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A b s t r a c t  

A s y s t e m  f o r  m e a s u r i n g  a m p l i t u d e  p r o b a b i l i t y  d i s t r i b u t i o n s  (APDfs)  
o f  e l e c t r o m a g n e t i c  n o i s e  i n  c o a l  mines i s  d e s c r i b e d  and t y p i c a l  
APDts from an  u n d e r g r o u n d  c o a l  mine a r e  p r e s e n t e d .  The APD i s  
a  b a s i c  s t a t i s t i c  r e q u i r e d  f o r  t h e  d e s i g n  and  a n a l y s i s  o f  com- 
m u n i c a t i o n  s y s t e m s ,  e s p e c i a l l y  t h o s e  i n t e n d e d  f o r  u s e  i n  n o i s y  
e n v i r o n m e n t s ,  and  where n e i t h e r  o v e r d e s i g n  n o r  u n d e r d e s i g n  i s  
a c c e p t a b l e .  The r m s  and  a v e r a g e  f i e l d  s t r e n g t h s  a r e  o b t a i n e d  by 
i n t e g r a t i o n  o f  t h e  APD, and  examples  a r e  shown a t  s e v e r a l  f r e -  
q u e n c i e s .  A l l  f i e l d  s t r e n g t h  l e v e l s  a r e  g i v e n  i n  a b s o l u t e  u n i t s .  
S e l e c t e d  f r e q u e n c i e s  c o v e r  t h e  r a n g e  f rom 10  kHz t o  32 MHz.  

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

Ambient e l e c t r o m a g n e t i c  (EM) n o i s e  o f t e n  l i m i t s  r a d i o  communica- 
t i o n s  i n  mines .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  know t h e  d e t a i l e d  
s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  t h e  i n t e r f e r i n g  n o i s e  i n  o r d e r  t o  
d e s i g n  optimum p e r f o r m a n c e  r e c e i v e r s  and  e f f e c t i v e  e r r o r -  
c o r r e c t i n g  c o d i n g  schemes .  The c u m u l a t i v e  a m p l i t u d e  p r o b a b i l i t y  
d i s t r i b u t i o n  [APD) o f  t h e  r e c e i v e d  n o i s e  e n v e l o p e  i s  one o f  t h e  
most  u s e f u l  s t a t i s t i c a l  d e s c r i p t i o n s  o f  t h e  n o i s e  p r o c e s s  f o r  
t h e  d e s i g n  a n d  e v a l u a t i o n  o f  a  t e l e c o m m u n i c a t i o n  s y s t e m  o p e r a t i n g  
i n  a n o i s y  e n v i r o n m e n t  [ 1 , 2 ] .  

T h i s  p a p e r  d e s c r i b e s  t h e  s y s t e m  u s e d  t o  measure  m a g n e t i c  f i e l d  
n o i s e  i n  a  c o a l  mine.  The s y s t e m  i s  a n  e x t e n s i o n  o f  one  d e -  
s i g n e d  by  Matheson [ 3 ] .  T y p i c a l  APDfs a r e  p r e s e n t e d .  F i g u r e s  
o n - ~ a y l e i g h  g raph  p a p e r  show t h e  f r a c t i o n  o f  t h e  t i m e  t h a t  t h i s  
n o i s e  e x c e e d s  v a r i o u s  l e v e l s .  T h i s  p a r t i c u l a r  R a y l e i g h  g raph  
p a p e r  h a s  s c a l e s  c h o s e n  s o  t h a t  G a u s s i a n  n o i s e  ( e .  g .  , t h e r m a l  
n o i s e )  p l o t s  a s  a  s t r a i g h t  l i n e  w i t h  a  s l o p e  o f  -4. Noise  w i t h  
r a p i d  l a r g e  changes  i n  a m p l i t u d e  ( e . g . ,  i m p u l s i v e  n o i s e )  w i l l  
have  a  much s t e e p e r  s l o p e ,  t y p i c a l l y  - 4  o r  - 5 ,  d e p e n d i n g  on t h e  
r e c e i v e r  b a n d w i d t h .  The APDfs a r e  t h e n  i n t e g r a t e d  t o  g i v e  r m s  
and  a v e r a g e  v a l u e s  o f  t h e  f i e l d  s t r e n g t h ,  a c c o r d i n g  t o  t h e  
e q u a t i o n s  
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and 

H rms = - o  H 2  dp(H)]' 

where H r e p r e s e n t s  t h e  magne t ic  f i e l d  s t r e n g t h  o f  t h e  n o i s e  and 
p i s  t h e  p r o b a b i l i t y  t h a t  t h e  measured f i e l d  s t r e n g t h  exceeds  
t h e  va lue  H. These q u a n t i t i e s  a r e  a l s o  dependent  upon t h e  meas- 
urement bandwidth ,  t h e  l e n g t h  o f  t h e  d a t a  r u n ,  and p o s s i b l y  
o t h e r  pa rame te r s .  F i n i t e  s e r i e s  a r e  a c t u a l l y  used  f o r  t h e  numer- 
i c a l  i n t e g r a t i o n .  The r m s  and average  va lues  s o  a r r i v e d  a t  a r e  
i d e n t i f i e d  on each  graph .  

I I .  Measurement and Data P roces s ing  Ins t ruments  

The p r i n c i p a l  paramete r  measured was magnet ic  f i e l d  s t r e n g t h .  
The an tennas  used were e l e c t r o s t  a t i c a l l y - s h i e l d e d  loops  w i th  
impedance t r ans fo rming  b a l u n s .  The o u t p u t s  o f  t h e  b a l u n s  were 
f e d  i n t o  commercial,  ba t t e ry -powered  f i e l d  s t r e n g t h  r e c e i v e r s .  
The c h a r a c t e r i s  t i c s  o f  t h e  r e c e i v e r s  used f o r  o u r  measurements 
a r e  l i s t e d  i n  Table  I .  

1- - i - f  o u t p u t s  from t h e  f i e l d  s t r e n g t h  r e c e i v e r s  were conve r t ed  
from 455 kHz t o  40 kHz u s i n g  mixers .  They were r eco rded  by a  
p o r t a b l e  magnetic t a p e  r e c o r d e r .  The t a p e  speed  on r e c o r d  and 
on playback was 15 i nches  p e r  second ( i p s ) .  A t  t h i s  s p e e d ,  t h e  
p o r t a b l e  r e c o r d e r  response  band was from 100 H z  t o  56 kHz a t  t h e  
2 dB p o i n t s  i n  t h e  d i r e c t  r e c o r d i n g  mode. The dynamic range  of  
t h e  r e c o r d e r  was 4 8  dB. The t a p e  was t hen  t r a n s c r i b e d  through 
a n o t h e r  t a p e  r e c o r d e r  whose s e r v o  sys tem cou ld  t a k e  o u t  t h e  
f l u t t e r  and wow i n t r o d u c e d  by t h e  p o r t a b l e  r e c o r d e r .  The d a t a  
p r o c e s s i n g  sys tem c o n s i s t e d  p r i n c i p a l l y  of  t h e  ana log  magnet ic  
t a p e  r e c o r d e r  f o r  a  p layback u n i t  and an i n s t rumen t  which prov ided  
a  d i r e c t  d i g i t a l  d i s p l a y  o f  t h e  pe rcen t age  o f  t h e  t ime each of  
15 l e v e l s ,  6 dB a p a r t ,  were exceeded.  

The bandwidth o f  t h e  whole sys tem was p r i m a r i l y  determined by t h e  
d a t a  p r o c e s s i n g  sys tem and was found t o  be about  2 kHz. The 
dynamic range of  t h e  whole sys tem,  i n c l u d i n g  t h e  r e c o r d i n g  and 
t h e  d a t a  p r o c e s s i n g  sys t ems ,  was p r i m a r i l y  l i m i t e d  by t h e  magnet ic  
t a p e  r e c o r d e r  t o  about 45 dB. The sys tem used f o r  r e c o r d i n g  and 
d a t a  p r o c e s s i n g  i s  shown i n  Figure  1. 

The c a l i b r a t i o n  of  t h e  whole sys tem,  i n c l u d i n g  t h e  loop  a n t e n n a s ,  
f i e l d  s t r e n g t h  m e t e r s ,  m ixe r s ,  magnet ic  t a p e  r e c o r d e r s ,  t h e  
impedance t r ans fo rming  a m p l i f i e r s ,  and t h e  d i g i t a l  c o u n t e r  was 
performed by immersing t h e  r e c e i v i n g  loop  an tennas  i n  a  known 
f i  d ,  g e n e r a t e d  a t  t h e  NBS f i e l d  c a l i b r a t i o n  s i t e .  Thus a l l  
l e v e l s  o f  f i e l d  s t r e n g t h  a r e  g iven i n  a b s o l u t e  u n i t s .  



111. Amplitude S t a t i s t i c s  o f  EM Noise i n  a  Coal Mine 

Many APDf s o f  magnet ic  f i e l d  n o i s e  were t aken  d u r i n g  a c t u a l  
o p e r a t i o n  o f  Robena No. 4 Coal Mine, Waynesburg, Pennsy lvan ia ,  
on December 5 t h  and 7 t h ,  1972.  The loop  an tennas  were p l a c e d  
about  300 meters  from t h e  f a c e  a r e a .  Three o r thogona l  components 
o f  magnet ic  f i e l d s  were measured a t  e i g h t  f r e q u e n c i e s  r ang ing  
from 10 kHz t o  32 MHz. F ig .  2 shows a  t y p i c a l  APD a t  10 kHz 
underground,  and F ig .  3  shows a  co r r e spond ing  APD a t  t h e  s u r f a c e  
above t h e  o p e r a t i n g  mine. Numerous measurements have shown t h a t  
a l though  t h i s  n o i s e  i n  a  mine i s  s t r o n g l y  t ime dependent ,  i f  t h e  
n o i s e  i s  averaged over  a  p e r i o d  o f  about  20 minu te s ,  t hen  t h e  
r e s u l t i n g  va lues  a r e  f a i r l y  r e p e a t a b l e  from p e r i o d  t o  p e r i o d .  

The rms and average va lues  r e s u l t  from about  20 minutes o f  d a t a  
and a r e  i n d i c a t e d  i n  F ig .  2 and F i g .  3 .  Rms and average va lues  

f n o i s e  a t  s e l e c t e d  f r e q u e n c i e s  from 10 kHz t o  32 MHz a r e  shown 
I n  F ig .  4 .  

The p r i n c i p a l  va lue  o f  t h e  APD cu rves  i s  t h a t  t h e y  show 
s t a t i s t i c a l l y  how much t h e  magnet ic  f i e l d  v a r i e s  a t  d i f f e r e n t  
t imes .  For i n s t a n c e ,  a t  10 kHz underground,  magne t ic .  f i e l d s  
50 dB above one microampere/meter w i l l  be exceeded on ly  .0001 
p e r c e n t  o f  t h e  t i m e ,  wh i l e  f i e l d s  5 dB above one microampere/meter 
w i l l  be exceeded 9 9  p e r c e n t  of  t h e  t ime .  An rms va lue  of  2 4  dB 
above one microampere/meter w i l l  be exceeded ( i n  t h i s  c a s e )  about  
36 p e r c e n t  o f  t h e  t ime.  The s u r f a c e  d a t a  show a  cor responding  
r m s  v a l u e  o f  3  dB above one microampere/meter.  
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P E R C E N T  O F  T I M E  
O R D I N A T E  I S  E X C E E D E D  

P E R C E N T  O F  T I M E  
O R D I N A T E  I S  E X C E E D E D  

F i g .  3 A P D  O F  F I E L D  S T R E N G T H ,  H ,  
AT 10  k H z  ( S U R F A C E )  

F i g .  2 APD O F  F I E L D  S T R E N G T H ,  H ,  
AT 10 k H z  (UNDERGROUND) 

F R E Q U E N C Y  

4 0 .  I I I 1 1  1 1 1 1  I I I I I I I I I  I 1 1 1 1 1 1 1 1  I 1 I 1 1  1 1 1  

X M A X I M U M  ( 0 . 1 % )  

2 0  : ] [ I  I 
RMS - 

F i g .  4  V A R I A T I O N  O F  F I E L D  S T R E N G T H ,  H (UNDERGROUND) 

- 
F 0 
5 
m z - 2 0  
Z 

- 4 0  

- 6 0  

0 A V E R A G E  

A M I N I M U M  ( 9 9 % )  - 

- 

I I 1  1 1 1 1 1 1  I I 

1  O k H r  100 1 M H z  1 0  1 0 0  

1 1 1 1 1 ,  1 , lljl, il ,: 




