  of 
Electric  Machines  ......      7iel     10     6 
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HoRNERj  J.  G.  Principles  of  Fitting      .  .  .      }icf 

„  Helical  Gears        ..... 

„  English  and  American  Lathes 

„  Pi'inciples  of  Pattern  Making 
,,  Metal  Turning      ..... 

„  Practical  Ironfounding 

Jukes-Browne,  A.  J.     Geology      ..... 

Kapp,     G.     Transformers    for    Single    and    Multiphase 
Currents  .......      hcI.     10     6 

Kennedy,  R.     Steam  Turbines,  their  Design  and  Con- 
struction ........ 

Kerr  and  Burns.     Coal  Mining.      10  parts     .     each  }u'(       2     0 

KiNGSLEY,  R.  G.      Roses  and  Rose  Growing     .  .      7U't       6     0 

Landolt,    H.      0])tical     Activity    and     Chemical     Com- 
position .........        4     6 

Lelani),  C.  G.  Drawing  and  Designing 

„  Woodcarving          .          .          . 

„  Leather  Work        ..... 

„  Metal  Work   

„  Practical  Education        .... 

Lodge,  Sir  O.      Lightning    Conductors    and    Lightning 
Guards    ......... 

Loppe  and  Bouquet.     Alternate  Currents  in  Practice 

Maoixnis,  a.  J.     The  Atlantic  Ferry,  its  Ships,  Men  and 

Working  .......      ?iel       2     6 

Massee,   G.     The   Plant  World,  its    Past,    Present    and 
Future    .........       2     6 

Maxim,  Sir  H.      Artificial  and  Natural  Flight  .      7iel        ')     0 

Maypock,  W.  Perren.      First    liook    of   E,lectricity    and 

Magnetism      ........        2     6 
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MavcocKj  W.    Peruen.      Electric    Lighting   and    Power 
Distribution.     \o\.  I.  .         .      net       6     0 

Vol.  II.  .  .      net       6     6 

„  Alternating-Current    Circuit    and    Motor 
net       4     6 

„  Electric  Wiring,   Fittings,  Switches  and 
Lamps         ...... 

„  Electric  Wiring  Diagrams 

„  Electric  Wiring  Tables    .  .  .  .36 

„  Electric    Wiring    and    Fittings    Details 
Forms  .....      net       2     6 

Mazzotto,    D.      Wireless  Telegra})hy     .  .  .      net        3     6 

MiDDLETON,    G.    A.    T.      Surveying  and   Surveying    In- 
struments       .  .  .  .  .  .  .  .        .0     0 

MoEDEBECK,  H.  W.  L.      Pocket  Book  of  Aeronautics    net      10     6 

MoNTEVERDE,  R.  D.     Spanish  Idioms  w  ith  their  English 
Equivalents         .  .  .      net        2     6 

„  Commercial  and  Technical  Terms 

in     the     English     and     Spanish 

Languages  .  .  .      net 

Neumann,  B.     Electrolytic  Methods  of  Analysis     . 

Orford,  H.     Lens  Work  for  Amateurs 

„  Modern  Optical  Instruments 

Osborne,  W.  A.     German  Grammar  for  Science  Students 
net 

OuLTox,  L.,  and  Wilson,   X.  J.      Practical    Testing   of 
Electric  Machines   ......      ?iet 

Owen,  W.   C.     Telephone   Lines  and   Methods  of  Con- 
structing them,  Overhead  and  Underground    . 

Pendrv,  H.  \V.      Elementary  Telegraphy 

Perkin,  F.  M.     Metric  and  British  Systems  of  Weights 
and  Measures  ......      net 
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FooLE,  J.      Practical  Telephone  Handbook  and  Guide  to 

the  Telephonic  Exchange        ....      net 

PuNGA,  F.      Single-Phase  Commutator  Motors  .      net 

Rider,  J.  H.     Electric  Traction     ....      net 

KoBERTs,  C.  W.     Practical  Advice  to  Marine  Engineers 

net        .'5     0 
„  Drawing   and    Designing    for    Marine 

Engineers         .  .  .  .60 

RuDORF,  G.     Periodic  Classification  and  the  Problem  of 
Chemical  Evolution  ...... 

Russell,  S.  A.      Electric  Light  Cables    .... 

Salomons,  Sir  D.      Management  of  Accumulators  .      net 

„  Electric      Light      Installations — Ap- 
paratus ...... 

Serraillier,  L.    Railway  Technical  Vocabulary  :  French, 

English  and  American     .....      7iet 

Stevens,    T.,    and    Hobart,    H.     M.      Steam    Turbine 

Engineering    .......      7iet     21      0 

Still,  A.     Alternating  Currents  of  Electricity  and  the 

Theory  of  Transformers     . 

„  Polyphase  Currents       .... 

SuTCLiFFE,  G.  L.  Sanitary  Fittings  and  Plumbing 

Sutcliffe,  G.  W.  Steam  Power  and  Mill  Work  . 

Taylor,  J.  T.     Optics  of  Photography  and  Photographic 
Lenses    ....... 

Thomson,  M.     Apothecaries'  Hall  Manual 
TnuRSToN,  A.  P.      Elementary  Aeronautics     . 

Treadwell,  J.     Storage  Battery    ....      net       7     (J 

Turner,    H.    VV.,    and   Houart,   H.    M.     Insulation    of 
Electric  Machines  .....      7iet     10     6 
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TwELVETREEs,  W.  N.  Concretc-Steel,  a  Treatise  on 
Reinforced  Concrete  Con- 

struction .  .  .      7iel       6     0 

„  Concrete-Steel  Buildin<js.    Being 
a  Continuation  of  the  Treatise 

on  Concrete-Steel  .  .      net      10     0 

„  Structui-al  Iron  and  Steel        ?iel       6     0 

„  Simplified  Methods  of  Calculat- 
ing Reinforced  Concrete  Beams 

net  6 

Wagstaff,    \V.    H.     Metric    System    of    Weights    and 
Measures         ........       1     6 

Walker,  S.    F.     Electricity  in  Homes  and  Workshops 
net        5     0 

„  Electric  Lighting  for  Marine  Engineers       5     0 

Wai.mislev,  a.  T.     Land  Surveying  and  Levelling       7iel       6     0 

„  Field  Work  and  Instruments  net       5     0 

Wheeler,  G.  U.     Friction  and  its  Reduction  by  Means 
of  Oil,  Lubricants,  and  Friction  Bearings       .      net       3     0 

Wmittaker's  Arithmetic  of  Electrical  Engineering  net  1  0 

„             Electrical  Engineer's  Pocket  Book     .  net  3  6 

,,             Mechanical  Engineer's  Pocket  Book  net  3  6 
Wn.LiAMs,  H.      Mechanical  Refrigeration         .          .  .10  6 

Wilson,   N.   J.,   and  Oulton,   L.      Practical   Testing  of 
Electrical  Machines         .....  net  4  6 

Yates,    M.      Text    Book    of    Botany.      Part    I.  The 

Anatomy  of  Flowering  Plants         .          .          .  net  2  6 
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