
CHAPTER 2.--COMMUNICATION SYSTEMS 

2.1 In t roduc t ion  

Any commnicat ion system r e q u i r e s  a t  
l e a s t  t h r e e  elements i n  o rde r  t o  func- 
t i o n :  a t r a n s m i t t i n g  device ,  a r ece iv ing  
device ,  and a t ransmiss ion  l i n e  o r  propa- 
g a t i o n  medium. Even t h e  device  c h i l d r e n  
u s e ,  t i n  cans connected w i th  s t r i n g ,  con- 
s i s t s  o r  t he se  t h r e e  elements. One 
speaks  i n t o  one can ( t r a n s m i t t e r ) ,  which 
v i b r a t e s  a t  t h e  same f requenc ies  a s  t h e  
voice.  The s t r i n g  ( t ransmiss ion  pa th )  
p i cks  up t h e  v i b r a t i o n s  of t h e  can and 
c a r r i e s  them a long  i t s  e n t i r e  length.  
The o t h e r  can ( r e c e i v e r )  d e t e c t s  t h e  
v i b r a t i o n  and reproduces t h e  o r i g i n a l  
sounds t o  a l e s s e r  e x t e n t  depending on 
d i s t a n c e ,  t i g h t n e s s  of s t r i n g ,  type  of 
s t r i n g ,  e t c .  A l l  communication systems 
depend on t h e s e  t h r e e  elements:  t r a n s -  
m i t t e r ,  t ransmiss ion  pa th ,  and rece iver .  

Communication systems can be d iv ided  
i n t o  t h r e e  fundamental ca t ego r i e s :  wired 
phone systems, r a d i o  systems, and c a r r i e r  
c u r r e n t  systems. Sec t ions  2.2, 2.3, and 
2.4, r e s p e c t i v e l y ,  de sc r ibe  t h e s e  systems 
and e x p l a i n  t h e  b a s i c  p r i n c i p l e s  of how 
each  works. 

panel  shows a s imple s i n g l e  p a i r  p a r t y  
l i n e  system. In t h i s  system each phone 
is  connected t o  a common p a i r  of w i r e s ,  
and a person speaking i n t o  one phone w i l l  
be heard a t  a l l  t h e  o t h e r  phones on t h e  
l i n e .  The bottom panel  shows a m u l t i p a i r  
p r i v a t e  l i n e  phone system. In  t h i s  type  
of system, each phone i s  connected by i t s  
own i n d i v i d u a l  p a i r  of wi res  t o  a c e n t r a l  
switch o r  te lephone exchange. To es tab-  
l i s h  a c a l l  between two phones i n  t h i s  
system, t he  l i n e s  between t h e  two phones 
must be connected (switched toge the r )  
w i th in  t h e  te lephone exchange. 

In  e a r l y  exchanges, t h e  connections 
were made manually by an operator .  These 
exchanges a r e  c a l l e d  P r i v a t e  Branch 
Exchanges (PBX's ) . Today, equipment 
wi th in  t h e  exchange can au tomat ica l ly  
connect each phone t o  any o the r  phone i n  
t h e  system. These exchanges a r e  c a l l e d  
P r i v a t e  Automatic Branch Exchanges 
(PABX's). There a r e  many d i f f e r e n t  types  
of automatic  exchanges. Some u t i l i z e  
swi tches  t o  phys ica l ly  make each connec- 
t i o n  according t o  t h e  number d ia led .  
Other,  more advanced exchanges a r e  com- 
p l e t e l y  s o l i d  s t a t e  and may even be com- 
p u t e r  con t ro l l ed .  

Hybrid systems a r e  those  systems 
t h a t  use  va r ious  combinat i ons  of 
t h e  t h r e e  b a s i c  commnicat ion meth- PHONES 

ods. Hybrid systems a r e  descr ibed  i n  
s e c t i o n  2.5. 
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e t c . )  t h a t  can be used i n  underground 
mines t o  t r ansmi t  o r  convey information. 
These systems, although they cannot be 
considered t r u e  commnicat ion systems 
s i n c e  they do not  provide vo ice  o r  even n) PHONES 

two-way communication, a r e  b r i e f l y  
desc r ibed  i n  s e c t i o n  2.6. 

2.2 Wired Phone Systems 
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t h a t  depend on a wi re  connect ion between 
phones w i th  t h e  wi re  ca r ry ing  t h e  vo ice  
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s i g n a l s .  F igure  2-1 is  a diagram of two 
t y p i c a l  wired phone systems. The top FIGURE 2-1. - Wired phone systems. 
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Telephone exchanges a r e  descr ibed  i n  
e c t i o n  2.2.3. The var ious  types  of 
hones i n  use  today and a d e s c r i p t i o n  of 

how they ope ra t e  i s  given i n  sec- 
t i o n  2.2.1. D i s t r i b u t i o n  systems a r e  
descr ibed  i n  s e c t i o n  2.2.2. 

2.2.1 General Telephone Theory 

There a r e  many d i f f e r e n t  types  of 
phones i n  u se  today,  i nc lud ing  

Magneto t ype  

Sound-powe red  

Paging 

These phones and t h e  b a s i c  p r i n c i -  
p l e s  of how they ope ra t e  a r e  descr ibed  
i n  t h e  fo l lowing  paragraphs.  

2.2.la Magneto-Type Telephones 

One of t h e  e a r l i e s t  types  of under- 
ground communication ins t ruments  was t h e  
magneto phone, a l s o  known a s  t he  crank 
r i n g e r  phone. These phones cons i s t ed  of 
a t r a n s m i t t e r ,  r e c e i v e r ,  hookswitch, 
r i n g e r ,  b a t t e r y ,  and hand gene ra to r  (mag- 
ne to ) .  As  t h e  s p i n d l e  handle  was turned,  
80 t o  100 v o l t s  a t  15 t o  18 cyc l e s  p e r  
second was produced by t h e  magneto. This  
c u r r e n t  caused t h e  o t h e r  phones t o  r ing .  
Once t h e  c a l l e d  phone was answered, 
t a l k i n g  power was suppl ied  by b a t t e r y  
vo l tage .  

Magneto phones were connected i n  
p a r t y  l i n e  f a sh ion  wi th  a code of s h o r t  
and long  r i n g s  t o  i d e n t i f y  t h e  c a l l e d  
s t a t i o n .  Some mines s t i l l  u se  t h i s  t ype  
of system. However, a s  mines expanded i n  
s i z e ,  t h e  system proved t o  lack  adequate 
s i g n a l  s t r e n g t h  t o  power a l a r g e  number 
of phones. 

2.2.lb Sound-Powered Telephones 

A sound-powered set is  one t h a t  pro- 
v ides  a means of vo ice  comrmnications 
w i t h  t h e  use  of no energy except  t h a t  

fu rn i shed  by t h e  speaker ' s  voice.  These 
phones have h ighly  e f f i c i e n t  t r a n s m i t t e r s  
and r e c e i v e r s  f o r  conver t ing  voice  i n t o  
e l e c t r i c a l  s i g n a l s .  

The sound-powered handset  i s  compar- 
a b l e  i n  s i z e  and appearance t o  t h e  famil-  
i a r  battery-powered handset.  Two of 
t h e s e  phones were u sua l ly  connected 
by a s i n g l e  l i n e  t o  c o n s t i t u t e  an 
intercom c i r c u i t .  Such a c i r c u i t  w i l l  
reproduce speech wi th  reasonable  good 
q u a l i t y  f o r  s h o r t  d i s t a n c e s  i n  q u i e t  
surroundings.  

For s p e c i a l  commnicat ion appl ica-  
t i o n s  r e q u i r i n g  excep t iona l ly  rugged and 
du rab l e  s e t s  f o r  p r i v a t e  commnicat ion 
purposes ,  and p a r t i c u l a r l y  when t h e  l i n e  
loops  a r e  s h o r t ,  sound-powered s e t s  a r e  
w e l l  adapted. 

Sound-powered s e t s  f i n d  t h e i r  p r in-  
c i p a l  a p p l i c a t i o n  i n  mines, a s  indepen- 
dent  intercom systems. The s i m p l i c i t y  
and convenience of ope ra t i ng  without  
b a t t e r i e s  and t h e  s e r v i c e  r e l i a b i l i t y  and 
ruggedness of t h e  sound-powered te lephone 
when used i n  adverse surroundings a r e  
po in t s  i n  t h e i r  favor .  

2 . 2 . 1 ~  Paging Telephones 

The most common type of c o m n i c a -  
t i o n  system used i n  underground mines i s  
a paging te lephone system. These phones 
a r e  sometimes r e f e r r e d  t o  a s  squawk 
phones o r  squawk boxes because of t h e  
ha r sh  sound of t h e  speaker.  Each phone 
i n  t h e  system i s  usua l ly  connected t o  a 
tw i s t ed  p a i r  c ab l e  i n  p a r t y  l i n e  fashion.  
Each pager phone has  i n t e r n a l  b a t t e r i e s  
t h a t  power audio a m p l i f i e r s  t o  boost  s i g -  
n a l  l e v e l  f o r  normal comrmnication. A 
paging a m p l i f i e r  a l lows each phone t o  
broadcast  a page c a l l  on a loudspeaker 
t h a t  i s  a l s o  housed wi th in  each phone 
( f i g .  2-2). 

The paging te lephone has  gained 
widespread use  f o r  two reasons.  F i r s t ,  
i t  permits  persons and s t a t i o n  a r e a s  t o  
be paged by name and thus  does not  
r e q u i r e  t h e  miners t o  l e a r n  r i ng ing  codes 
o r  te lephone numbers. Second, t h e  use  of 
page a m p l i f i e r s  i n  each phone makes t h e  



FIGURE 2-2. - Genera l ized two-wi re  payer phone. 

sys tem l e s s  a f f e c t e d  by poor l i n e  s p l i c e s  
and induced no i se .  The loudspeaker  a l s o  
y i e l d s  a  h i g h e r  sound l e v e l  a t  t h e  
r e c e i v e r ,  which i s  impor tan t  i n  t h e  
v i c i n i t y  of n o i s y  machinery. The primary 
d i s a d v a n t a g e  of paging t e lephone  systems 
i s  t h a t  t h e  t e l e p h o n e  l i n e  must be used  
i n  a  p a r t y  l i n e  arrangement.  Th i s  pre-  
v e n t s  s imul taneous  c o n v e r s a t i o n s  i n  t h e  
sys tem and reduces  i t s  u s e f u l n e s s  f o r  
d i s c u s s i n g  maintenance problems o r  o t h e r  
u s e s  which can t i e  up t h e  sys tem f o r  l o n g  
p e r i o d s  of t ime. 

I n  a  l a r g e  mine t h e r e  may be 30 t o  
40 phones on a  s i n g l e  t w i s t e d  p a i r  cab le .  
However, a s  t h e  mine develops  and t h e  
m i l e s  of t w i s t e d  w i r e  p a i r  i n c r e a s e ,  a  
l i m i t  i s  reached. The l i m i t i n g  f a c t o r  i s  
t h e  p o w e r , a v a i l a b l e  t o  s i g n a l  t h e  paging 
a m p l i f i e r  i n  o t h e r  phones t o  t u r n  on. 
The a p p l i c a t i o n  of an  e l e c t r o n i c  s w i t c h ,  
i n  p l a c e  of t h e  low-voltage "page r e l a y , "  
h a s  extended t h e  o p e r a t i n g  range  of newer 
pag ing  phones. 

A schemat ic  of a  g e n e r a l i z e d  two- 
w i r e  pager  phone i s  shown i n  f i g u r e  2-2. 
When t h e  ("Page") s w i t c h  on t h e  page 
phone i s  p r e s s e d ,  a  dc  v o l t a g e  from t h e  
b a t t e r y  i s  p laced  on t h e  l i n e .  A l l  t e l e -  
phones connected t o  t h e  l i n e  a r e  ener -  
g i z e d  th rough  t h e i r  "page r e l a y , "  and t h e  

pag ing  a m p l i f i e r  a t  each  s t a t i o n  i s  
t u r n e d  on. The person  making t h e  c a l l  
t h e n  squeezes  t h e  p ress - to - ta lk  b u t t o n  on 
h i s  handse t  and makes a n  announcement. 
The handse t  s i g n a l  i s  a m p l i f i e d  and t h e n  
t r a n s m i t t e d  over  t h e  two-wire network t o  
a l l  o t h e r  phones. A f t e r  complet ing t h e  
page,  t h e  c a l l e r  r e l e a s e s  t h e  "Page" 
swi tch .  The i n d i v i d u a l  paged can respond 
by squeez ing  t h e  p ress - to - ta lk  b u t t o n  and 
t a l k i n g  i n t o  t h e  handset .  Because t h e  
two-wire l i n e  i s  common t o  a l l  phones,  
any c o n v e r s a t i o n  on t h e  p a r t y  l i n e  may be 
h e a r d  a t  a l l  s t a t i o n s .  

Most of t h e  pager  phones t h a t  a r e  
a v a i l a b l e  a r e  d i r e c t l y  i n t e r c h a n g e a b l e  
w i t h i n  a  sys tem o r  can e a s i l y  be modified 
t o  be in te rchangeab le .  Two major a r e a s  
o f  d i f f e r e n c e  among a v a i l a b l e  equipment 
a r e  t h e  b a t t e r y  v o l t a g e  used f o r  t h e  
page-ca l l  f u n c t i o n ,  and t h e  c h a r a c t e r -  
i s t i c s  of t h e  i n t e r n a l  r e l a y  t h a t  
responds t o  t h e  dc  page s i g n a l .  The two 
c h o i c e s  of b a t t e r y  v o l t a g e  a r e  p r e s e n t l y  
12 v o l t s  and 24 v o l t s .  The 24-volt s y s -  
tem was t h e  s t a n d a r d  f o r  s e v e r a l  y e a r s .  
Most i n s t a l l a t i o n s  a l s o  used e l e c t r o -  
mechanical  r e l a y s  t o  " swi tch  i n "  t h e  pag- 
i n g  a m p l i f i e r s .  

I n  r e c e n t  y e a r s ,  new d e s i g n s  u s i n g  
s o l i d  s t a t e  s w i t c h i n g  c i r c u i t s  t h a t  oper-  
a t e  a t  12 v o l t s  have become popular .  
Besides  be ing  more r e l i a b l e ,  s o l i d  s t a t e  
systems have a  h i g h  impedance and t h u s  
p r e s e n t  a  minimum l o a d  t o  t h e  paging 
c i r c u i t .  I n  a  l a r g e  complex multiphone 
system,  w i t h  s e v e r a l  m i l e s  of i n t e r c o n -  
n e c t i n g  c a b l e ,  t h e  minimum l o a d i n g  caused 
by t h e s e  phones means t h a t  more phones 
can be i n s t a l l e d .  

Opt ions  inc luded  by t h e  manufac- 
t u r e r s  of some paging phones i n c l u d e  a  
b a t t e r y - t e s t  b u t t o n ,  an  improve-hearing 
b u t t o n ,  and a  f l a s h i n g  l i g h t  t o  h e l p  
a t t r a c t  a t t e n t i o n  i n  n o i s y  a r e a s .  The 
b a t t e r y - t e s t  b u t t o n ,  when p r e s s e d ,  l i g h t s  
a  lamp on t h e  f r o n t  p a n e l  t o  i n d i c a t e  
t h a t  t h e  b a t t e r y  i s  i n  good c o n d i t i o n .  
When t h e  improve-hearing b u t t o n  i s  
p r e s s e d ,  t h e  g a i n  of t h e  r e c e i v e r  ampli-  
f  i e r  i n  t h e  handse t  i s  inc reased .  To 



a s s i s t  t h e  loudspeaker i n  a t t r a c t i n g  a 
miner ' s  a t t e n t i o n ,  t h e  f l a s h i n g  l i g h t  i s  
tu rned  on when t h e  page i s  i n i t i a t e d .  

2.2.ld Dial-and-Page Telephones 

The use of normal surface- type t e l e -  
phones i n  underground mines has two 
disadvantages:  The p o t e n t i a l  hazard,  i n  
a methane atmosphere, from t h e  120-volt 
20-hertz be l l - r i ng ing  vol tage ;  and t h e  
i n a b i l i t y  t o  l o c a t e  a person who i s  not  
i n  h i s  immediate work a rea .  Surface-type 
te lephones a l s o  have two advantages,  how- 
ever :  The s e l e c t i v e  c a l l  f e a t u r e  and t h e  
mu l t i p l e  p r i v a t e  l i n e s .  

A unique system combines t h e  d i a l  
te lephone wi th  t h e  page phone. A s u r f a c e  
i n t e r f a c e  i s  provided t o  i s o l a t e  t h e  
p o t e n t i a l l y  hazardous vo l tages  from t h e  
underground l i n e ,  and a conver te r  changes 
r i n g  vo l t age  i n t o  t h e  low-voltage d i r e c t  
c u r r e n t  requi red  t o  t u r n  on t h e  paging 
speaker  i n  t h e  d i a l - s e l ec t ed  pager phone. 
The handset swi tch  e l imina t e s  t h e  need 
f o r  a hook switch. Press ing  t h e  handset 
swi tch  accomplishes a l l  f unc t ions  nor- 
mally accomplished by l i f t i n g  t h e  handset  
of  a convent ional  phone from t h e  c rad le .  
When a c a l l  i s  d i a l e d ,  t h e  i n t e r f a c e  mod- 
i f i e s  s i g n a l i n g  t o  i n t e r f a c e  another  
underground phone o r  a convent ional  tele- 
phone on t h e  sur face .  

F igure  2-3 i s  a diagram of a d i a l -  
and-page phone. The te lephone c o n s i s t s  
of a handset ,  conta in ing  a t r a n s m i t t e r  i n  
t h e  mouthpiece and a r e c e i v e r  i n  t h e  ear -  
p i ece ,  and a main housing. The main 
housing con ta in s  a speech d i a l e r  network, 
which i s o l a t e s  t h e  outgoing and incoming 
s i g n a l s ,  a pu l s ing  swi tch  t h a t  i s  actu-  
a t e d  by t h e  r o t a r y  d i a l  t o  s i g n a l  a num- 
b e r  t o  t h e  s u r f a c e  i n t e r f a c e ,  and t h e  
paging speaker.  The speech network f i l -  
t e r s  no i se  and processes  t h e  t a l k e r ' s  
voice.  A common-page but ton  permits  
paging a l l  phones, a s  is  requi red  when 
sea rch ing  f o r  a roving miner o r  f o r  mak- 
i n g  a gene ra l  announcement. 

Automatic d i a l  systems a r e  used a t  
s e v e r a l  mines t h a t  ope ra t e  t h e i r  own P r i -  
v a t e  Automatic Branch Exchange (PABX) f o r  
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FIGURE 2-3. - Mine d ia l  phone. 

both i n s i d e  and o u t s i d e  te lephone ser- 
vice.  Dia l  systems provide f o r  many 
simultaneous conversa t ions ,  but do need 
t o  use some form of s i g n a l  mul t ip lex ing  
o r  mult iconductor  cab les .  These problems 
can be minimized by us ing  mult iconductor  
cab l e s  only i n  t h e  main haulageway where 
few roof f a l l s  o r  l i n e  breaks a r e  l i k e l y  
t o  occur and by t ak ing  convent ional  two- 
wire  cab l e  up t o  each sec t ion .  However, 
t h i s  means a l l  te lephones i n  one a r e a  
must be on a p a r t y  l i n e .  

2.2.2 D i s t r i b u t i o n  Systems 

The d i s t r i b u t i o n  system f o r  wired 
phones i s  t h e  equ iva l en t  of t h e  s t r i n g  
between t h e  two t i n  cans descr ibed  i n  t h e  
i n t roduc t ion .  This  i s  t h e  propagat ion 
medium t h a t  c a r r i e s  t h e  vo ice  s igna l .  
For wired phones, t h e  d i s t r i b u t i o n  system 
may be s i n g l e  p a i r ,  m u l t i p a i r ,  o r  a mul- 
t i p l e x  system. 

A l l  wired systems used i n  mines a r e  
i nhe ren t ly  un re l i ab l e .  That is ,  i f  a 
te lephone l i n e  i s  broken o r  sho r t ed  by a 
roof f a l l ,  f o r  example, a l l  te lephones 
beyond t h a t  po in t  a r e  severed from com- 
munication t o  t h e  ou ts ide .  I f  t h e  l i n e  
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system may be s eve re ly  a f f e c t e d  o r  l o s t  R 

completely.  s 

2.2.2a S ing le  P a i r  

A s i n g l e  p a i r  of wi res  i s  t h e  mini- 
mum requirement f o r  wired commnicat ions.  
A s i n g l e  t w i s t e d  p a i r  i s  used f o r  magneto 
phones, paging phones, and intercom 
phones, connected i n  p a r t y  l i n e  fash-  
ion. Single-pair  wi res  a r e  gene ra l l y  
14 AWG (0.06408-inch diameter) .  This  
r e l a t i v e l y  heavy gage wire  i s  used i n  
o r d e r  t o  minimize s i g n a l  l o s s  over long  
d i s t ance .  

The s i g n a l  l o s s  per  mile ,  o r  a t t enu -  
a t i o n  a s  i t  i s  c a l l e d ,  is  dependent upon 
t h e  frequency of t h e  s i g n a l  and the  s i z e  
of wi re  gage a s  shown i n  t a b l e  2-1. This 
t a b l e  shows t h a t  a s  wi re  s i z e  i n c r e a s e s  
and gage decreases ,  t h e  s i g n a l  l o s s  
( a t t e n u a t i o n )  decreases .  

Each a t t e n u a t i o n  of 3 dB means t h a t  
t h e  s i g n a l  power has  decreased by one- 
h a l f .  For example, i f  t h e  output  of a 
commnica t ion  device was 4 mW, t h e  -3 dB 
a t t e n u a t e d  va lue  of t h i s  s i g n a l  i s  one- 
h a l f  t h e  ou tpu t ,  o r  2 mW. A 6-dB a t t enu -  
a t i o n  of a 4-mW s i g n a l  r e s u l t s  i n  a l-mW 
( 4  x 1/2 x 1/2)  s i g n a l  l eve l .  
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FIGURE 2-4. - Figure-8 multipair cable. 

2.2.2b Figure-8 Mul t ipa i r  Cable 

Figure-8 a e r i a l  d i s t r i b u t i o n  wire  i s  
shown i n  f i g u r e  2-4. I n  c ros s  s e c t i o n ,  
t h e  wi re  looks l i k e  a f igure-8  wi th  a 
s t e e l  support  wi re ,  c a l l e d  t h e  messenger, 
i n  t h e  top ha l f  and a core  of tw i s t ed  
p a i r s  i n  t he  lower h a l f .  The o u t e r  
j a cke t  covering t h e  messenger cab le  and 
tw i s t ed  p a i r  bundle i s  h ighly  r e s i s t a n t  
t o  abras ion ,  moisture ,  and environmental 
s t r e s s  cracking. Each wire  i s  s o l i d ,  
commercially pure,  annealed copper. One 
conductor of each p a i r  i s  usua l ly  co lor  
coded by a s o l i d  body co lo r  wi th  a con- 
t r a s t i n g  s p i r a l i n g  co lo r  s t r i p .  The 
o t h e r  conductor has  t he  complementary 
co lo r  combination. Figure-8 cab le  i s  
recommended f o r  mine a p p l i c a t i o n s  be- 
cause t h e  messenger cab l e  adds consider-  
a b l e  s t r e n g t h  t o  t h e  cab le  and t h e  i n -  
s t a l l a t i o n  i s  s i m i l a r  t o  t h a t  of t r o l l e y  
wire. 

TABLE 2-1. - Cable a t t e n u a t i o n s  

Frequency 
(kHz ) 

10 
20 
30 
50 

100 
150 

Wire s i z e  
19 gage 13 gage 

Decibels 
pe r  mi le  

2.43 
2.77 
3.02 
3.53 
4.80 
6.00 

16 gage 
Decibels 
p e r  mi le  

0.80 
1.04 
1.27 
1.75 
2.72 
3.60 

P e r c e n t o f  
s i g n a l  power 

remaining - 
57 
53 
50 
44 
33 
25 

Decibels  
pe r  mi le  

1.32 
1.55 
1.78 
2.24 
3.31 
4.27 

P e r c e n t o f  
s i g n a l  power 

remaining 
83 
79 
75 
67 
54 
44 

P e r c e n t o f  
s i g n a l  power 

remaining 
74 
70 
66 
60 
47 
37 



2 . 2 . 2 ~  Coaxial  Cable 

Coaxial  c ab l e  c o n s i s t s  of an i n n e r  
conductor and an o u t e r  conductor ,  a s  
shown i n  f i g u r e  2-5. This  type of c a b l e  
ha s  two main advantages  over tw i s t ed  p a i r  
f o r  t ransmiss ion .  F i r s t ,  t h e  coax usu- 
a l l y  has  lower a t t enua t i on .  Second, t h e  
s h i e l d  over  t h e  c e n t r a l  conductor keeps 
t h e  e l e c t r o s t a t i c  and e lec t romagnet ic  
f i e l d s  contained w i t h i n  t h e  coax, thereby 
minimizing c r o s s t a l k  and i n t e r f e r e n c e  
problems. 

2.2.2d Mul t ip lex  Systems 

The term "mult iplex" is  app l i ed  t o  
any system i n  which a  s i n g l e  wi re  o r  wi re  
p a i r  is used f o r  t h e  t ransmiss ion  of more 

( i n  t h i s  c a se  a  s i n g l e  p a i r  of w i r e s ) ,  
can  be employed i n  underground communica- 
t i o n  systems. 

F igure  2-6 i l l u s t r a t e s  t h e  FDM con- 
cep t .  A t  t h e  t r a n s m i t t i n g  t e rmina l ,  each 
of t h e  vo ice  channels (CH 1 through CH n )  
i s  app l i ed  t o  a  modulator. Each modu- 
l a t o r  s h i f t s  t h a t  voice  s i g n a l  t o  an 
ass igned  frequency ( f ,  through f , )  and 
t r a n s m i t s  t h e  r e s u l t i n g  s i g n a l  over t h e  
common l i n e  t o  t h e  r ece iv ing  te rmina l .  

A t  t h e  r ece iv ing  t e rmina l ,  a  bank of 
f i l t e r s  s e p a r a t e s  t h e  s i g n a l s  according 
t o  frequency. I n d i v i d u a l  demodulators 
recover  t h e  o r i g i n a l  voice s i g n a l .  Note 
t h a t  t h e  mul t ip lex ing  system shown i n  
f i g u r e  2-6 ope ra t e s  i n  only one d i r ec -  

t h a n  one s imultaneous s i g n a l .  I n  t h i s  t i on .  Most communication systems r e q u i r e  
t ype  of system, a  means must be provided two-way vo ice  t ransmission.  This  is  
f o r  i n s e r t i n g  t h e  i n d i v i d u a l  s i g n a l s  on to  accomplished by a  complete d u p l i c a t i o n  of 
t h e  common t r ansmis s ion  l i n e  and then  
s e p a r a t i n g  t h e s e  i n d i v i d u a l  s i g n a l s  a t  INSULATION CENTER CONDUCTOR 

t h e  ou tpu t  of t h e  l i n e .  There a r e  two 
p r i n c i p a l  methods of mul t ip lex ing  s ig -  

OUTER JACKET-. 
n a l s .  One i s  based on frequency t r a n s l a -  6 OUTER CONDUCTOR 

t i o n s  and i s  c a l l e d  f requency-divis ion 
mu l t i p l ex ing ,  o r  FDM. The o t h e r  i s  based 
on t ime-sharing t h e  t r ansmis s ion  l i n e  and FIGURE 2-5. - Coax ia l  cable, cross-sect ional  view, 

i s  c a l l e d  t ime-divis ion mul t ip lex ing ,  o r  
TDM . TRANSMITTING TERMINAL RECEIVING TERMINAL 

2.2.2d.i Frequency Div is ion  Mult iplexing 

Frequency d i v i s i o n  mul t ip lex ing  is  a  
p rocess  by which two o r  more s i g n a l s  a r e  
s e n t  over t h e  same l i n e  by t r a n s m i t t i n g  
each  s i g n a l  a t  a  d i f f e r e n t  frequency. 
The FDM concept can be i l l u s t r a t e d  by 
cons ide r ing  how t h e  commercial r a d i o  
broadcas t ing  systems opera te .  Each r a d i o  
s t a t i o n  t r ansmi t s  a t  a  s p e c i f i c  frequency 
t h a t  has  been ass igned  by t h e  Federa l  
Communications Commission (FCC). The 
s i g n a l  from each r a d i o  s t a t i o n  is  t r a n s -  
m i t t ed  by a  common pa th  ( t h e  a tmosphere) ,  
w i t h  many s t a t i o n s  being on t h e  a i r  a t  
t h e  same time. To r e c e i v e  a  p a r t i c u l a r  
s t a t i o n ,  a  person merely tunes  h i s  r a d i o  
( r e c e i v e r )  t o  t h e  frequency of t h e  
d e s i r e d  r a d i o  s t a t i o n .  

This  same p r i n c i p l e ,  t r a n s m i t t i n g  
more than  one vo ice  s i g n a l ,  each a t  a  
d i f f e r e n t  f requency,  over a  common pa th  

CHn CHn 

F lGlJRE 2-6. - Frequency d i v i s i o n  mu l t ip lex  (FDM), 

SINGLE WIRE PAIR OR COAX - - - - 
T T T 

---- 
- - - A  

MODEM 

FIGURE 2-7, - Mu l t ip lex  phone system, 



mul t ip lex ing  f a c i l i t i e s ,  wi th  t h e  compon- 
e n t s  i n  r eve r se  o rde r  and wi th  t h e  s i g n a l  
waves t r a v e l i n g  from r i g h t  t o  l e f t .  Each 
t e rmina l  has a  t r a n s m i t t i n g  modulator and 
a  r ece iv ing  f i l t e r  and demodulator com- 
bined t o  form a  "modem." 

A block diagram of t he  mul t ip lex ing  
p r i n c i p l e  i s  shown i n  f i g u r e  2-7. Each 
phone i s  connected t o  a  subsc r ibe r  termi- 
n a l  u n i t  o r  modem. The t ransmiss ion  l i n e  
i s  a  tw i s t ed  p a i r  o r  coax ia l  c ab l e  whose 
gage depends on t h e  system s i z e .  Repeat- 
ers can be i n s e r t e d  i n  t h e  l i n e  t o  com- 
pensa t e  f o r  a t t enua t ion .  

2.2.2d.ii  Time Div is ion  Mult iplexing 

Time d i v i s i o n  mul t ip lex ing  i s  a  
process  by which two o r  more s i g n a l s  a r e  
t r ansmi t t ed  over  t h e  same l i n e  by a l l o -  
c a t i n g  a  d i f f e r e n t  time i n t e r v a l  f o r  t h e  
t ransmiss ion  of each s igna l .  The time 
a v a i l a b l e  i s  d iv ided  up i n t o  small  s l o t s ,  
and each of t he se  i s  occupied by a  p iece  
of  one of t h e  s i g n a l s  t o  be s en t .  The 
mul t ip lex ing  equipment scans t he  i npu t  
s i g n a l s  i n  a  s e q u e n t i a l  round-robin 
f a s h i o n  so  t h a t  only one s i g n a l  occupies  
t h e  TDM l i n e  a t  any one time. 

The b a s i c  concept ,  showing two s ig-  
n a l s  (A and B) being time d i v i s i o n  
mul t ip lexed  toge the r ,  i s  i l l u s t r a t e d  i n  
f i g u r e  2-8. During t i m e  s l o t  1, s i g n a l  B 

S I G N A L 6  
T D M  LINE 
(A MULTIPLEXED WlTH BI 

SIGNAL A 

SIGNAL B 

A MULTIPLEXED 
W l T H  B 

TlME 

TlME 

TlME 

T I M E S L O T  1 2 3 4 5 6 7 8 9  ---- 

FIGURE 2-8. - Time multiplexing two signals. 

i s  connected t o  t h e  TDM l i n e .  During 
time s l o t  2 ,  s i g n a l  B i s  removed and s ig -  
n a l  A i s  placed on t h e  TEM l i n e .  This  
process  i s  repeated wi th  each s i g n a l  
a l t e r n a t e l y  occupying a  time s l o t  on t h e  
TDM l i n e .  The bottom waveform i n  
f i g u r e  2-8 shows t h e  r e s u l t i n g  t i m e  d iv i -  
s i o n  mult iplexed s igna l .  The TDM s i g n a l  
c o n s i s t s  of s i g n a l  A dur ing  t h e  even- 
numbered time s l o t s  and s i g n a l  B during 
t h e  odd-numbered t i m e  s l o t s .  To s e p a r a t e  
t h e  s i g n a l s ,  when they a r e  received a t  
t h e  o t h e r  end of t h e  TDPI l i n e ,  a  demulti- 
p l exe r  must be used. The demult iplexer  
i s  s i m i l a r  t o  a  mul t ip lexer  except t h a t  
t h e  i npu t  and output  a r e  reversed.  The 
demul t ip lexer  r econs t ruc t s  t h e  o r i g i n a l  
s i g n a l s  (A and B) from t h e  mult iplexed 
s i g n a l  . 

I n  order  t o  i l l u s t r a t e  t h e  TDM con- 
c e p t ,  t h e  preceding d i scus s ion  considered 
mul t ip lex ing  only two s i g n a l s  together .  
This  concept can be extended t o  mul t ip lex  
many s i g n a l s  t oge the r  onto a  s i n g l e  TDM 
l i n e .  For i n s t ance ,  i f  e i g h t  d i f f e r e n t  
s i g n a l s  a r e  t o  be mult iplexed,  t hen  each 
s i g n a l  would be placed onto  t h e  TDM l i n e  
each e i g h t h  time s l o t .  Figures  2-9 and 
2-10 show e i g h t  switches a t  one l o c a t i o n  
and e i g h t  lamps a t  another  which must be 
c o n t r o l l e d  by those  switches.  

The system shown i n  f i g u r e  2-9 i s  
simple and easy  t o  understand;  however, 
e i g h t  s e p a r a t e  wires must be s t rung  
between t h e  swi tches  and t h e  lamps. This 
can be q u i t e  c o s t l y  and imprac t i ca l  when 
t h e  switches and lamps a r e  separa ted  by 
l a r g e  d i s t ances .  Figure 2-10 shows how 
each lamp can s t i l l  be c o n t r o l l e d  by i t s  
a s s o c i a t e d  swi tch  u s ing  a  s i n g l e  w i r e  
(TDM l i n e )  between t h e  swi tches  and 
lamps. With t h e  wiper on each of t h e  
mul t ipo le  switches synchronized, t h i s  
system would sample t h e  s t a t u s  of t he  
f i r s t  i npu t  swi tch  (Sl) a t  t h e  t r ans -  
m i t t i n g  end and communicate t h a t  informa- 
t i o n  t o  t h e  r ece iv ing  end. A t  t h e  next 
i n t e r v a l  of t ime,  both mul t ipo le  switches 
would s t e p  t o  p o s i t i o n  2. Control  of t h e  
second lamp would be accomplished by sam- 
p l i n g  t h e  s t a t u s  of t he  S2 i npu t  swi tch  
a t  t h e  t r a n s m i t t i n g  end. A t  t h e  next 
time i n t e r v a l ,  both scanner  switches 
would s t e p  t o  p o s i t i o n  3 and a  s i m i l a r  
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FIGURE 2-9, - No mul t ip lex ing (e ight  wires required), 
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FIGURE 2-10, - Time d iv is ion  mult iplexing (one wire), 

c o n t r o l  a c t i o n  would r e s u l t  f o r  t h e  t h i r d  
lamp. A f t e r  a l l  e i g h t  p o s i t i o n s  had been 
scanned ,  t h e  s c a n n e r  s w i t c h  would r e t u r n  
t o  p o s i t i o n  1 and s t a r t  t h e  sequence over  
aga in .  I f  t h e  scann ing  were f a s t  enough 
t h e  l i g h t s  would appear  t o  glow s t e a d y  
and n o t  b l i n k .  I n  a  l i k e  manner, i f  t h i s  
were a  v o i c e  sys tem,  i t  would n o t  sound 
chopped. 

2.2.3 Telephone Exchanges 

The f u n c t i o n  of any t e l e p h o n e  
exchange i s  t o  connect  a  c a l l i n g  phone t o  
a  c a l l e d  phone. The e a r l i e s t  method of 
c o n n e c t i o n  was t h e  manual swi tchboard  

l o c a t e d  w i t h i n  a  p r i v a t e  branch exchange 
(PBX). A s  t h e  number of phones i n  u s e  
i n c r e a s e d ,  t h e  s i z e  and complexi ty  of 
manual swi tchboards  a l s o  inc reased .  This  
l e d  t o  t h e  development of a n  a u t o m a t i c  
s w i t c h i n g  system c a l l e d  a  p r i v a t e  au to -  
m a t i c  branch exchange (PABX). S ince  t e l -  
ephone l i n e s  a r e  c u r r e n t l y  used a s  d a t a  
l i n k s  f o r  computers,  t e l e t y p w r i t e r s ,  and 
v a r i o u s  o t h e r  d a t a  equipment,  f a s t e r ,  
more r e l i a b l e  exchanges were needed. To 
f i l l  t h i s  need,  t h e  computer i s  p r e s e n t l y  
used  t o  c o n t r o l  l a r g e  s o l i d  s t a t e  
exchanges and perform many o t h e r  c e n t r a l  
o f f i c e  (CO) f u n c t i o n s .  

2.2.3a Manual Switchboard 

The e a r l i e s t  swi tchboards  al lowed 
t h e  o p e r a t o r  t o  manually p a t c h  two c i r -  
c u i t s  t o g e t h e r .  When t h e  c e n t r a l  o f f i c e  
r e c e i v e d  r i n g i n g  c u r r e n t ,  t h e  o p e r a t o r  
i n s e r t e d  t h e  answering plug i n t o  t h e  j a c k  
of t h e  c a l l e r .  A f t e r  v e r b a l l y  r e c e i v i n g  
t h e  c a l l e d  number, t h e  o p e r a t o r  i n s e r t e d  
t h e  c a l l i n g  plug of t h e  same c i r c u i t  i n t o  
t h e  c a l l e d  p a r t y ' s  j a c k  and a p p l i e d  r ing-  
i n g  v o l t a g e  on t h e  r i n g e r  of t h e  c a l l e d  
p a r t y .  A f t e r  t h e  c o n v e r s a t i o n  has  been 
concluded,  bo th  p a r t i e s  would r i n g  o f f ,  
in fo rming  t h e  o p e r a t o r  t h a t  t h e  plugs  
cou ld  be d i sconnec ted .  

2.2.3b P r i v a t e  Automatic Branch Exchange 

The p r i v a t e  a u t o m a t i c  branch 
exchange performs t h e  same end f u n c t i o n  
a s  t h e  o p e r a t o r  a t  t h e  o l d  manual swi tch-  
board. It makes a  connec t ion  between t h e  
phone l i n e  of a  c a l l e r  t o  t h e  l i n e  of t h e  
phone be ing  c a l l e d .  Connect ions  through 
PABX's can  be made u s i n g  e l e c t r o -  
mechanical  d e v i c e s  ( r o t a r y  s w i t c h e s ,  
r e l a y s ,  e t c . )  o r  s o l i d  s t a t e  e l e c t r o n i c  
c i r c u i t s .  

I n  r o t a r y  d i a l  phone system,  t h e  
phone l o o p ,  which i n c l u d e s  t h e  two speech 
w i r e s  and t h e  t e lephone  s e t ,  i s  momentar- 
i l y  i n t e r r u p t e d  by t h e  d i a l  s w i t c h  a s  t h e  
d i a l  runs  down. The number of loop  
i n t e r r u p t i o n  e l e c t r i c a l  p u l s e s  t h u s  gen- 
e r a t e d  cor responds  t o  t h e  number d i a l e d .  
I n  pushbut ton- type phone sys tems ,  t h e  
numer ica l  i n f o r m a t i o n  (each  d i g i t  d i a l e d )  



i s  t r ansmi t t ed  t o  t h e  swi tch ing  equipment 
i n  t h e  form of coded frequency or  vo l tage  
s i g n a l s  . In  e i t h e r  case ,  t h e  PABX 
swi tch ing  equipment must r ece ive  and 
decode t h e  "number d i a l ed"  s i g n a l s  from 
t h e  c a l l i n g  phone t o  determine what phone 
i s  being c a l l e d .  

2 . 2 . 3 ~  Computer-Controlled Switches 

Modern s o l i d  s t a t e  exchanges under 
computer c o n t r o l  can e f f i c i e n t l y  handle 
thousands of phone l i n e s .  In a d d i t i o n  t o  
be ing  f a s t e r  and more r e l i a b l e ,  computer- 
c o n t r o l l e d  equipment occupies only a 
f r a c t i o n  of t h e  space  r equ i r ed  by systems 
u s i n g  mechanical r e l a y s  o r  r o t a r y  
swi tches .  

A l t e r a t i o n s  t o  t he se  systems no 
longe r  r e q u i r e  a l o t  of time and hardware 
s i n c e  t h e  swi tch ing  i s  under c o n t r o l  of a 
computer program. Changes such a s  adding 
phones, d e l e t i n g  phones, changing a phone 
number, e t c . ,  can be made by simply 
changing t h e  program. The computer a l s o  
can  keep t r a c k  of b i l l i n g  func t ions  and 
s p e c i a l  events .  Spec i a l  f e a t u r e s ,  such 
a s  conference c a l l s ,  automatic  c a l l  f o r -  
warding, and abbrev ia ted  d i a l i n g ,  can be 
i nco rpo ra t ed  i n t o  computer-controlled 
exchanges by making changes t o  t h e  com- 
p u t e r  program. 

System maintenance can a l s o  be han- 
d l e d  by computer program. In s t ead  of 
many l a b o r  hours spen t  i n  a t tempt ing  t o  
l o c a t e  and c o r r e c t  a f a u l t ,  t h e  computer 
can  cyc l e  through a l l  p a r t s  of t h e  system 
and l o c a t e  a t r o u b l e  s p o t  w i t h i n  a ma t t e r  
of minutes. Because computer ope ra t i ons  
a r e  very f a s t ,  they can be performing 
maintenance func t ions  even whi le  handl ing  
t h e  swi tch ing  f u n c t i o n  f o r  thousands of 
c a l l s .  

2.3 Radio Systems 

Radio systems do not  depend on a 
w i r e  connect ion between t r a n s m i t t e r  and 
r ece ive r .  There a r e  many types  of sys-  
tems i n  t h i s  category: one-way voice,  
one-way s i g n a l ,  and two-way voice.  I n  
one-way ope ra t i ons ,  t he  t r a n s m i t t e r  sends 
a code o r  vo ice  s i g n a l  t o  t h e  rece iver .  

Two-way voice u t i l i z e s  a device c a l l e d  a 
t r a n s c e i v e r  (combined form of t r a n s m i t t e r  
and r e c e i v e r ) .  

2.3.1 General Radio System Theory 

Voice frequency (VF ) s i g n a l s  could 
be t r ansmi t t ed  d i r e c t l y  from one antenna 
t o  another ;  however, because of t he  low 
f requenc ies  (and t h e r e f o r e  long wave- 
l eng ths )  involved, t h e  antennas r equ i r ed  
would be very la rge .  For t h i s  reason,  VF 
s i g n a l s  a r e  combined wi th  h igher  f r e -  
quency RF ( r a d i o  frequency)  c a r r i e r  s i g -  
n a l s  which can be e f f e c t i v e l y  t r ansmi t t ed  
and received by antennas of reasonable  
s i z e .  The two primary methods of com- 
b in ing  VF s i g n a l s  and RF c a r r i e r s  a r e  
amplitude modulation (AM) and frequency 
modulation (FM). 

2.3.la Amplitude Modulation 

In  amplitude modulation the  he igh t ,  
o r  amplitude, of t h e  RF c a r r i e r  i s  made 
t o  vary wi th  t h e  VF s igna l .  This pr in-  
c i p l e  i s  i l l u s t r a t e d  i n  f i g u r e  2-11. The 
top  waveform shown i n  f i g u r e  2-11 i s  a 
t y p i c a l  VF s igna l .  The middle waveform 
of f i g u r e  2-11 r ep re sen t s  an RF c a r r i e r  
t h a t  w i l l  e a s i l y  propagate between an- 
tennas of convenient s i ze .  The bottom 
waveform shows t h e  r e s u l t  of "amplitude 
modulating" t h e  RF c a r r i e r  wi th  t h e  VF 
s i g n a l .  This s i g n a l  r e t a i n s  t h e  b a s i c  
shape of t h e  o r i g i n a l  VF s i g n a l  but w i l l  
a l s o  e a s i l y  propagate between antennas 
because i t  is  being t r ansmi t t ed  a t  t h e  RF 
c a r r i e r  frequency. The o r i g i n a l  voice 
s i g n a l  i s  regenerated by demodulation 
c i r c u i t s  i n  t h e  r ece ive r .  

2.3. l b  Frequency Modulation 

A vo ice  s i g n a l  may a l s o  be super-  
imposed on a c a r r i e r  frequency through 
t h e  use of frequency modulation tech- 
niques.  I n  FM, t h e  frequency of t h e  RF 
c a r r i e r  i s  made t o  vary a t  t h e  VF s i g n a l  
r a t e .  A s  t he  amplitude of t he  VF s i g n a l  
changes, t h e  frequency of t h e  RF c a r r i e r  
( i n s t e a d  of t h e  ampli tude)  changes. 

Figure 2-12 shows t h e  p r i n c i p l e s  of 
frequency modulation. The voice  s i g n a l  
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FIGURE 2-1 1. - Amplitude modulation (AM). 

i s  shown by t h e  t op  waveform and t h e  RF 
c a r r i e r  by t h e  middle waveform. The bot- 
tom wavgform shows t h e  r e s u l t a n t  
f  requency-modulated RF c a r r i e r .  As  t h e  
vo i ce  s i g n a l  i nc reases  t o  i t s  maximum 
va lue ,  t h e  c a r r i e r  frequency i n c r e a s e s  
( t h e  waves bunch up). As t h e  vo ice  s ig -  
n a l  decreases  t o  i t s  minimum va lue ,  t h e  
c a r r i e r  frequency decreases  ( t h e  wave 
spreads  ou t ) .  The amount of c a r r i e r  f r e -  
quency change i s  r e f e r r e d  t o  a s  frequency 
d e v i a t i o n  o r  c a r r i e r  dev ia t ion .  The 
unmodulated c a r r i e r  frequency i s  r e f e r r e d  
t o  a s  t h e  c e n t e r  frequency. The amount 
of c a r r i e r  d e v i a t i o n  i s  p ropor t i ona l  t o  
t h e  amplitude of t h e  vo ice  s i g n a l ,  w i th  
maximum c a r r i e r  dev i a t i on  occur r ing  a t  
t h e  peaks of t h e  vo ice  s i g n a l .  

FIGURE 2-12. - Frequency modulation (FM). 

FM r e c e i v e r s  a r e  l e s s  s u s c e p t i b l e  t o  
n o i s e  when r ece iv ing  a  s i g n a l  of only 
moderate s t r e n g t h  o r  when t h e  background 
e lec t romagnet ic  (EM) n o i s e  i s  almost a s  
"loud" a s  t h e  s igna l .  This advantage of 
FM over AM can become an important con- 
s i d e r a t i o n  i n  underground mining opera- 
t i o n s  where e l e c t r i c a l  equipment i s  being 
operated and t h e  amount of EM no i se  being 
genera ted  i s  la rge .  

2.3.2 D i s t r i b u t i o n  Systems 

For t h e  most p a r t ,  t he  d i s t r i b u t i o n  
system o r  propagat ing medium f o r  r a d i o  
t ransmiss ion  i s  not  hardwired but t akes  
t h e  form of e lec t romagnet ic  ( r a d i o )  waves 
i n  t h e  a i r .  (Radio waves a t  c e r t a i n  
f requenc ies  w i l l  a l s o  propagate d i r e c t l y  
through t h e  e a r t h . )  Electromagnet ic  
energy ( r a d i o  waves) i n  empty space 
t r a v e l  a t  t h e  speed of l i g h t .  Because 
t h e  speed of any t r a v e l i n g  wave i s  i t s  



wavelength t imes i t s  frequency,  we have a 
formula of propagat ion (f X = speed of 
l i g h t )  where X i s  t h e  wavelength and f  i s  
t h e  frequency . X and f a r e  t hus  
i n v e r s e l y  p ropo r t i ona l  ( a s  f  i n c r e a s e s ,  X 
d e c r e a s e s ) ,  a s  shown i n  f i g u r e  2-13. 
Commonly used u n i t s  a r e  X i n  meters  and f  
i n  h e r t z  (Hz) ( cyc l e s  per  second).  I f  
t h e  wave i s  t r a v e l i n g  through anyth ing  
o t h e r  than  empty space ,  i t s  speed i s  
reduced depending upon t h e  e l e c t r i c a l  
p r o p e r t i e s  of t h e  medium through which i t  
i s  passing.  Radio waves a r e  slowed down 
only s l i g h t l y  by t h e  e a r t h ' s  atmosphere. 
I n  s o l i d  i n s u l a t i n g  m a t e r i a l s  t h e  speed 
i s  g e n e r a l l y  much s lower ;  f o r  example, i n  
d i s t i l l e d  wate r  (which i s  a good insu-  
l a t o r )  t h e  waves t r a v e l  only one-ninth a s  
f a s t  a s  they do i n  f r e e  space.  I n  good 
conductors  such a s  meta l s  t h e  speed i s  s o  
low t h a t  opposing f i e l d s  induced i n  t h e  
conductor  by t h e  wave almost  cance l  t h e  
wave i t s e l f .  This  i s  t h e  reason  why t h i n  
me ta l  enc lo su re s  make good s h i e l d s  f o r  
e l e c t r i c a l  f i e l d s  a t  r a d i o  f requenc ies .  

Usually an antenna i s  a s t r a i g h t  
s e c t i o n  of conductor,  e i t h e r  a wi re  o r  
hollow metal  tub ing ,  which i s  suspended 
i n  space.  When a r a d i o  t r a n s m i t t e r  i s  
connected t o  t h e  antenna,  r a p i d l y  varying 
e l e c t r i c a l  c u r r e n t s  a r e  s e t  up i n  t h e  
antenna. These c u r r e n t s  cause e l e c t r o -  
magnetic waves t o  r a d i a t e  from t h e  
antenna and t r a v e l  through t h e  atmosphere 
o r  o t h e r  surrounding medium. When t h e s e  
waves s t r i k e  another  antenna they induce 
e l e c t r i c a l  c u r r e n t s  i n  i t  s i m i l a r  t o  t h e  
c u r r e n t  f lowing i n  t h e  t r a n s m i t t i n g  
antenna. These c u r r e n t s ,  a l though they 
may be very smal l  i f  t h e  antennas a r e  f a r  
a p a r t  o r  i f  they a r e  t r a n s m i t t i n g  through 
t h e  e a r t h ,  can be ampl i f ied  by e l e c t r o n i c  
c i r c u i t s  ( r e c e i v e r s )  t o  reproduce t h e  
o r i g i n a l  s i g n a l .  The range of r a d i o  d i s -  
t r i b u t i o n  systems can be extended by 
leaky  f e e d e r  cab l e  ( s p e c i a l  c o a x i a l  c a b l e  
designed t o  a l low r a d i o  waves t o  " leak" 
from t h e  cab l e  t o  t h e  surrounding atmos- 
phere and/or  r a d i o  r e p e a t e r  s t a t i o n s .  

2.3.2a.i Half-Wave Dipole Antenna 
2.3.2a Antenna Theory 

I n  normal e l e c t r o n i c  c i r c u i t s  t h e  
p h y s i c a l  s i z e  of a c i r c u i t  i s  smal l  com- 
pared w i th  t h e  wavelength of t h e  f r e -  
quenc ies  being used. When t h i s  i s  t h e  
c a s e ,  most of t h e  e lec t romagnet ic  energy 
s t a y s  i n  t h e  c i r c u i t  i t s e l f  o r  i s  con- 
v e r t e d  i n t o  hea t .  However, when t h e  
p h y s i c a l  dimensions of w i r i ng  o r  compon- 
e n t s  approach t h e  s i z e  of t h e  wavelength 
be ing  used,  some of t h e  energy escapes  by 
r a d i a t i o n  i n  t h e  form of e lec t romagnet ic ,  
o r  r a d i o ,  waves. Antennas can be con- 
s i d e r e d  a s  s p e c i a l  c i r c u i t s  i n t e n t i o n a l l y  
des igned  s o  t h a t  a l a r g e  p a r t  of t h e  
energy i n p u t  t o  t h e  antenna w i l l  be 
r a d i a t e d  a s  e lec t romagnet ic  energy. 

The s t r e n g t h  of t h e  e lec t romagnet ic  
f i e l d  r a d i a t e d  from an  antenna i s  propor- 
t i o n a l  t o  t h e  amount of c u r r e n t  f lowing 
i n  t h e  antenna. It i s ,  t h e r e f o r e ,  d e s i r -  
a b l e  t o  make t h e  c u r r e n t  a s  l a r g e  a s  pos- 
s i b l e .  This  can be accomplished by 
a d j u s t i n g  t h e  l eng th  of t h e  antenna s o  
t h a t  i t  r e sona t e s  a t  t h e  ope ra t i ng  
frequency . 

I f  a s t r a i g h t  w i r e ,  o r  antenna e l e -  
ment, were t o  be suspended i n  space,  t h e  
lowest  freqdency a t  which i t  would 
r e sona t e  has  a wavelength of twice t h e  
l eng th  of t h e  wire .  When used t o  t r a n s -  
m i t  o r  r ece ive  RF energy t h a t  has  a wave- 
l e n g t h  of twice t h e  l e n g t h  of t h e  w i r e ,  
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FIGURE 2-13. - Electromagnetic energy spectrum, 



FIGURE 2-14. - Half-wave antenna, voltage and 

current distr ibut ion. 
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t h e  w i r e  i s  known a s  a h a l f w a v e  antenna. 
The c u r r e n t  and vo l t age  d i s t r i b u t i o n s  
a long  such a w i r e  a r e  shown i n  f i g u r e  2- 
14. Such an antenna,  when connected t o  a 
r e c e i v e r  a s  shown i n  f i g u r e  2-15, i s  
c a l l e d  a d ipo le .  

1 

2.3.2a.i i  Quarter-Wave Antenna 

A 

An an tenna  may a l s o  be a q u a r t e r  
wave i n  l eng th .  This  i s  p o s s i b l e  because 
of i t s  connect ion t o  ground, which e l e c -  
t r i c a l l y  a c t s  a s  t h e  o t h e r  qua r t e r -  
wavelength. Refer  t o  f i g u r e  2-16. The 
ground p lane  r e f l e c t s  t h e  quarter-wave 
an tenna  s o  i t  has  e l e c t r i c a l  cha rac t e r -  
i s t i c s  s i m i l a r  t o  t hose  of a half-wave 
antenna. 

An antenna of t h i s  s o r t  may be 
any odd m u l t i p l e  of a quarter-wavelength: 
1/4A, 3/4X, 5/4X, 7/4X, e t c .  These 
an tennas  a r e  commonly used f o r  low- and 
medium-f requency a p p l i c a t i o n s .  I f  a 
quarter-wave whip antenna i s  i n s t a l l e d  on 
a v e h i c l e ,  t h e  v e h i c l e  becomes t h e  ground 
plane.  A modified quarter-wave antenna 
i s  commonly used f o r  c i t i z e n s '  band (CB) 
r a d i o s  on veh i c l e s .  

CURRE 

- 

GROUND 

FIGURE 2-1 6. - Quarter-wave antenna, 

voltage and current distr ibut ion. 

2.3.2a. i i i  Long-Wire Antenna 

A long-wire antenna is  one t h a t  i s  
long w i th  r e spec t  t o  t h e  wavelength of 
t h e  incoming and outgoing s i g n a l s .  The 
l e n g t h  should be an  i n t e g r a l  number of 
h a l f  -wavelengths (ZX, 2-1/2X, 3X, 3-1/2X, 
e t c . )  t o  r a d i a t e  e f f e c t i v e l y .  A 1/2X 
( d i p o l e  antenna)  i s  s a i d  t o  ope ra t e  
on t h e  fundamental  f requency,  X oper- 
a t e s  on t h e  second harmonic, 1-1/2X 
ope ra t e s  on t h e  t h i r d  harmonic, 2X oper- 
a t e s  on t h e  f o u r t h  harmonic, and s o  
on. 

2 . 3 . 2 a . i ~  Loop Antenna 

Loop antennas can be u t i l i z e d  f o r  
through-the-earth r a d i o  t ransmiss ions  o r  
a s  r ece iv ing  antennas i n  d i r e c t i o n -  
f i n d i n g  systems. These antennas can be 
composed of one o r  more t u r n s  of wi re  on 
a round o r  square  form, o r  t h e  loop can 
be e s t a b l i s h e d  by simply l a y i n g  t h e  w i r e  
i n  a loop on t h e  ground o r  f l o o r  of a 
mine tunne l .  



2.3.2b Leaky Feeder  Systems COAXIAL CABLE 
1 

F i g u r e  2-17 shows a c r o s s - s e c t i o n  
view of a s t a n d a r d  c o a x i a l  c a b l e  and t h e  
l a t e r a l  v a r i a t i o n  of i t s  a s s o c i a t e d  
f i e l d s ,  I n s u c h c a b l e s , t h e b u l k o f t h e  
r a d i o  f requency e l e c t r o m a g n e t i c  energy i s  
t r a n s p o r t e d  down t h e  c a b l e  between t h e  
c e n t e r  conductor  and t h e  s h i e l d ,  How- 
e v e r ,  t h e  s h i e l d s  of most c o a x i a l  c a b l e s  
do n o t  p rov ide  p e r f e c t  containment of t h e  
i n t e r n a l  e l e c t r o m a g n e t i c  f i e l d s  o r  i s o l a -  
t i o n  from e x t e r n a l  f i e l d s ,  A s  shown i n  
f i g u r e  2-17, a s m a l l  f r a c t i o n  of t h e  
c a b l e ' s  i n t e r n a l  f i e l d  i s  l eaked  t o  t h e  
e x t e r n a l  space ,  E x t e r n a l  f i e l d s  a l s o  
l e a k  i n t o  t h e  c a b l e  i n  a s i m i l a r  manner. 

The l e a k y  f e e d e r  system i s  based on 
t h e  u s e  of s e m i f l e x i b l e  c a b l e  w i t h  spe- 
c i a l l y  des igned s h i e l d i n g  t h a t  has  a 
g r e a t e r  coup l ing  t o  t h e  e x t e r n a l  space ,  
T h e r e f o r e ,  t h i s  c a b l e  e a s i l y  l e a k s  r a d i -  
a t e d  s i g n a l s  and s a t u r a t e s  t h e  a r e a  
around t h e  c a b l e  w i t h  t h e s e  s i g n a l s ,  One 
t y p e  of l e a k y  f e e d e r  c a b l e  i s  shown i n  
f i g u r e  2-18, The c a b l e  h a s  a s o l i d  cop- 
p e r  s h i e l d  i n  which h o l e s  have been ma- 
ch ined  t o  i n c r e a s e  t h e  amount of l eakage  
t o  and from e x t e r n a l  space,  I n  l a r g e  
mines ,  r e p e a t e r s  may a l s o  be used t o  
ampl i fy  and r e t r a n s m i t  incoming and ou t -  
g o i n g  s i g n a l s  t o  r o v i n g  miners  c a r r y i n g  
p o r t a b l e  r a d i o s .  The s p a c i n g  of t h e s e  
r e p e a t e r s  a long  t h e  c a b l e  i s  governed 
p r i m a r i l y  by t h e  r e c e i v e r  s e n s i t i v i t y ,  
t h e  l o n g i t u d i n a l  a t t e n u a t i o n  r a t e  of t h e  
c a b l e ,  t h e  coup l ing  l o s s  from t h e  c a b l e  
t o  t h e  p o r t a b l e  u n i t s ,  and t h e  t r a n s -  
m i t t e r  power, S ince  t h e  p o r t a b l e  u n i t ' s  
t r a n s m i t t e r  power i s  g e n e r a l l y  lower t h a n  
t h a t  a v a i l a b l e  f o r  f i x e d  r e p e a t e r  o r  base  
s t a t i o n s ,  t h e  p o r t a b l e  u n i t s  set t h e  cov- 
e r a g e  l i m i t s  f o r  two-way communications. 
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FIGURE 2-17. - Coax ia l  cable, f i e l d  strength. 

2,3,2c,  Waveguide Propaga t ion  

A waveguide i s  a hollow conductor ,  
through which e l e c t r o m a g n e t i c  waves 
( r a d i o  waves) may propagate .  Such a 
waveguide may be made of copper ( t h e  
i d e a l ) ,  o r  o t h e r  m a t e r i a l s ,  such a s  c o a l  
o r  s h a l e  ( n o n i d e a l ) ,  Hence, a mine e n t r y  
i s  a waveguide, I n  o r d e r  f o r  a wave t o  
e f f i c i e n t l y  p ropaga te  i n  a r e c t a n g u l a r  
waveguide (mine e n t r y  o r  haulageway),  t h e  
wavelength must be e q u a l  t o  o r  l e s s  t h a n  
two t imes t h e  g r e a t e r  dimension ( a  o r  b 
of f i g u r e  2-19), Table  2-2 shows t h e  
f requency spectrum d e s i g n a t i o n s  w i t h  
t h e i r  wavelength ranges ,  The dimension 
of "a" t h a t  would be common i n  under- 
ground communications i s  3 mete r s ,  Th i s  
l i m i t s  t h e  lowes t  f requency range of 
s i g n a l s  t h a t  w i l l  e f f e c t i v e l y  p ropaga te  
w i t h i n  mine t u n n e l s  t o  t h e  upper  VHF and 
t h e  UHF range.  A communication d e v i c e  
such a s  a CB r a d i o  has  no a p p l i c a t i o n  
s i n c e  i t  o p e r a t e s  a t  approximately  
27 MHz, a f requency which is  t o o  low, 
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FIGURE 2-18. - Cutaway v iew of leaky feeder cable. 



TABLE 2-2. - Frequency spectrum d e s i g n a t i o n  

Other  f a c t o r s  t h a t  i n f l u e n c e  wave- 
gu ide  p ropaga t ion  a r e  w a l l  t e x t u r e  ( t h e  
smoother t h e  w a l l ,  t h e  b e t t e r  t h e  propa- 
g a t i o n )  and t unne l  s t r a i g h t n e s s ,  and 
e l e c t r i c a l  p r o p e r t i e s  of t h e  r o o f ,  w a l l s ,  
and f l o o r .  

r e p e a t e r s  and f requency t r a n s l a t i o n  
(Fl-F2) r e p e a t e r s .  I n  i t s  s i m p l e s t  form 
a r e p e a t e r  c o n s i s t s  of two b a s i c  e l e -  
ments,  a r e c e i v e r  u n i t  and a t r a n s m i t t e r  
u n i t ,  a s  shown i n  f i g u r e  2-20. 

Wavelength range 
lo6- lo5 m 
lo5- lo4 m 
lo4- lo3  m 
lo3- lo2 m 

100 -10 m 
1 0 - l m  

1 - 0.1 m 
10 - 1 cm 

1 - 0.1 cm 

2.3.2d.i F1-F1 Repeater 

Frequency 
300-3,000 Hz............ 
3-30 kHz................ 
30-300 kHz.............. 
300-3,000 kHz........... 
3,000-30,000 kHz........ 
30-300 MHz.............. 
300-3,000 MHz........... 
3,000-30,000 MHz........ 
30-300 GHz.............. 

Abrev ia t ion  
VF......... 
VLF........ 
LF......... 
MI?......... 
HF......... 
VHF........ 
UHF........ 
SHF........ 
EHF........ 

2.3.2d. Repeaters  

Desc r i p t i on  
Voice frequencies. . . . . . . . . . .  
Very low frequencies . . . . . . . .  
Low frequencies. . . . . . . . . . . . .  
Medium frequencies. . . . . . . . . .  
High frequencies. . . . . . . . . . . .  
Very high f requencies . . . . . . .  
U l t r a  h igh  f requencies . . . . . .  
Super h igh  f requencies . . . . . .  
Extremely high f requenc ies . .  

Two g e n e r a l  t ypes  of r e p e a t e r s  w i l l  
be cons idered  f o r  a p p l i c a t i o n  i n  t h e  mine 
environment : Single-f  requency (Fl-F1 ) 

COPPER WALLS (IDEAL) 

FIGURE 2-19. - Waveguides. 

Single-frequency r e p e a t e r s  a r e  used 
i n  most wired systems such a s  c o a x i a l  
systems where t h e  t r an smi s s ion  energy i s  
conf ined  w i t h i n  t h e  coax. These r epea t -  
e r s  f u n c t i o n  a s  s i g n a l  a m p l i f i e r s .  The 
a t t e n u a t e d  i npu t  s i g n a l  i s  d e t e c t e d ,  
amp l i f i ed ,  and r e t r a n s m i t t e d .  Since t h e  
s i g n a l s  a r e  conf ined  t o  a s e p a r a t e  coax, 
i s o l a t i o n  between t r a n s m i t t e r  and 
r e c e i v e r  i s  mainta ined.  

Single-frequency r e p e a t e r s  a r e  a l s o  
used i n  some w i r e l e s s  r e p e a t e r  systems,  
bu t  extreme cau t i on  must be used 
t o  prevent  feedback between r e p e a t e r  
t r a n s m i t t e r  and r e c e i v e r .  I s o l a t i o n  must 
be mainta ined between t h e  t r a n s m i t t e r  
ou tpu t  and r e c e i v e r  i n p u t  t o  p reven t  t h e  
t r a n s m i t t e d  s i g n a l  from being rece ived  
and amp l i f i ed  by t h e  same u n i t .  Th is  

RECEIVE TRANSMIT 
ANTENNA ANTENNA 
OR COAX OR COAX 

RECEIVER TRANS - MITTER 

FIGURE 2-20. - Bas ic  repeater b lock diagram. 



feedback can cause an o s c i l l a t i o n  o r  
squea l ing  problem very s i m i l a r  t o  t h a t  
caused by p l ac ing  a microphone i n  f r o n t  
of  i t s  own speaker.  D i r ec t i ona l  antennas 
can be used t o  minimize t h i s  feedback 
problem; however, t h e  use  of high-gain 
d i r e c t i o n a l  antennas is  not considered 
p r a c t i c a l  i n  t h e  mine environment owing 
t o  i n s t a l l a t i o n  problems and t h e i r  sus-  
c e p t i b i l i t y  t o  mechanical damage. 

Another method of overcoming t h e s e  
problems is  t o  use  s p e c i a l  r e p e a t e r s  t h a t  
do not  depend on d i r e c t i o n a l  antennas.  
I n  gene ra l  terms, these  u n i t s  func t ion  
by s e p a r a t i n g  t h e  t ransmi t  and r ece ive  
s i g n a l s  w i th  time d i v i s i o n  mult iplex-  
ing .  The r e p e a t e r s  t ransmi t  pu l se s  
of RF energy and r ece ive  between t h e s e  
pu lses .  I n  t h i s  type  of system a l l  re- 
p e a t e r s  must be phase-locked wi th  each 
o t h e r  t o  synchronize t h e  t i m e  d i v i s i o n  
process .  

2.3.2d.ii F1-F2 Repeater 

F1-F2 r e p e a t e r s  r ece ive  s i g n a l s  from 
a po r t ab l e  u n i t  on one frequency (F l )  and 
r e t r ansmi t  t he se  s i g n a l s  on another  f r e -  
quency (F2) t o  another  po r t ab l e  u n i t .  
The mobile r ad ios  t ransmi t  on F1 and 
r e c e i v e  on F2. I n  t h i s  mode, a l l  i n f o r -  
mation goes t o  t h e  r e p e a t e r s ,  then back 
t o  t h e  po r t ab l e  u n i t s .  Some p o r t a b l e  
u n i t s  a r e  a l s o  capable of t r a n s m i t t i n g  on 
F2 and, t h e r e f o r e ,  a r e  a b l e  t o  t a l k  t o  
one another  without t h e  r e p e a t e r s  on a 
l o c a l  simplex bas i s .  With t he se  systems, 
t h e  r ece ive  and t ransmi t  antennas a t  t h e  
r e p e a t e r  a r e  o f t e n  covering t h e  same 
gene ra l  frequency bands and they can be 
combined s o  t h a t  only one antenna is  
requi red .  

Thus f a r ,  r epea t e r s  have been d i s -  
cussed only a s  a means t o  permit communi- 
c a t i o n  over g r e a t e r  d i s t a n c e s  than would 
be p o s s i b l e  u s ing  d i r e c t  t ransmiss ion  
between p o r t a b l e  rad ios .  However, t h e  
audio  l i n k  between t h e  t r a n s m i t t e r  and 
r e c e i v e r  i n  t h e  r epea t e r s  a l lows r ad io  
acces s  t o  and from o t h e r  types  of audio 
c i r c u i t s ,  such a s  s p e c i a l i z e d  paging con- 
s o l e s  o r  t h e  telephone system. 

One poss ib le  system conf igu ra t i on  
which inc ludes  both a te lephone l i n k  and 
ta lk- through c a p a b i l i t y  is  shown i n  
f i g u r e  2-21. This con f igu ra t i on  al lows 
f o r  two modes of communications: F1-F2 
would be used f o r  a l o c a l  mode, t h a t  is ,  
miner t o  miner w i th in  t h e  working s e c t i o n  
through the  r epea t e r ;  and t h e  second mode 
could support  communications between a 
miner l oca t ed  i n  a working s e c t i o n  wi th  
a second miner l oca t ed  somewhere e l s e  i n  
t h e  mine. The audio l i n k  ( f i g .  2-21) 
between t h e  r ece ive r  and t r a n s m i t t e r  of a 
r e p e a t e r  can be used t o  customize repea t -  
e r s  t o  f i t  a v a r i e t y  of app l i ca t i ons .  An 
audio w i r e l i n e  can a l s o  be used t o  l i n k  
a number of r epea t e r s  t oge the r  t o  pro- 
v ide  complete r ad io  coverage of t h e  mine 
on a p a r t y  l i n e  b a s i s  a s  shown i n  
f i g u r e  2-22. 

2.3.3 Through-the-Earth Radio 

VF (0.3- t o  3-kHz) r a d i o  waves w i l l  
p e n a t r a t e ,  t o  some e x t e n t ,  d i r e c t l y  
through t h e  e a r t h .  Although s i g n a l  
s t r e n g t h  is g r e a t l y  a t t e n u a t e d ,  exper i -  
ments have shown t h a t  up t o  1,000 f e e t  
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FIGURE 2-21. - Repeater linked to telephone system. 
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REPEATER LT-' 
FIGURE 2-22, - Minewide repeater system linked by 

audio pair, 

(305 m e t e r s )  of overburden may be 
p e n e t r a t e d .  

The t r a n s m i t t e r  may be a  s imple  gen- 
e r a t o r  w i t h  a  l o o p  o r  grounded w i r e  
antenna.  The r e c e i v e r  may be a  loop  an- 
t e n n a  connected t o  a  power a m p l i f i e r  w i t h  
a  s e t  of earphones  o r  a  meter.  When t h e  
t r a n s m i t t e r  i s  a c t i v a t e d ,  i t  s e t s  up a  
magne t ic  f i e l d  d i r e c t l y  through t h e  e a r t h  
( t h e  overburden) .  

These c h a r a c t e r i s t i c s  of through- 
t h e - e a r t h  r a d i o  can  be u t i l i z e d  i n  emer- 
gency s i t u a t i o n s  t o  d e t e c t ,  l o c a t e ,  and 
even  communicate w i t h  miners  t r apped  
underground. Once t h e  p o s i t i o n  of a n  
underground t r a n s m i t t i n g  an tenna  h a s  been 
determined u s i n g  d i r e c t i o n - f i n d i n g  t ech-  
n i q u e s ,  a  loop  an tenna  can  be p o s i t i o n e d  
on  t h e  s u r f a c e  d i r e c t l y  above t h e  under- 
ground p o s i t i o n .  The t rapped  miner has  a  
method of p u l s i n g  h i s  t r a n s m i t t e r  o f f  and 
on,  such t h a t  a  coded message may be s e n t  
t o  t h e  s u r f a c e .  A high-power t r a n s m i t t e r  
a t t a c h e d  t o  t h e  s u r f a c e  loop  may a l s o  be 
u t i l i z e d  t o  e s t a b l i s h  down-link v o i c e  
communications w i t h  t h e  underground 
l o c a t i o n .  

2.3.4 Radio Pagers  

Radio pagers  a r e  u s u a l l y  s m a l l  FM 
r a d i o  r e c e i v e r s .  The s i m p l e s t  type  of 
r a d i o  pager  i s  a  one-way s i g n a l  d e t e c t o r  
o r  "beeper." These d e v i c e s  emit  an  audi-  
b l e  t o n e  and /or  b l i n k  a  s m a l l  l i g h t  on 
and o f f .  The miner must t h e n  go t o  t h e  
n e a r e s t  phone t o  r e c e i v e  t h e  message. 

Another t y p e  of r a d i o  pager  i s  a  
one-way v o i c e  pager.  These d e v i c e s  a r e  
s i m i l a r  t o  t h e  s imple  beeper-type pagers  
e x c e p t  t h a t  t h e  c a l l e r  can d e l i v e r  a  
s h o r t  v e r b a l  message t o  t h e  person being 
paged. A common t y p e  of one-way v o i c e  
pager  sounds a  t o n e  t o  a l e r t  t h e  miner 
t h a t  a  message w i l l  f o l l o w ,  and t h e n  
b r o a d c a s t s  t h e  v e r b a l  message. A d i sad-  
van tage  of t h e s e  pagers  i s  t h a t ,  a l though  
i t  i s  p o s s i b l e  t o  t r a n s m i t  i n s t r u c t i o n s ,  
such  a s  " t u r n  o f f  t h e  power t o  number 4  
l e f t , "  i t  i s  n o t  p o s s i b l e  f o r  t h e  c a l l e r  
t o  know f o r  s u r e  t h a t  t h e  i n s t r u c t i o n  was 
even r e c e i v e d ,  l e t  a lone  c a r r i e d  ou t .  
For t h i s  r eason ,  one-way v o i c e  pagers  
shou ld  n o t  be used t o  i n s t r u c t  pe rsonne l  
t o  perform s p e c i f i c  t a s k s  t h a t  may a f f e c t  
s a f e t y .  

Some one-way v o i c e ,  and even beeper ,  
pager  systems a l low t h e  c a l l e r  t o  s e l e c -  
t i v e l y  page a  s p e c i f i c  s e c t i o n  o r  an  
i n d i v i d u a l  miner. The h e a r t  of t h e s e  
systems i s  a n  encoder ,  which t r a n s l a t e s  
t h e  number of each  pocket pager  t o  a  spe- 
c i f i c  f requency o r  code t h a t  a c t i v a t e s  
only  t h e  d e s i g n a t e d  pager.  

2.4 C a r r i e r  Cur ren t  Systems 

Any underground w i r e  o r  c a b l e ,  when 
f e d  a n  RF s i g n a l ,  t ends  t o  d i s t r i b u t e  
t h a t  s i g n a l  throughout  i t s  l e n g t h .  Car- 
r i e r  c u r r e n t  systems u t i l i z e  t h i s  f a c t  t o  
e s t a b l i s h  communication p a t h s  u s i n g  
e x i s t i n g  mine wi r ing .  The w i r e  used may 
be a c  o r  dc  power l i n e s ,  n e u t r a l  l i n e s  
such  a s  t h e  h o i s t  rope,  e x i s t i n g  phone 
l i n e s ,  o r  o t h e r  wi r ing .  

C a r r i e r  c u r r e n t  d e v i c e s  a r e  bas ic -  
a l l y  FM r a d i o  t r a n s c e i v e r s  t h a t  t r a n s m i t  



and r ece ive  over  e x i s t i n g  mine w i r ing  
i n s t e a d  of u s ing  an  antenna system. The 
LF (low-f requency) and MF (medium- 
frequency)  KP ranges propagate bes t  i n  
c a r r i e r  c u r r e n t  systems. A common exam- 
p l e  of a  c a r r i e r  c u r r e n t  system i s  t h e  
t r o l l e y  c a r r i e r  phone systems p re sen t ly  
used i n  many mines u s ing  t r o l l e y  o r  r a i l  
haulage. Another example i s  t h e  s h a f t  
communication systems t h a t  u t i l i z e  t h e  
h o i s t  rope i t s e l f  t o  e s t a b l i s h  communica- 
t i o n s  t o  and from t h e  cage. The most 
modern system, based on MF, promises t o  
be t h e  most e f f e c t i v e  of a l l .  

2.4.1 Tro l l ey  C a r r i e r  Phone 

A s i m p l i f i e d  block diagram of a  
t y p i c a l  t r o l l e y  c a r r i e r  phone is  shown i n  
f i g u r e  2-23. As  mentioned e a r l i e r ,  t h e  
b a s i c  elements of any c a r r i e r  cur- 
r e n t  phone a r e  t h e  FM rece ive r  and 
t r a n s m i t t e r .  

I n  a  t r o l l e y  c a r r i e r  cu r r en t  phone 
system, t h e  r e c e i v e r  and t r a n s m i t t e r  a r e  
connected t o  t h e  t r o l l e y  w i r e  through a  
coupler  capac i to r ,  The coupler  c a p a c i t o r  
a c t s  a s  a  s h o r t  c i r c u i t  a t  t h e  frequency 
of t h e  FM vo ice  s i g n a l s ,  but a s  an open 
c i r c u i t  t o  t h e  t r o l l e y  wi re  dc power 
vo l tage .  The high vo l t age  l e v e l s  on t h e  
t r o l l e y  w i r e  a r e  t hus  blocked from en te r -  
i n g  t h e  r e c e i v e r  and t r a n s m i t t e r  s e c t i o n s  
of  t h e  c a r r i e r  phone, while  t h e  FM vo ice  
s i g n a l s  pass  f r e e l y  through t h e  coupler  
capac i to r .  

MICROPHONE WITH 
PUSH-TO-TALK 
SWITCH 

FIGURE 2-23. - Trolley carrier phone, block 
diagram. 
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The FM t r a n s c e i v e r  shown i n  
f i g u r e  2-23 con ta in s  a  power supply t h a t  
conve r t s  t r o l l e y  wi re  high vol tage  down 
t o  low vo l t age  l e v e l s  t o  provide power t o  
t h e  c a r r i e r  phone c i r c u i t s .  The power 
supply may a l s o  con ta in  a  b a t t e r y  f o r  
backup power i n  case  power on t h e  t r o l l e y  
w i r e  i s  l o s t .  Such a  system ope ra t e s  
i n  t h e  push-to-talk,  r e l ea se - to - l i s t en  
mode. 

2.4.2 Hoist  Rope Radio 

F igure  2-24 shows a block diagram of 
a  h o i s t  rope c a r r i e r  c u r r e n t  system. The 
system c o n s i s t s  of two s i g n a l  coup le r s  
and two t r ansce ive r s .  Each u n i t  is  

COUPLER C&BLI <.,UPLEPl 

FIGURE 2-24. - Hoist radio hardware. 

of t he  push-to-talk, r e l ea se - to - l i s t en  
design. During t ransmiss ion ,  t h e  sending 
u n i t  f eeds  i t s  coupler  wi th  a  frequency- 
modulated (FM) c a r r i e r .  The coupler  
induces a  s i g n a l  i n  t h e  h o i s t  rope, which 
i s  then  picked up by t h e  coupler  of t h e  
second un i t .  Both couplers  a r e  e l ec -  
t r i c a l l y  i d e n t i c a l ,  and each ope ra t e s  
both a s  a  t r ansmi t t i ng  and a s  a  r ece iv ing  
element. Operation of t h e  h o i s t  r a d i o  i s  
t h e  same a s  f o r  a  t r o l l e y  c a r r i e r  phone, 
except  t h a t  t h e  h o i s t  r ad io  s i g n a l  i s  
induc t ive ly  coupled t o  t h e  propagat ion 
medium ( h o i s t  rope). Some h o i s t  phones 



a r e  simply modified t r o l l e y  c a r r i e r  
phones. Other h o i s t  phone systems have 
been s p e c i f i c a l l y  designed f o r  ope ra t i on  
i n  a v e r t i c a l  s h a f t  and u sua l l y  provide 
b e t t e r  coverage. 

The t r a n s c e i v e r s  of t h e  h o i s t  room 
and cage a r e  i d e n t i c a l ,  except  f o r  t h e  
b a t t e r y  r equ i r ed  i n  t h e  cage. The h o i s t  
room power supply provides  t h e  power f o r  
t h e  s u r f a c e  equipment. Sur face  equipment 
a l s o  may inc lude  a boom-type microphone 
and a f oot-actuated push-to-talk swi tch  
t o  f a c i l i t a t e  hands-free opera t ion .  

2.4.3 Medium Frequency (MF) Radio 

Although r a d i o  t r ansmis s ion  on 
t h e  s u r f a c e  of t h e  e a r t h  i s  w e l l  under- 
s t ood ,  t r ansmis s ion  i n  an  underground 
environment gene ra l l y  is  not.  Complex 
i n t e r a c t i o n s  occur  between t h e  r a d i o  wave 
and t h e  environment. C h a r a c t e r i s t i c s  of 
t h e  geology ( s t r a t i f i e d  l a y e r i n g ,  bound- 
a r y  e f f e c t s ,  conduc t iv i t y ,  e t c . )  and t h e  
mine complex ( e n t r y  dimension, conduc- 
t o r s ,  e l ec t romagne t i c  i n t e r f e r e n c e s ,  
e t c . )  had t o  be measured and understood 
be fo re  a p r a c t i c a l  mine r a d i o  system 
could be b u i l t .  To t h i s  end, consider-  
a b l e  r e sea rch  has  been d i r e c t e d .  

I n  a confined a r e a  such a s  a mine, 
r a d i o  waves can propagate  u s e f u l  d i s -  
t a n c e s  only i f  t h e  environment has t h e  
necessary  e l e c t r i c a l  and p h y s i c a l  proper-  
t i e s .  The "environment" t a k e s  i n t o  
account  t h e  n a t u r a l  geology and manmade 
p e r t u r b a t i o n s  such a s  t h e  mine complex 
i t s e l f .  As  an  example, i f  t h e  wavelength 
( A )  of a r a d i o  wave i s  sma l l  compared 
w i t h  t h e  e n t r y  dimensions,  a waveguide 
mode of p ropaga t ion  i s  pos s ib l e .  Attenu- 
a t i o n  depends p r imar i l y  upon t h e  p h y s i c a l  
p r o p e r t i e s  of t h e  e n t r y  such a s  c ross -  
s e c t i o n a l  a r ea ,  w a l l  roughness,  e n t r y  
t i l t s ,  and o b s t a c l e s  i n  t h e  propaga t ion  
path.  Secondary e f f e c t s  such a s  t h e  
d i e l e c t r i c  cons t an t s  and e a r t h  conduc- 
t i v i t y  a l s o  i n f l uence  a t t e n u a t i o n .  

Mine r a d i o  systems based upon t h i s  
e f f e c t  a r e  a v a i l a b l e  commercially. These 
a r e  UHF systems ope ra t i ng  around 450 MHz 
which provide u s e f u l  but  l i m i t e d  cover- 
age. I n  high c o a l  (6.5 f e e t ) ,  l i n e -  
o f - s igh t  ranges  of 1,000 f e e t  a r e  o f t e n  
pos s ib l e .  Range i s  reduced s eve re ly  i n  
non-line-of - s i gh t ,  such a s  when going 
around a c o a l  p i l l a r .  I n  lower coa l ,  o r  
when o b s t a c l e s  e x i s t  i n  t h e  propagat ion 
pa th ,  range i s  reduced even more. For 
t h i s  reason,  convent iona l  UHF r a d i o  sys -  
tems r e q u i r e  an  ex t ens ive  network of 
l eaky  f e e d e r  t ransmiss ion  cab l e s  and 
r e p e a t e r s  t o  become use fu l .  Even so ,  
range from t h e  cab l e  i s  no t  u s u a l l y  i n  
excess  of 30 t o  50 f e e t ,  and equipment 
c o s t  i s  very high. C lea r ly  another  
approach is  d e s i r a b l e .  

An important  c o n t r i b u t i o n  t o  under- 
ground r a d i o  communications was made by 
t h e  Chamber of Mines of South Afr ica .  As 
e a r l y  a s  1948, programs were i n  p l ace  t o  
develop r a d i o  systems f o r  deep mines, 
p r imar i l y  gold mines. The r e s u l t  was 
t h a t  by 1973, an advanced 1-watt s i n g l e  
s ideband (SSB) p o r t a b l e  r a d i o  system had 
been developed t h a t  apparen t ly  worked 
w e l l .  The Bureau of Mines procured sev- 
e r a l  of t h e s e  u n i t s  f o r  eva lua t ion .  Per- 
f ormance i n  U.S. c o a l  mines was no t  s a t -  
i s f a c t o r y .  There were s e v e r a l  reasons 
f o r  t h i s .  F i r s t ,  U.S. mines a r e  h igh ly  
e l e c t r i f i e d ,  producing cons ide rab l e  e l e c -  
t romagnet ic  i n t e r f e r e n c e  (EMI) no t  nor- 
mally found i n  t h e  South Afr ican  mines, 
which completely d e s e n s i t i z e d  SSB r ad io s .  
Second, 1 wa t t  was not  enough power. 
U.S. mines a r e  mostly room and p i l l a r ,  
which means t h a t  any r a d i o  system would 
have t o  have reasonable  range from l o c a l  
conductors.  Third,  geo log i ca l  e l e c t r i c a l  
parameters  were l e s s  f avo rab l e  i n  t h e  
United S t a t e s .  For t h e s e  reasons,  t h e  
South Af r i can  system was no t  accep tab le .  

The Bureau's approach was t o  f i r s t  
determine t h e  a c t u a l  propagat ion charac- 
t e r i s t i c s  of MF i n  U.S. mines, and then  



t o  r e l a t e  t h e  propagat ion t o  t he  under- 
ground environment such a s  t h e  geology, 
e n t r y  s i z e ,  e x i s t i n g  conductors ,  and EMI. 
Seve ra l  exhaus t ive  in-mine measurement 
and a n a l y s i s  programs were conducted. 
These programs formed t h e  foundat ion f o r  
t h e  f i r s t  t r u e  understanding of how MF 
propagates  i n  a s t r a t i f i e d  medium of var- 
i o u s  e l e c t r i c a l  parameters ,  which a r e  
o f t e n  i n t e r l a c e d  by manmade conducting 
s t r u c t u r e s  ( r a i l s  and power l i n e s )  and 
a r t i f i c i a l  voids  (entryways).  

F igure  2-25 is  a s i m p l i f i e d  geometry 
of an in-mine s i t e  t h a t  i l l u s t r a t e s  one 
of  t h e  most important  f ind ings  of t h e  
measurement program, t h e  "coa l  seam 
mode." For t h i s  mode t o  e x i s t ,  t h e  c o a l  
seam conduc t iv i t y  (a,) must be s e v e r a l  
o r d e r s  of magnitude less than t h a t  of t h e  
rock a .  A loop antenna t h a t  i s  a t  
l e a s t  p a r t i a l l y  v e r t i c a l l y  o r i en t ed  pro- 
duces a v e r t i c a l  e l e c t r i c  f i e l d  (E,) and 
a h o r i z o n t a l  magnetic f i e l d  (H9). In  t h e  
rock,  t h e  f i e l d s  diminish exponent ia l ly  
i n  t h e  Z-direction. I n  t h e  coa l  seam, 
t h e  f i e l d s  d imin ish  exponent ia l ly  a t  a 
r a t e  determined by t h e  a t t e n u a t i o n  con- 
s t a n t  (a), which i n  t u r n  depends upon t h e  
e l e c t r i c a l  p r o p e r t i e s  of t h e  coal .  An 
i n v e r s e  square-root  f a c t o r  a l s o  e x i s t s  
because of spreading.  The e f f e c t  is t h a t  
t h e  wave propagates  between the  h igh ly  
conduct ing rock l a y e r s  bounding t h e  lower 
conduc t iv i t y  c o a l  seam. The f a c t  t h a t  
t h e  c o a l  may have e n t r i e s  and c r o s s c u t s  
i s  of minor consequence. 

I n  t h e  presence of conductors ,  t h e  
p i c t u r e  changes considerably.  I n  t h i s  
case, t h e  e f f e c t s  of t h e s e  conductors can 
t o t a l l y  dominate t he  e f f e c t s  of t h e  ge- 
ology. I n  gene ra l ,  t h e  presence of con- 
d u c t o r s  ( r a i l s ,  t r o l l e y  l i n e s ,  water 
p i p e s ,  a i r  l i n e s ,  phone l i n e s )  is  always 
of advantage. 

MF can couple i n t o ,  and r e r a d i a t e  
from, cont inuous conductors i n  such a way 
t h a t  t h e s e  conductors become no t  only t h e  
t r ansmis s ion  l i n e s ,  but  a l s o  t h e  antenna 
system, f o r  t h e  s i g n a l s .  The most favor- 
a b l e  frequency depends t o  some ex t en t  on 
t h e  r e l a t i o n s h i p  between t h e  geology and 
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FIGURE 2-25. - The coal seam mode. 
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FIGURE 2-26. - Global repeater concept. 

e x i s t i n g  conductors.  The frequency 
e f f e c t s  a r e  q u i t e  broad. Anything from 
400 kHz t o  800 kHz w i l l  u sua l ly  be 
adequate. 

The MF system descr ibed  here  is 
based upon veh icu l a r  and personnel  
t r a n s c e i v e r  u n i t s ,  base s t a t i o n s ,  and 
r epea t e r s .  It a p p l i e s  p r i o r  fundamental 
r e sea rch  i n  t h e  a r e a  of MF and u t i l i z e s  
t h e  e x i s t i n g  mine wir ing network (power 
cab l e s ,  t r o l l e y  l i n e ,  e t c . )  t o  achieve 
whole-mine coverage. The b a s i c  system 
conf igu ra t i on  is  shown i n  f i g u r e s  2-26 
and 2-27. 

Figure 2-26 i l l u s t r a t e s  a minewide 
repeater-base s t a t i o n  concept known a s  
t h e  g loba l  maintenance net .  I n  t h i s  con- 
f i g u r a t i o n ,  mobile u n i t s  (persons us ing  
t r a n s c e i v e r  v e s t s  and/or veh i cu l a r  t r ans -  
c e i v e r s )  can maintain l o c a l  communica- 
t i o n s  by opera t ing  a t  frequency f l .  The 
range of communications i n  t h i s  case is  
s o l e l y  dependent on point-to-point r a d i o  



propagat ion,  a ided  by p a r a s i t i c  coupling. 
A t ransmiss ion  on f p  causes r epea t e r  
a c t i o n  t o  occur ,  permi t t ing  the  two mo- 
b i l e  u n i t s  t o  be separa ted  very l a r g e  
d i s t ances .  To achieve t h i s  r epea t e r  
a c t i o n ,  it is only necessary f o r  t h e  
t r a n s m i t t i n g  u n i t  t o  reach  the  r e p e a t e r ,  
e i t h e r  d i r e c t l y  o r  by p a r a s i t i c  e f f e c t s  
t o  t h e  r e p e a t e r  l i n e  coupler.  C o m n i c a -  
t i o n s  wi th  a base s t a t i o n  a r e  a l s o  
poss ib le .  

F igure  2-27 i l l u s t r a t e s  a l o c a l  
r e p e a t e r  concept c o n s t i t u t i n g  a l o c a l  
c e l l u l a r  net .  This  l o c a l  r epea t e r  is  
known a s  a " c e l l u l a r  r epea t e r "  because i t  
i l l u m i n a t e s  a " c e l l "  o r  a r e a  of t h e  mine, 
such as a working s e c t i o n ,  only. The 
antenna f o r  t h e  c e l l u l a r  r epea t e r  is a 
dua l  wi re  loop a t t ached  t o  t imbers o r  
t h e  r i b .  An i n t e r f a c e  t o  t h e  mine t e l e -  
phone system permits  communications "off 
sec t ion .  " 

The system des ign  is d i s t r i b u t e d  i n  
t h e  sense t h a t  each n e t  can be opera ted  
independent ly of t h e  o ther .  I n  p r a c t i c e ,  
a n e t  can be e a s i l y  i n s t a l l e d  by coupling 
a base s t a t i o n  ( a t  t h e  p o r t a l )  t o  e lec-  
t r i c a l  conductors i n  t h e  wire  p l a n t  
(phone l i n e s ,  power l i n e s ,  e tc . ) .  Mobile 
t r a n s c e i v e r s  ope ra t ing  on t h e  assigned 
n e t  frequency communicate wi th  each o t h e r  
and t h e  base. Other n e t s  use d i f f e r e n t  
f requencies  and a r e  i n s t a l l e d  i n  t h e  same 
way. 

Two types of mobile t r a n s c e i v e r s  
have been developed f o r  t h e  system. 
These t r a n s c e i v e r s  c o n s i s t  of v e s t  u n i t s  
f o r  i nd iv idua l s  and veh icu la r  u n i t s  f o r  
r o l l i n g  s tock.  Funct iona l ly  t h e  two a r e  
equ iva l en t ,  d i f f e r i n g  only i n  power lev- 
els and phys i ca l  conf igura t ion .  These 
t r a n s c e i v e r s  a r e  shown i n  f i g u r e s  2-28 
and 2-29. 

An important human f a c t o r  problem 
w a s  solved by t h e  v e s t  design. By plac- 
i n g  t h e  r a d i o  c i r c u i t  modules i n  pockets 
on t h e  v e s t ,  t h e  weight and bulk of t h e  
t r a n s c e i v e r  have been evenly d i s t r i b u t e d .  
The loop antenna is sewn i n t o  t h e  back of 
t h e  ves t .  The pockets  a r e  l oca t ed  where 
medical records show l e s s  frequency of 
i n j u r y .  Sound is d i r e c t e d  toward the  
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FIGURE 2-27. - C e l l u l a r  repeater concept.  

FIGURE 2-28. - V e s t  t ransce iver .  



FIGURE 2-29. - Vehicular transceiver, 

e a r s  from epau le t  speakers.  A hinged 
c o n t r o l  head i s  convenient ly loca ted  on 
t h e  f ron t .  The des ign  al lows t h e  miners 
t o  maneuver i n  t i g h t  q u a r t e r s  and perform 
normal mining t a s k s  without  ca tch ing  t h e  
r a d i o  on obs t ruc t ions .  

The veh icu la r  u n i t  can be conveni- 
e n t l y  placed on any mine vehicle .  It is 
used i n  conjunct ion wi th  a s p e c i a l  loop 
antenna of advanced des ign  t h a t  produces 
h igh  magnetic moment. Mechanically, t h e  
antenna i s  enclosed i n  high s t r e n g t h  
l exan  and i s  a t t ached  t o  t h e  veh ic l e  v i a  
s p e c i a l  brackets .  The lexan w i l l  no t  
break  even i f  severe ly  f lexed  by impact. 

Besides t h e  mobile t r a n s c e i v e r s  d i s -  
cussed above, t h e  system a l s o  c o n s i s t s  
of f ixed  t r a n s c e i v e r s  such as r e p e a t e r s  

and base s t a t i o n s .  (See f i g u r e s  2-26 and 
2-27.) For proper system ope ra t ion  it 
i s  necessary t h a t  t hese  f ixed  t r ans -  
c e i v e r s  have very e f f i c i e n t  antennas so  
t h a t  t he  l o c a l  wire p l an t  can be prop- 
e r l y  i l luminated  and s i g n a l s  on t h e  wire  
p l a n t  a r e  properly received.  This 
e f f i c i e n c y  is paramount f o r  whole-mine 
coverage. 

The c e l l u l a r  r e p e a t e r s  use  dual-loop 
antennas ( f o r  t ransmi t  and r ece ive r )  
a t t ached  t o  t h e  r i b  o r  pos ts  i n  such a 
way t h a t  t h e r e  is l i t t l e  danger of damage 
i n  normal mine a c t i v i t i e s .  The t r ans -  
m i t  antenna produces a l a r g e  magnetic 
moment t h a t  provides t he  s i g n a l  f o r  l o c a l  
c e l l u l a r  coverage, which is  usua l ly  aided 
by p a r a s i t i c  coupling and r e r a d i a t i o n  
e f f e c t s .  The rece ive  antenna is  s imi l a r .  



The g l o b a l  r e p e a t e r  and b a s e  s t a t i o n  
u s e  a  newly designed KF l i n e  c o u p l e r  ( s e e  
f i g .  2-30) t h a t  p e r m i t s  very e f f i c i e n t  
coup l ing  t o  t h e  mine w i r e  p l a n t .  L ike  a  
c u r r e n t  p robe ,  t h e  c o u p l e r  can  be e a s i l y  
clamped around l o c a l  conductors .  MI? 
s i g n a l  c u r r e n t  f lowing  through t h e  
w i r e  p l a n t  conduc tors  produces  a  c o u p l e r  
o u t p u t  s i g n a l  (Vo),  which i s  a p p l i e d  
t o  t h e  i n p u t  of t h e  base  s t a t i o n  o r  
r e p e a t e r .  

The base  s t a t i o n  i s  i n t e n d e d  t o  be 
p l a c e d  where mine management f i n d s  i t  
most advantageous ,  u s u a l l y  i n  t h e  s u r f a c e  
o f f i c e  complex o r  w i t h  t h e  d i s p a t c h e r .  
I f  d e s i r e d ,  t h e  base  s t a t i o n  can be 
c o n t r o l l e d  remotely  v i a  s i g n a l  l i n e s  t h a t  
a l l o w  t h e  c o n t r o l  c o n s o l e  t o  be p l a c e d  i n  
a  s u r f a c e  b u i l d i n g  f o r  convenience,  w h i l e  
t h e  a c t u a l  b a s e  t r a n s c e i v e r  i s  placed i n  
t h e  mine where i t  can more e f f i c i e n t l y  
coup le  i n t o  t h e  l o c a l  wi r ing .  Both t h e  
g l o b a l  r e p e a t e r  and t h e  base  s t a t i o n  u t i -  
l i z e  t h e  RF l i n e  coup le r  f o r  maxi- 
mum e f f i c i e n c y .  The c e l l u l a r  r e p e a t e r  
i s  g e n e r a l l y  l o c a t e d  i n  a  working sec-  
t i o n .  It e n a b l e s  t h e  v e s t  t o  o p e r a t e  a s  
a  mobile pager  t e lephone  by s w i t c h i n g  
v o i c e  s i g n a l s  between t h e  l o c a l  pager  
t e lephone  network and t h e  v e s t .  Vehic- 
u l a r  r a d i o s  can a l s o  o p e r a t e  i n  t h i s  
mode. 

The system was developed around a n  
i n t e r c h a n g e a b l e  s e t  of p lug- in  r a d i o  c i r -  
c u i t  modules. The same r e c e i v e r ,  synthe-  
s i z e r ,  and t r a n s m i t t e r  modules a r e  used  
i n  t h e  v e h i c u l a r  t r a n s c e i v e r ,  b a s e  s t a -  
t i o n ,  and r e p e a t e r s .  S e r v i c i n g  t h e  
equipment only  r e q u i r e s  t r o u b l e s h o o t i n g  
t o  t h e  board l e v e l .  S ince  t h e  equipment 
u s e s  t h e  same r a d i o  c i r c u i t  modules, t h e  
performance s p e c i f i c a t i o n s  of a l l  t r a n s -  
c e i v e r s  a r e  s i m i l a r .  The s i g n a l i n g  used  
depends upon t h e  s p e c i f i c  network re-  
quirements .  A l l  r e c e i v e r s  a r e  des igned  
w i t h  a n  a d a p t i v e  noise-operated s q u e l c h  
network t h a t  a l l o w s  every t r a n s c e i v e r  on 
t h e  n e t  t o  h e a r  t h e  same message ( p a r t y  
l i n e ) .  

The t r a n s m i t t e r s  a r e  des igned w i t h  
bo th  s u b a u d i b l e  (100 Hz) and i n -  
band (1 ,000 Hz) tone  o s c i l l a t o r s .  A 
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FIGURE 2-30. - R F  line coupler for base sta- 
t  ions and repeaters. 

s u b a u d i b l e  t o n e  i s  used i n  t h e  v e s t  
t r a n s c e i v e r  t o  cause  t h e  c e l l u l a r  
r e p e a t e r  t o  s w i t c h  t h e  message (page)  t o  
t h e  pager  t e lephone  network. The re- 
p e a t e r  i n c l u d e s  bo th  a  noise-operated 
s q u e l c h  and a  s u b a u d i b l e  t o n e  s q u e l c h  f o r  
u s e  i n  t e lephone  swi tch ing .  Subaudible  
t o n e  s i g n a l i n g  i s  u s e f u l  i n  i d e n t i f y i n g  
"s tuck  on" t r a n s m i t t e r s  t h a t  can block 
t h e  communications n e t .  In-band s i g n a l -  
i n g  i s  u s e f u l  i n  emergency s i t u a t i o n s .  

2.5 Hybrid Systems 

Each of t h e  communications systems 
a l r e a d y  d i s c u s s e d  has  some i n d i v i d u a l  
shor tcomings .  However, one sys tem may 
complement a n o t h e r  system t o  a l l e v i a t e  
c e r t a i n  problem a r e a s .  A hybr id  i s  an 
i n t e r c o n n e c t i o n  of two o r  more sub- 
sys tems ,  t a k i n g  advantage of t h e  b e n e f i t s  
of each. 

2.5.1 Improvements i n  System V e r s a t i l i t y  

A s  mines have grown and mining tech-  
nology h a s  improved, needs have a r i s e n  
f o r  new and improved communication capa- 
b i l i t i e s  t h a t  cannot  adequa te ly  be pro- 
v ided  by t h e  t r a d i t i o n a l  mine pager-type 
phones o r  t r o l l e y  w i r e  c a r r i e r  phones. 
These needs i n c l u d e  t h e  fo l lowing :  

1. A b i l i t y  t o  communicate when t h e  
phone l i n e  o r  t h e  t r o l l e y  w i r e  breaks .  

2. A b i l i t y  t o  communicate w i t h  
pe rsonne l  n o t  i n  t h e  v i c i n i t y  of a  
t e lephone .  



3. A b i l i t y  t o  communicate over  p r i -  
v a t e  channe l s .  

4. A b i l i t y  t o  d e l i v e r  impor tan t  
messages d u r i n g  p e r i o d s  of heavy communi- 
c a t i o n s  t r a f f i c  d u r i n g  emergencies.  

5. A b i l i t y  t o  communicate w i t h  s u r -  
f a c e  p u b l i c  phones. 

The f o l l o w i n g  t echn iques  a r e  capab le  
of s a t i s f y i n g  t h e  f o r e g o i n g  needs u s i n g  
h y b r i d  systems : 

1. Underground phones w i t h  manual 
t r u n k i n g  o r  a u t o m a t i c  s w i t c h i n g  can pro- 
v i d e  p r ivacy  and a n  i n t e r c o n n e c t i o n  t o  
t h e  p u b l i c  t e lephone  system on t h e  s u r -  
f  ace.  Also,  a  l a r g e r  number of simul- 
t aneous communications can t a k e  p l a c e  
w i t h  m u l t i p a i r  o r  mul t ip lexed  phone 
systems.  

2. Low-f requency r a d i o  o f f e r s  a  
means of paging and communicating 
d i r e c t l y  u s i n g  t h e  mine s t r u c t u r e  w i t h i n  
a  working s e c t i o n ,  and through t h e  mine 
overburden i n  t imes  of emergency. 

3. Medium-frequency r a d i o  can be 
used w i t h  power c a b l e s ,  t r o l l e y  w i r e s ,  
and roof b o l t s  t o  p rov ide  haulageway and 
s e c t i o n  paging throughout  t h e  mine t o  key 
mining p e r s o n n e l  c a r r y i n g  pocket pagers .  

4. Very-high-frequency r a d i o  can be 
used  w i t h  l e a k y  f e e d e r  c a b l e  o r  c o a x i a l  
c a b l e  and a n t e n n a s ,  a s  a  t echn ique  f o r  
g u i d i n g  r a d i o  waves throughout  t h e  mine 
haulageways and e n t r i e s .  This  t echn ique  
c a n  be used t o  p rov ide  whole-mine com- 
munica t ions  w i t h  hand-held r a d i o s  c a r r i e d  
by key mining personne l .  

5. U l  t ra-high-f requency r a d i o  can 
p r o v i d e  w i r e l e s s  communication between 
key r o v i n g  miners  c a r r y i n g  r a d i o s  w i t h i n  
a  working s e c t i o n ,  wi thou t  t h e  a i d  of 
a d d i t i o n a l  wi r ing .  

2.5.2 D i a l  Phone-Pager Phone Systems 

I n t e r c o n n e c t  d e v i c e s  a r e  a v i l a b l e  
t h a t  permit  mine paging t e lephones  t o  be 

i n t e r c o n n e c t e d  w i t h  t h e  p u b l i c  phone 
system on a  s e l e c t i v e  o r  temporary b a s i s .  
The i n t e n t  of t h e s e  systems i s  t o  p rov ide  
g r e a t e r  emergency communication c a p a b i l -  
i t y  d u r i n g  off -hours .  These systems 
enab le  a  person a t  a  mine pager  phone 
t o  g a i n  a c c e s s  t o  t h e  p u b l i c  phone 
system,  o r  permit  a c c e s s  t o  t h e  mine 
page o r  phone system from any p u b l i c  
phone. 

F igure  2-31 shows one system i n  
which t h e  i n t e r c o n n e c t  between p u b l i c  
phone and mine phone i s  made automat- 
i c a l l y .  I n  t h i s  t y p e  of system s m a l l  
hand-held tone-genera to rs  a r e  r e q u i r e d  t o  
a c t i v a t e  t h e  au tomat ic  i n t e r c o n n e c t  a t  
t h e  mine o f f i c e .  

I f  a p e r s o n  i n t h e  mine w a n t s t o  
r e a c h  a  p rea r ranged  p u b l i c  t e lephone  from 
h i s  mine phone, he sends  a  tone  v i a  t h e  
t o n e  g e n e r a t o r  and mine phone t o  a  t e l e -  
phone i n t e r c o n n e c t  u n i t  of t h e  s u r f a c e .  
A t  t h i s  s u r f a c e  i n t e r c o n n e c t ,  t h e  t o n e  i s  
d e t e c t e d  and a c t i v a t e s  a  r e l a y  which, i n  
t u r n ,  a u t o m a t i c a l l y  d i a l s  t h e  p r e s e t  t e l -  
ephone number. 
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FIGURE 2-31. - D i a l    hone to  pager   hone 
hybrid. 



When a person c a l l s  t h e  "auto 
answer" te lephone number from a p u b l i c  
phone, t h e  i n t e r connec t  u n i t  automat- 
i c a l l y  answers t h e  phone, and upon recep- 
t i o n  of t he  audio tone from t h e  o u t s i d e  
p a r t y ,  connects t h e  incoming c a l l  
d i r e c t l y  t o  t h e  mine pager phone l i n e ,  
thereby enabl ing  t h e  c a l l i n g  person t o  
page and t a l k  t o  t h e  d e s i r e d  person i n  
t h e  mine. 

Systems a l s o  e x i s t  where t h e  i n t e r -  
connect ion between t h e  mine phone system 
and t h e  pub l i c  te lephone system i s  made 
manually,  such a s  by a person on t h e  
s u r f  ace. 

2.6 Other Systems 

2.6.1 Seismic Systems 

A seismic system can be used f o r  
t rapped  miner l oca t ion .  I f  a miner 
s t r i k e s  a roof b o l t ,  f l o o r ,  o r  r i b  of t h e  
mine wi th  a heavy o b j e c t ,  t h e  v i b r a t i o n s  
t r a v e l  through t h e  e a r t h  t o  t h e  s u r f a c e  
and can be converted i n t o  e l e c t r i c  
s i g n a l s  by se i smic  t r ansduce r s  c a l l e d  
geophones. These s i g n a l s  can be ampli- 
f i e d ,  f i l t e r e d ,  and recorded. Because 
t h e  shock waves reach ind iv idua l  geo- 
phones a t  d i f f e r e n t  times, t h e  se i smic  
record ings  can be analyzed and t h e  loca-  
t i o n  of t h e  miner can be determined. 
Analysis  of se i smic  s i g n a l s  i s  a h igh ly  
s p e c i a l i z e d  f i e l d  and beyond t h e  scope of 
t h i s  manual. This method r e q u i r e s  t h e  
a s s i s t a n c e  of an i nd iv idua l  t r a i n e d  i n  
s e i smic  methods. However, t h e  seismic 
system is  t h e  only trapped-miner system 
p r e s e n t l y  i n  ope ra t i on  and accepted by 
MSHA. Every miner should have a s t i c k e r  
( f i g .  2-32) a f f i x e d  t o  t h e  i n s i d e  of h i s  
helmet t h a t  he can r e f e r  t o  i f  entrapment 
should ever  occur.  

2.6.2 Stench System 

Stench is  used p r imar i l y  a s  an  evac- 
u a t i o n  warning. It should be in t roduced  
i n t o  t h e  underground system a t  a s  many 
l o c a t i o n s  a s  pos s ib l e ,  wi th  t h e  i n t a k e  

( WHEN ESCAPE IS CUT OFF 1 
I .  BARRICADE fB@== 
2. LISTEN for 1-1-33-! -11111 

3 shots. then.. . 

3. SIGNAL by 
pounding hard 
10 times 

4. REST 15 minutes, 

I 
then REPEAT signal unt~ l . .  . 

5. YOU HEAR 5 shots, which 
means you are located 
and help is on the way. I 

F I G U R E  2-32. - MSHAsignal ing sticker. 

a i r  and t h e  compressed a i r  a s  p r i o r i t y .  
Wherever miners may be i n  t h e  mine, 
d r iven  a i r  i s  r equ i r ed  and eventua l ly  t h e  
d r iven  a i r  and s t ench  w i l l  a r r i v e  a t  
t h e i r  l oca t ion .  Stench may be any 
c l e a r l y  d i s t i n g u i s h a b l e  odor. 

The de lay  time i n  a s t ench  warning 
system is  one of i t s  most important 
drawbacks. Another very important  
nega t ive  po in t  i s  t h a t  s t ench  warning 
cannot inform t h e  miner what has  hap- 
pened, where it has  happened, o r  what he 
should do. Many times t h i s  type  of in-  
formation can be worse than  no informa- 
t i o n  a t  a l l .  

2.6.3 Hoist  Be l l  S igna l ing  

Much of t h e  communication between 
t h e  va r ious  l e v e l s  of a mine and t h e  
h o i s t  room c o n s i s t s  of h o i s t  b e l l  s i gna l -  
ing.  This  is a one-way communication 
system by which miners can reques t  a cage 
and/or  d e s i r e d  l e v e l .  

I n  t h e  h o i s t  room, t h e r e  i s  a power 
source  f o r  t h e  system and a buzzer. Each 
s h a f t  s t a t i o n  has  a buzzer and a p u l l  
b o t t l e .  The b o t t l e ,  when pu l l ed ,  c l o s e s  
a swi tch  t h a t  sounds t h e  buzzer i n  
t h e  h o i s t  room and a t  a l l  o t h e r  l e v e l s  
( f i g .  2-33). The number of t i m e s  t h e  
b o t t l e  is  pu l l ed  corresponds t o  a command 
code. 
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FIGURE 2-33. - Hois t  be l l  operation. 

2.6.4 Visual  Pagers 

One of t h e  most common type of mine 
communication devices  is  t h e  pager phone. 
However, with t h e s e  systems, many c a l l s  
a r e  l o s t  because t h e  phone is too  f a r  
from a working f ace  o r  t h e  page is  
n o t  heard owing t o  high ambient noise.  
Visua l  pager systems a r e  being developed 
t h a t  may even tua l ly  a l l e v i a t e  t h i s  
problem. 

The most common type  of v i s u a l  pager 
system c o n s i s t s  of s t r o b e  l i g h t s  l oca t ed  
a t  s t r a t e g i c  l o c a t i o n s  i n  t h e  mine. 
These l i g h t s  a r e  c o n t r o l l e d  by a  d i s -  
pa t che r  who can s e t  o r  r e s e t  them a s  
requi red .  They a r e  u sua l ly  used i n  con- 
j u n c t i o n  wi th  pager phones. Some modern 
mul t ichannel  phones have a  l i g h t  on t h e  
f a c e  of t h e  phone t h a t  provides  t h e  v i s -  
u a l  paging func t ion .  

2.7 Summary 

There a r e  t h r e e  b a s i c  types  of com- 
municat ion systems used i n  underground 
mines: wired phone systems, r a d i o  sys- 
tem, and c a r r i e r  c u r r e n t  systems. Wired 

phone systems inc lude  common d i a l  
t e lephones ,  pager phones, d ia l - type  pager 
phones, magneto phones, intercoms,  and 
sound-powered phones. These may be con- 
nec ted  i n  p a r t y  l i n e  fash ion  us ing  a  two- 
wi re  p a i r ,  o r  i n  s e l e c t i v e  c a l l i n g  
f a s h i o n  us ing  m l t i p a i r  o r  mul t ip lex  
techniques.  Wired phone systems may have 
no switchboard ( p a r t y  l i n e )  f o r  small  
systems,  a  manual switchboard, an auto- 
ma t i c  exchange, o r  a  more s o p h i s t i c a t e d  
computer-controlled switch. A major d i s -  
advantage of any wired phone system is  
t h a t  a  roof f a l l  could d i s r u p t  communica- 
t i o n s  between miners and the  sur face .  

Radio systems inc lude  a l l  w i r e l e s s  
communication systems. Coverage is l i m -  
i t e d  i n  r a d i o  systems because of poor 
propagat ion of r a d i o  waves underground. 
Voice frequency ranges can be used 
f o r  through-the-earth radio.  Ultra-high- 
frequency r ad io  can be used when i t  is  
combined wi th  leaky f eede r  cab l e s ,  anten- 
nas ,  and r epea t e r s  t o  extend coverage. 
Persona l  r a d i o  pagers can be used t o  sum- 
mon an i n d i v i d u a l  t o  a  wired phone. 

C a r r i e r  c u r r e n t  systems u t i l i z e  
e x i s t i n g  mine wi r ing  t o  propagate RF s ig-  
na l s .  An RF s i g n a l  from a c a r r i e r  phone 
is  induced onto a  cab le  and t r ansmi t t ed  
throughout t h e  l eng th  of t h a t  cable.  A 
t r a n s c e i v e r ,  i nduc t ive  o r  capac i t i ve  
coupled t o  t h e  c a r r i e r  cab l e ,  rece ives  
t h e  RF s i g n a l ,  s t r i p s  off  t he  c a r r i e r ,  
and l e t s  t h e  e lec t romagnet ic  voice s i g n a l  
a c t i v a t e  a  speaker  o r  earphone. 

Modern MF r a d i o  systems a r e  being 
developed t h a t  combine t h e  b e s t  f e a t u r e s  
of r a d i o  systems and c a r r i e r  c u r r e n t  sys- 
tems. In  t he se  systems, no phys i ca l  con- 
t a c t  t o  e x i s t i n g  mine wi r ing  i s  required.  

Since one system cannot u sua l ly  s a t -  
i s f y  a l l  t h e  communication requirements  
i n  a  mine, i n t e r f a c e s  have been developed 
t o  make hybrid systems. Hybrids (two o r  
more systems in te rconnec ted)  t ake  advan- 

- t a g e  of t h e  b e n e f i c i a l  q u a l i t i e s  of one 
system t o  a l l e v i a t e  t he  d e f i c i e n c i e s  of 
another  system. 
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