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ELECTRICAL QUANTITIES:
Electric Fields
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Electromagnetic Frequency Bands
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U l t r a  Low F re q u e n c y  (ULF) Band  
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V e r y  Low F re q u e n c y  (VLF) Band , 
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3 Hz t o  3 kHz 
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1 . 0  EXECUTIVE SUMMARY

T h is  r e p o r t  d o cu m en ts t h e  lo w  fr e q u e n c y  e l e c t r i c  and m a g n e t ic  
f i e l d s  a s s o c i a t e d  w ith  t h e  o p e r a t i o n  o f  t h e  W a s h in g to n , DC 
M e t r o p o l i t a n  A r e a  T r a n s i t  A u t h o r i t y  (WMATA) M e t r o r a i l  (MET) U rban  
T r a n s i t  S y s te m . W ith  e x c e l l e n t  c o o p e r a t io n  and a s s i s t a n c e  o f  WMATA 
p e r s o n n e l ,  c o m p r e h e n s iv e  m e a su re m en ts  w ere  made o n , a t  and a lo n g  
t h e  M e t r o r a i l  l i n e s  and f a c i l i t i e s .

1 . 1  B a ck g ro u n d

E x t e n s i v e  m e a su re m en ts  h a v e  p r e v i o u s l y  m a{l^3^nd r e p o r t e d  f o r  t h r e e  
o t h e r  e l e c t r i f i e d  t r a n s p o r t a t i o n  s y s t e m s 1' ' ' . T h e s e  i n c lu d e  t h e  
T r a n s r a p id  TR07 M a g le v  S y ste m  a t  t h e  t e s t  t r a c k  i n  E m sla n d , 
G erm any, AMTRAK and New J e r s e y  T r a n s i t  t r a i n s  o p e r a t i n g  on t h e  
N o r t h e a s t  C o r r id o r  (NEC) and t h e  N o r th  J e r s e y  C o a s t  L in e  
r e s p e c t i v e l y ,  and on t h e  T r a i n  a  G r a n d e  V i t e s s e  (TGV) S y ste m  i n  
F r a n c e . M ea su rem e n ts  h a v e  b e e n  made b u t  n o t  y e t  r e p o r t e d  on t h e  
n u m erou s e l e c t r i f i e d  s y s te m s  w h ic h  make up t h e  M a s s a c h u s e t t s  Bay  
T r a n s i t  A u t h o r i t y 's  (MBTA) m ass t r a n s i t  s y s te m  i n  t h e  B o s to n  a r e a .

A l l  o f  t h e s e  m e a su re m en ts  h a v e  b e e n  made u s i n g  t h e  MultiWavew S y ste m  
i n s t r u m e n t a t i o n  p a c k a g e  d e v e lo p e d  u n d er s p o n s o r s h i p  o f  t h e  E l e c t r i c  
P ow er R e s e a r c h  I n s t i t u t e  (E P R I ) . T h is  s y s te m  q u a n t i f i e s  b o th  t h e  
s p a t i a l  and t e m p o r a l  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d .  By  
r e c o r d i n g  t h e  a c t u a l  w a v efo rm  o f  t h e  m a g n e t ic  f i e l d  w i t h  s e n s o r s  
h a v in g  f r e q u e n c y  r e s p o n s e s  fro m  0  t o  3 k H z , MultiWave™ m akes i t  
p o s s i b l e  t o  e x a m in e  t h e  fr e q u e n c y  c h a r a c t e r i s t i c  a s  w e l l  t h r o u g h o u t  
t h e  ULF and ELF b a n d s . (T h e r e a d e r  who i s  u n f a m i l i a r  w i t h  te r m s  
l i k e  " H z "  and "E L F " i s  e n c o u r a g e d  t o  r e v ie w  t h e  c o n v e r s i o n  t a b l e  i n  
t h e  f r o n t  o f  t h i s  r e p o r t . )  The MultiWave'01 a l s o  r e c o r d e d  t h e  e l e c t r i c  
f i e l d  a t  h e a d  h e i g h t .  The MultiWave™ d a t a  w as c o m p le m e n te d  b y  
c o n t in u o u s  f i e l d  r e c o r d i n g s  a t  on e s e n s o r  l o c a t i o n  made on a 
d i g i t a l  a u d io  t a p e  (DAT) r e c o r d e r  t o  c a p t u r e  t r a n s i e n t  e v e n t s  and  
w it h  d a t a  fro m  tw o EMDEX p e r s o n a l  e x p o s u r e  m e t e r s  w h ic h  r e c o r d e d  
t h e  r o o t  m ean s q u a r e  (rm s) v a lu e  o f  t h e  m a g n e t ic  f i e l d  e n c o u n t e r e d  
b y  t h e  w e a r e r s  t h r o u g h o u t  t h e  d a y .

T he m o t i v a t i o n  f o r  t h e s e  e x t e n s i v e  m e a su re m e n ts  w as t h e  c r e a t i o n  o f  
a  d a t a b a s e  o f  t h e  e l e c t r i c  and m a g n e t ic  f i e l d  c h a r a c t e r i s t i c s  o f  
c o n v e n t i o n a l  e x i s t i n g  e l e c t r i f i e d  r a i l  t r a n s p o r t a t i o n  s y s t e m s  
a g a i n s t  w h ic h  t h e  f i e l d  c h a r a c t e r i s t i c s  o f  new s y s t e m s  s u c h  a s  t h e  
M a g le v  c a n  b e  e v a l u a t e d .  W h i le  M a g le v  m a g n e t ic  f i e l d  m a g n itu d e s  
w ere  w i t h i n  t h e  r a n g e  o f  f i e l d s  p ro d u c e d  b y  o t h e r  w e l l  d o cu m en ted  
f i e l d  s o u r c e s  s u c h  a s  e l e c t r i c  pow er l i n e s  and s u b s t a t i o n s ,  t h e  
f r e q u e n c y  and te m p o r a l  c h a r a c t e r i s t i c s  d i f f e r e d  fr o m  t h o s e  
r e l a t i v e l y  c o n s t a n t  s o u r c e s  o f  s i n g l e  f r e q u e n c y  f i e l d s .  M a g n itu d e  
c o m p a r is o n s  a lo n e  f o r  su c h  t e m p o r a l ly  d i f f e r e n t  s o u r c e s  a r e  n o t  
a p p r o p r i a t e  f o r  t h e  m u l t i - f r e q u e n c y  and c o m p le x  t im e  
c h a r a c t e r i s t i c s  a s s o c i a t e d  w it h  t h e  M a g le v .
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To h a v e  t h e  n e c e s s a r y  d a t a  t o  f a i r l y  a s s e s s  t h e  e l e c t r i c  and  
m a g n e t ic  f i e l d s  fro m  an y new e l e c t r i f i e d  t r a n s p o r t a t i o n  s y s t e m  t o  
b e  i n s t a l l e d  i n  t h e  U n it e d  S t a t e s ,  t h e  FRA r e s e a r c h  p ro g ra m  
s p o n s o r e d  a m ea su rem en t p ro g ra m  t o  f u l l y  c h a r a c t e r i z e  t h e  ULF and  
ELF f i e l d s  o f  f o u r  e x i s t i n g  e l e c t r i f i e d  r a i l  s y s t e m s .  T h e se  
i n c lu d e  t h e  AMTRAK N o r t h e a s t  C o r r i d o r ,  t h e  F re n c h  TGV, t h e  
W a s h in g to n , DC M e t r o r a i l  (M E T ), and  d a t a  y e t  t o  b e  r e p o r t e d  on t h e  
B o s to n  M e t r o . W ith  su c h  a d a t a s e t ,  m ore a p p r o p r i a t e  c o m p a r is o n s  
c a n  b e  made s i n c e  t h e  s e r v i c e  f u n c t i o n s  a r e  c o m p a r a b le .

1 . 2  M ea su rem en t A p p ro a ch

The m a g n e t ic  f i e l d  and e l e c t r i c  f i e l d  m e a su re m e n ts  m ade on o r  n e a r  
t h e  WMATA M e t r o r a i l  f a c i l i t i e s  w e re  g r o u p e d  i n t o  s i x  a r e a s :

*  w i t h i n  o n b o a rd  p a s s e n g e r  c o m p a r tm e n ts ;
*  w i t h i n  t h e  e n g i n e e r 's  c o m p a r tm e n t ;
*  in  t h e  p a s s e n g e r  s t a t i o n s ;
*  a lo n g  t h e  t r a c k  r i g h t s - o f - w a y  ( w a y s i d e ) ;
*  n e a r  t h e  t r a c t i o n  p ow er s u p p ly  s t a t i o n s ;  and
* i n  a d i s p a t c h e r 's  c o n t r o l  ro o m .

The r e s u l t s  fro m  m e a su re m e n ts  i n  e a c h  o f  t h e s e  a r e a s  a r e  p r e s e n t e d  
i n  d e t a i l  i n  a  s e p a r a t e  s e c t i o n  o f  t h i s  r e p o r t .

M e a su re m e n ts  o n b o a rd  t h e  t r a i n  w e r e  m ade i n  e a c h  o f  t h e  t h r e e  
d i f f e r e n t  t y p e s  o f  c a r s  o p e r a t i n g  o n  t h e  WMATA s y s t e m . T h e  f i e l d s  
i n  e a c h  t y p e  o f  c a r  w ere  c h a r a c t e r i z e d  i n  t h e  c e n t e r  a n d  r e a r  o f  
t h e  p a s s e n g e r  co m p a rtm en t and i n  t h e  e n g i n e e r 's  c o m p a r tm e n t .

A t  t h e  s t a t i o n s ,  e l e c t r i c  and m a g n e t ic  f i e l d  m e a su re m e n ts  w e r e  made 
a t  t h e  c e n t e r  and e n d s  o f  t h e  p l a t f o r m s  a t  p o i n t s  n e a r e s t  t h e  t r a c k  
w h e re  a p e r s o n  c o u ld  r e a s o n a b ly  s t a n d ,  on  m e z z a n in e s  c r o s s i n g  o v e r  
t h e  t r a c k s ,  and  on e s c a l a t o r s .

W a y s id e  m e a su re m e n ts  w ere  m ade t o  q u a n t i f y  t h e  f i e l d  e n v ir o n m e n t  i n  
a r e a s  a lo n g  t h e  l i n e  r o u t e  a c c e s s i b l e  t o  t h e  g e n e r a l  p u b l i c .  
M e a su re m e n ts  w ere  t a k e n  a t  b o t h  a  h ig h w a y  u n d e r p a s s  a n d  a n  o p en  
s p a c e  a lo n g  t h e  w a y s id e .

T r a c t i o n  p o w er s u p p ly  s t a t i o n  m e a su re m e n ts  w e r e  m ade o u t s i d e  tw o  
d i f f e r e n t  s t a t i o n s  a t  v a r i o u s  d i s t a n c e s  fr o m  t h e  w a l l  o r  f e n c e  
e n c l o s i n g  t h e  f a c i l i t y .  M e a su r e m e n ts  w e r e  m ade a t  s e v e r a l  
l o c a t i o n s  a ro u n d  t h e  p e r ip h e r y  o f  e a c h  s t a t i o n .

F i n a l l y ,  f i e l d  m e a su re m e n ts  w e re  i n  t h e  v i c i n i t y  o f  a  d i s p a t c h e r 's  
w o r k -a r e a  t o  c h a r a c t e r i z e  f i e l d s  w i t h i n  c o n t r o l  f a c i l i t i e s .

F ig u r e  1 - 1  i s  a map o f  a l l  t h e  M e t r o r a i l  l i n e s .  T h e o n b o a rd  
m a g n e t ic  and  e l e c t r i c  f i e l d  m e a su re m e n ts  w e r e  made on  t h e  R ed  L in e  
b e tw e e n  S h a d y  G ro v e  and V an N e s s  o r  on  t h e  G re en  L i n e  b e tw e e n  
G a l l e r y  P la c e  and U S t r e e t .  T h e p a s s e n g e r  s t a t i o n  m e a s u r e m e n ts
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w ere  t a k e n  a t  t h e  G r o s v e n o r  o u t d o o r  p l a t f o r m  and t h e  G a l l e r y  P la c e  
u n d e rg ro u n d  t r a n s f e r  s t a t i o n .  The w a y s id e , d i s p a t c h e r 's  ro o m , and  
t r a c t i o n  p ow er s u p p ly  s t a t i o n  m e a su re m e n ts  w e re  t a k e n  a t  s i t e s  
a lo n g  t h e  n o r t h e r n  end  o f  t h e  R ed L in e  b e tw e e n  S h ad y  G ro v e  and  
R o c k v i l l e ,  a s  i n d i c a t e d  on t h e  m ap.

1 . 3  Summary o f  M e t r o r a i l  F i e l d  L e v e l s

The f o l l o w i n g  i s  a c o n c i s e  d e s c r i p t i o n  o f  t h e  m a g n e t ic  f i e l d  
c h a r a c t e r i s t i c s  a t  e a c h  o f  t h e  a r e a s  e x a m in e d . I t  s h o u ld  b e  n o te d  
t h a t  a l l  m e a su re d  e l e c t r i c  f i e l d s  w e r e  l e s s  t h a n  t e n  v o l t s  p e r  
m e te r  (1 0  V /m ) and d id  n o t  a p p e a r  t o  o r i g i n a t e  fro m  t h e  M e t r o r a i l  
t r a n s p o r t a t i o n  s y s te m  o r  e q u ip m e n t .

1 . 3 . 1  C a rs

The m a g n e t ic  f i e l d s  i n  t h e  p a s s e n g e r  a r e a s  o f  t h e  M e t r o r a i l  
c a r s  a r i s e  m a in ly  fro m  t h e  t r a c t i o n  p o w er c o n t r o l  e q u ip m e n t  
b e n e a th  t h e  f l o o r  o f  t h e  c a r s  an d  a l s o  p o s s i b l y  t h e  c u r r e n t  i n  
t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  r a i l  and t r a c k  r e t u r n  c i r c u i t .  
T h e s e  f i e l d s  a r e  p r e d o m in a n t ly  s t a t i c  w it h  lo w  f r e q u e n c y  t im e  
v a r y i n g  c o m p o n en ts  r e s u l t i n g  fr o m  f l u c t u a t i o n s  i n  t h e  s t a t i c  
f i e l d  l e v e l .  H o w ev er , l a r g e  t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r e  
fo u n d  n e a r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s  w h ic h  u s e  2 7 3  Hz 
s e m ic o n d u c t o r  c h o p p e r s  t o  c o n t r o l  t h e  am ount o f  e l e c t r i c  pow er  
s u p p l i e d  t o  t h e  t r a c t i o n  m o t o r s .  T h i s  c e n t r a l  a r e a  o f  t h e  
3 0 0 0  s e r i e s  c a r s  h a s  a  u n iq u e  m a g n e t ic  f i e l d  e n v ir o n m e n t  i n  
t h a t  b o t h  t h e  s t a t i c  an d  t im e  v a r y i n g  f i e l d s  a r e  m uch l a r g e r ,  
e s p e c i a l l y  n e a r  t h e  f l o o r ,  t h a n  t h e  r e s t  o f  t h e  c a r s .  The  
s o u r c e  i s  p r o b a b ly  t h e  l a r g e  f i l t e r  (s m o o th in g )  r e a c t o r  c o i l  
u n d e r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r .

The s t a t i c  m a g n e t ic  f i e l d  a t  s e a t  l e v e l  (6 0  cm a b o v e  t h e  
f l o o r )  i n  t h e s e  d c  p o w e re d  M e t r o r a i l  c a r s ,  e x c l u d i n g  t h e  
c e n t r a l  a r e a  o f  t h e  3 0 0 0  s e r i e s  c a r s ,  a v e r a g e d  1 0 2 6  mG. The  
maximum s t a t i c  f i e l d  e n c o u n t e r e d  a t  s e a t  h e i g h t  f o r  t h e  sam e  
s a m p le s  w as 4 5 3 9  mG. T he c o r r e s p o n d in g  a v e r a g e  an d  maximum d c  
f i e l d s  6 0  cm a b o v e  t h e  f l o o r  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  c a r s  
a r e  2 6 8 5  mG and 2 3 ,7 3 2  mG, r e s p e c t i v e l y .

C o r r e s p o n d in g ly ,  t h e  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  
a v e r a g e d  12 mG o v e r  a l l  s a m p le s  and  a l l  s e n s o r  l o c a t i o n s ,  
e x c e p t  t h e  c e n t e r  o f  t h e  3 0 0 0  c a r s .  T he maximum t im e  v a r y i n g  
f i e l d  e n c o u n t e r e d  d u r in g  t h e  sam e p e r i o d s  w as 6 5  mG. H o w ev er , 
on t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s ,  t h e  c o r r e s p o n d in g  
a v e r a g e  and  maximum t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r e  3 1 7  mG 
and 2 9 8 7  mG, r e s p e c t i v e l y .

1 . 3 . 2  E n g i n e e r 's  C om p artm en t

The p r i n c i p a l  s o u r c e s  o f  m a g n e t ic  f i e l d  i n  t h e  e n g i n e e r 's  
c o m p a rtm e n t a r e  t h e  sam e a s  i n  t h e  p a s s e n g e r  a r e a s ,  t h a t  i s ,
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t h e  t r a c t i o n  pow er e q u ip m e n t b e n e a th  t h e  f l o o r  and p o s s i b l y  
t h e  c u r r e n t  i n  t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  r a i l  and t h e  
t r a c k  r e t u r n  c i r c u i t .  T h e re  a p p e a r e d  t o  b e  no a d d i t i o n a l  
s o u r c e s  u n iq u e  t o  t h e  e n g i n e e r 's  c o m p a r tm e n t. A s d e s c r i b e d  in  
S e c t i o n  1 . 3 . 1 ,  t h e s e  f i e l d s  a r e  p r e d o m in a n t ly  s t a t i c  w it h  low  
f r e q u e n c y  t im e  v a r y in g  co m p o n en ts  r e s u l t i n g  fro m  f l u c t u a t i o n s  
i n  t h e  s t a t i c  f i e l d  l e v e l .  The m e a su re m e n ts  made o n b o a rd  t h e  
t h r e e  d i f f e r e n t  t y p e s  o f  c a r s  a r e  c o m p a r a b le  t o  o n e  a n o t h e r .  
T h u s , an  o v e r a l l  s e t  o f  s t a t i s t i c s  i s  p o s s i b l e .  The f o l l o w i n g  
summary v a l u e s  w ere  o b t a in e d  c l o s e  t o  t h e  e n g i n e e r 's  s e a t .

The s t a t i c  m a g n e t ic  f i e l d ,  a s  m e a su re d  b y  t h e  M u lt iW a v e ™ 
S y s te m , a v e r a g e d  7 6 1  mG a t  s e a t  l e v e l  (6 0  cm h e i g h t )  . The  
maximum s t a t i c  f i e l d  e n c o u n te r e d  f o r  t h e  sam e 60  cm h e i g h t  w as  
3 1 4 8  mG.

C o r r e s p o n d in g ly ,  t h e  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  
a v e r a g e d  11  mG a t  t h e  60  cm h e i g h t  l e v e l  and  t h e  maximum f i e l d  
e n c o u n t e r e d  w as 24 mG.

1 . 3 . 3  M e t r o r a i l  W a v s id e s

T he s t a t i c  m a g n e t ic  f i e l d  a t  t h e  w a y s id e  o f  t h e  M e t r o r a i l  l i n e  
a r i s e s  fro m  a c o m b in a t io n  o f  t h e  e a r t h 's  m a g n e t ic  f i e l d  and  
t h e  s t a t i c  m a g n e t ic  f i e l d  d u e t o  t h e  d c  t r a c t i o n  c u r r e n t  i n  
t h e  r a i l s .  A t  l o c a t i o n s  o u t s i d e  t h e  r i g h t - o f - w a y  e x c l u s i o n  
f e n c e ,  t h e  s t a t i c  f i e l d  fro m  t r a c t i o n  c u r r e n t  i n  t h e  t h i r d  
r a i l  an d  t r a c k s  d o e s  n o t  add a p p r e c i a b l y  t o  t h e  n a t u r a l  s t a t i c  
f i e l d  e n v ir o n m e n t . The t im e  v a r y i n g  f i e l d  a t  t h e  w a y s id e  h a s  
c o m p o n e n ts  fro m  t h r e e  s o u r c e s :  c h a n g e s  i n  t h e  d c  t r a c t i o n  
c u r r e n t  p r o d u c e  low  fr e q u e n c y  c o m p o n e n ts  w h o se  m a g n itu d e  
d e p e n d s  on t h e  r a t e  o f  ch a n g e  o f  t h e  d c  c u r r e n t ;  s e c o n d  fro m  
t h e  r e c t i f i e r  r i p p l e  c u r r e n t s  i n  t h e  r a i l s  and t h i r d  fro m  t h e  
6 0  Hz c u r r e n t  i n  any n e a r b y  c o m m e r c ia l p ow er l i n e s .  S i n c e  t h e  
m a g n e t ic  f i e l d  a t  t h e  r a i l r o a d  w a y s id e  d u e  t o  t h e  c u r r e n t  i n  
t h e  r a i l s  a t t e n u a t e s  (b eco m e s w ea k e r) r a p i d l y  w i t h  d i s t a n c e  
fr o m  t h e  t r a c k s ,  a t  d i s t a n c e s  c o m p a r a b le  t o  t h e  e x c l u s i o n  
f e n c e  l o c a t i o n ,  t h e  t im e  v a r y i n g ^ f i e l d  fr o m  common s o u r c e s  
s u c h  a s  d i s t r i b u t i o n  l i n e s  e q u a l /^ f^ fe x c e e d  t h e  c o m p o n e n ts  fro m

T h e a v e r a g e  v a lu e  o f  t h e  d c  f i e l d  m e a su re d  a t  t h e  w a y s id e  w as  
5 5 9  mG, w h ic h  co m p a res w it h  t h e  p u b l i s h e d  v a l u e  o f  5 4 3  mG f o r  
W a s h in g t o n , DC. The l a r g e s t  d c  v a l u e  m e a su re d  a t  t h e  w a y s id e  
w as 7 3 3  mG. The a v e r a g e  and maximum a c  m a g n e t ic  f i e l d s  
m e a su re d  a t  t h e  r i g h t - o f - w a y  e x c l u s i o n  f e n c e  w e r e  7 . 0 1  mG and
7 . 4 5  mG, r e s p e c t i v e l y ,  b u t  t h o s e  v a l u e s  a r e  d o m in a te d  b y  
f i e l d s  fr o m  n e a r b y  pow er l i n e s .  T he a v e r a g e  an d  maximum 
f i e l d s  a c t u a l l y  a r i s i n g  fro m  t h e  M e t r o r a i l  S y s te m  a r e  
e s t i m a t e d  t o  b e  0 . 8  mG and 1 . 3  mG, r e s p e c t i v e l y .

t h e  M e t r o r a i l  S y s te m .
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M ea su rem e n ts  b e n e a th  a M e t r o r a i l  o v e r p a s s  fo u n d  t h e  a v e r a g e  
and maximum s t a t i c  f i e l d  l e v e l s  t o  b e  4 8 5  mG and 5 6 6  mG w ith  
t r a i n s  p a s s i n g  o v e r h e a d . T he m e a su re d  a v e r a g e  and  maximum 
t im e  v a r y i n g  f i e l d  l e v e l s  w e re  1 . 0  mG and 1 . 8  mG b u t  t h o s e  
v a lu e s  i n c lu d e d  f i e l d s  a p p a r e n t ly  a r i s i n g  fro m  n e a r b y  pow er  
l i n e s .  The e s t i m a t e d  a v e r a g e  f i e l d  fro m  t h e  M e t r o r a i l  S y stem  
w as 0 . 4  mG w ith  a maximum v a l u e  o f  1 . 6  mG.

The e l e c t r i c  f i e l d s  m e a su re d  a t  t h e  o p en  s p a c e  a lo n g  t h e  
w a y s id e  w ere  u n d e r  5 V /m .

1 . 3 . 4  P a s s e n g e r  S t a t i o n  P la t f o r m s

The m a g n e t ic  f i e l d  e n v ir o n m e n t  on  a p a s s e n g e r  s t a t i o n  p la t f o r m  
i s  s i m i l a r  t o  t h e  w a y s i d e , e x c e p t  t h a t  t h e  r i d e r  i s  c l o s e r  t o  
t h e  r a i l s .  S t a t i c  f i e l d s  fr o m  t r a c t i o n  p o w er c u r r e n t  i n  t h e  
t h i r d  r a i l  and t r a c k  r e t u r n  c i r c u i t  ad d  t o  t h e  n a t u r a l l y  
o c c u r r i n g  g e o m a g n e t ic  f i e l d .  T he t im e  v a r y i n g  m a g n e t ic  f i e l d  
a t  t h e  p la t f o r m s  a r i s e s  fr o m  c h a n g e s  i n  t h e  s t a t i c  (d c )  
co m p o n en t due t o  c h a n g in g  d c  t r a c t i o n  p ow er i n  t h e  r a i l s ,  t h e  
r e c t i f i e r  h a r m o n ic s  i n  t h e  r a i l s  and  f i e l d s  fr o m  t h e  p a s s i n g  
c a r s  t h e m s e lv e s .  M o r e o v e r , t h e r e  a r e  6 0  Hz f i e l d s  fro m  
n e a r b y  e l e c t r i c  e q u ip m e n t , s u c h  a s  s t a t i o n  w i r i n g ,  l i g h t s ,  
and e s c a l a t o r  m o t o r s .

The a v e r a g e  v a l u e s  o f  t h e  s t a t i c  f i e l d  m e a su re d  a t  b o d y  t o r s o  
h e i g h t  ( 1 1 0  cm a b o v e  t h e  f l o o r )  n e a r  t h e  e d g e  o f  t h e  o u td o o r  
and u n d e rg ro u n d  s t a t i o n  p l a t f o r m s  w e r e  4 3 3  mG a n d  4 0 0  mG, 
r e s p e c t i v e l y .  T he maximum v a lu e  m e a su re d  o n  t h e  o u t d o o r  
p l a t f o r m  w h ere 3 0 0 0  s e r i e s  c a r s  w e re  o p e r a t i n g  w as 1 2 1 8  mG a t  
t o r s o  h e i g h t  b u t  n e a r  f l o o r  l e v e l ,  a  maximum s t a t i c  f i e l d  
l e v e l  o f  3 2 7 0  mG w as r e c o r d e d  f o r  a  b r i e f  i n s t a n t  a s  a  3 0 0 0  
s e r i e s  c a r  p a s s e d  e i g h t e e n  i n c h e s  fro m  t h e  s e n s o r .  The  
maximum s t a t i c  f i e l d  l e v e l s  w e r e  s u b s t a n t i a l l y  lo w e r  on  t h e  
p l a t f o r m  o f  t h e  u n d e r g r o u n d  s t a t i o n .  T h a t  d i f f e r e n c e  i s  
p e r h a p s  b e c a u s e  2 0 0 0  s e r i e s  c a r s  w e r e  p a s s i n g  t h e  s t a t i o n  
r a t h e r  th a n  t h e  3 0 0 0  s e r i e s  c a r s  w h ic h  p r o d u c e d  t h e  l a r g e  
maximum f i e l d s  a t  t h e  o u t d o o r  s t a t i o n .

T he a v e r a g e  and maximum t im e  v a r y i n g  m a g n e t ic  f i e l d s  m e a su re d  
1 1 0  cm a b o v e  t h e  e d g e  o f  t h e  o u t d o o r  p l a t f o r m  w e r e  2 . 3  mG and
2 2 . 7  mG, r e s p e c t i v e l y .  T h e c o r r e s p o n d in g  v a l u e s  f o r  t h e  
in d o o r  p la t f o r m  w e r e  1 . 2  mG and 1 0 . 0  mG. T h e  d i f f e r e n c e  i n  
maximum f i e l d  l e v e l s  w as i n  t h i s  c a s e  c l e a r l y  d u e  t o  t h e  
d i f f e r e n c e  i n  t y p e s  o f  c a r s  o p e r a t i n g  a t  t h e  tw o  s t a t i o n s .

T h e e l e c t r i c  f i e l d s  m e a s u r e d  on  a n y  o f  t h e  p l a t f o r m s  w ere  
u n d e r  5 . 2  V /m .
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1.3.5 Traction Power Supply Stations
O n ly  m o d e s t  s t r e n g t h  m a g n e t ic  f i e l d s  w ere  o b s e r v e d  o u t s i d e  t h e  
t r a c t i o n  p o w er s u p p ly  s t a t i o n s .  The l a r g e s t  m e a su re d  s t a t i c  
v a lu e  w as 1 6 7  6 mG a t  a d i s t a n c e  o f  10  cm fro m  t h e  s t a t i o n  
w a l l .  T h a t  s t a t i c  f i e l d  w as v e r y  l o c a l i z e d  and i t  d e c r e a s e d  
b y  35% a t  a p o i n t  50 cm f a r t h e r  fro m  t h e  w a l l .

T he a v e r a g e  t im e  v a r y in g  m a g n e t ic  f i e l d  m e a su re d  10  cm fro m  
t h e  f e n c e  o r  w a l l  a t  e i g h t  l o c a t i o n s  a ro u n d  tw o s t a t i o n s  was
4 . 7  mG h o w e v e r  t h e r e  w as c o n s i d e r a b l e  v a r i a t i o n  i n  f i e l d  
l e v e l s  fr o m  o n e  l o c a t i o n  t o  a n o t h e r  The a v e r a g e  and maximum 
f i e l d  1 0  cm fro m  t h e  w a l l  a t  t h e  s i x  l o c a t i o n s  w i t h  t h e  lo w e s t  
f i e l d s  ( a p p a r e n t ly  n e a r  t h e  a c  p o r t i o n  o f  t h e  s t a t i o n )  w ere
2 . 7  mG and 8 . 3  mG, r e s p e c t i v e l y .  T he tw o  l o c a t i o n s  w h e re  t h e  
t im e  v a r y i n g  f i e l d s  w ere  h i g h e r  w ere  p r e s u m a b ly  n e a r  t h e  d c  
o u t p u t  p o r t i o n  o f  t h e  s t a t i o n  fro m  t h e  f i e l d  f r e q u e n c y  
s p e c t r a .  T he a v e r a g e  and maximum t im e  v a r y i n g  m a g n e t ic  f i e l d s  
a t  t h o s e  l o c a t i o n s  w ere  6 . 4  mG and 2 1 . 1  mG, r e s p e c t i v e l y .

T he h i g h e s t  e l e c t r i c  f i e l d  m e a su re d  a t  a n y  o f  t h e  s t a t i o n s  w as  
u n d e r  7 V /m  and t h a t  f i e l d  a p p a r e n t ly  cam e fro m  a  n e a r b y  
d i s t r i b u t i o n  l i n e  r a t h e r  t h a n  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n .

1 . 3 . 6  C o n t r o l  F a c i l i t i e s

T h e m a jo r  s o u r c e s  o f  m a g n e t ic  f i e l d s  i n  t h e  d i s p a t c h e r 's  a r e a  
a r e  t h e  c u r r e n t  i n  t h e  b u i l d i n g  w i r i n g  w h ic h  s u p p l i e s  p ow er t o  
t h e  e q u ip m e n t  and l i g h t s ,  and t h e  e q u ip m e n t i t s e l f ,  s u c h  a s  
v i d e o  d i s p l a y  t e r m i n a ls  (V D T ). T he m e a su re d  a v e r a g e  and  
maximum a c  m a g n e t ic  f i e l d s  i n  t h e  d i s p a t c h e r 's  room  w ere
1 . 2  mG an d  1 . 5  mG, r e s p e c t i v e l y .  H ig h e r  v a l u e s  w e r e  fo u n d  
c l o s e  t o  e q u ip m e n t . The s t a t i c  f i e l d  i n  t h e  d i s p a t c h e r 's  room  
w as c o n s t a n t  o v e r  t im e  b u t  v a r i e d  fro m  1 2 1 0  mG n e a r  t h e  f l o o r  
t o  6 6 0  mG a t  1 6 0  cm a b o v e  t h e  f l o o r .

T he e l e c t r i c  f i e l d s  m ea su red  a t  i n s i d e  t h e  d i s p a t c h e r 's  room  
w e re  u n d e r  1 V /m .

1 . 4  C o m p a r iso n  o f  M e t r o r a i l  F i e l d s  t o  O th e r  E l e c t r o - t e c h n o l o g i e s

Much o f  t h e  c o n c e r n  a b o u t  ELF m a g n e t ic  f i e l d  l e v e l s  i s  d r i v e n  b y  
u n c e r t a i n t y  a s  t o  w h e th e r  su c h  f i e l d s  e x e r t  an  a d v e r s e  e f f e c t  on  
human h e a l t h .  E x i s t i n g  s c i e n t i f i c  k n o w le d g e  p r o v i d e s  n o  so u n d  
i n s i g h t  a s  t o  w h a t ^ s p e c t s  o f  ELF m a g n e t ic  e x p o s u r e , i f  a n y , a r e  o f  
b i o l o g i c a l  c o n c e r n  . C o n s e q u e n t ly , p u b l i c  a c c e p t a n c e  o f  m a g n e t ic  
f i e l d  e x p o s u r e s  i s  p r e s e n t l y  b a s e d  m ore on e q u i t y  and  c o m p a r a b i l i t y  
t o  o t h e r  e x p o s u r e s  th a n  i t  i s  t o  q u a n t i f i a b l e  c h a r a c t e r i s t i c s  o f  
t h e  f i e l d  i t s e l f .  T h e r e f o r e ,  t h i s  s e c t i o n  c o m p a re s  and  c o n t r a s t s  
t h e  m a g n e t ic  f i e l d s  p ro d u c e d  b y  t h e  M e t r o r a i l  o p e r a t i o n  t o  o t h e r  
s o u r c e s  o f  m a g n e t ic  f i e l d s .
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1.4.1 Static Fields
S t a t i c  m a g n e t ic  f i e l d s  b e y o n d  n o rm a l r a n g e  n o r m a l ly  d u e t o  
p a s s i v e  p e r t u r b a t i o n  o f  t h e  e a r t h 's  g e o m a g n e t ic  f i e l d  e x i s t  
i n s i d e  t h e  c a r s ,  t h e  e n g i n e e r 's  c o m p a r tm e n t , a t  t h e  w a y s id e ,  
on t h e  p la t f o r m s  an d  o u t s i d e  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n s  b e c a u s e  o f  t h e  n a t u r e  o f  t h e  M e t r o r a i l  
e l e c t r i f i c a t i o n .  T h e l a r g e s t  m e a su re d  s t a t i c  f i e l d s  w ere  
e n c o u n t e r e d  a t  t h e  c e n t e r  o f  t h e  3 0 0 0  c a r s ,  n e a r  t h e  f l o o r .  
The maximum m a g n e t ic  f i e l d  r e a d in g  10  cm a b o v e  t h e  f l o o r  w as
1 3 1 .5  g a u s s  a t  t h a t  p o i n t  and t h e  a v e r a g e  w as 1 4 .3  g a u s s .  
T h a t  i s  an e x tr e m e  e x a m p le  b u t  t o t a l  s t a t i c  f i e l d s  i n  e x c e s s  
o f  1  g a u s s  o c c a s i o n a l l y  e x i s t e d  a t  many m e a su re m e n t

1 . 4 . 2  F re q u e n c y  S p e c tr u m

T he fr e q u e n c y  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d s  o h b o a rd  
o r  n e a r  t h e  M e t r o r a i l  c a r s  i s  s u b s t a n t i a l l y  d i f f e r e n t ^ t h o s e  
n e a r  many e l e c t r i c a l  a p p l i a n c e s .  T he d c  e l e c t r i f i c a t i o n  g i v e s  
r i s e  t o  lo w  f r e q u e n c y  c o m p o n e n ts  w h ic h  a r e  t h e  r e s u l t  o f  
t e m p o r a l  c h a n g e s  i n  t h e  d c  t r a c t i o n  c u r r e n t  d raw n b y  o p e r a t i n g  
c a r s .  A l s o ,  t h e r e  a r e  e v e n  h a r m o n ic s  o f  6 0  Hz p r e s e n t  t h a t  
a r i s e  fro m  t h e  r e c t i f i c a t i o n  r i p p l e  c u r r e n t s  i n  t h e  t r a c t i o n  
c u r r e n t .  M o r e o v e r , t h e  3 0 0 0  s e r i e s  c a r s  c o n t a i n  s e m ic o n d u c t o r  
c h o p p e r s  and a f i l t e r i n g  r e a c t o r  c o i l ,  l o c a t e d  b e n e a th  t h e  
m id d le  o f  t h e  c a r ,  w h ic h  p r o d u c e  s i g n i f i c a n t  f i e l d s  i n  t h e  
h i g h e r  en d  o f  t h e  ELF b a n d .

1 . 4 . 3  T im e C h a r a c t e r i s t i c s

l o c a t i o n s . y

T h e m a g n e t ic  f i e l d s  o n b o a r d  t h e  M e t r o r a i l  c a r s  o r  n e a r  t h e  
r a i l s  h a v e  p ro n o u n c e d  t e m p o r a l  v a r i a b i l i t y  s i m i l a r  t o  t h e  
v a r i a b i l i t y  o f  m a g n e t ic  f i e l d s  n e a r  a p p l i a n c e s  w i t h  v a r y i n g  
lo a d  o r  i n t e r m i t t e n t  u s e .  T h e s e  f i e l d s  h a v e  much g r e a t e r  
v a r i a b i l i t y  th a n  t h e  f i e l d s  fo u n d  n e a r  m o s t  c o m m e r c ia l  
e l e c t r i c  p ow er l i n e s .

1 . 4 . 4  A m p litu d e  C h a r a c t e r i s t i c s

T h i s  s u b s e c t i o n  c o m p a r e s  t h e  m e a su re d  f i e l d  l e v e l s  o n b o a r d  t h e  
M e t r o r a i l  c a r s  o r  n e a r  t h e  M e t r o r a i l  l i n e  a n d  i t s  f a c i l i t i e s  
t o  t h e  r e p o r t e d  e n v ir o n m e n t a l  f i e l d  l e v e l s  fr o m  v a r i o u s  p ow er  
f r e q u e n c y  s o u r c e s .  T h i s  c o m p a r is o n  i s  b a s e d  on  t o t a l  ELF 
m a g n e t ic  f i e l d  and  d o e s  n o t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
s i g n i f i c a n t  d i f f e r e n c e s  i n  f r e q u e n c y  s p e c t r a .  F o r  
c o n s i d e r a t i o n s  w h e re  f r e q u e n c y  i s  an  im p o r t a n t  f a c t o r ,  t h i s  
c o m p a r is o n  i s  i n v a l i d  b e c a u s e  M e t r o r a i l  S y s te m  f i e l d s  w h ic h  
c o n t a i n  l i t t l e  o r  n o  6 0  Hz co m p o n en t a r e  c o m p a re d  t o  f i e l d s  
w h ic h  a r e  e s s e n t i a l l y  e n t i r e l y  60  H z .
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1.4.4.1 Cars
F ig u r e  1 - 2  (F ig u r e  9 - 4  in  t h e  C o n c lu s i o n s )  sh ow s t h e  
g e n e r a l  r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d s  
m e a su re d  i n  t h e  c a r s  on t h e  M e t r o r a i l  t r a i n  a s  a f u n c t i o n  
o f  d i s t a n c e  from  t h e  s o u r c e  w h ic h  f o r  p u r p o s e s  o f  t h i s  
g r a p h  i s  p resu m ed  t o  b e  t h e  c a r  f l o o r .  The r a n g e  i s  
p l o t t e d  o v e r  t h e  g ra p h  o £  a t y p i c a l  d i s t r i b u t i o n  l i n e  and  
a p p l i a n c e  f i e l d  l e v e l s 5. T he i n t e n s i t y  o f  t h e  ELF 
m a g n e t ic  f i e l d  i n s i d e  t h e  c a r s  d i m i n i s h e s  aw ay fro m  t h e  
f l o o r ,  b u t  e x h i b i t s  an i n c r e a s e  to w a r d s  t h e  c e i l i n g .  The  
r a n g e  o f  m a g n e t ic  f i e l d  i n t e n s i t i e s  s p a n s  m ore th a n  t h r e e  
o r d e r s  o f  m a g n itu d e , i n c l u d i n g  t h e  r a n g e  o f  m a g n e t ic  
f i e l d s  fo u n d  u n d er  a l l  d i s t r i b u t i o n  l i n e s  and  som e  
t r a n s m i s s i o n  l i n e s .

F ig u r e  1 - 3  (F ig u r e  9 - 5  i n  t h e  C o n c lu s i o n s )  sh ow s t h e  
r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d s  m e a su re d  i n  
t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r  on t h e  M e t r o r a i l  t r a i n  
a s  a f u n c t i o n  o f  d i s t a n c e  fro m  t h e  s o u r c e  ( c a r  f l o o r ) . 
The c e n t r a l  a r e a  o f  t h e  3 0 0 0  s e r i e s  c a r s  e x h i b i t s  much 
l a r g e r  s t a t i c  and t im e  v a r y i n g  f i e l d s ,  e s p e c i a l l y  n e a r  
t h e  f l o o r .

1 . 4 . 4 . 2  E n g in e e r ' s  C om partm ent

F ig u r e  1 - 4  (F ig u r e  9 - 6  i n  t h e  C o n c lu s i o n s )  sh o w s t h e  
r a n g e  o f  t o t a l  t im e  v a r y in g  m a g n e t ic  f i e l d s  r e c o r d e d  i n  
t h e  M e t r o r a i l  e n g i n e e r 's  co m p a rtm en t a s  a  f u n c t i o n  o f  
d i s t a n c e  fro m  t h e  c a t e n a r y .  T he d a t a  a r e  p l o t t e d  o v e r  
t h e  sam e t y p i c a l  pow er f r e q u e n c y  m a g n e t ic  f i e l d  l e v e l s .  
T he m a g n e t ic  f i e l d  l e v e l s  i n  t h e  e n g i n e e r 's  c o m p a rtm en t  
a r e  s i m i l a r  t o  t h o s e  fo u n d  i n  o t h e r  p a r t s  o f  t h e  c a r s  and  
a r e  w i t h i n  t h e  r a n g e  o f  f i e l d  l e v e l s  fo u n d  b e n e a th  
e l e c t r i c  d i s t r i b u t i o n  l i n e s  o r  n e a r  a p p l i a n c e s .

1 . 4 . 4 . 3  A lo n g  t h e  W a y sid e

F i g u r e  1 - 5  (F ig u r e  9 - 7  i n  t h e  C o n c lu s io n s )  sh o w s t h e  p l o t  
o f  t h e  r a n g e s  c o r r e s p o n d in g  t o  t h e  tw o  m e a su re m en t  
l o c a t i o n s ,  n a m ely  t h e  u n d e r p a s s  and t h e  o p e n  s p a c e  a lo n g  
t h e  w a y s i d e . The d i s t a n c e  t o  t h e  s o u r c e  f o r  t h e  
u n d e r p a s s  i s  m ea su red  t o  t h e  r a i l s  a b o v e . T h e d i s t a n c e  
f o r  t h e  o p en  s p a c e  i s  m e a su re d  t o  t h e  n e a r e s t  s e t  o f  
t r a c k s .  T h e se  m ea su red  f i e l d  l e v e l s  i n c lu d e d  f i e l d s  fro m  
b o t h  t h e  M e t r o r a i l  S y ste m  and b a c k g r o u n d  f i e l d s  fro m  
o t h e r  s o u r c e s .  C o n s e q u e n t ly , t h e  m e a su re d  v a l u e s  
o v e r s t a t e  t h e  m a g n itu d e  o f  t h e  f i e l d  a c t u a l l y  p r o d u c e d  b y  
t h e  M e t r o r a i l  S y s te m . The f i g u r e  sh o w s t h a t  t h e s e  
c o n s e r v a t i v e  m e a su re s  o f  m a g n e t ic  f i e l d  l e v e l s  a t  b o th  
l o c a t i o n s  a r e  w i t h in  t h e  g e n e r a l  r a n g e  o f  m a g n e t ic  f i e l d s  
n e a r  d i s t r i b u t i o n  l i n e s .
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Figure 1-2 The range of total time varying magnetic field levels in the Metrorail cars
compared to typical levels of power frequency magnetic fields produced by
common sources.
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1 . 4 . 4 . 4  P a s s e n g e r  S t a t i o n s

The r a n g e s  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d s  m e a su re d  on  
t h e  G r o s v e n o r  o u t d o o r  and G a l l e r y  P la c e  u n d e rg ro u n d  
t r a n s f e r  p a s s e n g e r  s t a t i o n s  a r e  show n i n  r e l a t i o n  t o  
o t h e r  s o u r c e s  i n  F ig u r e  1 - 6  ( F i g u r e  9 - 8  i n  t h e  
C o n c lu s io n s )  . The d i s t a n c e  t o  t h e  s o u r c e  i s  t h e  d i s t a n c e  
t o  t h e  e d g e  o f  t h e  p l a t f o r m .  T he r a n g e  o f  m a g n e t ic  f i e l d  
l e v e l s  a t  t h e  p la t f o r m s  a r e  s l i g h t l y  l e s s  th a n  t h e  
g e n e r a l  r a n g e  o f  m a g n e t ic  f i e l d s  n e a r  d i s t r i b u t i o n  l i n e s .

1 . 4 . 4 . 5  P ow er S u p p ly  S y ste m  M e a su r e m e n ts

The r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d s  r e c o r d e d  
a t  e i g h t  l o c a t i o n s  o u t s i d e  tw o  d i f f e r e n t  e l e c t r i c  
t r a c t i o n  p ow er s u p p ly  s t a t i o n s  i s  show n i n  F ig u r e  1 - 7  
( F ig u r e  9 - 9  i n  t h e  C o n c lu s io n s )  . I t  c a n  b e  s e e n  t h a t  
t h e s e  f i e l d  l e v e l s  a r e  i n  t h e  r a n g e  o f  f i e l d s  fo u n d  u n d e r  
d i s t r i b u t i o n  l i n e s .  The d i s t a n c e  t o  t h e  s o u r c e  i s  t h e  
d i s t a n c e  t o  t h e  f e n c e  o r  w a l l  o f  t h e  i n s t a l l a t i o n .

1 . 4 . 4 . 6  C o n t r o l  A r e a s

F ig u r e  1 - 8  ( F i g u r e  9 - 1 0  i n  t h e  C o n c lu s i o n s )  sh ow s t h e  
p l o t  o f  t h e  r a n g e  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d s  i n  
f r o n t  o f  t h e  d i s p a t c h e r 's  VDT i n  t h e  d i s p a t c h e r 's  ro o m . 
The d i s t a n c e  t o  t h e  s o u r c e  i s  t h e  d i s t a n c e  t o  t h e  VDT 
s c r e e n .  A s o n e  w o u ld  e x p e c t ,  t h e  f i g u r e  sh ow s t h a t  t h e  
r a n g e  o f  m a g n e t ic  f i e l d  l e v e l s  fr o m  t h e  VDT i s  w e l l  
w i t h i n  t h e  r a n g e  o f  m a g n e t ic  f i e l d s  n e a r  a p p l i a n c e s .  The  
f l a t  p a r t  o f  t h e  VDT f i e l d  c u r v e  b e y o n d  1 m e te r  fro m  t h e  
s o u r c e  r e p r e s e n t s  t h e  g e n e r a l  b a c k g r o u n d  f i e l d  l e v e l  
w i t h i n  t h e  d i s p a t c h e r 's  ro o m . T h a t  b a c k g r o u n d  l e v e l  i s  
v e r y  m o d e s t  co m p a red  t o  t h e  r a n g e  o f  f i e l d  l e v e l s  fo u n d  
n e a r  t h e  t h r e e  common f i e l d  s o u r c e s  d e p i c t e d  i n  t h e  
f i g u r e .

1 . 5  C o n c lu s io n s

T h e m a g n e t ic  f i e l d s  a s s o c i a t e d  w it h  t h e  M e t r o r a i l  S y s te m  c o n t a i n  
b o t h  s t a t i c  and t im e  v a r y i n g  c o m p o n e n ts . T h e  d c  t r a c t i o n  c u r r e n t  
i n  t h e  t h i r d  r a i l ,  i n  t h e  t r a c k  r e t u r n ,  i n  t h e  p o w er c o n t r o l  
e q u ip m e n t b e n e a th  t h e  c a r s ,  and  i n  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n  c r e a t e s  s t a t i c  f i e l d s  i n  t h e  v i c i n i t y  o f  t h o s e  f a c i l i t i e s .  
T h e t im e  v a r y i n g  m a g n e t ic  f i e l d s  a s s o c i a t e d  w i t h  t h e  M e t r o r a i l  
S y s te m  a r e  o f  tw o  d i s t i n c t  t y p e s .  F i r s t ,  c h a n g e s  i n  t h e  " s t a t i c "  
f i e l d  l e v e l  b r o u g h t  a b o u t  b y  c h a n g e s  i n  t h e  d c  t r a c t i o n  c u r r e n t  i n  
t h e  a f o r e s a i d  c i r c u i t s  p r o d u c e s  lo w  f r e q u e n c y  t im e  v a r y i n g  
c o m p o n e n ts  t h a t  v a r y  i n  i n t e n s i t y  d e p e n d in g  on  t h e  t im e  r a t e  o f  
c h a n g e  o f  t h e  s t a t i c  f i e l d .  S e c o n d ly , t h e r e  a r e  p e r i o d i c  t im e  
v a r y i n g  c o m p o n e n ts  o f  t h e  f i e l d  a r i s i n g  fr o m  r i p p l e  i n  t h e  d c  
t r a c t i o n  c u r r e n t  and fr o m  c h o p p e r  c u r r e n t  i n  t h e  3 0 0 0  s e r i e s  c a r s .
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B o th  s t a t i c  and t im e  v a r y i n g  m a g n e t ic  f i e l d s  o n b o a rd  t h e  c a r s  a r i s e  
p r e d o m in a n t ly  fro m  t h e  t r a c t i o n  p ow er c o n t r o l  e q u ip m e n t b e n e a th  t h e  
f l o o r  and s e c o n d a r i l y  fro m  t h e  c u r r e n t  lo o p  fo rm e d  by t h e  t h i r d  
r a i l  and t h e  t r a c k s .  B e c a u s e  p ow er n e e d s  o f  t h e  c a r s  a r e  s e t  b y  
t e r r a i n  and s p e e d  c o n t r o l ,  t h e s e  f i e l d s  a r e  h i g h l y  v a r i a b l e  o v e r  
t i m e .

On s t a t i o n  p l a t f o r m s ,  e s p e c i a l l y  n e a r  t h e  e d g e  o f  t h e  p l a t f o r m  
c l o s e  t o  t h e  r a i l s ,  s t a t i c  and t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r i s e  
b o t h  fro m  t h e  t r a c t i o n  p ow er (d c  and r e c t i f i c a t i o n  h a r m o n ic s )  and  
e q u ip m e n t o n b o a rd  t h e  p a s s i n g  t r a i n s .  A t  t h e  w a y s id e  l o c a t i o n s  t h e  
t im e  v a r y in g  m a g n e t ic  f i e l d s  a l s o  a r i s e  fr o m  r e c t i f i c a t i o n  
h a r m o n ic s  on t h e  t r a c t i o n  p ow er h o w e v e r  t h e y  w e r e  s m a l l e r  th a n  
60  Hz and h a r m o n ic  f i e l d s  fro m  n e a r b y  p o w er l i n e s .  S t a t i c  f i e l d  
a t t r i b u t a b l e  t o  t h e  M e t r o r a i l  S y ste m  c o u l d  n o t  b e  d e t e c t e d  b e c a u s e  
t h e y  w ere  s m a l l e r  th a n  t h e  n a t u r a l  s t a t i c  f i e l d  o f  t h e  e a r t h .  
M a g n e t ic  f i e l d s  fro m  e q u ip m e n t o n b o a r d  t h e  p a s s i n g  t r a i n  w e r e  n o t  
fo u n d  a t  t h e  w a y s id e  l o c a t i o n .

A t  t r a c t i o n  p ow er s u p p ly  s t a t i o n s ,  m e a su re m e n ts  a t  t h e  s i d e s  c l o s e  
t o  t h e  a c  e l e c t r i c  e q u ip m e n t su c h  a s  t r a n s f o r m e r s  and  s w i t c h g e a r ,  
y i e l d  60  Hz and odd  h a r m o n ic  (m a in ly  t h i r d  h a r m o n ic ) f i e l d s .  A t  
t h e  d c , o r  o u t p u t ,  s i d e  o f  t h e  s t a t i o n ,  m a g n e t ic  f i e l d s  h a v e  t h e  
c o m b in ed  c h a r a c t e r i s t i c s  s e e n  a t  t h e  a c  s i d e  o f  t h e  s t a t i o n  p l u s  
t h e  s t a t i c  f i e l d  and r i p p l e - f r e q u e n c y  f i e l d s  s e e n  a t  o t h e r  p l a c e s  
n e a r  t h e  M e t r o r a i l  t r a c k s .

No s i g n i f i c a n t  e l e c t r i c  f i e l d s  w e r e  d e t e c t e d  a n y w h ere  i n  t h e  
s y s t e m . T he l a r g e s t  f i e l d s ,  o f  t h e  o r d e r  o f  7 V /m  w e r e  fo u n d  
o u t s i d e  o n e  e l e c t r i c  t r a c t i o n  p ow er s u p p ly  s t a t i o n s  b u t  a p p e a r e d  t o  
a r i s e  fro m  a n e a r b y  d i s t r i b u t i o n  l i n e  r a t h e r  t h a n  t h e  s t a t i o n .  
A lo n g  t h e  w a y s id e  t h e  f i e l d s  m e a su re d  a p p r o x im a t e ly  5 V /m  an d  i n  
t h e  p a s s e n g e r  s t a t i o n s  2 V /m . A s  e x p e c t e d ,  e l e c t r i c  f i e l d s  o f  l e s s  
t h a n  1 V /m  w e re  d e t e c t e d  i n s i d e  t h e  c a r s  and  t h e  d i s p a t c h e r 's  
o f f i c e ,  b e c a u s e  o f  t h e  s h i e l d i n g  b y  t h e  c a r s  and  t h e  b u i l d i n g  
s t r u c t u r e s .  T he p r e d o m in a n t  f r e q u e n c y  o f  t h e s e  f i e l d s  w as 6 0  Hz 
w h ic h  i n d i c a t e s  t h a t  t h e  s o u r c e  w as e i t h e r  n e a r b y  e l e c t r i c  
e q u ip m e n t o r  n e a r b y  e l e c t r i c  d i s t r i b u t i o n  l i n e s .
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2 . 0  OVERVIEW

T h is  r e p o r t  p r e s e n t s  a q u a n t i f i c a t i o n  o f  t h e  e l e c t r i c  and m a g n e t ic  
f i e l d s  a s s o c i a t e d  w ith  t h e  W a s h in g to n  M e t r o p o l i t a n  A r e a  T r a n s i t  
A u t h o r i t y  (WMATA) M e t r o r a i l  S y s te m . I t  i s  o n e  o f  a s e r i e s  o f  
r e p o r t s  b y  E l e c t r i c  R e s e a r c h  & M anagem ent, I n c .  (ERM) f o r  t h e  
F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  (FRA) on t h e  g e n e r a l
c h a r a c t e r i s t i c s  o f  m a g n e t ic  and e l e c t r i c  f i e l d s  a s s o c i a t e d  w it h  
r a i l r o a d  s y s t e m s .  The p r e v io u s  r e p o r t s  h a v e  c o v e r e d  a num ber o f  
d i f f e r e n t  t e c h n o l o g i e s .  S p e c i f i c a l l y ,  m e a su re m e n ts  h a v e  b e e n  made 
and r e p o r t e d  o n b o a rd  t h e  German T r a n s r a p id  (T R 07) M a g le v  S y s te m ,  
AMTRAK d i e s e l  and e l e c t r i f i e d  t r a i n s ,  on  t h e  N o r t h e a s t  C o r r i d o r ,  
e l e c t r i f i e d  t r a i n s  on t h e  New J e r s e y  T r a n s i t ' s  N o r th  J e r s e y  C o a s t  
L in e  fr o m  M ataw an t o  Long B r a n c h , and t h e  F re n c h  T r a i n  a  G r a n d e  

V i t e s s e  (T G V ). E l e c t r i c  and m a g n e t ic  f i e l d s  h a v e  a l s o  b e e n  
m e a su re d  and r e p o r t e d  a t  t h e  s t a t i o n s ,  a lo n g  t h e  w a y s i d e , a t  pow er  
s u p p ly  f a c i l i t i e s ,  and i n  c o n t r o l  f a c i l i t i e s  f o r  e a c h  o f  t h e s e  
t r a n s p o r t a t i o n  s y s t e m s .

2 . l  R e p o r t  O r g a n iz a t i o n

T h i s  r e p o r t  i s  o r g a n iz e d  i n t o  tw o v o lu m e s . The b o d y  o f  t h e  r e p o r t  
c o n t a i n e d  i n  V olu m e I  f o c u s e s  on t h e  r e p r e s e n t a t i v e  d a t a  and  
s u m m a r iz e s  s t a t i s t i c a l  d a t a  f o r  t h e  r e a d e r  who i s  i n t e r e s t e d  i n  
o v e r a l l  s y s t e m  c h a r a c t e r i s t i c s .  The r e p r e s e n t a t i v e  d a t a  
d e m o n s t r a t e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d s  on  
o r  i n  t h e  v i c i n i t y  o f  t h e  WMATA M e t r o r a i l  S y s te m . T he e x t e n s i v e  
a p p e n d ic e s  o f  V olu m e I I  d e t a i l  t h e  m a g n e t ic  f i e l d s  a t  s p e c i f i c  
l o c a t i o n s  on o r  n e a r  t h e  M e t r o r a i l  S y ste m  f o r  t h e  r e a d e r  lo o k i n g  
f o r  s p e c i f i c  d e t a i l s  o f  f i e l d  c h a r a c t e r i s t i c s .

T he f i r s t  s e c t i o n  o f  t h i s  r e p o r t  i s  an  e x e c u t i v e  sum m ary in t e n d e d  
f o r  t h e  l e s s  t e c h n i c a l l y  i n c l i n e d  r e a d e r .  I t  d e s c r i b e s  t h e
m a g n e t ic  f i e l d s  p ro d u c e d  b y  t h e  W a s h in g to n  M e t r o r a i l  S y s te m  and t h e  
c o n c l u s i o n s  r e a c h e d  b y  t h e s e  m e a su re m e n ts  i n  la n g u a g e  w h ic h  a v o id s  
e n g i n e e r i n g  ja r g o n  t o  t h e  g r e a t e s t  e x t e n t  p r a c t i c a l .  I n  s p i t e  o f  
i t s  n o n - t e c h n i c a l  n a t u r e ,  i t  i s  recom m ended t o  a l l  r e a d e r s  a s  an  
o r i e n t a t i o n  t o  t h e  r e p o r t  c o n t e n t s  and w i l l  a s s i s t  t h e  t e c h n i c a l  
r e a d e r  i n  c r i t i c a l l y  e x a m in in g  t h e  c o n t e n t s  o f  t h e  r e p o r t .

T h i s  s e c t i o n  i s  an o v e r v ie w  w h ic h  s e e k s  t o  d e s c r i b e  t h e  r e p o r t  
s t r u c t u r e  i n  m ore d e t a i l  and d i r e c t  t h e  r e a d e r  t o  o t h e r  s o u r c e s  o f  
r e l e v a n t  i n f o r m a t i o n  n o t  c o n t a in e d  h e r e i n .  I t  a l s o  s e e k s  t o
p r o v i d e  som e b a c k g ro u n d  i n f o r m a t i o n  a b o u t  t h e  m e a su re m e n t p r o g r a m ,  
d e s c r i b e  i n s t r u m e n t a t i o n ,  e x p l a i n  t h e  s i g n i f i c a n c e  o f  t h e  
r e p e t i t i v e  w a v efo rm  d a t a ,  t h e  m eth od  o f  a n a l y s i s ,  t h e  fo r m a t  o f  
p r e s e n t a t i o n ,  and  c e r t a i n  o t h e r  i te m s  r e l e v a n t  t o  t h e  r e p o r t  a s  a 
w h o le .

S e c t i o n s  3 t h r o u g h  8  f o c u s  on t h e  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  
f i e l d s  m e a su re d  o n b o a rd  t h e  c a r s ,  w i t h i n  t h e  e n g i n e e r 's
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c o m p a r tm e n t, a lo n g  t h e  w a y s id e , a t  p a s s e n g e r  s t a t i o n s ,  n e a r  p ow er  
s u p p ly  f a c i l i t i e s ,  and i n s i d e  c o n t r o l  f a c i l i t i e s ,  r e s p e c t i v e l y .

S e c t i o n  9 o f  t h e  r e p o r t  a t t e m p t s  t o  b o th  su m m a rize  t h e  m a g n e t ic  
f i e l d  c h a r a c t e r i s t i c s  o f  t h e  WMATA M e t r o r a i l  S y ste m  and com p are  
t h e s e  c h a r a c t e r i s t i c s  t o  m a g n e t ic  f i e l d s  p r o d u c e d  b y  o t h e r  common 
s o u r c e s .

2 . 2  B a ck g ro u n d

T he i n c r e a s i n g  p u b l i c  a w a r e n e s s  o f  t h e  c o n t r o v e r s y  o v e r  p o s s i b l e  
h e a l t h  i m p l i c a t i o n s  d u e t o  e x p o s u r e  t o  m a g n e t ic  f i e l d s  m akes i t  
d e s i r a b l e  t o  q u a n t i f y  t h e  m a g n e t ic  f i e l d s  a s s o c i a t e d  w i t h  u s e  o r  
o p e r a t i o n  o f  a l l  e l e c t r i c a l  a p p a r a t u s .  P r e v io u s  m e a s u r e m e n ts  h a v e  
c h a r a c t e r i z e d  t h e  m a g n e t ic  f i e l d s  a s s o c i a t e d  w it h  s t a t e - o f - t h e - a r t  
t r a n s p o r t a t i o n  s y s t e m s  l i k e  t h e  T r a n s r a p id  TR07 m a g n e t i c a l l y  
l e v i t a t e d  v e h i c l e  and t h e  F re n c h  TGV ( T r a in  a G ra n d e  V i t e s s e )  
e l e c t r i f i e d  r a i l r o a d  s y s t e m  w h ic h  h o l d s  t h e  w o r l d 's  r a i l  s p e e d  
r e c o r d  o f  5 1 5 .3  kph (3 0 0  mph) . S i m i l a r  m e a su re m e n ts  h a v e  b e e n  made  
o n b o a rd  AMTRAK e l e c t r i f i e d  t r a i n s  an d  n e a r  t h e  f a c i l i t i e s  o f  t h e  
N o r t h e a s t  C o r r id o r  (NEC) t o  p r o v i d e  b a s e l i n e  m a g n e t ic  f i e l d  d a t a  on  
a c o n v e n t i o n a l ,  h i s t o r i c a l l y  w e l l  a c c e p t e d  t r a n s p o r t a t i o n  
t e c h n o lo g y  a g a i n s t  w h ic h  t h e  m a g n e t ic  f i e l d  e n v ir o n m e n t  o f  e m e r g in g  
t e c h n o l o g i e s  may b e  c o m p a r e d . A d d i t i o n a l  m a g n e t ic  f i e l d  
m e a su re m e n ts  h a v e  b e e n  made o n b o a r d  t r a i n s  an d  a d j a c e n t  t o  
f a c i l i t i e s  o f  t h e  New J e r s e y  T r a n s i t ' s  N o r th  J e r s e y  C o a s t  L in e  fro m  
M ataw an t o  L on g B r a n c h . T h a t  s e c t i o n  o f  t h e  r a i l r o a d  i s  
e l e c t r i f i e d  u s i n g  som ew hat n ew er t e c h n o l o g y .  T h i s  r e p o r t  i s  on  t h e  
WMATA M e t r o r a i l  S y ste m  w h ic h  i s  c h a r a c t e r i s t i c  o f  a  m o d ern  u r b a n  
m a ss t r a n s i t  s y s t e m  u s i n g  7 5 0  v o l t s  d c  t h i r d  r a i l  t e c h n o l o g y .

T o a c h i e v e  t h e  g o a l  o f  f u l l y  q u a n t i f y i n g  t h e  e l e c t r o m a g n e t i c  
e n v ir o n m e n t  o f  t h e  M e t r o r a i l  S y s t e m , a n  e x h a u s t i v e  s e t  o f  
m e a su re m e n ts  w as made o n b o a r d  t r a i n s ,  i n  t h e  e n g i n e e r 's  
c o m p a r tm e n t , a t  p a s s e n g e r  s t a t i o n s ,  a lo n g  t h e  w a y s i d e , i n  c o n t r o l  
f a c i l i t i e s ,  an d  n e a r  p ow er s u p p ly  f a c i l i t i e s .  T h e s e  m e a su re m e n ts  
w e r e  made f o r  a s a m p lin g  o f  o p e r a t i n g  c o n d i t i o n s .  H o w e v e r , b e f o r e  
t h e  a m p l i t u d e , t i m e ,  and  f r e q u e n c y  c h a r a c t e r i s t i c s  o f  t h e  f i e l d s  
a r e  a n a ly z e d  and  p r e s e n t e d ,  i t  i s  n e c e s s a r y  t o  d i s c u s s  som e g e n e r a l  
b a c k g r o u n d  i n f o r m a t i o n  on m a g n e t ic  f i e l d s .

N a t u r a l  M a g n e t ic  F i e l d  C h a r a c t e r i s t i c s .  T h e e a r t h 's  n a t u r a l l y -  
o c c u r r i n g  g e o m a g n e t ic  f i e l d  i s  g e n e r a l l y  c o n s i d e r e d  t o  b e  s t a t i c ,
i . e . ,  n o t  v a r i a b l e  o v e r  t im e  ( i n  som e l i t e r a t u r e ,  s t a t i c  f i e l d s ,  a r e  
r e f e r r e d  t o  a s  d c  f i e l d s ) . T he e a r t h ' s  f i e l d  i s  n o r m a lly  s t a t i c  a t  
l e v e l s  b e tw e e n  2 4 0  m i l l i g a u s s  i n  S o u th e r n  B r a z i l  t o  6 7 0  m i l l i g a u s s  
a t  t h e  m a g n e t ic  S o u th  P o l e .  I n  a n y  r e g i o n  o f  t h e  e a r t h ' s  s u r f a c e ,  
f l u c t u a t i o n s  w i l l  o c c u r  d u r in g  s o l a r  m a g n e t ic  d i s t u r b a n c e s .  T h e s e  
f l u c t u a t i o n s  n o r m a lly  h a v e  f r e q u e n c i e s  t h a t  a r e  l e s s  t h a n  o n e  
h u n d r e d th  o f  a  c y c l e  p e r  s e c o n d  t o  a s  h i g h  a s  1 0 0 0  c y c l e s  p e r  
s e c o n d . T he m a g n itu d e  o f  t h e s e  f l u c t u a t i o n s  i s  n o r m a lly  l a r g e s t  a t  
t h e  lo w e s t  f r e q u e n c i e s  and i n  t h e  p o l a r  r e g i o n s .  M i d - l a t i t u d e
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v a r i a t i o n s  o f  2 t o  4 m i l l i g a u s s  a r e  common d u r in g  s t r o n g  s o l a r  
s t o r m s . I n  p o l a r  r e g i o n s ,  s o l a r  m a g n e t ic  d i s t u r b a n c e s  c a n  c a u s e  
g r e a t e r  th a n  + 2 0  m i l l i g a u s s  f l u c t u a t i o n s .  T h e r e f o r e ,  t h e  n a t u r a l  
e n v ir o n m e n t  i s  made up o f  m a g n e t ic  f i e l d s  w it h  b o th  s p a t i a l  and  
t e m p o r a l  c h a r a c t e r i s t i c s .

T e c h n o l o g i c a l  M a g n e t ic  F i e l d  P e r t u r b a t i o n s .  M an-m ade f e r r o m a g n e t ic  
s t r u c t u r e s  and  e l e c t r o - t e c h n o l o g i e s  p e r t u r b  t h e s e  n a t u r a l  f i e l d s .  
I n  c l o s e  p r o x i m i t y  t o  b u i l d i n g  and v e h i c l e  s t e e l ,  i n c r e a s e s  o r  
d e c r e a s e s  t o  t h e  e a r t h 's  u n p e r tu r b e d  g e o m a g n e t ic  f i e l d  o f  2 : 1  a r e  
r e a d i l y  o b s e r v e d .  Any e l e c t r i c a l  d e v i c e  t h a t  d ra w s s i g n i f i c a n t  
c u r r e n t  f o r  o p e r a t i o n  o r  u s e s  m a g n e t ic  m a t e r i a l  w i l l  c r e a t e  
m a g n e t ic  f i e l d  i n t e n s i t i e s  c l o s e  t o  t h e  d e v i c e  t h a t  a r e  on t h e  
o r d e r  o f  t h e  n a t u r a l l y  o c c u r r i n g  m a g n e t ic  f i e l d s .  M o st  e l e c t r i c a l  
d e v i c e s  i n  common u s a g e  a r e  p o w ered  b y  a l t e r n a t i n g  c u r r e n t  (a c )  
s o u r c e s .  T he m a g n e t ic  f i e l d s  p ro d u c e d  h a v e  t h e  f r e q u e n c y  o f  t h e  
p ow er s o u r c e  an d  t i n y  h a r m o n ic s  (s u b  o r  s u p e r )  w h ic h  r e s u l t  fro m  
t h e  d e v i c e ' s  o p e r a t i n g  c h a r a c t e r i s t i c s .  On t h e  N o r th  A m e ric a n  
c o n t i n e n t ,  t h e  d o m in a n t pow er s o u r c e  fr e q u e n c y  i s  6 0  c y c l e s  p e r  
s e c o n d  ( t h e  e n g in e e r in g  and s c i e n t i f i c  c o m m u n it ie s  h a v e  a g r e e d  t o  
r e f e r  t o  c y c l e s  p e r  s e c o n d  a s  h e r t z  and t o  f u r t h e r  s h o r t e n  t h e  
r e f e r e n c e  b y  u s i n g  t h e  a b b r e v i a t i o n  H z ) . I n  E u ro p e  m o s t  p ow er  
s y s t e m s  a r e  5 0  H z . T h e r e f o r e ,  m o st  e l e c t r o - t e c h n o l o g y  m a g n e t ic  
f i e l d s  p r o d u c e d  a r e  p r i m a r i l y  a t  t h e s e  p ow er f r e q u e n c i e s .  The  
m a g n itu d e s  o f  t h e  m a g n e t ic  f i e l d s  a t  t h e  p o w er f r e q u e n c i e s  r a n g e  
fro m  f r a c t i o n s  o f  m i l l i g a u s s  i n  r u r a l  r e s i d e n c e s  t o  t e n s  o f  g a u s s  
n e a r  h i g h  c u r r e n t  c a r r y i n g  c o n d u c to r s  fo u n d  i n  many c o m m e r c ia l and  
i n d u s t r i a l  f a c i l i t i e s .  Many com m only u s e d  h o u s e h o ld  a p p l i a n c e s ,  
s u c h  a s  h i g h  s p e e d  h a i r  d r y e r s  and h a n d h e ld  d r i l l s ,  e x h i b i t  p ow er  
f r e q u e n c y  m a g n e t ic  f i e l d s  w e l l  a b o v e  o n e  g a u s s  (o n e  t h o u s a n d  mG) i n  
c l o s e  p r o x i m i t y  t o  t h e  a p p l i a n c e .

E l e c t r i c  an d  M a g n e t ic  F i e l d s  and  B i o l o g i c a l  E f f e c t s .  S i n c e  t h e  
l a t e  1 8 0 0 s ,  e l e c t r o - t e c h n o l o g i e s  h a v e  b e e n  p e r t u r b i n g  t h e  n a t u r a l  
e l e c t r o m a g n e t i c  e n v ir o n m e n t . I n  t h e  e a r l y  1 9 7 0 s ,  t h e  s u b j e c t  o f  
e l e c t r i c  f i e l d s  s u r f a c e d  a s  a  p o s s i b l e  h e a l t h  c o n c e r n  w hen e l e c t r i c  
u t i l i t i e s  t r i e d  t o  g a in  r i g h t s - o f - w a y  f o r  p ow er t r a n s m i s s i o n  l i n e s .  
T r a n s m i s s io n  l i n e s  w ere  o n e  o f  a s m a l l  num ber o f  e l e c t r o 
t e c h n o l o g i e s  t h a t  p r o d u c e d  s t r o n g  pow er f r e q u e n c y  e l e c t r i c  f i e l d s  
w h ere  t h e r e  w as p u b l i c  a c c e s s .  The t r a n s m i s s i o n  l i n e s  a t  t h e  
c e n t e r  o f  t h e  c o n t r o v e r s y  w e re  a  new t e c h n o lo g y  i n  t h a t  t h e  
o p e r a t i n g  v o l t a g e  w as 60% h i g h e r  th a n  p r e v i o u s  d e s i g n .  The  
f r e q u e n c y  c h a r a c t e r i s t i c s  w ere  u n c h a n g e d . W h i le  m a g n e t ic  f i e l d s  
w ere  r a i s e d  a s  a  b i o l o g i c a l  i s s u e  i n  t h e  1 9 7 0 s  b e c a u s e  o f  a N avy  
s u b m a r in e  c o m m u n ic a tio n s  p r o j e c t ,  i t  w as n o t  u n t i l  1 9 7 9  t h a t  
m a g n e t ic  f i e l d s  a p p e a r e d  a s  a  p o s s i b l e  h e a l t h  c o n c e r n . I t  w as  
s u g g e s t e d  t h a t  t h e r e  w as a w eak c o r r e l a t i o n  w i t h  an  i n c r e a s e d  r i s k  
o f  c h i ld h o o d  le u k e m ia  f o r  p o p u l a t i o n s  l i v i n g  n e a r  d i s t r i b u t i o n  
l i n e s .  W h i le  t h e  f i r s t  su c h  s t u d y  w as c o n s i d e r e d  t o  b e  t e c h n i c a l l y  
f la w e d ,  tw o  s u b s e q u e n t ,  im p ro v e d  e p i d e m i o l o g i c a l  s t u d i e s  c o n t in u e d  
t o  f i n d  a  c o n s i s t e n t  p a t t e r n  when a s u r r o g a t e  f o r  m a g n e t ic  f i e l d s ,  
p ow er l i n e s  w i t h  l a r g e  c o n d u c t o r s  and p r o x i m i t y  t o  t h e  c a s e s ,  w ere
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d o c u m e n te d . I n  1 9 9 2  S w e d ish  r e s e a r c h e r s  r e p o r t e d  on f i n d i n g  a 
som ew hat s t r o n g e r  a s s o c i a t i o n  f o r  c h i ld h o o d  le u k e m ia  among c h i l d r e n  
l i v i n g  i n  c l o s e  p r o x i m i t y  t o  t r a n s m i s s i o n  l i n e s  i n  S w e d e n .  
S t a r t i n g  w it h  t h e  a s s e r t i o n  o f  b i o l o g i c a l  e f f e c t s  fro m  e l e c t r i c  
f i e l d s  and r e d o u b le d  w it h  e m e rg e n c e  o f  t h e  m a g n e t ic  f i e l d  e f f e c t  
h y p o t h e s i s ,  l a b o r a t o r y  s c i e n t i s t s  h a v e  r e p o r t e d  many e l e c t r i c  and  
m a g n e t ic  f i e l d  e f f e c t s  fo u n d  b y  i n  v i t r o  ( t i s s u e  c u l t u r e  
p r e p a r a t i o n s )  and i n  v i v o  (w h o le  a n im a l s t u d i e s )  e x p e r i m e n t s .

Many o f  t h e  l a b o r a t o r y  s t u d i e s  and  a  c o n c u r r e n t  b o d y  o f  c l i n i c a l  
s t u d i e s  h a v e  r e p o r t e d  e f f e c t s  w h ic h  a p p e a r  t o  r e s u l t  fr o m  e x p o s u r e  
t o  f i e l d s  w it h  a w id e  r a n g e  o f  m a g n itu d e s  and f r e q u e n c i e s .  To 
e x p l a i n  t h e s e  o b s e r v a t i o n s ,  h y p o t h e s e s  s u c h  a s  " c y c l o t r o n  
r e s o n a n c e "  w h ic h  l i n k s  t h e  c o - e x i s t e n c e  o f  s t a t i c  (d c )  and a c  
f i e l d s  h a v e  b e e n  o f f e r e d .  B e c a u s e  much o f  t h e  p o l i t i c a l  
c o n t r o v e r s y  h a s  b e e n  f o c u s e d  on  d e t e r m in in g  i f  t r a n s m i s s i o n  l i n e s  
c a n  b e  c i t e d ,  m o s t  o f  t h e  l a b o r a t o r y  e f f o r t  h a s  b e e n  d i r e c t e d  a t  
t h e  v e r y  s e l e c t i v e  p ow er f r e q u e n c i e s ,  5 0  and  60  H z . Y e t  many 
r e p o r t e d  r e s u l t s  h a v e  l i t t l e  t o  d o w it h  t h e  p ow er f r e q u e n c i e s .  
Many s t u d i e s  r e p o r t  f i n d i n g s  i n  t h e  fe w  h e r t z  t o  t e n s  o f  h e r t z  
f r e q u e n c y  b a n d . T h e r e  a r e  r e p o r t s  o f  f i n d i n g s  when t h e  e x p o s u r e  
r e p e t i t i o n  r a t e  w as a b o v e  t h e  p o w er f r e q u e n c i e s .  Some s t u d i e s  
s u g g e s t  t h e  d u r a t i o n  o f  e x p o s u r e  i s  i m p o r t a n t .  Some s t u d i e s  
s u g g e s t  t h a t  b o th  i n t e n s i t y  (m a g n itu d e ) and  f r e q u e n c y  w indow s  
e x i s t ,  i . e . ,  a b o v e  o r  b e lo w  a  c e r t a i n  r e g i o n  no  e f f e c t  i s  o b s e r v e d .  
Some s t u d i e s  s u g g e s t  t h a t  t h e  t r a n s i t i o n  fro m  o n e  f i e l d  l e v e l  t o  
a n o t h e r  i s  im p o r t a n t ,  o t h e r s  d e b a t e  w h e th e r  m a g n e t ic  f i e l d s  a c t  
d i r e c t l y  on  t h e  b o d y  o r  v i a  in d u c e d  c u r r e n t s .  Few o f  t h e s e  s t u d i e s  
h a v e  b e e n  r e p l i c a t e d  and  n o  a c c e p t e d  m ech a n ism  o f  i n t e r a c t i o n  o f  
e n v i r o n m e n t a l ly  r e l e v a n t  e l e c t r i c  o r  m a g n e t ic  f i e l d  e x i s t s .

I n  t h e  a b s e n c e  o f  an  a c c e p t e d  m e c h a n ism , many h a v e  c h o s e n  t o  
r e l e g a t e  t h e  r e p o r t e d  e f f e c t  o f  e l e c t r i c  and m a g n e t ic  f i e l d s  t o  t h e  
c a t e g o r y  o f  " p a t h o l o g i c a l  s c i e n c e "  (a  te r m  c o in e d  b y  t h e  l a t e  
I r v i n g  L a n g m u ir ) . H o w e v e r , t h e  p e r s i s t e n c e  o f  p u b l i c  c o n c e r n  
n e c e s s i t a t e s  t h a t  a n y  s e r i o u s  a t t e m p t  a t  m a g n e t ic  f i e l d  
q u a n t i f i c a t i o n  w h ic h  c l a i m s  t o  s e r v e  a s  a b a s i s  f o r  e v a l u a t i n g  
p o s s i b l e  h e a l t h  e f f e c t s  m u s t  n o t  b e  an  i n a d v e r t e n t l y  s e l e c t i v e  
m e a s u r e  o f  m a g n itu d e  a t  a s i n g l e  o r  n a rro w  ban d  o f  f r e q u e n c i e s .  I n  
t h e  e x t r e m e , i f  h e a l t h  e f f e c t s  a r e  fo u n d , t h e  c o n tin u u m  o f  
e l e c t r o m a g n e t i c  e x p o s u r e  may b e  r e q u i r e d  t o  e s t a b l i s h  r e l a t i v e  
r i s k .  P r a c t i c a l l y ,  i t  h a s  o n l y  r e c e n t l y  b ecom e p o s s i b l e  t o  r e c o r d  
an d  s t o r e  a l l  o f  t h e  d i s c r e t e  s e g m e n ts  o f  f r e q u e n c y  b a n d s  w h ic h  
b i o l o g i c a l  r e p o r t s  s u g g e s t  may b e  i m p o r t a n t .  B a s e d  on t h e  
b i o l o g i c a l  s t u d i e s  r e p o r t e d  t o  1 9 9 2 ,  t h e  e l e c t r i f i e d  r a i l r o a d  
m e a s u r e m e n ts  f o c u s e d  on  t h e  0 t o  2 5 0 0  Hz p o r t i o n  o f  t h e  
e l e c t r o m a g n e t i c  s p e c tr u m .

2 . 3  The WMATA M e t r o r a i l  S y s te m

T h i s  s t u d y  c o n c e n t r a t e s  on  t h e  c h a r a c t e r i s t i c s  o f  t h e  W a s h in g to n  
M e t r o p o l i t a n  A r e a  T r a n s i t  A u t h o r i t y  (WMATA) M e t r o r a i l  S y s te m  t h a t
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p r o v i d e s  u r b a n  m ass t r a n s i t  t o  t h e  g r e a t e r  W a s h in g to n , DC 
m e t r o p o l i t a n  a r e a .  The m e a su re m en ts  w ere  ta k e n  on p o r t i o n s  o f  t h e  
Red L in e  b e tw e e n  Shady G ro v e  and Van N ess-U D C  S t a t i o n s  and t h e  
G reen  L in e  b e tw e e n  G a l l e r y  P la c e -C h in a to w n  and U S t r e e t -C a r d o z o  
S t a t i o n s .

T h e re  a r e  t h r e e  t y p e s  ( g e n e r a t i o n s )  o f  c a r s  i n  s e r v i c e  on t h e  WMATA 
M e t r o r a i l  S y s te m : t h e  1 0 0 0 , 2 0 0 0  and 3 0 0 0  s e r i e s .  T h ey  a r e  o f
d i f f e r e n t  m a n u fa c t u r e . Two d i f f e r e n t  t r a c t i o n  p o w er c o n t r o l  
t e c h n o l o g i e s  a r e  e m p lo y e d .

1 0 0 0  S e r i e s  R ohr I n d u s t r i e s ,  I n c  DC "C A M " C o n t r o l
2 0 0 0  S e r i e s  B red a  T r a n s p o r t a t i o n ,I n c  DC "CAM " C o n t r o l
3 0 0 0  S e r i e s  B red a  T r a n s p o r t a t i o n ,I n c  DC S e m ic o n d u c to r

C h o p p er C o n t r o l

E ach  c a r  i s  s e l f  p r o p e l l e d  b y  a W e s t in g h o u s e  p r o p u ls i o n  s y s t e m  and  
h a s  tw o  s e t s  o f  d c  t r a c t i o n  m o to r s  t h a t  a r e  c o n n e c t e d  t o  e a c h  a x l e .  
L oad  s e n s o r s  i n  e a c h  c a r  c o n t r o l  t h e  p ow er o f  e a c h  c a r  s o  t h a t  t h e y  
d o  n o t  t r y  t o  p u l l  o r  p u sh  o n e  a n o t h e r . The c a r s  com e i n  tw o  
v a r i e t i e s ,  t h e  A and t h e  B , w h ic h  a lw a y s  o p e r a t e  i n  " m a r r i e d "  
p a i r s .  T h e A c a r  c a r r i e s  t h e  a i r  c o m p r e s s o r  u n i t ,  w h e r e a s  t h e  
B c a r  c a r r i e s  t h e  b a t t e r y  and t h e  c o n v e r t e r  u n i t s .  S i n c e  t h e  c a r s  
a r e  a lw a y s  p a i r e d ,  t h e  t r a i n  s e t s  a lw a y s  c o n t a i n  an  e v e n  num ber o f  
c a r s .

A lt h o u g h  a l l  t h r e e  s e r i e s  o f  c a r s  on t h e  M e t r o r a i l  S y s te m  h a v e  
W e s t in g h o u s e  p r o p u ls i o n  s y s t e m s ,  tw o d i f f e r e n t  t r a c t i o n  p ow er  
c o n t r o l  t e c h n o l o g i e s  a r e  u s e d  t o  r e g u l a t e  t h e  am ount o f  e l e c t r i c a l  
p o w er p r o v i d e d  t o  t h e  t r a c t i o n  m o t o r s . CAM c o n t r o l ,  u s e d  on  t h e  
1 0 0 0  an d  2 0 0 0  s e r i e s  c a r s ,  m eans t h a t  r e s i s t o r s  a r e  s w it c h e d  i n  and  
o u t  o f  e i t h e r  t h e  a rm a tu re  o r  f i e l d  o f  t h e  m o to r s  i n  o r d e r  t o  
c o n t r o l  t h e i r  s p e e d  and t o r q u e .  S i m i l a r l y ,  r e s i s t o r s  a r e  s w it c h e d  
i n  t o  p r o v i d e  d y n a m ic  b r a k in g . A l l  o f  t h e  r e s i s t o r s  an d  a s s o c i a t e d  
s w i t c h e s  a r e  l o c a t e d  b e n e a th  t h e  c a r s  b e tw e e n  t h e  tw o  t r u c k s .  On 
t h e  o t h e r  h a n d , t h e  3 0 0 0  s e r i e s  c a r s  u s e  c h o p p e r  c o n t r o l  t o  
a c c o m p l is h  t h e  sam e g o a l s  v i a  v o l t a g e  c o n t r o l .  T h e s e  s e m ic o n d u c t o r  
c h o p p e r s  o p e r a t e  a t  a f i x e d  fr e q u e n c y  o f  2 7 3  Hz and  c o n t r o l  t h e  
p o w er a p p l i e d  t o  t h e  t r a c t i o n  m o to r s  b y  v a r y i n g  t h e  on d u t y  c y c l e  
( t h e  p e r c e n t a g e  o f  t im e  t h a t  t h e  s e m ic o n d u c t o r  i s  t u r n e d  on  d u r in g  
e a c h  3 . 7  mS c h o p p e r  c y c l e ) . R e a c t o r s  a r e  p r o v id e d  b e f o r e  and  a f t e r  
t h e  c h o p p e r  t o  f i l t e r  o r  "s m o o th  o u t "  som e o f  t h e  c h o p p e r  r i p p l e  i n  
t h e  l i n e  an d  m o to r  c u r r e n t s ,  r e s p e c t i v e l y .  T h i s  t y p e  o f  c o n t r o l  
a l l o w s  r e g e n e r a t i v e  b r a k in g  c a p a b i l i t y  w h ic h  r e v e r s e s  p o w er f lo w  
b a c k  i n t o  t h e  s u p p ly  s y s te m  i n  a d d i t i o n  t o  n o rm a l d y n a m ic  b r a k i n g .  
A g a i n ,  a l l  o f  t h i s  t r a c t i o n  p ow er c o n t r o l  e q u ip m e n t i s  l o c a t e d  
b e n e a th  t h e  c a r s  i n  t h e  c e n t r a l  a r e a  b e tw e e n  t h e  t r u c k s .  O f  
p a r t i c u l a r  n o t e ,  fro m  a m a g n e t ic  f i e l d  p o i n t  o f  v i e w , i s  t h e  l a r g e  
l i n e  s m o o t h in g  r e a c t o r  d i r e c t l y  u n d e r  t h e  f l o o r  i n  t h e  c e n t e r  o f  
e a c h  3 0 0 0  s e r i e s  c h o p p e r  c o n t r o l l e d  c a r .  A l l  o f  t h e  c u r r e n t  draw n  
b y  t h e  t r a c t i o n  m o to r s  o f  t h e  c a r  m u st p a s s  t h r o u g h  t h a t  l a r g e
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I

m u l t i - t u r n  c o i l .  S in c e  t h e  r e a c t o r  h a s  o n ly  a s h o r t  i r o n  c o r e  in  
t h e  c e n t e r  o f  t h e  c o i l ,  a l l  o f  t h e  m a g n e t ic  f l u x  p a s s i n g  th r o u g h  
t h e  c e n t e r  o f  t h e  r e a c t o r  c o i l  m u st p a s s  t h r o u g h  t h e  a i r  and  o t h e r  
n o n - f e r r o m a g n e t i c  m a t e r i a l  a ro u n d  t h e  o u t s i d e  o f  t h e  r e a c t o r  in  
o r d e r  t o  c l o s e  t h e  f l u x  p a t h  fro m  o n e  en d  o f  t h e  c o r e  t o  t h e  o t h e r .  
C o n s e q u e n t ly ,  an a p p r e c i a b l e  p o r t i o n  o f  t h a t  m a g n e t ic  f l u x  w i l l  
p a s s  t h r o u g h  t h e  c e n t r a l  p o r t i o n  o f  t h e  p a s s e n g e r  a r e a  o f  t h e  
3 0 0 0  s e r i e s  c a r .

T he e l e c t r i c a l  p ow er s u p p ly  s y s t e m  o f  t h e  t r a i n  i s  7 5 0  v o l t s  d c  
t h r o u g h  t h e  t h i r d  r a i l .  T h i s  s u p p ly  i s  p r o d u c e d  b y  c o n v e r t i n g  
60  Hz a c  p ow er fro m  c o m m e r c ia l u t i l i t y  s o u r c e s  t o  d c  p o w er th r o u g h  
r e c t i f i c a t i o n  a t  a s e r i e s  o f  t r a c t i o n  p o w er s u p p ly  s t a t i o n s  
d i s t r i b u t e d  e v e r y  fe w  m i l e s  a lo n g  t h e  M e t r o r a i l  l i n e s .  T h e se  
t r a c t i o n  p o w er s u p p ly  s t a t i o n s  c o n t a i n  t r a n s f o r m e r s ,  r e c t i f i e r s ,  
s w i t c h g e a r ,  and  f i l t e r  c a p a c i t o r s  w h ic h  c o n v e r t  t h e  in c o m in g  t h r e e -  
p h a s e  60  Hz p ow er s u p p l i e d  a t  d i s t r i b u t i o n  v o l t a g e s  ( t y p i c a l l y
1 3 . 8  kV) i n t o  t h e  7 5 0  v o l t s  d c  t h a t  i s  a p p l i e d  t o  t h e  t h i r d  r a i l  t o  
s u p p ly  p o w er t o  t h e  t r a i n .  T he d c  c u r r e n t  i s  t h e n  c o l l e c t e d  fro m  
t h e  t h i r d  r a i l  th r o u g h  c o n t a c t o r  s h o e s  on  t h e  f r o n t  an d  b a c k  t r u c k s  
o f  t h e  c a r s .  The d c  c u r r e n t  f l o w s  t h r o u g h  u n d e r -c a r  w i r i n g  t o  t h e  
u n d e r -c a r  p ow er c o n t r o l  e q u ip m e n t ( e i t h e r  CAM o r  e l e c t r o n i c  
c h o p p e r )  and t o  t h e  d c  t r a c t i o n  m o t o r s  on  t h e  t r u c k s  b e f o r e  
r e t u r n i n g  t o  t r a c t i o n  p ow er s t a t i o n  g ro u n d  v i a  t h e  w h e e ls  and  
t r a c k .

2 . 4  An A p p ro a c h  t o  O r g a n iz in g  E le c t r o m a g n e t i c  D a ta

T h e  m a g n e t ic  f i e l d  e n v ir o n m e n t  o v e r  t h e  d e s i r e d  f r e q u e n c y  r a n g e  
fr o m  0 t o  2 5 0 0  Hz c a n  b e  e f f i c i e n t l y  r e c o r d e d  w i t h  e x c e l l e n t  
r e s o l u t i o n  u s i n g  t h e  MultiWave*  R e c o r d in g  S y s te m  d e s c r i b e d  i n  t h e  
f o l l o w i n g  s u b s e c t i o n .  U n l ik e  m o s t  s y s t e m s  w h ic h  m e r e ly  r e p o r t  t h e  
t o t a l  m a g n e t ic  f i e l d  o v e r  t h e i r  f r e q u e n c y  r a n g e , t h e  MultiWave™ 
S y s te m  w as o p e r a t e d  d u r in g  t h e  r a i l r o a d  t e s t s  i n  a  m an n er w h ic h  
d e t e c t s  t h e  m a g n e t ic  f i e l d  i n  v e r y  n a r ro w  f r e q u e n c y  b a n d s  a c r o s s  
t h e  s p e c tr u m  fro m  0 t o  2 5 0 0  H z . T h e e f f e c t i v e  f r e q u e n c y  r e s o l u t i o n  
o f  t h e s e  d a t a  i s  1 Hz in c r e m e n t s  fro m  0 t o  1 0 0  Hz an d  5 Hz 
in c r e m e n t s  fro m  5 t o  2 5 0 0  H z .

T h e d a t a  c o l l e c t e d  i n  t h i s  m an ner b r a c k e t s  m o s t  o f  t h e  f r e q u e n c y  
b a n d w id th  i m p l i c a t e d  b y  t h e  b i o l o g i c a l  f i n d i n g s  d i s c u s s e d  b r i e f l y  
a b o v e . B o th  t e m p o r a l  and  s p a t i a l  q u a n t i f i c a t i o n  o f  t h e  m a g n e t ic  
f i e l d  i n  and  a ro u n d  t h e  M e t r o r a i l  S y s te m  a r e  a v a i l a b l e .  B e c a u s e  
e a c h  o f  t h e s e  m e a su re m e n ts  w as r e p e a t e d  e v e r y  fe w  s e c o n d s  t o  g a i n  
a  m e a s u r e  o f  t h e  lo n g  te r m  t e m p o r a l  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  
f i e l d s ,  a  l a r g e ,  a s  w e l l  a s  c o m p r e h e n s iv e , d a t a s e t  e x i s t s .  The  
c h a l l e n g e  o f  t h i s  r e p o r t ,  a s  i n  t h e  o t h e r  r e p o r t s  o f  t h e  s e r i e s ,  
h a s  b e e n  t o  r e d u c e  t h i s  d a t a  w i t h o u t  l o s i n g  t h e  u n iq u e n e s s  o f  t h e  
i n f o r m a t i o n .  A l s o  t o  m a x im iz e  t h e  u t i l i t y  o f  t h e  d a t a ,  i t  m u st b e  
p r e s e n t e d  s o  t h a t  i t  c a n  b e  c o m p a red  t o  d a t a  c o l l e c t e d  on  t h e  
m a g n e t ic  f i e l d  c h a r a c t e r i s t i c s  o f  o t h e r  e l e c t r o - t e c h n o l o g i e s .
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To t h i s  e n d , t h e  f o l l o w i n g  a g g r e g a t i o n  w as c h o s e n  f o r  t h i s  
e v a l u a t i o n .  I t  i s  a l s o  b e in g  f o l l o w e d  i n  an o n g o in g  p r o j e c t  t o  
e s t a b l i s h  a r i g o r o u s  p r o t o c o l  f o r  q u a n t i f y i n g  t h e  m a g n e t ic  f i e l d s  
a s s o c i a t e d  w i t h  a p p l i a n c e s .  Shown i n  p i c t o r i a l  fo rm  i n  F ig u r e  2 - 1 ,  
t h i s  s y s t e m  a l l o w s  f o r  t h e  g r o u p in g  o f  d a t a  i n t o  f r e q u e n c y  b a n d s  
w h ere  e f f e c t s  h a v e  b e e n  r e p o r t e d  a n d /o r  o t h e r  d a t a s e t s  h a v e  b e e n  
c o l l e c t e d .  T he tw o l a r g e  b o x e s  d e p i c t  t h e  f r e q u e n c y  r e g i o n s  
d e f i n e d  b y  IEEE S td  1 0 0 - 1 9 8 8 7 a s  U l t r a  Low F r e q u e n c y  ( U L F ) , w h ich  
c o v e r s  t h e  f r e q u e n c y  r a n g e  fro m  3 Hz down t o  s t a t i c ,  and  E x trem e  
Low F r e q u e n c y  ( E L F ) , w h ich  c o v e r s  t h e  f r e q u e n c y  b an d  fr o m  3 Hz t o  
3 0 0 0  H z .  O th e r  o r g a n i z a t i o n s  and a g e n c i e s  s o m e tim e s  d e f i n e  t h e s e  
b a n d s  d i f f e r e n t l y ,  b u t  t h e  IEEE d e f i n i t i o n s  w i l l  b e  u s e d  th r o u g h o u t  
t h i s  r e p o r t .  The b o x e s  w i t h i n  t h e  l a r g e  b o x e s  d e p i c t  t h e  
p a r t i t i o n i n g  w h ic h  w as c h o s e n  t o  p r e s e n t  c l e a r l y ,  b u t  s u c c i n c t l y ,  
t h e  f i n d i n g s  o f  t h e s e  WMATA M e t r o r a i l  S y s te m  m e a s u r e m e n ts .

T he p a r t i t i o n i n g  i n  F ig u r e  2 - 1  a l s o  a l l o w s  f o r  c o m p a r is o n  w it h  d a t a  
c o l l e c t e d  b y  l e s s  s o p h i s t i c a t e d  i n s t r u m e n t s .  I n  p a r t i c u l a r ,  t h e  
E M D E X -II w h ic h  h a s  come i n t o  w id e  u s e  i n  t h e  u t i l i t y  i n d u s t r y  h a s  
a 3 dB b a n d w id th  b e tw e e n  40  Hz and 8 0 0  H z , m a in ly  t h e  pow er  
f r e q u e n c y  an d  som e h a r m o n ic s . O th e r  s u r v e y  m e t e r s  o n l y  r e s p o n d  t o  
t h e  p o w er f r e q u e n c y  b a n d .

2 . 5  I n s t r u m e n t a t io n

T he p r i n c i p a l  i n s t r u m e n t a t io n  s y s te m  u s e d  f o r  m a g n e t ic  f i e l d  
m e a s u r e m e n ts  o n  t h e  e l e c t r i f i e d  r a i l r o a d s  w as a  p o r t a b l e  v e r s i o n  o f  
t h e  MultiW ave™ r e c o r d e r .  The MultiWave™ S y ste m  w as a u g m en ted  w it h  a 
d i g i t a l  a u d io  t a p e  (DAT) r e c o r d e r  t o  o b t a i n  a  c o n t in u o u s  r e c o r d  o f  
m a g n e t ic  f i e l d  l e v e l s  a t  o n e  l o c a t i o n .  E M D E X -II p e r s o n a l  e x p o s u r e  
m o n it o r s  w e r e  a l s o  u s e d  t o  d ocu m en t t h e  s i g n i f i c a n c e  o f  p e r s o n n e l  
m ovem ent t h r o u g h o u t  t h e  t r a i n .  A d d i t i o n a l l y ,  an  e l e c t r i c  f i e l d  
m e te r  w as u s e d  f o r  som e o f  t h e  t e s t s .

P o r t a b l e  M u lt iW a v e ™ S y ste m

T he p o r t a b l e  MultiWave™ R e c o r d in g  S y ste m  u s e d  i n  t h e  t e s t s  r e p o r t e d  
h e r e i n  i s  a v e r s i o n  o f  t h e  MultiWavew r e c o r d e r  u s e d  f o r  t h e  
T r a n s r a p id  TR 07 m e a s u re m e n ts , a s  o p t im iz e d  f o r  m e a su re m e n ts  on  
t r a n s p o r t a t i o n  s y s t e m s .  The m a g n e t ic  f i e l d  w a v e fo rm  r e c o r d i n g  
a p p r o a c h  u t i l i z e d  b y  t h e  MultiWave™ S y s te m  h a s  a lr e a d y  b e e n  
r e p o r t e d 1. T he p o r t a b l e  v e r s i o n  c o n f i g u r e d  f o r  t r a n s p o r t a t i o n  
s y s t e m  m e a s u r e m e n ts  e m p lo y s  t h e  sam e m e a su re m en t p h i lo s o p h y  and  
u s e s  s o f t w a r e  n e a r l y  i d e n t i c a l  t o  t h e  s t a n d a r d  MultiWave™ s o f t w a r e  
b u t  h a s  a  n u m b e r . o f  en h a n ce m en ts  .

The p o r t a b l e  M u ltiW a v e  ™ S y stem  w as o p e r a t e d  t h r o u g h o u t  t h e  W a s h in g to n  
M e tr o  S y s te m  t e s t s  i n  m odes w h ich  p r o d u c e  d a t a  d i r e c t l y  c o m p a r a b le  
t o  t h e  d a t a  o b t a i n e d  on t h e  T r a n s r a p id  TR07 M a g le v  S y s t e m , t h e  NEC 
and t h e  F r e n c h  TGV. H ence t h e  r e s u l t s  r e p o r t e d  p r e v i o u s l y  f o r  t h e
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ULF
BAND

ELF
BAND

POWER FREQUENCIES 
BAND

4 7 . 5  TO 6 2 . 5  HZ

POWER FREQUENCIES 
HARMONICS BAND 

6 2 . 5  TO 3 0 2 . 5  HZ

HIGH ELF 
BAND

3 0 2 . 5  TO 2 5 6 2 . 5  HZ

SUB POWER 
FREQUENCIES BAND 

2 . 5  TO 4 7 . 5  HZ

STATIC FIELDS

F ig u r e  2 - 1  M a g n e t ic  f i e l d  f l u x  d e n s i t i e s  g r o u p e d  b y
f r e q u e n c y  p a r t i t i o n s  w i t h i n  t h e  ELF b a n d  
and ULF b a n d .
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12 3 4TR07 S y s te m  ' , t h e  NEC and t h e  TGV ca n  b e  co m p a red  d i r e c t l y  t o  t h e  
r e s u l t s  r e p o r t e d  h e r e i n  f o r  t h e  WMATA M e t r o r a i l  S y s te m .

D i g i t a l  A u d io  T a p e  R e c o r d e r

The MultiWave™ R e c o r d in g  S y stem  i s  a s a m p l i n g - t y p e  r e c o r d i n g  s y s t e m  
i n  t h e  s e n s e  t h a t  i t  r e c o r d s  t h e  m a g n e t ic  f i e l d  e n v ir o n m e n t  i n  
g r e a t  d e t a i l  f o r  a  b r i e f  p e r io d  o f  t im e  ( 0 . 2  t o  1 . 0  s e c o n d s )  t h e n  
p a u s e s  f o r  a  p e r i o d  o f  t im e  (5  t o  60 s e c o n d s )  b e f o r e  i n i t i a t i n g  
a n o t h e r  d e t a i l e d  s a m p le . H e n c e , t h e r e  i s  a  p o s s i b i l i t y  t h a t  t h e  
MultiWave™ S y s te m  c o u ld  m is s  c a p t u r i n g  b r i e f  e v e n t s  s u c h  a s  r a p i d  
f i e l d  t r a n s i e n t s  i f  t h e y  a r e  v e r y  r a r e .  I n  o r d e r  t o  d e t e r m in e  
w h e th e r  t h e  s a m p lin g  r e c o r d i n g  s y s te m  w as f a i l i n g  t o  c a p t u r e  r a r e  
s h o r t - t e r m  e v e n t s ,  a TEAC M od el RD 1 3 0T d i g i t a l  a u d io  t a p e  r e c o r d e r  
(DAT) w as c o n n e c t e d  t o  t h e  a n a lo g  o u t p u t  p o r t  o f  t h e  MultiWave™ 
S y s t e m 's  r e f e r e n c e  p r o b e . T h is  p e r m i t t e d  t h e  DAT t o  make 
c o n t in u o u s  r e c o r d i n g s  o f  t h e  t h r e e - a x i s  f i e l d  ( 0 - 2 5 0 0  H z ,  6  g a u s s  
f u l l  s c a l e )  a t  t h e  r e f e r e n c e  p r o b e . T h r e e  a d d i t i o n a l  c h a n n e ls  o f  
t h e  DAT m ade c o n t in u o u s  r e c o r d i n g s  o f  t h e  a c  f i e l d  ( 3 - 2 5 0 0  Hz)  
a m p l i f i e d  b y  a f a c t o r  o f  t e n  o r  m ore t o  e n s u r e  en o u g h  r e s o l u t i o n  
f o r  a c c u r a t e  r e c o r d i n g  o f  t h e  h ig h e r  f r e q u e n c y  c o m p o n e n ts .

E M D E X -II R e c o r d e r s

The E l e c t r i c  an d  M a g n e t ic  D i g i t a l  E x p o s u r e  (EMDEX) m e t e r s  d e v e lo p e d  
f o r  t h e  E l e c t r i c  P ow er R e s e a r c h  I n s t i t u t e  (E PR I) a r e  c o n v e n i e n t  and  
u s e f u l  i n s t r u m e n t s  f o r  m o n it o r in g  p e r s o n a l  e x p o s u r e  t o  ELF m a g n e t ic  
f i e l d s  fr o m  p o w er s y s t e m s . T h e ir  b ro a d b a n d  r e s p o n s e  i s  n o m in a l ly  
4 0  t o  8 0 0  H z , w h ic h  i s  a d e q u a te  t o  c a p t u r e  t h e  fu n d a m e n ta l an d  lo w  
o r d e r  h a r m o n ic  c o m p o n en ts  o f  t h e  m a g n e t ic  f i e l d s  fro m  5 0  Hz o r  
60  Hz p o w er s y s t e m s .  U n f o r t u n a t e ly ,  t h e  p a s s  b an d  o f  t h e  E M D E X -II  
m e te r  i s  n o t  s u f f i c i e n t  t o  c a p t u r e  e i t h e r  t h e  s t a t i c  o r  t h e  lo w  
f r e q u e n c y  t im e  v a r y i n g  f i e l d s  fo u n d  n e a r  d c -p o w e r e d  t r a n s p o r t a t i o n  
s y s t e m s .  F u r th e r m o r e , t h e  u p p e r  fr e q u e n c y  l i m i t  o f  t h e  E M D E X -II i s  
n o t  s u f f i c i e n t  t o  c a p t u r e  many o f  t h e  h a r m o n ic s  o f  t h e  c h o p p e r  
f r e q u e n c y  e n c o u n t e r e d  i n  t h e  WMATA M e t r o r a i l  S y s te m . N e v e r t h e l e s s ,  
t h e  E M D E X -II r e c o r d e r s  h a v e  b e e n  u s e d  t h r o u g h o u t  t h e  m e a su re m e n t  
p ro g r a m s  a s  p e r s o n a l  e x p o s u r e  m o n it o r s  t o  d e t e r m in e  t h e  e x t e n t  t o  
w h ic h  s t a t i o n a r y  f i e l d  m e a su re m en ts  c o r r e l a t e  w i t h  e x p o s u r e  o f  a  
p a s s e n g e r  m o v in g  t h r o u g h o u t  t h e  t r a i n  o r  i n  a s u r r o u n d in g  a r e a .

2 . 6  R e p e t i t i v e  W a vefo rm  D a ta

2 3 4A s d e s c r i b e d  i n  t h e  p r e c e d in g  r e p o r t s  ' ' , t h e  MultiWave™ M a g n e t ic  
F i e l d  R e c o r d in g  S y ste m  r e c o r d s  t h e  a c t u a l  w a v efo rm  o f  t h e  t h r e e  
o r t h o g o n a l  c o m p o n e n ts  o f  t h e  m a g n e t ic  f i e l d  a t  m u l t i p l e  m e a su re m e n t  
l o c a t i o n s  b y  s a m p lin g  t h o s e  w a v efo rm s a t  a  h ig h  r a t e  and  s t o r i n g  
t h e  v a l u e s  d i g i t a l l y  on c o m p u te r  d i s k  o r  c o m p u te r  t a p e .  T h e s e  
d i g i t a l  w a v e fo rm  r e c o r d i n g s  a r e  s a v e d  o n e  a f t e r  a n o t h e r  i n  r a p i d  
s u c c e s s i o n .  A ny o n e  o f  t h e s e  w a v efo rm  r e c o r d i n g s  c a n  b e  v ie w e d  
i n d i v i d u a l l y  i n  e i t h e r  t h e  t im e  o r  f r e q u e n c y  d o m a in  t o  g e t  a
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" s n a p s h o t  v i e w "  o f  t h e  w a v e fo rm  o r  f r e q u e n c y  s p e c tr u m  o f  t h e  
m a g n e t ic  f i e l d  a t  t h e  p a r t i c u l a r  i n s t a n t  i n  t im e  w hen t h e  w a v efo rm  
s a m p le  w as r e c o r d e d . T h e s e  " s n a p s h o t s " ,  when v ie w e d  i n d i v i d u a l l y ,  
h a v e  l i t t l e  s t a t i s t i c a l  v a l i d i t y  and t e l l  n o t h i n g  a b o u t  t h e  
e v o l u t i o n  o f  m a g n e t ic  f i e l d  c h a r a c t e r i s t i c s  o v e r  t im e  a s  t h e  t r a i n  
s p e e d s  u p , s lo w s  dow n, m ak es u s e  o f  i t s  d y n a m ic  b r a k i n g ,  p a s s e s  t h e  
s t a t i o n ,  and  s o  o n . I n  o r d e r  t o  e x a m in e  t h e s e  q u e s t i o n s  o f  
s t a t i s t i c a l  and t e m p o r a l  v a r i a b i l i t y  o f  t h e  m a g n e t ic  f i e l d ,  many o f  
t h e s e  " s n a p s h o t s "  m u st b e  p la y e d  b a c k  i n  r a p i d  s u c c e s s i o n  t o  
p r o d u c e  a "m o v in g  p i c t u r e "  o f  t h e  m a g n e t ic  f i e l d  a t  e a c h  
m e a su re m en t l o c a t i o n .

A s  d e s c r i b e d  i n  l a t e r  s e c t i o n s  o f  t h e  r e p o r t ,  t h e  m ea su rem en t  
p r o t o c o l  a p p l i e d  f o r  t h e  e l e c t r i f i e d  r a i l r o a d  m e a su re m e n ts  
g e n e r a l l y  i n v o lv e d  t h e  u s e  o f  f i v e  f l u x g a t e  m a g n e t ic  f i e l d  (B) 
s e n s o r s  a r r a y e d  i n  s u c h  a  w ay t h a t  s p a t i a l  v a r i a b i l i t y  o f  t h e  
m a g n e t ic  f i e l d  c o u ld  b e  c h a r a c t e r i z e d .  S in c e  m a g n e t ic  f i e l d s  
o n b o a r d  o r  n e a r  t h e  t r a i n  c a n  a r i s e  fro m  n u m erou s s o u r c e s ,  e a c h  
w i t h  d i f f e r e n t  t e m p o r a l  c h a r a c t e r i s t i c s ,  t h e  s p a t i a l  p a t t e r n  o f  t h e  
m a g n e t ic  f i e l d  i s  a d y n a m ic  c h a r a c t e r i s t i c  w h ic h  m u st  b e  a s s e s s e d  
fr o m  t h e  "m o v in g  p i c t u r e "  o f  t h e  m a g n e t ic  f i e l d  o b t a i n e d  fro m  
a n a l y s i s  o f  t h e  r e p e t i t i v e  w a v e fo rm  s a m p le s .

A l i s t  o f  t h e  r e p e t i t i v e  w a v e fo rm  d a t a s e t s  c o l l e c t e d  d u r in g  t h e  
m e a su re m e n ts  on t h e  WMATA M e t r o r a i l  S y ste m  i s  g i v e n  i n  T a b le  2 - 1 .  
T he t a b l e  a l s o  i d e n t i f i e s  t h e  n a t u r e  o f  t h e  m e a s u r e m e n t, t h e  
m e a su re m e n t t i m e ,  and t h e  s a m p le  t im e  f o r  e a c h  o f  t h e  52  d a t a s e t s .  
T a b le  2 - 1  a l s o  g i v e s  n u m e r ic a l  c o d e s  f o r  s e n s o r  l o c a t i o n s  
( i n d i c a t i n g  a l s o  t h e  f i g u r e  w h ic h  i l l u s t r a t e s  s t a f f  an d  r e f e r e n c e  

p r o b e  l o c a t i o n s )  w h ic h  a r e  d e s c r i b e d  i n  m ore d e t a i l  l a t e r  i n  t h e  
r e p o r t .  T he a n a l y s i s  m eth o d  a p p l i e d  t o  t h e s e  r e p e t i t i v e  y a v e fo r m  
d a t a s e t s  i s  d e s c r i b e d  i n  d e t a i l  i n  a p r e v i o u s  r e p o r t  . The  
i n f o r m a t i o n  c o n t a in e d  i n  e a c h  o f  t h e  52  d a t a s e t s  h a s  b e e n  p r o c e s s e d  
u s i n g  t h a t  p r o c e d u r e  and  i s  p r e s e n t e d  i n  d e t a i l  i n  A p p e n d ic e s  B 
t h r o u g h  AZ i n  V olum e I I  o f  t h i s  r e p o r t .

2 . 7  DAT W a vefo rm  D a ta

T h r e e - a x i s  m a g n e t ic  f i e l d  w a v e fo r m s  fro m  t h e  M u lt iW a v e ™ r e f e r e n c e  
s e n s o r  w e re  r e c o r d e d  u s i n g  t h e  d i g i t a l  a u d io  t a p e  r e c o r d e r .  Two 
r e c o r d i n g s  w ere  made o f  e a c h  o r t h o g o n a l  co m p o n en t ( a x i s )  o f  t h e  
f i e l d :  o n e  o f  t h e  s i g n a l  d i r e c t l y  fro m  t h e  m a g n e to m e te r ; and a 
s e c o n d  o f  t h e  s i g n a l  w i t h  t h e  s t a t i c  co m p o n en t f i l t e r e d  o u t  and  t h e  
t im e  v a r y i n g  co m p o n en ts  a m p l i f i e d  ( u s u a l l y  b y  a f a c t o r  o f  t e n )  t o  
p r o v i d e  b e t t e r  r e s o l u t i o n  o f  h i g h e r  f r e q u e n c y  c o m p o n e n ts .  
A p p r o x im a t e ly  2 . 5  h o u r s  o f  r e c o r d i n g s  w ere  p r o d u c e d  f o r  t h e  t e s t  
c o n d i t i o n s  r e p o r t e d  i n  T a b le  2 - 2 .

T he c o n t in u o u s  r e c o r d i n g s  o f  m a g n e t ic  f i e l d  w a v e fo rm  w e re  r e v ie w e d  
f o r  a n y  t r a n s i e n t  m a g n e t ic  f i e l d  c o n d i t i o n s  w h ic h  m ig h t  e x i s t .  The  
t y p e  o f  a n a l y s i s  c o n d u c te d  on  t h e  DAT d a t a  w as t o  c o n s t r u c t  t im e
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c o u r s e  p l o t s  o f  t h e  m a g n e t ic  f i e l d  o v e r  t h e  t im e  o f  t h e  r e c o r d i n g s .  
T h e s e  r e s u l t s  w e r e  com p ared  t o  t h e  c o r r e s p o n d in g  d a t a  fr o m  t h e  
p o r t a b l e  MultiW ave™ S y stem  t o  d e t e r m in e  w h e th e r  t h e  d a t a  s a m p lin g  
p r o c e d u r e  o f  t h e  MultiWave™ l o s t  an y s i g n i f i c a n t  d a t a  w h ic h  i s  
o b t a i n a b l e  b y  c o n t in u o u s  m o n it o r i n g .

2 . 8  E M D E X -II D a ta

S e v e r a l  E M D E X -II r e c o r d i n g s  w ere  made b y  m em bers o f  t h e  m e a su re m e n t  
crew  w h i le  t r a v e l i n g  on t h e  M e tro  L in e  o r  w o r k in g  a t  t h e  s t a t i o n s ,  
w a y s id e , o r  p o w er s u p p ly  f a c i l i t i e s .  T h e s e  d a t a  a r e  co m p a red  and  
c o n t r a s t e d  w i t h  t h e  MultiWave™ S y ste m  and DAT d a t a .
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TABLE 2-1
INDEX OF REPETITIVE WAVEFORM DATA 

WMATA METRORAIL 
MAY 19 - MAY 20, 1992

DATA
FILE

NUMBER

APPENDIX
CONTAINING

DATA
DATE/
TIME

PROBE LOCATION 
FIG. STAFF REF.

SAMPLE
INTERVAL,
SECONDS

NUMBER
OF

SAMPLES
LOCATION AND 

TYPE OF MEASUREMENT

MAY
19

MET001 B 08:25-
08:29

3-1 1 - 5 18 CENTER OF AISLE IN CENTER OF CAR 
#1173 ON RED LINE. STAFF IN 
VERTICAL POSITION.

MET002 C 08:32-
08:35

3-1 5 10 5 14 CENTER OF AISLE AT REAR OF CAR 
#1173 ON RED LINE. STAFF IN 
VERTICAL POSITION.

MET003 D 08:36-
08:40

3-1 8 10,11 5 27 IN FRONT OF OPERATOR'S SEAT AT 
REAR OF CAR #1173 ON RED LINE. 
STAFF IN VERTICAL POSITION.

MET004 E 10:00-
10:00

3-1 1 “ 5 2 CENTER OF AISLE IN CENTER OF CAR 
#3012 ON RED LINE. STAFF IN 
VERTICAL POSITION.

MET006 F 10:04-
10:05

3-1 1 9 5 10 SAME POSITION AS MET004.

MET007 G 10:07-
10:09

3-1 1 9 5 12 SAME POSITION AS MET004.

MET008 H 10:12-
10:15

3-1 5 11 5 16 CENTER OF AISLE AT REAR OF CAR 
#3012 ON RED LINE. STAFF IN 
VERTICAL POSITION.
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TABLE 2-1 (CONT.)

DATA
FILE

NUMBER

APPENDIX
CONTAINING

DATA
DATE/
TIME

PROBE LOCATION 
FIG. STAFF REF.

SAMPLE
INTERVAL,
SECONDS

NUMBER
OF

SAMPLES
LOCATION AND 

TYPE OF MEASUREMENT

MET009 I 10:16-
10:18

3-1 8 11 5 10 IN FRONT OF OPERATOR'S SEAT AT 
REAR OF CAR #3012 ON RED LINE. 
STAFF IN VERTICAL POSITION.

MET010 J 10:18-
10:20

3-1 6 10 5 13 REAR OF CAR #3012 ON RED LINE. 
STAFF IN HORIZONTAL POSITION 
ALONG THE AXIS OF THE CAR WITH 
THE REAR DOOR AS THE REFERENCE.

M ET011 K 10:21-
10:22

3-1 7 10 5 10 REAR OF CAR #3012 ON RED LINE. 
STAFF IN HORIZONTAL POSITION 
TRANSVERSE TO THE AXIS OF THE CAR 
WITH CENTER OF AISLE AS THE 
REFERENCE.

MET012 L 10:34-
10:35

3-1 3 5 9 CENTER OF CAR #3090 ON RED LINE. 
STAFF IN HORIZONTAL POSITION 
TRANSVERSE TO THE AXIS OF THE CAR 
WITH CENTER OF AISLE AS THE 
REFERENCE.

MET013 M 10:35-
10:38

3-1 2 5 18 CENTER OF CAR #3090 ON RED LINE. 
STAFF IN HORIZONTAL POSITION 
ALONG THE AXIS OF THE CAR WITH 
THE CENTER OF THE CAR AS THE 
REFERENCE.

MET014 N 10:39-
10:40

3-1

/

4

\

5 6 NEAR DOORS AT LEFT CENTER OF CAR 
#30 90  ON RED LINE. STAFF IN 
VERTICAL POSITION.



TABLE 2-1 (CONT.)

DATA
FILE

NUMBER

APPENDIX
CONTAINING

DATA
DATE/
TIME

PROBE LOCATION 
FIG. STAFF REF.

SAMPLE
INTERVAL,
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NUMBER
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SAMPLES
LOCATION AND 

TYPE OF MEASUREMENT

MET015 0 10:56-
10:57

6-1 16 17 5 11 ON DEPARTING END OF NORTH BOUND 
SIDE OF GROSVENOR STATION 
PLATFORM A T SAFETY LINE. STAFF IN 
VERTICAL POSITION.

MET017 P 11:00- 
11:02

6-1 18 19 5 23 ON ARRIVING END OF SOUTH BOUND 
SIDE OF GROSVENOR STATION 
PLATFORM A T SAFETY LINE. STAFF IN 
VERTICAL POSITION.

MET018 Q 11:05-
11:08

6-1 20 17 5 34 ON ARRIVING END OF GROSVENOR 
STATION PLATFORM AT SAFETY LINE. 
STAFF IN HORIZONTAL POSITION 1 
METER ABOVE PLATFORM WITH 
SAFETY LINE AS REFERENCE.

MET019 R 11:10-
11:11

6-1 21 ” 5 6 A T GROSVENOR STATION, BOTTOM OF 
ESCALATOR. STAFF IN VERTICAL 
POSITION.

MET021 S 11:16-
11:17

6-1 22,
23

5 13 A T GROSVENOR STATION, UP AND 
DOWN THE ESCALATOR. STAFF IN 
VERTICAL POSITION WITH ESCALATOR 
STEP AS REFERENCE.

MET022 T 11:20-
11:21

6-1 24 25 5 11 CENTER OF GROSVENOR STATION 
PLATFORM A T SAFETY LINE. STAFF IN 
VERTICAL POSITION.

MET024 U 1 1 :24- 
11:25

6-1 24 25 5 10 SAME AS MET022.

1



TABLE 2-1 (CONT.)

DATA
FILE

NUMBER

APPENDIX
CONTAINING

DATA
DATE/
TIME
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FIG. STAFF REF.
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MET025 V 11:27-
11:31

6-1 26 27 5 41 CENTER OF GROSVENOR STATION 
PLATFORM. STAFF IN HORIZONTAL 
POSITION WITH SAFETY LINE AS 
REFERENCE.

MET026 W 15:31-
15:33

3-1 8 5 9 IN FRONT OF OPERATOR'S SEAT AT 
REAR OF A  2000 SERIES CAR ON GREEN 
LING. STAFF IN VERTICAL POSITION.

MET027 X 15:34-
15:35

3-1 5 5 11 CENTER OF AISLE AT REAR OF A 2000 
SERIES CAR ON GREEN LINE. STAFF IN 
VERTICAL POSITION.

MET028 Y 15:38-
15:41

3-1 1 ” 5 24 CENTER OF AISLE IN CENTER OF A 2000 
SERIES CAR ON GREEN LINE. STAFF IN 
VERTICAL POSITION.

MET029 Z 15:41-
15:42

3-1 2 5 7 CENTER OF A 2000 SERIES CAR ON 
GREEN LINE. STAFF IN HORIZONTAL 
POSITION ALONG THE AXIS OF THE 
CAR WITH THE CENTER OF THE CAR AS 
THE REFERENCE.

MET030 AA 15:43-
15:43

3-1 3 5 4 CENTER OF A  2000 SERIES CAR ON 
GREEN LINE. STAFF IN HORIZONTAL 
POSITION TRANSVERSE TO AXIS OF 
THE CAR WITH CENTER OF AISLE AS 
THE REFERENCE.

MET031 AB 15:49-
15:51

6-2 28 5 26 ON SOUTH BOUND SIDE OF GALLERY 
PLACE GREEN/YELLOW LINE PLATFORM. 
STAFF IN VERTICAL POSITION AT 
PLATFORM EDGE.



-16

TABLE 2-1 (CONT.)
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APPENDIX
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MET032 AC 15:52-
15:53

6-2 30 5 15 ON SOUTH BOUND SIDE OF GALLERY 
PLACE GREEN/YELLOW LINE PLATFORM. 
STAFF IN HORIZONTAL POSITION WITH 
EDGE OF PLATFORM AS THE 
REFERENCE.

MET033 AD 15:56-
15:58

6-2 31 5 11 ON NORTH BOUND SIDE OF GALLERY 
PLACE GREEN/YELLOW LINE PLATFORM. 
STAFF IN VERTICAL POSITION AT 
PLATFORM EDGE.

MET034 AE 15:59-
16:01

6-2 33 5 16 ON NORTH BOUND SIDE OF GALLERY 
PLACE GREEN/YELLOW LINE PLATFORM. 
STAFF IN HORIZONTAL POSITION WITH 
EDGE OF PLATFORM AS THE 
REFERENCE.

MET035 AF 16:05-
16:05

6-2 34 5 4 ON MEZZANINE AT GALLERY PLACE 
STATION. STAFF IN VERTICAL 
POSITION DIRECTLY OVER CENTER 
GREEN/YELLOW LINE TRACK.

MET037 AG 16:11-
16:13

6-2 35 - 5 18 SAME AS MET035.

M AY
20

MET038 AH 08 :39 -
08 :42

7-1 36 5 38 TRACTION POWER SUPPLY STATION 
SOUTH OF SHADY GROVE. STAFF IN 
HORIZONTAL POSITION 1 METER 
ABOVE GROUND WITH NORTH WALL AS 
THE REFERENCE.
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MET039 Al 08 :44-
08 :48

7-1 38 5 38 TRACTION POWER SUPPLY STATION 
SOUTH OF SHADY GROVE. STAFF IN 
HORIZONTAL POSITION 1 METER 
ABOVE GROUND WITH WEST WALL AS 
THE REFERENCE.

MET040 AJ 08:50-
08 :5 6

7-1 40 - 5 62 SAME AS MET039.

MET041 AK 08:59-
09 :02

7-1 42 - 5 39 SAME AS MET039.

MET042 AL 09:05-
09 :09

7-1 44 5 37 TRACTION POWER SUPPLY STATION 
SOUTH OF SHADY GROVE. STAFF IN 
HORIZONTAL POSITION 1 METER 
ABOVE GROUND WITH SOUTH WALL AS 
THE REFERENCE.

MET043 AM 09:42-
09 :45

7-2 46 5 38 SHADY GROVE TRACTION POWER 
SUPPLY STATION. STAFF IN 
HORIZONTAL POSITION WITH SOUTH 
EDGE OF FENCE AS THE REFERENCE.

MET044 AN 09:53-
09 :57

7-2 48 5 38 SHADY GROVE TRACTION POWER 
SUPPLY STATION. STAFF IN 
HORIZONTAL POSITION WITH SOUTH 
W ALL OF BRICK BUILDING AS THE 
REFERENCE.

MET045 AO 10:01-
10:05

7-2 50 5 43 SHADY GROVE TRACTION POWER 
SUPPLY STATION. STAFF IN 
HORIZONTAL POSITION WITH WEST 
W ALL OF BRICK BUILDING AS THE 
REFERENCE.
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MET046 AP 11:11-
11:12

8-1 52 - 5 19 IN THE DISPATCHER'S ROOM AT SHADY 
GROVE. STAFF IN VERTICAL POSITION 
A T DISPATCHER'S CHAIR.

MET047 AQ 11:13-
11:15

8-1 53 5 19 IN THE DISPATCHER'S ROOM AT SHADY 
GROVE. STAFF IN HORIZONTAL 
POSITION 1.25 METERS ABOVE FLOOR 
WITH MONITORS AS THE REFERENCE.

MET048 AR 11:15-
11:17

8-1 54 5 18 IN THE DISPATCHER'S ROOM AT SHADY 
GROVE. STAFF IN HORIZONTAL 
POSITION 1.25 METERS ABOVE FLOOR 
WITH MOCK-UP PANEL AS THE 
REFERENCE.

MET049 AS 12:05-
12:07

3-1 1 5 34 CENTER OF AISLE IN CENTER OF A 3000 
SERIES CAR ON RED LINE FROM 
ROCKVILLE. STAFF IN VERTICAL 
POSITION.

MET050 AT 12:08-
12:08

3-1 2

'

5 11 CENTER OF A  3000  SERIES CAR. STAFF 
IN HORIZONTAL POSITION AT FLOOR 
LEVEL ALONG THE AXIS OF THE CAR.

MET051 AU 12:10-
12:10

3-1 3 5 9 CENTER OF A  3000  SERIES CAR ON RED 
LINE. STAFF IN HORIZONTAL POSITION 
AT FLOOR LEVEL TRANSVERSE TO THE 
AXIS OF THE CAR.

MET052 AV 12:11-
12:11

3-1 3 5 3 CENTER OF A  3000  SERIES CAR ON RED 
LINE. STAFF IN HORIZONTAL POSITION 
1 METER ABOVE THE FLOOR, 
TRANSVERSE TO THE AXIS OF THE 
CAR.
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TABLE 2-1 (CONT.)

DATA
FILE

NUMBER

APPENDIX
CONTAINING

DATA
DATE/
TIME

PROBE LOCATION 
FIG. STAFF REF.

SAMPLE
INTERVAL,
SECONDS

NUMBER
OF

SAMPLES
LOCATION AND 

TYPE OF MEASUREMENT

MET053 AW 12:11-
12 :14

3-1 2 5 28 CENTER OF A  3000  SERIES CAR. STAFF 
IN HORIZONTAL POSITION 1 METER 
ABOVE THE FLOOR, ALONG THE AXIS 
OF THE CAR.

MET054 AX 14:17-
14 :28

5-1 12 " 5 133 BENEATH METRORAIL AT HIGHWAY 
UNDERPASS NEAR ROCKVILLE. STAFF 
IN VERTICAL POSITION.

MET055 AY 14:33-
14:33

5-1 12 - 5 6 SAME AS MET054.

MET056 AZ 14:53-
14:57

5-2 14 5 15 ALONG WAYSIDE 2 3 /4  MILES SOUTH 
OF ROCKVILLE. STAFF IN A 
HORIZONTAL POSITION 1 METER 
ABOVE GROUND WITH FENCE AS THE 
REFERENCE.
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TABLE 2-2

INDEX OF CONTINUOUS WAVEFORM (DAT) DATA 
W M A TA  METRORAIL MEASUREMENTS 

M AY 19 &  20, 1992

TAPE/ 
RECORD #

DATE/TIME PROBE
LOCATION

FIGURE
LOCATION

RECORD LENGTH 
MIN:SEC

LOCATION AND TYPE 
OF MEASUREMENT

M AY 19

1/1 8 :24 :37  - 
8:31:11

3-1 9 6:34 PASSENGER SEAT NEAR CENTER OF CAR 
#1173 , INBOUND ON RED LINE

1/2 8 :34 :40-
8 :40 :52

3-1 10,11 6:12 REAR SEAT OPPOSITE ENGINEER'S 
COMPARTMENT AND ENGINEER'S SEAT OF 
CAR #1173  INBOUND ON RED LINE

1/3 8:48:21 - 
8 :56 :50

8:29 PASSENGER SEAT RIGHT HAND SIDE NEAR 
FRONT DOOR OF 3000 SERIES CAR, 
OUTBOUND ON RED LINE

1/4 9:54:31 - 
10:10:42

3-1 9 16:11 PASSENGER SEAT NEAR CENTER OF CAR 
#3012 , INBOUND ON RED LINE

1/5 10:12:21 - 
10 :22 :22

3-1 11 10:01 ENGINEER'S SEAT IN REAR OF CAR #3012, 
INBOUND ON RED LINE

1/6 10:51:49 - 
10:56:57

6-1 1.7 5:09 NORTH END OF GROSVENOR STATION AT 
SAFETY LINE NEAR NORTHBOUND TRACKS

1/7 1 0 :5 8 :4 4 -
11:02:52

6-1 19 4:08 NORTH END OF GROSVENOR STATION AT 
SAFETY LINE NEAR SOUTHBOUND TRACKS

M AY 19

1/8 11:19 :32  - 
11:25:19

6-1 25 5:47 CENTER OF GROSVENOR STATION AT 
SAFETY LINE NEAR NORTHBOUND TRACKS

1/9 11 :26 :56  - 
11 :30 :46

6-1 27 3:50 CENTER OF GROSVENOR STATION AT 
SAFETY LINE NEAR SOUTHBOUND TRACKS
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TABLE 2-2 (CONTINUED)

TAPE/ 
RECORD #

DATE/TIME PROBE
LOCATION

FIGURE
LOCATION

RECORD LENGTH 
MIN:SEC

LOCATION AND TYPE 
OF MEASUREMENT

1/10 15:31:11 - 
15:35:14

3-1 11 4:03 ENGINEER'S SEAT NEAR CENTER OF A 
2000 SERIES CAR NORTHBOUND ON THE 
GREEN LINE

1/11 15:37 :34  - 
15:43:39

3-1
-N

9 6:05 PASSENGER SEAT NEAR CENTER OF A 
2000 SERIES CAR SOUTHBOUND ON THE 
GREEN LINE

1/12 15:46 :48  - 
15 :51 :28

6-2 29 4 :40 SOUTH END OF GALLERY PLACE 
GREEN/YELLOW LINE PLATFORM AT 
SAFETY LINE NEAR THE SOUTHBOUND 
TRACKS

1/13 15:51:51 - 
15:57:49

6-2 32 5:58 SOUTH END OF GALLERY PLACE 
GREEN/YELLOW LINE PLATFORM AT 
SAFETY LINE NEAR NORTHBOUND TRACKS

1/14 15:59 :14  - 
16 :01 :14

6-2 32 2:00 SAME AS 1/12

1/14A 16:04 :24  - 
16 :05:28

6-2 34 1:04 MEZZANINE OF GALLERY PLACE ABOVE 
SOUTHBOUND GREEN/YELLOW LINE TRACK 
SOUTH

1/15 16:07:07 - 
16:09:52

6-1 35 2:45 MEZZANINE OF GALLERY PLACE ABOVE 
SOUTHBOUND GREEN/YELLOW LINE TRACK

1/16 16:11:09 - 
16:21:48

6/1 35 1:39 SAME AS 1/15

M AY 20

1/17 8 :39 :48  - 
8 :56 :19

7-1 37,39,41 16:31 15 FEET OUTSIDE A  TRACTION POWER 
SUPPLY STATION 2.5  Ml SOUTH OF SHADY 
GROVE
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TABLE 2-2 (CONTINUED)

to

TAPE/ 
RECORD #

DATE/TIME PROBE
LOCATION

FIGURE
LOCATION

RECORD LENGTH 
MIN:SEC

LOCATION AND TYPE 
OF MEASUREMENT

1/18 8 :58 :33  - 
9 :02 :35

7-1 43 4:02 SAME AS 1/17

1/19 9 :05 :17  - 
9 :08 :55

7-1 45 3:38 SAME AS 1/17

1/20 9 :4 1 :4 0  - 
9 :44 :38

7-2 47 2:59 15 FT OUTSIDE TRANSFORMER YARD 
FENCE AT THE SHADY GROVE TRACTION 
POWER SUPPLY STATION

2/1 9 :5 4 :3 4  - 
9 :57 :16

7-2 49 2:42 15 FT OUTSIDE THE SHADY GROVE 
TRACTION POWER SUPPLY STATION

2/2 10:03 :00  - 
10 :05 :20

7-2 51 2:20 SAME AS 2/1 .

2/3 11 :12 :25  - 
11 :17 :00

8-1 55 4:35 10 CM ABOVE TABLE BEHIND 
DISPATCHER'S CHAIR AT THE SHADY 
GROVE STATION

2/4 14:07 :22  - 
14 :33:09

5-1 13 25:48 10 CM ABOVE GROUND UNDER METRORAIL 
BRIDGE NORTH OF ROCKVILLE STATION ON 
THE RED LINE



3.0 ONBOARD CAR MEASUREMENTS
When developing the measurement plan for these tests, it was 
apparent that magnetic fields within the car could arise from 
various sources:

• Track/third rail power circuit;
• Traction motors on the trucks;
• Traction power control equipment (switches, resistors, 

choppers, and reactors) and the associated wiring beneath 
the cars;

• Heating, lighting, air conditioning and other equipment 
on or beneath the cars; and

• External sources, such as other trains and nearby 
transmission lines.

Consideration was also given to the fact that three types of cars 
are in service on the line. In order to best evaluate the 
significance of the above-mentioned sources, variabilities and 
power supply arrangements, field measurements were made at two 
general locations inside each of the three types of cars: at the 
center of the car above traction power control equipment; and near 
the rear of the car above the truck mounted traction motors, third- 
rail contact shoes and associated wiring. At both locations in 
each of the three series of cars, measurements were made with the 
sensor staff oriented vertically so that the measurements obtained 
by the four sensors distributed along the staff characterized the 
spatial variation in magnetic field conditions in a vertical 
direction. This type of measurement is referred to as a vertical 
profile measurement. In most cases, magnetic field measurements 
were also made with the probe in a horizontal position, either 
aligned with the long axis of the car (longitudinal) or 
perpendicular to the long axis of the car (lateral), to quantify 
the spatial variability of the field in the horizontal plane. 
These horizontal profiles were usually measured at a height of 1 
meter above the floor but were occasionally made at other heights 
to avoid obstructions or gain additional information. Measurements 
were also made in the engineer's compartment of each series of car, 
and they are described in Section 4.
3.1 Measurement Locations
The general layout of a WMATA Metrorail car is shown in Figure 3-1. 
The numbered measurement locations are keyed to datasets in Tables 
2-1, 2-2, and 3-1 and to the data in the corresponding appendices. 
Measurements are seen to be clustered in three major locations:

1) Center of car - This is above the traction power control 
equipment which is installed beneath the car floor 
between the two trucks. For the 3000 series cars, this 
is directly above the line smoothing filter reactor 
mentioned as a magnetic field source in Section 2.3
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2)
above. Measurements were made between the center doors 
at the center of the aisle.
End of car, between the rear doors - This point is above the traction motors and other truck-mounted equipment and 
is easily identifiable from car to car.3) Engineer' s compartment - These measurements are described 
in Section 4.

Whenever possible, measurements were made at the same locations for 
all three types of cars. Onboard measurements were taken during 
both days of the tests (May 19 and 20, 1992) . Most were on the 
portion of the Red Line between the Shady Grove and Van Ness-UDC 
stations. However, measurements on the 2000 series car had to be 
made on the Green Line between the Gallery Place and U Street- 
Cardozo stations because there were no cars of that type operating 
on the Red Line. All Metrorail cars were in normal revenue service 
during the tests.
Measurements were made mostly in the rear car of the train set 
where the passenger load was lighter and the engineer's compartment 
was unoccupied. This allowed the measurement team to move between 
measurement locations with the greatest likelihood of finding the 
locations unoccupied by revenue passengers. As illustrated in 
Figure 3-1, measurements were made in the middle of the car 
(Locations 1 through 4), at the end of the car between the doors 
(Locations 5, 6 and 7) and in the engineer's compartment (Location 
8) , for all three types of cars. Measurements were made in three 
different positions: vertical (Locations 1, 4, 5 and 8),
horizontal-axial or parallel to the tracks (Locations 2 and 6) , and 
horizontal-transverse, or perpendicular to the cars (Locations 3 
and 7).
3.2 Repetitive Waveform Datasets
There are twenty four repetitive waveform datasets quantifying 
magnetic field characteristics within the Metro cars, as recorded 
with the MultiWave™ System. Table 3-1 is a summary of these datasets 
classified by location, position and type of car. All of these 
datasets represent profile measurements, either vertical or 
horizontal, at distances of 1 0 , 60, 1 1 0 , and 160 cm along the
staff. When the staff is used in a vertical position, these 
dimensions represent measurement height from the floor. Figure 3-1 
shows the direction of the staff when used in a horizontal 
orientation.
As can be seen in Table 3-1, datasets MET001, 002 and 003 are
associated with Series 1000 cars. Similarly, datasets MET026 
through MET030 are associated with Series 2000 cars, etc. Table 
3-1 also shows the location and position orientation of the staff 
that is associated with each dataset. For example, dataset MET001
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TABLE 3-1
REPETITIVE MAGNETIC FIELD WAVEFORM 
DATASETS MEASURED ONBOARD METRO CARS 
CLASSIFIED BY TYPE AND STAFF LOCATION

LOCATION/
POSITION

POS.
#

SERIES 1000 SERIES 2000 SERIES 3000

CENTER OF CAR 
VERTICAL

1 MET001 MET028 MET004, 
MET006, 
MET007, 
MET049

CENTER OF CAR
HORIZONTAL
-AXIAL

2 MET029 MET013, 
MET050, 
MET053

CENTER OF CAR
HORIZONTAL
-TRANSVERSE

3 MET030 MET012, 
MET051, 
MET052

CENTER OF CAR 
AT SIDE DOOR 
VERTICAL

4 MET014

REAR OF CAR 
VERTICAL

5 MET002 MET027 MET008

REAR OF CAR 
BETWEEN DOORS 
HORIZONTAL 
-AXIAL

6 MET010

REAR OF CAR
HORIZONTAL
-TRANSVERSE

7 MET011

REAR OF CAR
ENGINEER'S
SEAT
VERTICAL

8 MET003 MET026 MET009

3-4



was recorded with the staff in a vertical position in the center of 
the car and the middle of the aisle, whereas dataset MET010 was 
recorded with the staff in a horizontal position, in the direction 
of travel, at the rear of the car, and dataset MET009 was recorded with the staff in a vertical position up against the front of the 
engineer's seat. The horizontal profiles were measured at a 
height of approximately 1 m above the floor.
Complete plots of field versus frequency over time, and field 
versus distance over time are found in the appendices as indicated 
in Table 2-1. The appendices also contain notes about train 
operating conditions, locations and, where pertinent, the presence 
of external field sources such as power lines or substations.
3.3 Magnetic Field Characteristics
Magnetic field measurements onboard the coaches provided the 
opportunity to measure the extent to which various operating 
conditions contribute to the total magnetic field environment. 
That information, together with other temporal, frequency and 
spatial characteristics of the magnetic field, offers insight to 
the probable sources of the magnetic field within the passenger 
compartment of the Metrorail cars.
The top frame of Figure 3-2 shows a plot of magnetic field strength 
near the floor in the center of a 10 0 0 series car as a function of 
frequency and time. Two significant characteristics of the 
magnetic field are immediately obvious. First, the magnitude of 
the field is highly variable over the time of the recording. This 
measurement started shortly after the car left the Shady Grove 
station and ended after the car stopped at the Twinbrook station. 
There was an intermediate stop at the Rockville station at about 
120 seconds into the record. It appears from the temporal 
characteristics of Figure 3-2 that the static (zero frequency) 
magnetic field at the measurement location is elevated well above 
the normal geomagnetic field level of 500 mG when the train is 
accelerating out of a station or decelerating as it approaches a 
station. However, when the train is stopped at a station (as at 
the 1 2 0  second point) or coasting prior to braking in order to 
decelerate into a station (as at the 40 second and the 175 second 
points), the static magnetic field at the measurement point is 
principally the naturally occurring geomagnetic field of the earth. 
The temporal correlation between field level and vehicle 
acceleration or deceleration indicates that the source of the field 
involves the propulsion system. Current in the third-rail and 
track circuit is not a likely source because the elevated field 
exists during both acceleration and deceleration. Since the 1000 
series cars do not have regenerative braking, there is no increase 
in third-rail current during deceleration, but since these cars 
have dynamic braking, there is elevated current in the resistors, 
contactor switches, and other components and associated wiring of 
the traction power control circuitry beneath the floor of the car
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Figure 3-
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Magnetic field 10 cm above th« of a 10 0 0 series car as the centera fundtion of' freguency and time. The static field component is 
suppressed in the lower frame to show the time varying components.
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during both acceleration and braking. Therefore, that system 
appears to be a likely field source based on the temporal 
characteristics of the magnetic field near the floor in the center 
of the 10 0 0 series car.
The second important characteristic of the magnetic field in the 
center of the 1000 series car as depicted in Figure 3-2 is that the 
only time varying components of the magnetic field are those 
related to changes in the static field level. This point is most 
clearly illustrated by the bottom frame of the figure, in which the 
static component of the magnetic field has been removed and the 
time varying components are replotted on a more appropriate scale 
of magnetic field intensity. The pattern of field intensity 
decreasing exponentially with increasing frequency seen in these 
data is indicative of shifts in static field level which have no 
stable periodic frequency. This absence of discrete-frequency time 
varying components in the magnetic field frequency spectrum is 
consistent with the suggestion that, from the characteristics of 
the field, the primary source is the traction power control 
equipment installed beneath the floor of the car.
Figure 3-3 is similar to Figure 3-2 except that it shows the 
magnetic field levels measured 160 cm above the floor at the center 
of the 1000 series car. Since the data in these two figures were 
measured simultaneously, they can be compared point-by-point. 
Although the temporal characteristics of the static fields are 
similar at both measurement locations, the intensity levels are 
quite different. The magnitude of the static field during periods 
of train acceleration and deceleration are much smaller at the 
point 160 cm above the floor (Figure 3-3) than at the point much 
nearer the floor (Figure 3-2), but during periods when the train is 
stopped or coasting, the field levels are comparable. Similar data 
for intermediate measurement heights above the floor, provided in 
Appendix B, fall in between the extremes illustrated here. By 
comparing the static magnetic field levels measured at the four 
heights above the floor for each time point throughout the 
measurement record, the vertical profile of field attenuation over 
time shown in the top frame of Figure 3-4 is obtained. The orderly 
attenuation of magnetic field level with increasing height above 
the floor during periods of train acceleration and deceleration 
further supports the other indications that the principal static 
field source in the 10 0 0 series car at this location is the 
traction power control system beneath the floor. When the train is 
coasting or stopped, such as at- the 1 2 0 second point, the static 
magnetic field no longer shows attenuation with increasing height 
above the floor, but a relatively constant field strength at all 
heights. Of course, that is the situation one would expect if the 
principal static field source at those times is the natural 
geomagnetic field.
The time varying magnetic fields at the measurement point 160 cm 
above the floor (lower frame of Figure 3-3) show the same
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Magnetic field 160 cm above the\floor in the 
center of a 1000 series car as Afunction of 
frequency and time. The static field component is 
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MET 001

MET001

Figure 3

- CENTER OF AISLE, CENTER OF CAR 1 173 - STATIC

- CENTER OF AISLE. CENTER OF CAR 1173 - LOW FREQ, 5-45Hz
4 Static (top frame) and low frequency time varying

(bottom frame) magnetic field in the center of a 
10 0 0 series car as a function of height above the 
floor and time.
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exponential decay with increasing frequency seen at the lower 
measurement point but, at most time points, the fields are smaller 
at the higher location. There is one clear contradiction to that 
trend at the 185 second point in the data record, where the time 
varying field is larger at the higher measurement location. Those 
attenuation features are shown more graphically in the lower frame 
of Figure 3-4, where the magnitude of the low frequency components 
of the time varying magnetic fields at the four measurement heights 
are plotted to produce vertical attenuation profiles over the time 
period of the record. These data suggest the presence of an 
overhead source of small but rapidly changing non-periodic magnetic 
field. The only electromagnetic device known to be above the 
measurement staff at the center of the car is the public address 
loudspeaker.
Dataset MET002 consists of magnetic field data similar to those 
just discussed from dataset MET001 except that they were measured 
in the rear of the same 10 0 0 series car, in the middle of the aisle 
at the centerline of the rear doors. The complete data are 
provided in Appendix C, but graphs of the magnetic field as a 
function of frequency and time at the low sensor location ( 1 0 cm 
above the floor) and the high sensor location (160 cm above the 
floor) are included here as Figures 3-5 and 3-6, respectively. 
Visual comparison of those graphs to the corresponding graphs of 
data measured at the center of the car (Figures 3-2 and 3-3) shows 
that the magnetic fields at the rear of the car are similar in 
character to those at the center of the car except that they are 
lower in intensity. Figure 3-7 shows the vertical attenuation 
profiles of the static and low frequency time varying magnetic 
field levels at the rear of the car. The static component shows a 
clear attenuation with height above the floor, confirming that the 
principal source (other than the uniform geomagnetic field) is 
again below the floor. The time varying magnetic field in general 
shows less attenuation with height at the rear of the car than 
either the static field at that location or the time varying 
magnetic field at the center of the car. This would suggest that 
the time varying magnetic field at the rear of the car originates 
from a source different from the under-floor source producing the 
elevated static field at the rear of the car and that the source of 
the time varying field is not directly beneath the measurement 
point. The time varying magnetic fields at the rear of the 1000 
series car also show evidence of an overhead magnetic field source 
in at least one time sample (75 seconds). Perhaps coincidentally, 
this measurement was also made directly beneath a public address 
loudspeaker.
The magnetic field levels at the center of the 1000 series car 
contained in dataset MET001 cannot be compared to magnetic field 
levels at the rear of the same car (dataset MET002) on a point-by
point basis because they were not measured simultaneously. 
Instead, they must be compared statistically. Figure 3-8 provides 
a graphical comparison of the static magnetic field levels 1 1 0  cm
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MET002 - 10cm ABOVE FLOOR, CENTER OF AISLE, REAR OF CAR 1173

MET002 - 10cm ABOVE FLOOR, CENTER OF AISLE, REAR OF CAR 1173
Figure 3-5 Magnetic field 10 cm above the floor in the rear

of a 10 0 0 series car as a function of frequency 
and time. The static field component is suppresed in the lower frame to show the time varying components.
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MET002 - 160cm ABOVE FLOOR, CENTER OF AISLE, REAR OF CAR 1173

MET002 - 160cm ABOVE FLOOR, CENTER OF AISLE. REAR OF CAR 1173

Figure 3-6 Magnetic field 160 cm above the floor in the rear
of a 10 0 0 series car as a function of frequency 
and time. The static field component is 
suppressed in the lower frame to show the time 
varying components.
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MET002 - CENTER OF AISLE, REAR OF CAR 1 173 - STATIC

MET002 - CENTER OF AISLE, REAR OF CAR 1173 - LOW FREQ, 5-45Hz
Figure 3-7 Static (top frame) and low frequency time varying

(bottom frame) magnetic field in the rear of a 
10 0 0 series car as a function of height above the 
floor and time.
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above the floor at those two locations based on maximum, minimum 
and average field levels. Additional statistical comparisons of 
field levels are provided below in Section 3.6. Statistical 
summaries of most of the datasets are also contained in the 
appendices to permit the reader to make whatever comparisons are required.
As indicated in Table 3-1, measurements similar to those reported 
for the 10 0 0 series car were conducted on a 200 0 series car 
operating on the Green Line. The results of the measurements in 
the passenger compartment of the 2000 series cars are contained in 
Appendices X through AA in Volume II of this report. The magnetic 
fields found in the 2000 series cars were similar in intensity, 
temporal variability, and spatial variability to the fields in the 
1000 series cars described above. The frequency characteristics of 
the magnetic field are also similar with the exception that in the 
2000 series cars, periodic magnetic fields with discrete 
frequencies (even harmonics of the 60 Hz power frequency) are 
present in the magnetic field frequency spectrum. Figure 3-9 shows 
the magnetic field as a function of frequency and time with the 
static field suppressed at two heights above the floor in the 
center of a 2000 series car. The car was stationary at the U 
Street-Cardozo station for the first 120 seconds of the record. Of 
these fixed-frequency field components, the second (120 Hz), sixth 
(360 Hz) and twelfth (720 Hz) harmonics of 60 Hz are the most 
apparent and are typical of rectifier ripple on dc power systems 
derived from rectification of 60 Hz ac power. Although those 
components of the magnetic field are present at low amplitudes when 
the train is stationary, their magnitudes increase substantially 
when the train begins to accelerate at the 130 second time point. 
The 360 Hz component remains elevated to the end of the record as 
the train continues to draw power from the dc third rail. The 
magnitudes of the ripple components decrease with increasing height 
above the floor, indicating that the source of these fields is 
below the floor of the car. All indications suggest that these 
time varying field components come from an ac ripple component on 
the dc current in the traction power control equipment beneath the 
floor or ripple current in the third-rail and track return circuit, 
or both. From the available data, it cannot be determined with 
certainty whether this increased intensity of ripple frequency ac 
magnetic field components measured in the 200 0 series relative to 
those in the 10 0 0 series cars represents a difference in the under
car propulsion systems or differences in the extent of dc power 
filtering in traction power supply stations on the two lines. 
Magnetic field measurements at station platforms on the Red and 
Green Lines showed similar levels of ripple current, as discussed 
in Section 6 of this report. That fact suggests that the 
differences in ripple frequency components in the magnetic fields 
of 10 0 0 series cars versus 2000 series cars results from 
differences in the propulsion systems, or perhaps from more 
extensive filtering on the 10 0 0 series cars.
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MET028 - 10cm ABOVE FLOOR. CENTER OF AISLE. CENTER OF CAR 2xxx

MET028 - 160cm ABOVE FLOOR. CENTER OF AISLE. CENTER OF CAR 2xxx
Figure 3-9 Time varying magnetic field 10 cm and 160 cm above

the floor at the center of a 200 0 series car as a 
function of frequency and time.
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As mentioned earlier, the 3000 series cars use semiconductor 
choppers to control the amount of power supplied to the traction 
motors. Therefore, the magnetic fields produced by the traction 
power control system are different from those produced by CAM controlled systems such as those in the 10 0 0 and 2000 series cars. 
Figures 3-10 and 3-11 show the magnetic field characteristics at 
two heights above the floor at the center of a 3000 series car as 
it departs Rockville station. Unfortunately, the total magnetic 
field at a measurement point 10 cm above the floor shown in Figure 
3-10 exceeded the five gauss range of the fluxgate magnetometer at 
the 6 second sample point, thereby producing invalid data at that 
measurement time point. The magnetic field levels were lower at 
sensor locations higher above the floor, as in Figure 3-11, thereby 
allowing valid measurements at all time points. Alternative 
measurements and analysis conducted to characterize magnetic fields 
near the floor at this point are discussed later in this section. 
At this point, however, the discussion will remain focused on the 
characteristics of the magnetic field in the 3000 series cars.
The upper frame of Figure 3-11 showing the static and low frequency 
time varying magnetic fields 160 cm above the floor in the 3000 
series car looks very similar in character to those discussed 
earlier for 1000 series cars (e.g., Figure 3-6) except that the 
peak fields tend to be larger. The principal characteristics of 
increased static fields during acceleration and low frequency time 
varying fields due to changes in static field levels which decrease 
in intensity with increasing frequency are present in both systems. 
Neglecting the invalid data at the six second point of the data in 
Figure 3-10, it can be seen that there is also strong attenuation 
of the static field with increasing height above the floor. The 
upper frame of Figure 3-12 shows the vertical attenuation profile 
over time for the simultaneous static field measurements at the 
four sensor heights at the center of the 3 000 series car. As 
previously mentioned, the data at the 6 second point for both the 
10 cm and the 60 cm sensors are invalid. The remaining points 
demonstrate a consistent attenuation characteristic except at time 
zero when the train was standing at the station. The field 
attenuation rate depicted here is much more rapid than that seen in 
the center of the 10 0 0 and 2000 series cars.
The lower frames of Figures 3-10 and 3-11 show the time varying 
components of the magnetic field at the center of the 3000 series 
car. As before, the static component of the field has been 
suppressed and the data plotted over a wider frequency range. Time 
varying frequency components of the magnetic field at the chopper 
frequency (273 Hz) and harmonics thereof are clearly evident. Most 
of the energy is in the 273 and 546 Hz components.
The attenuation pattern of the time varying component of the 
magnetic field at the center of the 3000 series car is plotted in 
the lower frame of Figure 3-12 and, neglecting the invalid data at 
1 0 and 60 cm above the floor at the 6 second point, shows an
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MET006 - 10cm ABOVE FLOOR, CENTER OF AISLE, CENTER OF CAR 3012

MET006 - 10cm ABOVE FLOOR, CENTER OF AISLE. CENTER OF CAR 3012
Figure 3-10 Magnetic field 10 cm above the floor in the center

of a 3000 series car as a function of frequency 
and time. The static field component is 
suppressed in the lower frame to show the time 
varying components. Data at the 6 second data point are invalid.
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MET006 - 160cm ABOVE FLOOR, CENTER OF AISLE, CENTER OF CAR 3012

MET006 - 160cm ABOVE FLOOR, CENTER OF AISLE, CENTER OF CAR 3012

Figure 3-11 Magnetic field 160 cm above the floor in thecenter of a 3000 series car as a function of 
frequency and time. The static field component is 
suppressed in the lower frame to show the time 
varying components.
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attenuation rate identical to that of the static field shown in the 
frame above it. Regression analysis of the available data 
indicates that the attenuation pattern best fits the equation:

B = B0 * (1/d3)
where: B is the magnetic field;

B0 is the magnetic field at unity distance; and 
d is the distance from the source.

From the analysis, the apparent field source is centered 55 cm 
below the floor of the car. That is, in the above equation, the 
distance, d, is the height of the measurement above the floor plus 
55 cm. Visual examination of the underside of a 3000 series car 
showed that the large line smoothing reactor beneath the car is 
nearly 55 cm below the top surface of the floor. By using the 
relationship in the above equation, data lost due to saturation of 
the sensor magnetometers near the floor can be estimated from valid 
data measured at greater heights above the floor if evidence exists 
that the field source is the one modeled by the above equation. 
For example, the static field value at 10 cm above the floor at the 
6 second mark in dataset MET006 (Figure 3-10) is estimated to be 29 
gauss (29,000 mG).
In order to obtain valid measurements of the time varying magnetic 
field without the need to extrapolate from measurements at other 
locations, several repeat measurements were made in the center of 
a 3000 series car using coil-type magnetometers which do not 
respond to static magnetic fields and thereby avoid the saturation 
problems encountered with the fluxgate sensors. Of the ten 
datasets identified in Table 3-1 as being measured in the center of 
a 3000 series car, five were measured using coil-type sensors with 
the MultiWave™ recording system. Those are datasets MET049 through 
MET053. There are no concurrent static field measurements in these 
datasets obtained with the coil-type sensors. Figure 3-13 shows a 
graph of time varying magnetic field levels measured 1 0 cm above 
the floor at the center of a 3000 series car using coil-type 
sensors. It shows the same characteristics as Figure 3-10 measured 
with the fluxgate magnetometers without any data lost to instrument 
saturation. In fact, the data from the 50 to 100 second time 
points of Figure 3-13 are virtually identical to the data in Figure 
3-10.
Lateral (transverse horizontal) and longitudinal (axial horizontal) 
measurements of magnetic field at floor level (Appendices AT and 
AU) and at 1 meter above the floor (Appendices L, M, AV and AW) in 
the center of the 3000 series cars show that the predominant source 
for static and time varying magnetic fields in the center of the 
car is highly localized and most certainly the line smoothing 
reactor. However, the longitudinal profiles suggest that there are
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M E T 0 4 9  -  1 0 c m  A BO V E F L O O R , C E N T E R  O F A I S L E ,  C E N T E R  O F  CAR 3X XX
Time varying magnetic field 10 cm above the floor at the center of a 3000 
series car measured with coil-type sensors.

Figure 3-13



o t h e r  s o u r c e s  b e lo w  t h e  f l o o r  b o th  i n  b a c k  o f  and  i n  f r o n t  o f  t h e  
r e a c t o r .

M a g n e t ic  f i e l d  m e a su re m e n ts  a t  t h e  r e a r  o f  t h e  3 0 0 0  s e r i e s  c a r s  
show  m a g n e t ic  f i e l d  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  s e e n  i n  t h e  
r e a r  o f  t h e  1 0 0 0  and 2 0 0 0  s e r i e s  c a r s .  A lt h o u g h  t im e  v a r y i n g  f i e l d  
c o m p o n e n ts  a r e  s t i l l  p r e s e n t  a t  t h e  c h o p p e r  f r e q u e n c y  and i t s  
h a r m o n ic s , t h e y  a r e  much s m a l l e r  ( l e s s  th a n  2 mG) and  g e n e r a l l y  
l e s s  t h a n  t h e  t im e  v a r y i n g  co m p o n en ts  o f  t h e  f i e l d  b e l i e v e d  t o  
a r i s e  fr o m  r i p p l e  on t h e  d c  p ow er f e d  t o  t h e  c a r .

3.4 DAT Waveform Data
M a g n e t ic  f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  o f  t h e  M u ltiW ave™  S y ste m  
w as r e c o r d e d  c o n t i n u o u s ly  w it h  a DAT r e c o r d e r ,  a s  d e s c r i b e d  i n  
S e c t i o n  2 . 5 .  C o n tin u o u s  f i e l d  d a t a  w ere  m e a su re d  a t  a w indow  s e a t  
n e a r  t h e  c e n t e r  o f  e a c h  o f  t h e  t h r e e  t y p e s  o f  c a r s  and  on t h e  
e n g i n e e r 's  s e a t  i n  t h e  c a r s .  A d d i t i o n a l  m e a su re m e n ts  w e re  made a t  
d i f f e r e n t  l o c a t i o n s  i n  som e c a r s  a s  i d e n t i f i e d  i n  T a b le  2 - 2 .  T h o se  
r e c o r d i n g s  p r o v i d e  b e t t e r  d e t a i l  o f  t h e  t e m p o r a l  c h a r a c t e r i s t i c s  o f  
t h e  s t a t i c  f i e l d s  th a n  do t h e  r e p e t i t i v e  w a v e fo rm  d a t a  b e c a u s e  
t h e r e  a r e  no  i n t e r r u p t i o n s  n e c e s s a r y  t o  s t o r e  t h e  in c o m in g  d a t a  
fro m  t h e  s i n g l e  s e n s o r .  T h o se  r e c o r d i n g s  w e re  s c a n n e d  f o r  
t r a n s i e n t  f i e l d s  o r  s u d d e n , b r i e f  e x c u r s i o n s  i n  f i e l d  l e v e l  w h ic h  
w e re  f u n d a m e n t a l ly  d i f f e r e n t  fro m  t h o s e  r e c o r d e d  b y  t h e  p e r i o d i c  
s a m p lin g  o f  t h e  M u ltiW a v e™ S y s te m . O c c a s i o n a l  m a g n e t ic  f i e l d  
t r a n s i e n t s  fo u n d  n e a r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s  a p p e a r e d  
t o  r e s u l t  fro m  t h e  t r a c t i o n  p ow er c o n t r o l  s y s t e m  s w i t c h i n g  b e tw e e n  
o p e r a t i o n a l  m o d e s . T hey w ere  n o t  o b s e r v e d  d u r in g  p e r i o d s  o f  t im e  
when t h e  s t a t i c  f i e l d  com p on en t w as n o t  c h a n g in g  an d  t h e  t im e  
v a r y i n g  m a g n e t ic  f i e l d  fro m  t h e  c h o p p e r  r i p p l e  w as c o n s t a n t .  
C o m p a r is o n s  b e tw e e n  t h e  DAT s t a t i c  f i e l d  d a t a  and  t h e  M u ltiW a v e™ 
s t a t i c  f i e l d  d a t a  m e a su re d  on t h e  r e f e r e n c e  p r o b e  c o n f ir m e d  t h e  
g o o d  c o r r e l a t i o n  b e tw e e n  t h e  tw o  w h ich  w as p r e v i o u s l y  r e p o r t e d 3 . 
H o w e v e r , s i n c e  t h e  DAT r e c o r d e r  s y s te m  d o e s  n o t  h a v e  a u t o m a t ic  g a in  
c o n t r o l ,  t h e  o c c a s i o n a l l y  l a r g e  t im e  v a r y i n g  m a g n e t ic  f i e l d s  
p r o d u c e d  b y  c h a n g e s  i n  t h e  l a r g e  s t a t i c  f i e l d  n e c e s s i t a t e d  
r e c o r d i n g  t h e  t im e  v a r y i n g  f i e l d s  on a v e r y  i n s e n s i t i v e  r a n g e  and  
much o f  t h e  d e t a i l  o f  t h e  l o w - l e v e l  c o m p o n e n ts  o f  t h e  t im e  v a r y i n g  
m a g n e t ic  f i e l d s  w as l o s t .

A s t a t i s t i c a l  summary o f  s t a t i c  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  b y  
t h e  DAT r e c o r d e r  s y s te m  i n  t h e  p a s s e n g e r  c o m p a r tm e n ts  o f  t h e  
M e t r o r a i l  c a r s  i s  p r e s e n t e d  i n  T a b le  3 - 2 .

A n o th e r  v a l u a b l e  a p p l i c a t i o n  o f  t h e  DAT d a t a  i s  t o  c h a r a c t e r i z e  t h e  
t i m e - r a t e - o f - c h a n g e  o f  t h e  m a g n e t ic  f i e l d  w i t h i n  t h e  p a s s e n g e r  
s e c t i o n  o f  a  M e t r o r a i l  c a r .  F ig u r e s  3 - 1 4  and  3 - 1 5  show  t h e  f i n e  
t im e  c h a r a c t e r i s t i c s '  t y p i c a l  c h a n g e s  i n  s t a t i c  f i e l d  m e a su re d  i n  
t h e  1 0 0 0  and  3 0 0 0  s e r i e s  c a r s ,  r e s p e c t i v e l y .  T he t i m e - r a t e - o f -  
c h a n g e  o f  t h e  f i e l d  shown i n  F ig u r e  3 - 1 4  f o r  t h e  1 0 0 0  s e r i e s  c a r  i s
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a p p r o x im a t e ly  tw o t o  f o u r  g a u s s  p e r  s e c o n d . T y p i c a l  r a t e s  o f  
c h a n g e  m e a su re d  i n  t h e  2 0 0 0  s e r i e s  c a r  w e re  s i m i l a r .  N o t e  t h e  
p r e s e n c e  o f  t h e  c h o p p e r  r i p p l e  on t h e  s t a t i c  f i e l d  o f  t h e  3 0 0 0  
s e r i e s  c a r  show n i n  F ig u r e  3 - 1 5 .  T he a v e r a g e  t i m e - r a t e - o f - c h a n g e  
f o r  t h e  m a g n e t ic  f i e l d ,  i n  t h i s  c a s e  n e g l e c t i n g  t h e  c h o p p e r  r i p p l e ,  
i s  a b o u t  1 . 5  G / s .  T h is  p a r t i c u l a r  s e c t i o n  o f  t h e  DAT r e c o r d i n g  i n  
t h e  3 0 0 0  s e r i e s  c a r  w as s e l e c t e d  b e c a u s e  i t  a l s o  sh ow s o n e  o f  t h e
o c c a s i o n a l  t r a n s i e n t  m a g n e t ic  f i e l d  e p i s o d e s  d e t e c t e d  i n  t h e  c e n t e r  _____
o f  a 3 0 0 0  s e r i e s  c a r .  T he maximum t i m e - r a t e - o f - c h a n g e  o f  t h e ^ >  ' 
m a g n e t ic  f i e l d  a t  t h e  t r a n s i e n t  w as a p p r o x im a t e ly  4 0  G / s ,  w hiafi U A  

r o u g h ly  c o m p a r a b le  t o  t h e  t i m e - r a t e - o f - c h a n g e  o f  t h e  2 7 3  Hz c h o p p e r  ^  
r i p p l e  s u p e r im p o s e d  on t h e  n e a r - s t a t i c  f i e l d  w a v e fo r m .

TABLE 3-2
SUMMARY OF STATIC MAGNETIC FIELD LEVELS RECORDED 

IN A PASSENGER SEAT OF A METRORAIL CAR RECORDED WITH 
THE DIGITAL AUDIO TAPE RECORDER (DAT)

SERIES OF MEASUREMENT STATIC MAGNETIC FIELD
CAR LOCATION MILLIGAUSS

(T A P E /R E C .) FIGURE # LOCATION MINIMUM AVERAGE MAXIMUM

1 0 0 0
CENTER 3 - 2 9 1 9 8 8 1 6 1 7 3 6  *

( 1 / 1 )

2 0 0 0
CENTER
( 1 / 1 1 )

3 - 2 9 95 6 3 4 2 1 6 4

3 0 0 0
CENTER 3 - 2 9 4 3 4 1 6 0 1 2 9 3 6

( 1 / 4 )

3 0 0 0
FRONT
( 1 / 3 )

- - 2 1 0 1 2 2 7 3 7

*  Some p o r t i o n s  o f  t h i s  r e c o r d  w e r e  s a t u r a t e d  d u e  t o  an  
i n s u f f i c i e n t l y  h ig h  r a n g e  s e t t i n g  on t h e  DAT. T h e r e f o r e ,  t h e  
t r u e  maximum f i e l d  i s  l a r g e r  th a n  i n d i c a t e d .  T he a v e r a g e  
v a lu e  i s  n o t  b e l i e v e d  t o  b e  s i g n i f i c a n t l y  a f f e c t e d  d u e  t o  t h e  
s m a l l  p o r t i o n  o f  t h e  t o t a l  r e c o r d  w h e re  s a t u r a t i o n  o c c u r r e d .
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F ig u r e  3 - 1 4 Time domain plot of the changing static field level in a 1000 series car
showing time-rates-of-change of static field up to 4 gauss per second.
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Figure 3-15 Time domain plot of the changing static field level near the center of a
3000 series car showing average rates of change, chopper ripple and anapparent transient field episode.



3.5 EMDEX-II Data
M a g n e t ic  f i e l d  l e v e l s  m e a su re d  b y  t h e  M u lt iW a v e ™ S y s te m  o r  DAT 
r e c o r d e r  p r o v i d e  d e t a i l e d  d o c u m e n ta t io n  o f  m a g n e t ic  f i e l d  l e v e l s  a t  
a fe w  d i s c r e t e  l o c a t i o n s  w i t h i n  t h e  c o a c h e s  b u t  d o  n o t  f a c t o r  i n  
t h e  p o s s i b i l i t y  t h a t  p a s s e n g e r s  m o v in g  a b o u t  t h e  c o a c h e s  may 
e n c o u n t e r  h ig h  f i e l d s  fro m  s p e c i f i c ,  l o c a l i z e d  s o u r c e s .  To ex a m in e  
t h e  e x t e n t  t o  w h ic h  s p o t  m e a su re m e n ts  o f  m a g n e t ic  f i e l d s  c a n  b e  
g e n e r a l i z e d  t o  p a s s e n g e r  e x p o s u r e , tw o m em bers o f  t h e  m e a su re m en t  
tea m  w o re  E M D E X -II p e r s o n a l  m a g n e t ic  f i e l d  e x p o s u r e  m o n i t o r s .

F o r  t h e s e  t e s t s ,  t h e  in s t r u m e n t s  w ere  u s e d  i n  t h e  "b r o a d b a n d "  mode 
w h ic h  y i e l d e d  t h e  w i d e s t  f r e q u e n c y  r e s p o n s e  ( n o m in a l ly  a 3 db  
b a n d w id th  b e tw e e n  40  Hz and 8 0 0  Hz) and  t h e r e f o r e  p r o v id e d  t h e  
i n s t r u m e n t 's  m o s t  c o m p le t e  m ea su rem en t o f  ELF m a g n e t ic  f i e l d s .
T he E M D E X -II m o n it o r s  la c k  t h e  a b i l i t y  t o  m e a s u r e  s t a t i c  m a g n e t ic  
f i e l d s  o r  t h e  lo w  fr e q u e n c y  c o m p o n en ts  p r o d u c e d  b y  c h a n g e s  i n  t h e  
s t a t i c  f i e l d .  S i n c e  t h e  1 0 0 0  and 2 0 0 0  s e r i e s  c a r s  w e r e  fo u n d  n o t  
t o  h a v e  t im e  v a r y i n g  m a g n e t ic  f i e l d  co m p o n e n ts  w i t h i n  t h e  f r e q u e n c y  
p a s s b a n d  o f  t h e  EMDEX m o n i t o r s ,  no d a t a  a r e  p r e s e n t e d  f o r  t h o s e  
c a r s .

T he E M D E X -II u n i t s  w ere  m o s t ly  w orn w a i s t  h i g h ,  w h i le  w a n d e r in g  
a b o u t  t h e  a p p r o x im a te  v i c i n i t y  o f  t h e  c a r  w h e re  t h e  o t h e r  
m e a s u r e m e n ts  w e r e  b e in g  made o r  s e a t e d  i n  a  p a s s e n g e r  s e a t  w h i le  
t r a v e l i n g  b e tw e e n  m ea su rem en t s i t e s .  I n  o n e  i n s t a n c e ,  w h i le  m ak in g  
m e a s u r e m e n ts  a t  t h e  c e n t e r  o f  a  3 0 0 0  s e r i e s  c a r ,  EMDEX num ber on e  
w as u s e d  a s  a  s u r v e y  m e te r  t o  p r o b e  f o r  a r e a s  o f  u n u s u a l ly  h ig h  
m a g n e t ic  f i e l d  s t r e n g t h .  C o n s e q u e n t ly , t h o s e  r e a d i n g s  do n o t  
r e p r e s e n t  " t y p i c a l "  ELF m a g n e t ic  f i e l d  l e v e l s .

T a b le  3 - 3  sh o w s t h e  s t a t i s t i c a l  m inim um , a v e r a g e  and  maximum v a lu e s  
o b t a i n e d  b y  t h e  E M D E X-II r e c o r d e r s  i n  t h e  p a s s e n g e r  a r e a  o f  3 0 0 0  
s e r i e s  c a r s .  S i x  s e t s  o f  r e c o r d i n g s  a r e  su m m a riz e d , c o r r e s p o n d in g  
t o  d i f f e r e n t  t r i p s  i n  d i f f e r e n t  p a r t s  o f  t h e  c a r .  T h e r e  i s  a l s o  a 
n o t a t i o n  a s  t o  w h e th e r  o t h e r  m e a su re m e n ts  w e re  i n  p r o g r e s s  a t  t h e  
sam e t im e  and  w h e r e , b e c a u s e  t h e  EMDEX w e a r e r s  a r e  p re su m e d  t o  b e  
i n  t h a t  v i c i n i t y .

3.6 summary of Magnetic Field Levels
A s d i s c u s s e d  i n  t h e  p r e c e d in g  s u b s e c t i o n s ,  t h e  p r e d o m in a n t  m a g n e t ic  
f i e l d  s o u r c e s  i n  t h e  p a s s e n g e r  a r e a s  o f  t h e  M e t r o r a i l  c a r s  a p p e a r  
t o  b e  t r a c t i o n  p ow er c o n t r o l  e q u ip m e n t b e n e a th  t h e  f l o o r  o f  t h e  
c a r s  an d  p o s s i b l e  c u r r e n t  i n  t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  r a i l  and  
t r a c k  r e t u r n  c i r c u i t .  C o n s e q u e n t ly , t a b u l a t i o n s  o f  m a g n e t ic  f i e l d  
l e v e l  p r o v i d e d  i n  t h i s  s u b s e c t i o n  g i v e  f i e l d  v a l u e s  a t  v a r i o u s  
h e i g h t s  a b o v e  t h e  f l o o r .  T h e s e  f i e l d s  a r e  p r e d o m in a n t ly  s t a t i c  
w it h  lo w  f r e q u e n c y  t im e  v a r y i n g  c o m p o n e n ts  r e s u l t i n g  fro m  
f l u c t u a t i o n s  i n  t h e  s t a t i c  f i e l d  l e v e l .  H o w e v e r , l a r g e  t im e  
v a r y i n g  f i e l d s  a r e  fo u n d  n e a r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s
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TABLE 3-3
STATISTICAL SUMMARY OF MAGNETIC FIELD LEVELS 

RECORDED IN 3000 SERIES CARS USING 
EMDEX-II RECORDERS

LOCATION E M D E X-II # MINIMUM AVERAGE MAXIMUM

FRONT PERSON 1 0 . 3 mG 2 . 3 mG 1 1 .3 mG

MEASUREMENT PERSON 2 0 . 3 mG 2 . 8 mG 1 3 .9 mG

COMBINED 0 . 3 mG 2 . 6 mG 1 3 .9 mG

CENTER PERSON 1 0 . 3 mG 8 1 .2 mG 2 1 2 mG

MEASUREMENT PERSON 2 0 . 2 mG 1 4 .4 mG 6 8 mG

COMBINED 0 . 2 mG 4 7 . 8 mG 2 1 2 mG

CENTER PERSON 1 0 . 2
*

mG 1 5 0 .3
*

mG 2 1 3 8
*

mG

MEASUREMENT PERSON 2 0 . 2 mG 1 3 .2 mG 10 3 mG

COMBINED 0 . 2
*

mG 8 1 .8
*

mG 2 1 3 8 mG*

CENTER PERSON 1 0 . 3 mG 5 3 .7 mG 1 6 8 mG

MEASUREMENT PERSON 2 0 . 2 mG 2 0 .3 mG 1 5 7 mG

COMBINED 0 . 2 mG 3 7 . 0 mG 1 6 8 mG

REAR PERSON 1 0 . 3 mG 1 . 9 mG 7 . 4 mG

MEASUREMENT PERSON 2 0 . 3 mG 1 . 9 mG 1 2 . 4 mG

COMBINED 0 . 3 mG 1 . 9 mG 1 2 .4 mG

PASSENGER PERSON 1 0 . 2 mG 1 .3 mG 7 . 8 mG

SEAT PERSON 2 0 . 3 mG 2 . 1 mG 9 . 9 mG

COMBINED 0 . 2 mG 1 . 7 mG 9 . 9 mG

N o te  t h a t  t h e r e  i s  a l a r g e  d i f f e r e n c e  b e tw e e n  t h e  tw o  
r e c o r d i n g s .  T he r e a s o n  f o r  t h i s  i s  t h a t  P e r s o n  1 w as  
i n t e n t i o n a l l y  e x p e r im e n t in g  i n  t r y i n g  t o  f i n d  l o c a l  h ig h  
f i e l d  a r e a s .
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w h ic h  u s e  2 7 3  Hz s e m ic o n d u c t o r  c h o p p e r s  t o  c o n t r o l  t h e  am ount o f  
e l e c t r i c  p o w er s u p p l i e d  t o  t h e  t r a c t i o n  m o t o r s .

T a b le s  3 - 4  th r o u g h  3 - 8  su m m a rize  t h e  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  
w it h  t h e  r e p e t i t i v e  w a v efo rm  t e c h n iq u e  i n  t h e  c e n t e r  and  r e a r  o f  
1 0 0 0  an d  2 0 0 0  s e r i e s  c a r s  a s  w e l l  a s  i n  t h e  r e a r  o f  t h e  3 0 0 0  s e r i e s  
c a r .  E ach  t a b l e  show s t h e  m inim um , maximum an d  a v e r a g e  f i e l d  
l e v e l s  a s  w e l l  a s  t h e  s t a n d a r d  d e v i a t i o n  and t h e  c o e f f i c i e n t  o f  
v a r i a t i o n  f o r  t h e  r e p e t i t i v e  w a v efo rm  d a t a s e t s  l i s t e d  i n  t h e  t i t l e  
h e a d in g . E ach  t a b l e  p r o v i d e s  t h e  s t a t i s t i c s  a t  f o u r  h e i g h t s  a b o v e  
t h e  f l o o r  f o r  t h e  s t a t i c  f i e l d ,  t h e  t o t a l  t im e  v a r y i n g  f i e l d  i n  t h e

f r e q u e n c y  r a n g e  fro m  5 Hz t o  2 5 6 0  H z, and t h e  t im e  v a r y i n g  f i e l d  i n  
v a r i o u s  s m a l l e r  fr e q u e n c y  b a n d s . B e c a u s e  t h e  m a g n e t ic  f i e l d  l e v e l s  
a r e  s i m i l a r  i n  m a g n itu d e  i n  a l l  f r e q u e n c y  b a n d s  a t  b o t h  l o c a t i o n s  
i n  t h e  1 0 0 0  s e r i e s  c a r s  ( T a b le s  3 - 4  and 3 - 5 )  , b o t h  l o c a t i o n s  i n  t h e  
2 0 0 0  s e r i e s  c a r s  ( T a b le s  3 - 6  and 3 - 7 ) ,  and i n  t h e  r e a r  o f  t h e  3 0 0 0  
s e r i e s  c a r s  ( T a b le  3 - 8 )  , a l l  o f  t h e  d a t a  fro m  t h e  r e l e v a n t  d a t a s e t s  
a r e  p o o le d  and  su m m a rized  s t a t i s t i c a l l y  i n  T a b le  3 - 9 .  The m a g n e t ic  
f i e l d  v a l u e s  p r e s e n t e d  i n  t h i s  summary t a b l e  a r e  c o n s i s t e n t  w ith  
s t a t i c  f i e l d  l e v e l s  m e a su re d  w it h  t h e  DAT ( T a b le  3 - 2 )  and t im e  
v a r y i n g  f i e l d  l e v e l s  m e a su re d  i n  t h e  r e a r  o f  t h e  3 0 0 0  s e r i e s  c a r s  
w it h  t h e  EMDEX ( T a b le  3 - 3  and  a l l o w i n g  f o r  t h e  f a c t  t h a t  t h e  EMDEX 
d o e s  n o t  r e s p o n d  t o  t i m e - v a r y i n g  f i e l d s  b e lo w  4 0  H z ) . T h e s e  f i e l d  
v a l u e s  r e p r e s e n t  t h e  m a g n itu d e  o f  m a g n e t ic  f i e l d s  g e n e r a l l y  
e n c o u n t e r e d  i n  WMATA M e t r o r a i l  c a r s .

The c e n t r a l  a r e a  o f  t h e  3 0 0 0  s e r i e s  c a r  h a s  a u n iq u e  m a g n e t ic  f i e l d  
e n v ir o n m e n t  w h ic h  i s  fu n d a m e n t a l ly  d i f f e r e n t  fr o m  t h e  g e n e r a l  f i e l d  
e n v ir o n m e n t  fo u n d  i n  o t h e r  c a r s  o r  to w a rd  t h e  f r o n t  o r  r e a r  o f  t h i s  
c a r .  B o th  t h e  s t a t i c  and t im e  v a r y in g  m a g n e t ic  f i e l d s  a r e  much 
l a r g e r  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s ,  e s p e c i a l l y  n e a r  t h e  
f l o o r .  T a b le  3 - 1 0  p r e s e n t s  a summary o f  t h e  s t a t i c  f i e l d  l e v e l s  a t  
v a r i o u s  h e i g h t s  a b o v e  t h e  f l o o r  a t  t h e  c e n t e r  o f  t h e  c a r .  A s  
m e n tio n e d  e a r l i e r ,  t h e  h ig h  s t a t i c  f i e l d  l e v e l s  n e a r  t h e  f l o o r  
o c c a s i o n a l l y  e x c e e d e d  t h e  r a n g e  o f  t h e  m a g n e to m e te r s . When t h a t  
o c c u r r e d ,  t h e  f i e l d  v a l u e s  w ere  e s t i m a t e d  b y  e x t r a p o l a t i o n  fro m  
s i m u lt a n e o u s  m e a su re m e n ts  a t  g r e a t e r  h e i g h t s  a b o v e  t h e  f l o o r .

T he s t a t i s t i c a l  summary o f  t h e  m a g n itu d e  o f  t h e  t im e  v a r y i n g  
m a g n e t ic  f i e l d s  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r  i s  p r e s e n t e d  
i n  T a b le  3 - 1 1 .  T h e s e  d a t a  w ere  m e a su re d  w it h  t h e  c o i l - t y p e  s e n s o r s  
s o  t h e r e  a r e  n o  s a t u r a t i o n  d i f f i c u l t i e s  w i t h  w h ic h  t o  c o n t e n d .  
S i n c e  t h e s e  s e n s o r s  d o n o t  r e s p o n d  t o  s t a t i c  f i e l d s ,  t h e r e  a r e  no  
s t a t i c  f i e l d  v a l u e s  r e p o r t e d  i n  t h e  t a b l e .  I t  i s  d i f f i c u l t  t o  make 
a q u a n t i t a t i v e  c o m p a r is o n  b e tw e e n  f i e l d  v a l u e s  r e p o r t e d  i n  T a b le  
3 - 1 1  an d  f i e l d  v a l u e s  m e a su re d  w it h  t h e  E M D E X -II r e c o r d e r s  g i v e n  i n  
T a b le  3 - 3  b e c a u s e  o f  t h e  r a p i d  a t t e n u a t i o n  o f  t h e  m a g n e t ic  f i e l d  a s  
o n e  m o v es aw ay t h e  u n d e r - f l o o r  s o u r c e ,  p r e s u m a b ly  t h e  s m o o th in g  
r e a c t o r .  N e v e r t h e l e s s ,  t h e  d a t a  a r e  g e n e r a l l y  c o n s i s t e n t .  A v e r a g e  
and maximum f i e l d  v a l u e s  r e p o r t e d  b y  t h e  EMDEX a r e  w i t h i n  t h e  r a n g e  
t h a t  w o u ld  b e  e x p e c t e d  w i t h i n  a few  m e t e r s  o f  t h e  s o u r c e  b a s e d  on
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TABLE 3-4
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS
MEASURED IN THE CENTER OF A 1000 SERIES CAR

MET001 - CENTER OF CAR #1173 TOTAL OF 18 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 205.11 4395.54 1779.76 1134.12 63.72

60 172.01 2964.69 984.82 699.25 71.00
110 233.17 1988.68 749.85 443.06 59.09
160 290.89 1319.42 742.89 291.48 39.24

5-45Hz 10 0.84 64.48 17.89 17.05 95.32
LOW FREQ 60 0.53 28.06 9.23 8.01 86.80

110 0.33 34.65 7.48 8.16 109.10
160 0.39 60.79 9.54 15.09 158.29

50-60HZ 10 0.25 5.59 1.89 1.50 79.04
PWRFREQ 60 0.13 2.86 1.20 0.98 82.11

110 0.27 3.77 0.90 0.85 94.87
160 0.10 5.87 0.90 1.37 152.13

65-300HZ 10 0.22 5.58 2.53 2.04 80.48
PWR HARM 60 0.22 4.40 1.59 1.30 81.73

110 0.20 6.13 1.27 1.39 109.52
160 0.22 9.43 1.42 2.17 153.27

305-2560HZ 10 0.18 2.37 1.09 0.85 77.55
HIGH FREQ 60 0.12 2.24 0.71 0.61 85.96

110 0.08 3.12 0.58 0.72 123.80
160 0.07 4.79 0.70 1.11 159.58

5-2560HZ 10 0.93 64.84 18.28 17.17 93.93
ALL FREQ 60 0.60 28.46 9.51 8.16 85.84

110 0.49 35.53 7.68 8.33 108.42
160 0.47 61.98 9.73 15.34 157.69
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TABLE 3-5
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS
MEASURED IN THE REAR OF A 1000 SERIES CAR

w

MET002 - REAR OF CAR #1173 TOTAL OF 14 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 428.08 1637.63 1147.56 371.76 32.40

60 263.70 1133.03 762.76 241.95 31.72
110 339.92 846.04 565.79 160.71 28.41
160 286.04 765.78 533.94 152.66 28.59

5-45Hz 10 1.22 12.82 7.50 4.05 53.94
LOW FREQ 60 0.78 14.92 6.73 4.67 69.45

110 0.64 21.33 7.12 6.33 88.89
160 0.60 39.95 10.19 11.01 108.02

50-60HZ 10 0.21 2.50 0.88 0.68 78.08
PWR FREQ 60 0.14 1.68 0.67 0.51 76.83

110 0.21 1.92 0.74 0.55 74.72
160 0.10 3.34 0.82 0.88 108.43

65-300HZ 10 0.31 3.81 1.12 0.89 79.99
PWR HARM 60 0.29 2.75 0.99 0.76 77.18

110 0.23 3.09 1.06 0.92 86.99
160 0.22 5.29 1.25 1.42 113.15

305-2560HZ 10 0.16 1.22 0.51 0.28 53.97
HIGH FREQ 60 0.11 1.16 0.47 0.31 67.11

110 0.08 1.55 0.49 0.46 93.11
160 0.08 2.68 0.61 0.72 117.74

5-2560HZ 10 1.30 13.09 7.69 4.14 53.87
ALL FREQ 60 0.91 15.02 6.87 4.73 68.92

110 0.75 21.69 7.26 6.42 88.39
160 0.65 40.53 10.32 11.15 108.03



TABLE 3-6
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS
MEASURED IN THE CENTER OF A 2000 SERIES CAR

MET028 - CENTER OF A  2000 SERIES CAR - IN MOTION TOTAL OF 24 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND a b o v e MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 415.08 4713.82 1458.56 1648.91 113.05

60 370.75 3912.45 1157.03 1380.80 119.34
110 357.05 2890.56 923.47 986.74 106.85
160 382.52 2293.28 825.69 737.70 89.34

5-45Hz 10 1.57 24.73 9.74 8.33 85.55
LOW FREQ 60 1.02 10.45 5.24 3.31 63.13

110 0.53 8.27 5.11 2.84 55.55
160 0.40 14.50 7.64 5.94 77.75

50-60HZ 10 0.19 3.09 1.14 1.08 95.07
PWRFREQ 60 0.14 1.27 0.59 0.42 70.12

110 0.17 1.02 0.65 0.35 53.73
160 0.11 1.70 0.76 0.59 77.74

65-300HZ 10 0.38 3.29 1.83 1.11 60.92
PWR HARM 60 0.29 1.80 1.02 0.59 58.06

110 0.33 1.42 0.99 0.50 50.47
160 0.19 2.68 1.21 0.96 78.96

305-2560HZ 10 0.44 3.35 1.31 1.06 80.70
HIGH FREQ 60 0.18 1.11 0.63 0.35 56.04

110 0.09 1.06 0.54 0.35 65.77
160 0.08 1.59 0.65 0.56 86.41

5-2560HZ 10 1.68 25.16 10.24 8.28 80.89
ALL FREQ 60 1.09 10.71 5.43 3.36 61.81

110 0.65 8.48 5.28 2.90 54.83
160 0.46 14.93 7.81 6.06 77.57
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TABLE 3-7
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS
MEASURED IN THE REAR OF A 2000 SERIES CAR

MET027- REAR OF A 2000 SERIES CAR TOTAL OF 11 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 14.06 2249.66 1765.59 649.05 36.76

60 18.57 1351.63 1023.53 361.22 35.29
110 21.86 965.25 686.67 247.50 36.04
160 19.92 873.61 557.55 207.87 37.28

5-45HZ 10 0.01 18.95 4.93 5.23 105.98
LOW FREQ 60 0.00 10.66 3.22 3.01 93.33

110 0.02 5.91 2.53 1.59 62.94
160 0.00 6.51 3.75 2.43 64.80

50-60HZ 10 0.00 3.23 0.91 1.01 111.18
PWRFREQ 60 0.00 2.22 0.63 0.72 113.85

110 0.00 1.18 0.52 0.38 74.25
160 0.00 1.22 0.52 0.37 69.92

65-300HZ 10 0.01 3.94 1.12 1.11 99.12
PWR HARM 60 0.00 2.56 0.81 0.75 92.01

110 0.01 1.46 0.62 0.41 65.40
160 0.05 1.16 0.74 0.37 49.81

305-2560HZ 10 0.04 5.00 1.74 1.28 73.15
HIGH FREQ 60 0.02 3.74 1.20 0.95 79.42

110 0.03 2.31 0.84 0.59 70.14
160 0.03 1.90 0.73 0.48 64.99

5-2560HZ 10 0.04 20.25 5.54 5.47 98.65
ALL FREQ 60 0.02 11.79 3.65 3.25 89.17

110 0.04 6.62 2.81 1.74 62.14
160 0.06 6.68 3.96 2.47 62.37



TABLE 3-8
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS

IN THE REAR OF A 3000 SERIES CAR

MET008 - REAR OF CA *#3012 TOTAL OF 16 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 1026.45 4708.21 1837.37 948.33 51.61

60 543.36 4538.66 1254.32 1012.84 80.75
110 355.19 3462.37 858.29 783.37 91.27
160 262.81 2467.74 683.72 533.51 78.03

5-45Hz 10 4.32 22.79 12.14 5.98 49.27
LOW FREQ 60 2.67 21.84 10.53 6.35 60.37

110 1.73 28.79 10.93 8.49 77.71
160 1.29 55.66 16.64 17.46 104.93

50-60Hz 10 0.57 2.79 1.40 0.70 49.74
PWR FREQ 60 0.40 2.14 1.14 0.61 53.75

110 0.30 2.60 1.09 0.68 62.39
160 0.23 4.74 1.42 1.42 100.38

65-300HZ 10 1.06 5.94 3.38 1.38 40.77
PWR HARM 60 1.02 4.16 2.51 1.08 43.15

110 0.82 4.28 2.05 1.05 51.43
160 0.60 7.56 2.51 2.15 85.94

305-2560HZ 10 0.59 4.57 1.90 1.08 56.83
HIGH FREQ 60 0.56 2.91 1.45 0.77 52.84

110 0.40 2.38 1.13 0.65 57.79
160 0.33 3.98 1.34 1.14 85.26

5-2560HZ 10 5.03 23.72 13.01 5.84 44.85
ALL FREQ 60 3.06 22.36 11.10 6.29 56.60

110 2.00 29.32 11.34 8.46 74.61
160 1.97 56.50 17.04 17.58 103.16

1 \
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TABLE 3-9
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS

IN THE CENTER AND REAR OF ALL CARS
EXCEPT CENTER OF THE 3000 SERIES CAR

MET001, 002, 008, 027, 028 - ALL CARS, VERTICAL TOTAL OF 65 SAMPLES
=REQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR

(cm)
FIELD

(mG)
FIELD

(mG)
FIELD

(mG) (mG)
VARIATION

(%)
STATIC 10 14.06 4713.82 1625.73 965.72 59.40

60 18.57 4538.66 1025.77 762.77 74.36
110 21.86 3462.37 742.23 548.33 73.88
160 19.92 2467.74 659.60 391.42 59.34

5-45Hz 10 0.01 64.48 11.29 11.02 97.56
LOW FREQ 60 0.00 28.06 7.62 6.33 83.05

110 0.02 34.65 7.19 7.17 99.67
160 0.00 60.79 10.27 13.36 130.09

50-60HZ 10 0.00 5.59 1.32 1.11 84.05
PWR FREQ 60 0.00 2.86 0.92 0.75 81.85

110 0.00 3.77 0.82 0.66 80.12
160 0.00 5.87 0.93 1.13 120.92

65-300HZ 10 0.01 5.94 2.13 1.69 79.11
PWR HARM 60 0.00 4.40 1.50 1.17 77.98

110 0.01 6.13 1.28 1.11 86.64
160 0.05 9.43 1.52 1.79 118.31

305-2560HZ 10 0.04 5.00 1.30 1.05 80.68
HIGH FREQ 60 0.02 3.74 0.92 0.75 81.47

110 0.03 3.12 0.74 0.64 86.69
160 0.03 4.79 0.84 0.94 112.10

5-2560HZ 10 0.04 64.84 11.80 11.08 93.82
ALL FREQ 60 0.02 28.46 7.96 6.42 80.63

110 0.04 35.53 7.44 7.26 97.46
160 0.06 61.98 10.50 13.53 128.78
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SUMMARY STATISTICS FOR STATIC MAGNETIC FIELD LEVELS 
MEASURED IN THE CENTER OF A 3000 SERIES CAR 

(CORRECTED FOR SENSOR SATURATION AS DISCUSSED IN TEXT)

TABLE 3-10

MET004, 006, 007 - CEN TER OF AISLE, CENTER OF CAR 3012 TOTAL OF 24 SAMPLES
=REQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 435.56 131469.00 14285.39 27537.01 192.76

60 655.65 23732.00 2684.58 4927.35 183.54
110 308.10 5029.44 1008.00 1074.44 106.59
160 266.97 3666.61 841.46 685.17 81.43
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TABLE 3-11
SUMMARY STATISTICS FOR TIME VARYING MAGNETIC FIELD LEVELS

MEASURED IN THE CENTER OF A 3000 SERIES CAR

MET049 - CENTER OF A 3000 SERIES CAR TOTAL OF 34 SAMPLES
=REQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
5-45Hz 10 6.10 2892.17 562.16 532.03 94.64

LOW FREQ 60 4.76 423.92 f 98.53 80.03 81.23
110 4.06 139.46 33.88 24.93 73.58
160 5.70 71.44 18.56 12.52 67.47

50-60HZ 10 1.23 309.21 70.29 56.62 80.54
PWR FREQ 60 1.05 50.82 12.59 9.18 72.90

110 0.91 16.27 4.37 2.93 66.96
160 0.66 8.32 2.35 1.57 66.88

65-300HZ 10 1.36 1326.18 738.81 456.98 61.85
PWR HARM 60 1.53 248.63 133.47 81.88 61.35

110 1.51 86.06 44.17 26.89 60.88
160 1.21 43.11 22.03 13.28 60.30

305-2560HZ 10 1.11 355.32 230.90 121.29 52.53
HIGH FREQ 60 1.06 61.60 41.19 21.28 51.68

110 0.99 19.92 13.65 6.82 49.96
160 0.77 9.91 6.84 3.32 48.56

5-2560HZ 10 7.13 2986.99 997.97 657.03 65.84
ALL FREQ 60 5.31 443.59 177.78 106.55 59.94

110 4.55 145.92 60.23 32.66 54.23
160 6.00 74.62 31.32 15.64 49.94



t h e  M u ltiW ave™  d a t a .  F u r th e r m o r e , t h e  maximum v a l u e s  r e c o r d e d  b y  t h e  
EMDEX u s e d  a s  a s u r v e y  m e te r  n e a r  f l o o r  l e v e l  i n  t h e  n e a r  v i c i n i t y  
o f  t h e  f i e l d  s o u r c e  r e p o r t e d  v a l u e s  n e a r l y  a s  l a r g e  a s  t h o s e  
m e a su re d  w it h  t h e  M u ltiW a v e™ S y s te m . L a r g e r  v a l u e s  a r e  e x p e c t e d  i n  
t h e  M u ltiW ave™  m e a su re m e n ts  b e c a u s e  o f  i t s  w id e r  b a n d w id th  i n c l u s i o n  
o f  lo w  fr e q u e n c y  and h i g h  fr e q u e n c y  c o m p o n e n ts  o f  t h e  f i e l d  m is s e d  
b y  t h e  m ore l i m i t e d  b a n d w id th  o f  t h e  EMDEX m e t e r s .

3.7 Summary of Electric Field Sources and Levels
E l e c t r i c  f i e l d  m e a su re m e n ts  w i t h i n  t h e  M e t r o r a i l  c a r s  d i d  n o t  
d e t e c t  t im e  v a r y i n g  e l e c t r i c  f i e l d s  g r e a t e r  t h a n  1 V /m  i n  a n y  o f  
t h e  m e a s u r in g  p o s i t i o n s  i n  a n y  o f  t h e  c a r s .  T h a t  i s  a s  e x p e c t e d ,  
b e c a u s e  u l t r a  lo w  f r e q u e n c y  (ULF) and  e x tr e m e  lo w  fr e q u e n c y  (ELF) 
e l e c t r i c  f i e l d s  a r e  e f f e c t i v e l y  a t t e n u a t e d  b y  c o n d u c t i v e  b a r r i e r s  
s u c h  a s  t h e  m e t a l l i c  b o d i e s  o f  t h e  c a r s .  C o n s e q u e n t ly ,  s i g n i f i c a n t  
e l e c t r i c  f i e l d s  fro m  e x t e r n a l  s o u r c e s  s u c h  a s  t h e  c o m m e r c ia l p ow er  
s y s t e m  w e re  n o t  e x p e c t e d  t o  b e  p r e s e n t  i n s i d e  t h e  c o a c h e s .

T he d is p la c e m e n t  c u r r e n t  m e a su re m en t a p p r o a c h  e m p lo y e d  f o r  t h e  
e l e c t r i c  f i e l d  m e a su re m e n ts  w i t h i n  t h e  c a r s  d o e s  n o t  r e s p o n d  t o  
s t a t i c  f i e l d s  su c h  a s  t h o s e  p r o d u c e d  b y  t h e  s t a t i c  v o l t a g e  on  t h e  
t h i r d  r a i l .  N e v e r t h e l e s s ,  e l e c t r i c  f i e l d s  p r o d u c e d  b y  t h e  v o l t a g e  
on t h e  t h i r d  r a i l  w i l l  n o t  p e n e t r a t e  t h e  c o n d u c t i v e  c a r  b o d i e s .  
T h e r e f o r e ,  e v e n  th o u g h  s t a t i c  e l e c t r i c  f i e l d  l e v e l s  c o u ld  n o t  b e  
m e a s u r e d , i t  i s  h i g h l y  u n l i k e l y  t h a t  a n y  e x i s t  w i t h i n  t h e  c a r s  
a s i d e  fro m  t h o s e  p r o d u c e d  b y  s t a t i c  c h a r g e s  on  p a s s e n g e r s  and t h e i r  
c l o t h i n g .
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4 . 0  ENGINEER'S COMPARTMENT MEASUREMENTS

The e n g i n e e r 's  c o m p a rtm en t i n  t h e  WMATA M e t r o r a i l  c a r s  i s  a s m a l l  
c o m p a rtm en t a t  t h e  end o f  e a c h  c a r .  C o n s e q u e n t ly ,  a l l  o f  t h e  
p o s s i b l e  s o u r c e s  o f  m a g n e t ic  f i e l d  d i s c u s s e d  i n  S e c t i o n  3 f o r  t h e  
p a s s e n g e r  s e c t i o n  o f  t h e  c a r  a r e  a l s o  p o s s i b l e  s o u r c e s  o f  f i e l d  f o r  
t h e  e n g i n e e r 's  c o m p a r tm e n t. I n  a d d i t i o n ,  t h e  v a r i o u s  c o n t r o l  
e q u ip m e n t w i t h i n  t h e  co m p a rtm en t r e p r e s e n t  a u n iq u e  p o t e n t i a l  
s o u r c e  a p p ly i n g  t o  t h a t  co m p artm en t o n l y .  T h e r e f o r e ,  m a g n e t ic  
f i e l d  m e a su re m e n ts  w e re  made i n  t h e  e n g i n e e r 's  c o m p a rtm en t t o  
d e t e r m in e  i f  t h e  f i e l d  e n v ir o n m e n t w as d i f f e r e n t  i n  t h a t  
c o m p a rtm en t and t o  q u a n t i f y  t h e  f i e l d  e n v ir o n m e n t  a t  t h e  e n g i n e e r 's  
w o r k p la c e .

4.1 Measurement Locations
T he g e n e r a l  l a y o u t  o f  a WMATA M e t r o r a i l  c a r  i s  show n i n  F ig u r e  3 - 1 .  
T he nu m bered  m e a su re m en t l o c a t i o n s  a r e  k e y e d  t o  d a t a s e t s  i n  
T a b le s  2 - 1  and 2 - 2  and  t o  t h e  d a t a  i n  t h e  c o r r e s p o n d in g  a p p e n d ic e s .  
M e a su r e m e n ts  i n  t h e  p a s s e n g e r  s e c t i o n s  o f  t h e  c a r s  w e re  r e p o r t e d  i n  
t h e  p r e c e d i n g  s e c t i o n .  T h is  s e c t i o n  r e p o r t s  t h e  r e s u l t s  o f  
m e a su re m e n ts  made i n  t h e  e n g i n e e r 's  c o m p a rtm e n t w h ic h  i s  t h e  
l o c a t i o n  w it h  k e y  num ber 8  i n  F ig u r e  3 - 1 .

M a g n e t ic  f i e l d s  w e r e  m e a su re d  a lo n g  a v e r t i c a l  p r o f i l e  a t  t h e  
e n g i n e e r 's  w o r k p la c e  b y  p o s i t i o n i n g  t h e  s e n s o r  s t a f f  v e r t i c a l l y  a t  
t h e  c e n t e r  o f  t h e  f r o n t  e d g e  o f  t h e  e n g i n e e r 's  s e a t .  A l l  
m e a su re m e n ts  w e re  made i n  t h e  u n o c c u p ie d  r e a r  e n g i n e e r 's  
c o m p a rtm en t i n  o r d e r  t o  a v o id  i n t e r r u p t i o n  o f  t h e  e n g i n e e r .  T h is  
a l s o  p e r m i t t e d  t h e  r e f e r e n c e  p r o b e  t o  b e  p la c e d  on  t h e  e n g i n e e r 's  
s e a t  f o r  c o n t in u o u s  f i e l d  m e a su re m en ts  w i t h  t h e  DAT. M e a su re m e n ts  
w ere  made a t  t h e  sam e l o c a t i o n s  f o r  a l l  t h r e e  t y p e s  o f  c a r s  w h i le  
i n  r e v e n u e  s e r v i c e  on  May 1 9 ,  1 9 9 2 . M e a su re m e n ts  i n  t h e  e n g i n e e r 's  
c o m p a rtm en t o f  t h e  1 0 0 0  and 3 0 0 0  s e r i e s  c a r s  w e r e  made on t h e  
p o r t i o n  o f  t h e  R ed L in e  b e tw e e n  t h e  S hady G ro v e  and  Van N ess-U D C  
S t a t i o n s .  M e a su re m e n ts  i n  t h e  r e a r  c a b  o f  t h e  2 0 0 0  s e r i e s  c a r  h ad  
t o  b e  made on  t h e  G re en  L in e  b e tw e e n  t h e  G a l l e r y  P la c e  and  U 
S t r e e t -C a r d o z o  S t a t i o n s  b e c a u s e  t h e r e  w e re  no  c a r s  o f  t h a t  t y p e  
o p e r a t i n g  on t h e  R ed L i n e .

4.2 Repetitive Waveform Datasets
T h e r e  a r e  t h r e e  r e p e t i t i v e  w a v efo rm  d a t a s e t s  q u a n t i f y i n g  m a g n e t ic  
f i e l d  c h a r a c t e r i s t i c s  w i t h i n  t h e  r e a r  e n g i n e e r 's  c o m p a r tm e n ts  o f  
t h e  M e t r o r a i l  c a r s .  T h ey a r e  la b e l e d  M E T 003, M E T 026, and  MET009 
f o r  t h e  1 0 0 0 ,  2 0 0 0 ,  and 3 0 0 0  s e r i e s  c a r s ,  r e s p e c t i v e l y .  A l l  o f  
t h e s e  d a t a s e t s  r e p r e s e n t  v e r t i c a l  p r o f i l e  m e a su re m e n ts  a t  d i s t a n c e s  
o f  1 0 , 6 0 ,  1 1 0 , and 1 6 0  cm a b o v e  t h e  f l o o r  o f  t h e  c o m p a r tm e n t.
C o m p le te  p l o t s  o f  f i e l d  v e r s u s  fr e q u e n c y  o v e r  t i m e ,  and f i e l d  
v e r s u s  d i s t a n c e  o v e r  t i m e ,  a r e  fo u n d  i n  t h e  a p p e n d ic e s  a s  i n d i c a t e d  
i n  T a b le  2 - 1 .  The a p p e n d ic e s  a l s o  c o n t a i n  n o t e s  a b o u t  t r a i n
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o p e r a t i n g  c o n d i t i o n s ,  l o c a t i o n s  a n d , w h ere  p e r t i n e n t ,  t h e  p r e s e n c e  
o f  e x t e r n a l  f i e l d  s o u r c e s  s u c h  a s  p ow er l i n e s  o r  s u b s t a t i o n s .

4.3 Magnetic Field Characteristics
M a g n e t ic  f i e l d  m e a su re m e n ts  i n  t h e  e n g i n e e r 's  c o m p a r tm e n ts  
d e m o n s tr a te d  t h a t  t h e  f i e l d s  w i t h i n  t h e  c o m p a rtm e n t w e re  s i m i l a r  i n  
a l l  c h a r a c t e r i s t i c s  t o  t h o s e  m e a su re d  a t  t h e  r e a r  o f  t h e  p a s s e n g e r  
c o m p a rtm e n ts  o f  t h e  c a r s .  N e i t h e r  t h e  f r e q u e n c y ,  s p a t i a l ,  n o r  
t e m p o r a l  c h a r a c t e r i s t i c s  o f  t h e  m e a su re d  f i e l d s  s u g g e s t e d  
s i g n i f i c a n t  c o n t r i b u t i o n s  fro m  s o u r c e s  u n iq u e  t o  t h e  e n g i n e e r 's  
c o m p a r tm e n t. T h e r e f o r e ,  t h e  d e s c r i p t i o n  o f  m a g n e t ic  f i e l d  
c h a r a c t e r i s t i c s  a t  t h e  r e a r  o f  t h e  c a r s ,  p r o v i d e d  i n  S e c t i o n  3 
a b o v e , a p p l i e s  t o  t h e  e n g i n e e r 's  c o m p a rtm en t a s  w e l l .  G ra p h s o f  
m a g n e t ic  f i e l d  v e r s u s  f r e q u e n c y  and  t i m e ,  an d  g r a p h s  o f  m a g n e t ic  
f i e l d  v e r s u s  h e i g h t  a b o v e  t h e  f l o o r  and t im e  f o r  t h e  e n g i n e e r 's  
co m p a rtm en t a r e  fo u n d  i n  A p p e n d ic e s  D , I ,  an d  W.

4.4 DAT Waveform Data
M a g n e t ic  f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  o f  t h e  M u ltiW a v e  ™ S y ste m  
w as r e c o r d e d  c o n t i n u o u s ly  w it h  a d i g i t a l  a u d io  t a p e  r e c o r d e r ,  a s  
d e s c r i b e d  i n  S e c t i o n  2 . 5 .  C o n tin u o u s  f i e l d  d a t a  w e re  m e a su re d  on  
t h e  e n g i n e e r 's  s e a t  o f  e a c h  o f  t h e  t h r e e  t y p e s  o f  c a r s .  P e r t i n e n t  
i n f o r m a t i o n  a b o u t  t h e  t im e  and d u r a t i o n  o f  t h e s e  m e a su re m e n ts  i s  
c o n t a i n e d  i n  T a b le  2 - 2 .  T h o s e  r e c o r d i n g s  w e r e  a n a ly z e d  a s  
d e s c r i b e d  i n  S e c t i o n  3 . 4  a b o v e .

A s t a t i s t i c a l  summary o f  s t a t i c  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  b y  
t h e  DAT r e c o r d i n g  s y s t e m  on  t h e  e n g i n e e r 's  s e a t s  o f  t h e  M e t r o r a i l  
c a r s  i s  p r e s e n t e d  i n  T a b le  4 - 1 .

4.5 EMDEX-II Data
B e c a u s e  o f  t h e  s m a l l  s i z e  o f  t h e  e n g i n e e r 's  c o m p a r tm e n t , i t  w as  
i m p r a c t i c a l  t o  h a v e  an  E M D EX-w earer i n  t h e  c o m p a rtm en t w it h  t h e  
o t h e r  m ea su rem en t s e n s o r s .  T h e r e f o r e ,  t h e y  s t o o d  i n  t h e  g e n e r a l  
v i c i n i t y  o f  t h e  c o m p a rtm en t d o o r  o r  s a t  i n  o n e  o f  t h e  l a s t  
p a s s e n g e r  s e a t s .  D a ta  r e c o r d e d  w it h  t h e  EMDEX r e c o r d e r s  a t  t h e  
r e a r  o f  t h e  p a s s e n g e r 's  co m p a rtm en t d u r in g  t h e  e n g i n e e r 's  
co m p a rtm en t t e s t s  a r e  i n c lu d e d  w it h  o t h e r  p a s s e n g e r  c o m p a rtm en t  
d a t a  i n  T a b le  3 - 3 .

4.6 Summary of Magnetic Field Levels
A s d i s c u s s e d  i n  t h e  p r e c e d i n g  s u b s e c t i o n s ,  t h e  p r e d o m in a n t  m a g n e t ic  
f i e l d  s o u r c e s  i n  t h e  p a s s e n g e r  a r e a s  o f  t h e  M e t r o r a i l  c a r s  a p p e a r  
t o  b e  t r a c t i o n  p ow er c o n t r o l  e q u ip m e n t b e n e a t h  t h e  f l o o r  o f  t h e  
c a r s  and a l s o  p o s s i b l y  c u r r e n t  i n  t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  
r a i l  and t r a c k  r e t u r n  c i r c u i t .  C o n s e q u e n t ly ,  t a b u l a t i o n s  o f
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TABLE 4-1
SUMMARY OF STATIC MAGNETIC FIELD LEVELS RECORDED 

IN THE ENGINEER'S SEAT OF A METRORAIL CAR RECORDED WITH 
THE DIGITAL AUDIO TAPE RECORDER (DAT)

SERIES OF 
CAR

MEASUREMENT
LOCATION

STATIC MAGNETIC FIELD  
MILLIGAUSS

(T A P E /R E C .) FIGURE # LOCATION MINIMUM AVERAGE MAXIMUM

1 0 0 0 3 - 2 1 1 12 9 68 2 1 6 9 8  *
( 1 / 2 )

2 0 0 0 3 - 2 1 1 1 1 6 8 1 6 2 0 7 6
( 1 / 1 0 )

3 0 0 0 3 - 2 1 1 4 5 7 1 4 6 9 3 6 2 3
( 1 / 5 )

*  Some p o r t i o n s  o f  t h i s  r e c o r d  w ere  s a t u r a t e d  d u e t o  an  
i n s u f f i c i e n t l y  h ig h  r a n g e  s e t t i n g  on t h e  DAT. T h e r e f o r e ,  t h e  
t r u e  maximum f i e l d  i s  l a r g e r  th a n  i n d i c a t e d .  The a v e r a g e  
v a lu e  i s  n o t  b e l i e v e d  t o  b e  s i g n i f i c a n t l y  a f f e c t e d  d u e t o  t h e  
s m a l l  p o r t i o n  o f  t h e  t o t a l  r e c o r d  w h ere  s a t u r a t i o n  o c c u r r e d .

m a g n e t ic  f i e l d  l e v e l  p r o v id e d  i n  t h e  e n g i n e e r 's  c o m p a rtm en t g i v e  
f i e l d  v a l u e s  a t  v a r i o u s  h e i g h t s  a b o v e  t h e  f l o o r .  T h e s e  f i e l d s  a r e  
p r e d o m in a n t ly  s t a t i c  w it h  lo w  fr e q u e n c y  t im e  v a r y i n g  c o m p o n e n ts  
r e s u l t i n g  fro m  f l u c t u a t i o n s  i n  t h e  s t a t i c  f i e l d  l e v e l .

T a b le s  4 - 2  t h r o u g h  4 - 4  su m m a rize  t h e  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  
w i t h  t h e  r e p e t i t i v e  w a v efo rm  t e c h n iq u e  i n  t h e  r e a r  e n g i n e e r 's  
c o m p a rtm e n t o f  t h e  1 0 0 0 ,  2 0 0 0 ,  and 3 0 0 0  s e r i e s  c a r s ,  r e s p e c t i v e l y .  
E ach  t a b l e  sh ow s t h e  m inim um , maximum and a v e r a g e  f i e l d  l e v e l s ,  a s  
w e l l  a s  t h e  s t a n d a r d  d e v i a t i o n  and t h e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  
t h e  r e p e t i t i v e  w a v efo rm  d a t a s e t s  l i s t e d  i n  t h e  t i t l e  h e a d in g . E ach  
t a b l e  p r o v i d e s  t h e  s t a t i s t i c s  a t  f o u r  h e i g h t s  a b o v e  t h e  f l o o r  f o r  
t h e  s t a t i c  f i e l d ,  t h e  t o t a l  t im e  v a r y i n g  f i e l d  i n  t h e  f r e q u e n c y  
r a n g e  fro m  5 Hz t o  2 5 6 0  H z , and t h e  t im e  v a r y i n g  f i e l d  i n  v a r i o u s  
s m a l l e r  f r e q u e n c y  b a n d s . B e c a u s e  t h e  m a g n e t ic  f i e l d  l e v e l s  a r e  
s i m i l a r  i n  m a g n itu d e  i n  e a c h  o f  t h e  f r e q u e n c y  b a n d s  f o r  a l l  t h r e e  
c a r s ,  t h e  d a t a  fro m  t h e  r e l e v a n t  d a t a s e t s  a r e  p o o le d  and  
su m m a rized  s t a t i s t i c a l l y  i n  T a b le  4 - 5 .  T he m a g n e t ic  f i e l d  v a l u e s  
p r e s e n t e d  i n  t h i s  summary t a b l e  a r e  c o n s i s t e n t  w i t h  f i e l d  v a l u e s  
m e a su re d  a t  t h e  r e a r  o f  t h e  c a r s  (T a b le  3 - 1 0 ) ,  w i t h  s t a t i c  f i e l d  
l e v e l s  m e a su re d  i n  t h e  e n g i n e e r 's  s e a t  w i t h  t h e  DAT ( T a b le  4 - 1 ) ,  
and t im e  v a r y i n g  f i e l d  l e v e l s  m e a su re d  i n  t h e  r e a r  o f  t h e  
3 0 0 0  s e r i e s  c a r s  w i t h  t h e  EMDEX (T a b le  3 - 3  and  a l l o w i n g  f o r  t h e
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TABLE 4-2
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS

MEASURED IN THE ENGINEER'S COMPARTMENT
OF A 1000 SERIES CAR

MET003 - IN FRONT OF OPERATORS SEAT, CAR #1173 TOTAL OF 27 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 274.28 3042.39 805.31 655.14 81.35

60 169.70 3148.44 680.01 734.84 108.06
110 114.25 2582.07 540.46 637.31 117.92
160 249.88 2310.96 616.54 571.48 92.69

5-45Hz 10 0.62 29.66 14.33 8.90 62.13
LOW FREQ 60 0.45 23.60 11.78 7.32 62.19

110 0.69 28.68 12.07 8.02 66.46
160 2.44 46.79 18.53 12.88 69.52

50-60HZ 10 0.19 2.58 1.06 0.71 67.36
PWR FREQ 60 0.06 1.90 0.82 0.55 67.58

110 0.17 1.93 0.87 0.57 66.32
160 0.06 3.05 1.21 0.90 74.91

65-300HZ 10 0.16 3.68 1.55 1.09 70.12
PWR HARM 60 0.19 3.16 1.30 0.86 66.22

110 0.16 3.22 1.32 0.94 71.32
160 0.21 4.59 1.88 1.40 74.34

305-2560HZ 10 0.12 1.87 0.82 0.53 64.63
HIGH FREQ 60 0.11 1.57 0.69 0.42 61.05

110 0.09 1.55 0.67 0.48 71.61
160 0.12 2.32 0.98 0.69 70.54

5-2560HZ 10 0.74 29.76 14.51 8.96 61.75
ALL FREQ 60 0.53 23.85 11.92 7.37 61.85

110 0.76 28.87 12.21 8.07 66.08
160 2.46 46.91 18.71 12.97 69.36



TABLE 4-3
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS

MEASURED IN THE ENGINEER'S COMPARTMENT
OF A 2000 SERIES CAR

IMET026 - IN FRONT OF OPERATOR'S SEAT IN A 2000 SERIES CAR TOTAL OF 9 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 1110.41 2585.42 1554.05 487.82 31.39

60 748.75 1781.85 1017.48 385.09 37.85
110 408.40 1542.02 708.69 421.52 59.48
160 192.13 1437.13 611.32 408.53 66.83

5-45Hz 10 0.45 30.01 9.47 10.12 106.94
LOW FREQ 60 0.32 16.87 5.83 6.72 115.33

110 0.15 24.51 6.75 9.49 140.59
160 0.31 47.40 11.03 16.52 149.80

50-60HZ 10 0.20 3.45 0.88 1.06 119.94
PWR FREQ 60 0.10 1.78 0.55 0.66 118.99

110 0.18 2.03 0.68 0.74 109.73
160 0.08 3.57 0.86 1.21 141.49

65-300HZ 10 0.31 6.27 1.75 1.99 113.82
PWR HARM 60 0.20 2.90 0.90 1.05 116.87

110 0.23 3.31 1.01 1.22 121.45
160 0.22 5.60 1.35 1.88 139.51

305-2560HZ 10 0.90 9.17 2.58 2.54 98.47
HIGH FREQ 60 0.35 3.48 0.96 0.99 103.27

110 0.18 2.59 0.72 0.84 117.03
160 0.14 2.85 0.84 0.99 118.54

5-2560HZ 10 1.07 32.19 10.18 10.49 103.12
ALL FREQ 60 0.53 17.56 6.06 6.86 113.14

110 0.45 24.87 6.97 9.58 137.35
160 0.41 47.94 11.21 16.67 148.68



TABLE 4-4
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS

MEASURED IN THE ENGINEER'S COMPARTMENT
OF A 3000 SERIES CAR

MET009 - IN FRONT OF OPERATOR'S SEAT, CAR #3012 TOTAL OF 10 SAMPLES
=REQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 661.86 3589.36 1336.16 813.27 60.87

60 380.00 2695.17 749.46 699.23 93.30
110 170.14 2107.86 507.83 579.16 114.05
160 85.30 1802.29 470.56 482.36 102.51

5-45Hz 10 0.73 33.48 18.59 11.06 59.48
LOW FREQ 60 0.54 22.48 10.38 7.44 71.66

110 0.44 25.08 9.47 8.11 85.64
160 0.79 31.74 12.05 11.21 92.98

50-60Hz 10 0.18 2.43 1.32 0.69 52.35
PWR FREQ 60 0.12 1.72 0.83 0.49 58.59

110 0.17 2.35 0.86 0.62 71.63
160 0.18 3.12 1.16 0.95 82.11

65-300HZ 10 0.28 7.04 3.40 1.82 53.54
PWR HARM 60 0.18 3.15 1.73 0.86 50.07

110 0.35 3.61 1.51 0.94 62.44
160 0.42 4.93 1.94 1.44 74.29

305-2560HZ 10 0.35 2.83 1.49 0.68 45.67
HIGH FREQ 60 0.11 1.37 0.79 0.39 48.53

110 0.09 1.74 0.72 0.47 65.27
160 0.12 2.47 0.96 0.73 76.54

5-2560HZ 10 0.87 33.81 19.18 10.90 56.83
ALL FREQ 60 0.59 22.81 10.66 7.40 69.46

110 0.60 25.50 9.69 8.15 84.10
160 0.92 32.37 12.33 11.34 91.97



TABLE 4-5
SUMMARY STATISTICS FOR MAGNETIC FIELD LEVELS 

MEASURED IN THE ENGINEER'S COMPARTMENT 
OF ALL TYPES OF CARS

MET003, 009, 026 - IN F RONT OF OPERATOR'S SEAT, ALL CARS TOTAL OF 46 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 274.28 3589.36 1067.20 726.09 68.04

60 169.70 3148.44 761.13 673.25 88.45
110 114.25 2582.07 566.28 581.86 102.75
160 85.30 2310.96 583.79 518.21 88.77

5-45HZ 10 0.45 33.48 14.30 9.86 68.93
LOW FREQ 60 0.32 23.60 10.31 7.44 72.20

110 0.15 28.68 10.46 8.42 80.45
160 0.31 47.40 15.65 13.48 86.09

50-60HZ 10 0.18 3.45 1.08 0.78 72.26
PWR FREQ 60 0.06 1.90 0.77 0.56 72.69

110 0.17 2.35 0.83 0.61 73.52
160 0.06 3.57 1.13 0.97 85.66

65-300HZ 10 0.16 7.04 1.99 1.62 81.23
PWR HARM 60 0.18 3.16 1.31 0.92 70.01

110 0.16 3.61 1.30 0.99 76.25
160 0.21 5.60 1.79 1.49 83.29

305-2560HZ 10 0.12 9.17 1.31 1.37 104.85
HIGH FREQ 60 0.11 3.48 0.76 0.56 73.93

110 0.09 2.59 0.69 0.55 79.86
160 0.12 2.85 0.94 0.75 79.16

5-2560HZ 10 0.74 33.81 14.67 9.91 67.55
ALL FREQ 60 0.53 23.85 10.50 7.47 71.20

110 0.45 28.87 10.64 8.46 79.53
160 0.41 47.94 15.85 13.58 85.64



f a c t  t h a t  t h e  EMDEX d o e s  n o t  r e s p o n d  t o  t im e  v a r y i n g  f i e l d s  
b e lo w  40  H z ) . T h e r e f o r e ,  t h e s e  f i e l d  v a l u e s  a p p e a r  t o  w e l l  
r e p r e s e n t  t h e  m a g n itu d e  o f  m a g n e t ic  f i e l d s  e n c o u n t e r e d  i n  t h e  
e n g i n e e r 's  co m p a rtm en t o f  WMATA M e t r o r a i l  c a r s  e v e n  th o u g h  t h e  
s a m p le  s i z e  i s  m o d e s t .

4.7 Summary of Electric Field Sources and Levels
S i g n i f i c a n t  l e v e l s  o f  t im e  v a r y i n g  e l e c t r i c  f i e l d s  ( g r e a t e r  th a n  
1 V /m ) w ere  n o t  p r e s e n t  w i t h i n  t h e  e n g i n e e r ' s  c o m p a rtm en t o f  t h e  
M e t r o r a i l  c a r s .  T h a t  i s  e x p e c t e d  b e c a u s e  e l e c t r i c  f i e l d s  a r e  
e f f e c t i v e l y  a t t e n u a t e d  b y  c o n d u c t i v e  b a r r i e r s  s u c h  a s  t h e  m e t a l l i c  
b o d i e s  o f  t h e  c a r s  an d  t h e  f a c t  t h a t  a l l  o f  t h e  e l e c t r i c a l  
a p p a r a t u s  on t h e  c o m p a rtm e n t w as h o u s e d  i n  m e t a l  e n c l o s u r e s .
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5 . 0  MEASUREMENTS ALONG THE WAYSIDE

M e a su re m e n ts  a lo n g  t h e  w a y s id e  a r e  c o n d u c te d  t o  d e t e r m in e  t h e  
m a g n e t ic  f i e l d  i n  t h e  v i c i n i t y  o f  t h e  WMATA M e t r o r a i l  l i n e .  The  
d a t a  i n  t h i s  s e c t i o n  show s t h e  c o n t r i b u t i o n  t o  t h e  e n v ir o n m e n t a l  
f i e l d  made b y  t h e  M e t r o r a i l  S y stem  and t h e  a t t e n u a t i o n  o f  t h e  f i e l d  
w it h  d i s t a n c e  aw ay fro m  t h e  t r a c k s .

5 . 1  M e a su re m e n t L o c a t io n s

M e a su re m e n ts  w e r e  m ade a t  tw o d i f f e r e n t  l o c a t i o n s ,  e x e m p l i f y i n g  tw o  
d i s t i n c t l y  d i f f e r e n t  s i t u a t i o n s .  The tw o  l o c a t i o n s  w e re  a h ig h w a y  
u n d e r p a s s  a t  R o c k v i l l e  and an op en  s p a c e  a lo n g  t h e  t r a c k  s o u t h  o f  
S h ad y G r o v e . B o th  l o c a t i o n s  w ere  s i t u a t e d  a lo n g  t h e  M e t r o r a i l  Red  
L in e  w h ic h  s t a r t s  a t  t h e  Shady G ro v e  S t a t i o n .  D a ta  w as c o l l e c t e d  
u s i n g  t h e  M u lt iW a v e ™  S y ste m  s e n s o r  s t a f f  and  r e f e r e n c e  p r o b e ,  and  t h e  
E M D E X-II and  t h e  DAT r e c o r d i n g s .  The DAT r e c o r d e r  u s e d  m a g n e t ic  
f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  a s  i n p u t  and w as p h y s i c a l l y  
l o c a t e d  n e a r  t h e  p r o b e .  A s p r e v i o u s l y  m e n t io n e d , t h e  M u lt iW a v e ™ 
s t a f f  h a s  f o u r  p r o b e s  l o c a t e d  a t  d i s t a n c e s  o f  1 0 , 6 0 ,  1 1 0  and  
1 6 0  cm a lo n g  i t s  l e n g t h .

F ig u r e  5 - 1  i s  a t o p  v ie w  o f  t h e  h ig h w a y  u n d e r p a s s  j u s t  n o r t h  o f  t h e  
R o c k v i l l e  S t a t i o n .  M ea su rem e n ts  w e re  made a t  t h i s  p o i n t  t o  
d e t e r m in e  i f  t h e r e  w e re  s i g n i f i c a n t  m a g n e t ic  f i e l d  l e v e l s  b e n e a th  
t h e  t h i r d  r a i l  an d  t r a c k s .  The s t a f f  w as i n  a v e r t i c a l  p o s i t i o n  a t  
t h e  e d g e  o f  t h e  s id e w a lk  n e a r e s t  t h e  r o a d  d i r e c t l y  u n d e r  t h e  
n o r th b o u n d  t r a c k s .  The r e f e r e n c e  p r o b e  w as a l s o  l o c a t e d  a t  t h e  
e d g e  o f  t h e  s i d e w a l k ,  1 0  cm a b o v e  t h e  p a v e m e n t , b u t  a t  a p o i n t  h a l f  
way b e tw e e n  t h e  tw o  t r a i n  t r a c k  c e n t e r l i n e s .  The u n d e r s id e  o f  t h e  
M e t r o r a i l  b r i d g e  w as a p p r o x im a t e ly  1 7 . 5  f e e t  a b o v e  t h e  s id e w a lk  
s u r f a c e .  M e a su r e m e n ts  w ere  t a k e n  on May 2 0 ,  1 9 9 2  fr o m  1 4 :1 7  t o  
1 4 :3 3  h o u r s .

F ig u r e  5 - 2  i s  t h e  s c h e m a t ic  o f  t h e  m e a su re m en t l o c a t i o n  i n  t h e  op en  
s p a c e  a lo n g  t h e  t r a c k  b e tw e e n  Shady G ro v e  and  R o c k v i l l e .  The t r a c k  
i s  a t  g ro u n d  l e v e l  and  p a r a l l e l s  M a ry la n d  R o u te  3 5 5 .  A s t e e l  c h a in  
l i n k  f e n c e  a p p r o x im a t e ly  12 t o  15 f e e t  fro m  t h e  n e a r e s t  t r a c k  
s e p a r a t e s  t h e  t r a c k s  fro m  t h e  s id e w a lk  and  r o a d w a y . T he s t a f f  w as  
p la c e d  h o r i z o n t a l l y  a g a i n s t  t h e  f e n c e .  The r e f e r e n c e  p r o b e  w as  
l o c a t e d  a t  a d i s t a n c e  o f  a p p r o x im a t e ly  8  f e e t  fro m  t h e  f e n c e  a t  t h e  
c u r b  o f  t h e  r o a d .  M ea su rem e n ts  w ere  t a k e n  on  May 2 0 ,  1 9 9 2  fro m  
1 4 :5 3  t o  1 4 :5 7  h o u r s .

5 . 2  R e p e t i t i v e  W a v efo rm  D a t a s e t s

The d a t a s e t s  t h a t  c o n t a i n  t h e  in f o r m a t i o n  fr o m  t h e  tw o  l o c a t i o n s  
d e s c r i b e d  i n  S e c t i o n  5 . 1  a r e  M ET054, M ET055 and  M E T 056. T a b le  5 - 1  
r e p e a t s  t h e  p e r t i n e n t  summary i n f o r m a t i o n  a b o u t  t h e s e  d a t a s e t s ,  
a l s o  show n i n  T a b le  2 - 1 ,  i n c lu d i n g  t h e  num ber o f  s a m p le s  and t h e  
a p p e n d ix  w h ic h  c o n t a i n s  t h e  c o m p le te  s e t  o f  c o l l e c t e d  d a t a .  A l l
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d a t a s e t s  w ere  ta k e n  a t  s a m p le  i n t e r v a l s  o f  5 s e c o n d s  (1 2  p e r  
m i n u t e ) .

A t r a i n  p a s s e d  b y  d u r in g  t h e  r e c o r d i n g  o f  t h e  f i r s t  d a t a s e t  a t  t h e  
h ig h w a y  u n d e r p a s s . The s e c o n d  d a t a s e t  a t  t h e  h ig h w a y  u n d e r p a s s  
b e g a n  j u s t  a s  t h e  t r a i n  c r o s s e d  t h e  o v e r h e a d  b r i d g e .  Two 3 0 0 0  
s e r i e s  t r a i n s  p a s s e d  w h i le  r e c o r d i n g  a lo n g  t h e  w a y s id e , d a t a s e t  
M E T 056.

TABLE 5-1
REPETITIVE MAGNETIC FIELD WAVEFORM DATASETS 

MEASURED ALONG THE WAYSIDE

DATA
FILE
NUMBER

DATE/ TIME F IG . #  
LOCAT' N

#  OF 
SAMPLES 
& RATE

APPENDIX REMARKS

MET054 MAY 20  
1 4 : 1 7 - 1 4 : 2 8

5 - 1
1 2

133  
5 SEC

AX UNDERPASS 
TRAIN PASS

MET055 MAY 20  
1 4 : 3 3 - 1 4 : 3 3

5 - 1
1 2

6
5 SEC

AY UNDERPASS

MET056 MAY 20  
1 4 : 5 3 - 1 4 : 5 7

5 - 2
14

15
5 SEC

AZ OPEN SPACE 
TWO 3 0 0 0  
SERIES TRAINS

5.3 Magnetic Field Characteristics
T h e m a g n e t ic  f i e l d  a t  w a y s id e  l o c a t i o n s  i n c l u d e s  c o n t r i b u t i o n s  fro m  
n a t u r a l  s o u r c e s  ( t h e  g e o m a g n e t ic  f i e l d ) , t h e  M e t r o r a i l  S y s te m , and  
o t h e r  m an-m ade s o u r c e s  ( p r i m a r i l y  t h e  p ow er d i s t r i b u t i o n  s y s t e m ) . 
T he e x t e n t  t o  w h ic h  t h e s e  s o u r c e s  c o n t r i b u t e  t o  t h e  t o t a l  f i e l d  a t  
t h e  w a y s id e  i s  e x a m in e d  s e p a r a t e l y  f o r  t h e  tw o  m ea su rem en t  
l o c a t i o n s .

5 . 3 . 1  A t  U n d e r p a s s

F ig u r e  5 - 3  i s  t h e  t h r e e  d im e n s io n a l  f i e l d  p l o t  fro m  d a t a s e t  
MET054 f o r  t h e  1 1 0  cm h e i g h t  p r o b e . T he p l o t  sh o w s t h e  rm s  
m a g n e t ic  f l u x  d e n s i t y  i n  mG v e r s u s  f r e q u e n c y  i n  Hz and a l s o  
v e r s u s  t i m e ,  i n  s e c o n d s .  T he u p p e r  c u r v e  e x h i b i t s  t h e  s t a t i c  
co m p o n en t and t h e  lo w e r  p l o t  s u p p r e s s e s  i t :  The 6 0  Hz
co m p o n en t and i t s  o d d  h a r m o n ic s  a r e  c l e a r l y  d i s t i n g u i s h a b l e  
f o r  t h e  e n t i r e  t im e  p e r i o d .  T h e re  a r e  a l s o  e v e n  h a r m o n ic s  
p r e s e n t  t h a t  h a v e  a  t e m p o r a l  v a r i a t i o n  s u b s t a n t i a l l y  d i f f e r e n t  
fro m  t h e  odd  h a r m o n ic s . I n c i d e n t l y ,  t h e  sam e 6 0  Hz co m p o n en t  
and i t s  odd  and e v e n  h a r m o n ic s  a p p e a r  i n  t h e  p l o t s  o f  d a t a s e t
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MET054 -  110cm ABOVE GROUND, BENEATH METRORAIL IN  UNDERPASS

F ig u r e  5 - 3  M a g n e t ic  f i e l d  l e v e l ,  w i t h  an d  w i t h o u t  t h e  s t a t i c
c o m p o n e n t , a t  1 1 0  cm h e i g h t  a b o v e  g ro u n d  a t  t h e  
u n d e r p a s s  a s  a f u n c t i o n  o f  f r e q u e n c y  an d  t i m e .
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MET055 ( s e e  A p p e n d ix  AY) , and a r e  o f  a p p r o x i m a t e ly  t h e  sam e  
m a g n itu d e . T h e s e  p l o t s  i n d i c a t e  t h a t  t h e r e  a r e  tw o  p r i n c i p a l  
s o u r c e s  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d .  C u r r e n t  i n  t h e  t h i r d  
r a i l ,  t r a c k s ,  and f e e d e r  c a b l e s  ( i f  p r e s e n t )  o f  t h e  M e t r o r a i l  
S y stem  g i v e  r i s e  t o  t im e  v a r y i n g  f i e l d  c o m p o n e n ts  p r i m a r i l y  a t  
r e c t i f i e r  r i p p l e  f r e q u e n c i e s ,  1 2 0 ,  2 4 0 ,  3 6 0 ,  6 6 0 ,  7 2 0 ,  and  
7 8 0  H z . T h e s e  a r e  c l e a r l y  v i s i b l e  i n  t h e  lo w e r  fr a m e  o f  
F ig u r e  5 - 3  and c a n  b e  s e e n  t o  v a r y  i n  a m p lit u d e  o v e r  t im e  a s  
t h e  t r a i n s  o p e r a t i n g  on  t h e  o v e r h e a d  s y s t e m  draw  v a r y i n g  
am ou n ts o f  p o w e r . The s e c o n d  a p p a r e n t  f i e l d  s o u r c e  i s  c u r r e n t  
i n  t h e  n e a r b y  c o m m e r c ia l e l e c t r i c  p ow er d i s t r i b u t i o n  s y s t e m .  
M a g n e t ic  f i e l d s  fro m  p o w er s y s t e m s  a r e  p r e d o m in a n t ly  60  Hz and  
t h e  odd h a r m o n ic s  o f  6 0  H z . M a g n e t ic  f i e l d  c o m p o n e n ts  a t  60  
Hz and t h e  odd  h a r m o n ic  f r e q u e n c i e s  o f  1 8 0  H z , 3 0 0  H z , and  5 4 0  
Hz a r e  e v i d e n t  i n  F ig u r e  5 - 3  and s e e n  t o  h a v e  no  te m p o r a l  
v a r i a b i l i t y  c o r r e l a t i n g  w it h  M e t r o r a i l  o p e r a t i o n s .

The 60  Hz m a g n e t ic  f i e l d  co m p o n en t sh ow s a w eak a t t e n u a t i o n  
p a t t e r n  w ith  i n c r e a s e d  h e i g h t  a b o v e  t h e  s i d e w a lk  s u g g e s t i n g  
t h a t  i t  and t h e  o t h e r  od d  h a r m o n ic  c o m p o n e n ts  com e fro m  a 
s o u r c e  b e n e a th  and  t o  t h e  s i d e  o f  t h e  m e a su re m e n t s t a f f .  The  
s o u r c e  i s  p o s s i b l y  a t h r e e - p h a s e  d i s t r i b u t i o n  c a b l e  b u r ie d  
b e n e a th  t h e  s t r e e t .  The a t t e n u a t i o n  p a t t e r n  o f  t h e  r i p p l e  
f r e q u e n c y  c o m p o n e n ts  o f  t h e  m a g n e t ic  f i e l d ,  w h ic h  a r e  
a p p a r e n t ly  d u e  t o  t h e  M e t r o r a i l  S y s te m , i s  d i f f i c u l t  t o  
e v a l u a t e  b e c a u s e  o f  t h e  p r e s e n c e  o f  l a r g e r  f i e l d  co m p o n en ts  
fro m  t h e  p resu m ed  d i s t r i b u t i o n  l i n e  s o u r c e .  B u t , i n  t h e  
v e r t i c a l  p r o f i l e  c u r v e s  f o r  t h e  p o w er h a r m o n ic  and  h ig h  
f r e q u e n c y  b a n d s o f  A p p e n d ix  A X , t h e r e  i s  an  i n d i c a t i o n  o f  
i n c r e a s e d  f i e l d  s t r e n g t h  a t  t h e  h i g h e r  m e a su re m e n t l o c a t i o n s  
a t  t h o s e  t im e  p o i n t s  w hen t h e  r i p p l e  f r e q u e n c y  c o m p o n e n ts  a r e  
t h e  l a r g e s t .  T h a t  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e  
c o n c l u s i o n  t h a t  t h o s e  c o m p o n e n ts  o f  t h e  m a g n e t ic  f i e l d  a r e  
p ro d u c e d  b y  c u r r e n t  i n  t h e  o v e r h e a d  t h i r d  r a i l s  and  t r a c k s .

The s t a t i c  f i e l d  a t  t h i s  m ea su rem en t l o c a t i o n  i s  p r i m a r i l y  t h e  
n a t u r a l  g e o m a g n e t ic  f i e l d  o f  t h e  e a r t h ,  n o m in a l ly  5 0 0  mG in  
t h e  W a s h in g to n  a r e a .  T he t o p  fra m e  o f  F ig u r e  5 - 3  show s a  
s m a l l  p e r t u r b a t i o n  i n  t h e  t o t a l  s t a t i c  f i e l d  a s  t h e  t r a i n  
p a s s e s .  T h is  p e r t u r b a t i o n  i s  show n t o  f o l l o w  t h e  p r e c i s e  
p a t t e r n  i n  a l l  h e i g h t  p o s i t i o n s .  T h i s  s u p e r im p o s e d  v a r i a t i o n  
on t h e  e a r t h 's  m a g n e t ic  f i e l d  i s  p r o b a b ly  d u e t o  b o th  t h e  
c u r r e n t  i n  t h e  r a i l s  and  t h e  l a r g e  f e r r o m a g n e t i c  m a t e r i a l  m ass  
( t h e  t r a i n )  p a s s i n g  o v e r h e a d .

T h e s e  o b s e r v a t i o n s  an d  t h e  f i e l d  p l o t s  i n d i c a t e  t h a t  t h e  m ain  
s o u r c e  o f  s t a t i c  m a g n e t ic  f i e l d  b e n e a th  t h e  M e t r o r a i l  o v e r p a s s  
i s  t h e  e a r t h 's  m a g n e t is m . S m a ll  p e r t u r b a t i o n s  t o  t h e  n a t u r a l  
s t a t i c  f i e l d  l e v e l  o c c u r  d u e t o  t h e  p r e s e n c e  o f  t h e  t r a i n  
o v e r h e a d  and a l s o  d u e  t o  s t a t i c  m a g n e t ic  f i e l d s  c r e a t e d  b y  d c  
c u r r e n t  i n  t h e  t h i r d  r a i l ,  t r a c k s ,  and p o s s i b l y  s u p p ly  c a b l e s  
( i f  p r e s e n t  a t  t h i s  l o c a t i o n )  . T he m a in  s o u r c e  o f  t h e  a c
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f i e l d  a p p e a r s  t o  b e  t h e  n e a r b y  c o m m e r c ia l e l e c t r i c  p ow er  
d i s t r i b u t i o n  s y s t e m , b u t  m in o r  c o n t r i b u t i o n s  fro m  c u r r e n t  i n  
t h e  t h i r d  r a i l ,  t r a c k ,  and p o s s i b l y  f e e d e r  c a b l e s  a r e  
d e t e c t a b l e  a t  t h e  r e c t i f i e r  r i p p l e  f r e q u e n c i e s .

5 . 3 . 2  A t  An Open S p a ce

F ig u r e  5 - 4  i s  t h e  t h r e e  d im e n s io n a l  p l o t  o f  t h e  m a g n e t ic  f i e l d  
v e r s u s  f r e q u e n c y  and t im e  f o r  d a t a s e t  M ET056 a t  t h e  p r o b e  
l o c a t i o n  1 0  cm o u t s i d e  t h e  M e t r o r a i l  r i g h t - o f - w a y  f e n c e .  The  
m o s t  p r o m in e n t  f r e q u e n c i e s  p r e s e n t  a r e  t h e  60  Hz co m p o n en t and  
i t s  t h i r d  ( 1 8 0  Hz) and n i n t h  (5 4 0  H z) h a r m o n ic s . T h e s e  t h r e e  
f r e q u e n c i e s  a r e  i n  t h e  sam e r a t i o  t o  e a c h  o t h e r  f o r  a l l  s t a f f  
p r o b e  l o c a t i o n s .  T h e re  a r e  a l s o  e v e n  h a r m o n ic s  w h ic h  a r e  p a r t  
o f  t h e  r e c t i f i c a t i o n  p r o c e s s  o f  t h e  M e t r o r a i l  p o w er s u p p l y .  
T he tw o  s e t s  o f  te m p o r a l  v a r i a t i o n s  ( fu n d a m e n ta l and  odd  
h a r m o n ic s  v e r s u s  e v e n  h a r m o n ic s )  a r e  n o t  i d e n t i c a l ,  i n d i c a t i n g  
t h e  p o s s i b i l i t y  t h a t  t h e r e  a r e  tw o s o u r c e s :  t h e  r a i l  c u r r e n t s  
t h a t  c o n t a i n  e v e n  h a r m o n ic s  fro m  t h e  r e c t i f i c a t i o n  p r o c e s s ;  
and a n e a r b y  e l e c t r i c  pow er c i r c u i t .  T he p o r t i o n  o f  t h e  t o t a l  
t im e  v a r y i n g  f i e l d  a p p a r e n t ly  a t t r i b u t a b l e  t o  a p o w er l i n e  i s  
a t  l e a s t  a n  o r d e r  o f  m a g n itu d e  l a r g e r  th a n  t h e  p o r t i o n  
a t t r i b u t a b l e  t o  r i p p l e  c u r r e n t s  i n  t h e  M e t r o r a i l  S y s te m . The  
p r e s e n c e  o f  l a r g e  t h i r d  and n i n t h  h a r m o n ic s  i n d i c a t e  t h a t  t h e  
n e a r b y  e l e c t r i c  p ow er c i r c u i t  i s  a w e l l  b a la n c e d  t h r e e - p h a s e  
c i r c u i t ,  p o s s i b l y  a s u b t r a n s m is s i o n  l i n e  o r  c i r c u i t  f e e d i n g  
t h e  t r a c t i o n  p ow er s t a t i o n  j u s t  n o r t h  o f  t h i s  l o c a t i o n .  The  
7 2 0  Hz f r e q u e n c y  i s  t h e  h i g h e s t  d i s t i n g u i s h a b l e  h a r m o n ic  
f r e q u e n c y  i n  t h e  f i g u r e .  I t  i s  t h e  1 2 t h  h a r m o n ic , a  co m p o n en t  
w h ic h  o f t e n  r e s u l t s  fro m  t h e  r e c t i f i c a t i o n  p r o c e s s .  T he lo w  
f r e q u e n c y  an d  h ig h  fr e q u e n c y  m a g n e t ic  f i e l d  b a n d s  e x h i b i t  a 
s l i g h t  a t t e n u a t i o n  w it h  i n c r e a s i n g  d i s t a n c e  fro m  t h e  t r a c k s  
o v e r  t h e  s h o r t  1 . 5  m e te r  d i s t a n c e  o f  t h e  s t a f f ,  a s  show n i n  
t h e  h o r i z o n t a l  p r o f i l e  g r a p h s  o f  A p p e n d ix  A Z . The o t h e r  
f r e q u e n c y  b a n d s  w h ic h  a r e  h e a v i l y  d o m in a te d  b y  m a g n e t ic  f i e l d s  
fro m  t h e  a p p a r e n t  pow er l i n e  s o u r c e  show  v i r t u a l l y  no  
a t t e n u a t i o n  o v e r  t h e  le n g t h  o f  t h e  p r o f i l e .  The d a t a  d o e s  n o t  
show  a n y  2 7 3  Hz c h o p p e r  fr e q u e n c y  a t t r i b u t a b l e  t o  t h e  3 0 0 0  
s e r i e s  c a r s  p a s s i n g  b y .

The s t a t i c  f i e l d  m e a su re m en ts  a t  t h i s  l o c a t i o n  a r e  s i m i l a r  t o  
t h o s e  a t  t h e  h ig h w a y  u n d e r p a s s  i n  t h a t  t h e  p r i n c i p a l  f i e l d  
s o u r c e  i s  t h e  e a r t h 's  m a g n e tis m . T he s m a l l  t e m p o r a l  
v a r i a b i l i t y  i n  t h e  s t a t i c  f i e l d  show n i n  t h e  u p p e r  fr a m e  o f  
F ig u r e  7 - 4  i s  a p p a r e n t ly  d u e t o  a f l u c t u a t i n g  s t a t i c  f i e l d  
p r o d u c e d  b y  c u r r e n t  i n  t h e  t h i r d  r a i l  and t r a c k s .  The s t a t i c  
f i e l d ,  c a u s e d  b y  c u r r e n t  i n  t h e  t r a c t i o n  p o w er c i r c u i t s ,  
v a r i e s  o v e r  t im e  d u e t o  t r a i n s  e n t e r i n g  and  e x i t i n g  t h e  
t r a c t i o n  p o w er b lo c k  and t h e  f l u c t u a t i n g  p o w er n e e d s  o f  t r a i n s  
w i t h i n  t h e  b l o c k .  H e n c e , i t  i s  d i s t i n g u i s h a b l e  fro m  t h e  
g e o m a g n e t ic  f i e l d  w h ic h  i s  e s s e n t i a l l y  c o n s t a n t  o v e r  t i m e .  
S i n c e  t h e  f l u c t u a t i n g  com p on en t o f  t h e  s t a t i c  f i e l d  s e e n  i n
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MET0 5 6  -  10cm FROM FENCE, WAYSIDE MEASUREMENT, 1M ABOVE GROUND

M ET056 -  10cm FROM FENCE, WAYSIDE MEASUREMENT, 1M ABOVE GROUND

F ig u r e  5 - 4  M a g n e t ic  f i e l d  l e v e l ,  w it h  and  w i t h o u t  t h e  s t a t i c
c o m p o n e n t, a t  1 0  cm d i s t a n c e  fr o m  t h e  f e n c e  a t  t h e  
w a y s id e , s o u t h  o f  S h ad y G r o v e , a s  a  f u n c t i o n  o f  
fr e q u e n c y  an d  t i m e .
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t h e  u p p e r  fr a m e  o f  F ig u r e  5 - 4  i s  o n l y  a s m a l l  p o r t i o n  o f  t h e  
o v e r a l l  s t a t i c  f i e l d ,  o n e  w o u ld  c o n c lu d e  t h a t  t h e  s t a t i c  f i e l d  
p r o d u c e d  b y  t h e  M e t r o r a i l  S y stem  i s  r a t h e r  s m a l l  co m p a red  t o  
t h e  g e o m a g n e t ic  f i e l d .  H o w ev er, t h e  a v e r a g e  s t a t i c  f i e l d  
m e a su re d  1 0  cm fro m  t h e  f e n c e  a t  t h i s  l o c a t i o n  i s  
a p p r o x im a t e ly  1 0 0  mG h ig h e r  th a n  t h e  e x p e c t e d  g e o m a g n e t ic  
f i e l d  f o r  t h e  W a s h in g to n , DC v i c i n i t y .  T h a t  i n c r e a s e  i n  
a v e r a g e  s t a t i c  f i e l d  d o e s  n o t  a p p e a r  a t t r i b u t a b l e  t o  s t a t i c  
m a g n e t ic  f i e l d s  fro m  t h e  M e t r o r a i l  S y s te m  b u t  i s  m ore l i k e l y  
d u e t o  l o c a l  p e r t u r b a t i o n  o f  t h e  g e o m a g n e t ic  f i e l d  b y  t h e  
s t e e l  f e n c e  o r  r e i n f o r c i n g  s t e e l  i n  t h e  c o n c r e t e  r e t a i n i n g  
w a l l  b e n e a th  t h e  f e n c e .  The r e t u r n  o f  t h e  a v e r a g e  s t a t i c  
f i e l d  l e v e l  t o  t h e  e x p e c te d  5 0 0  mG l e v e l  a t  s e n s o r  l o c a t i o n s  
a m e te r  o r  m ore fro m  t h e  f e n c e  se e m s t o  s u p p o r t  t h i s  
c o n c l u s i o n .

5.4 DAT Waveform Data
M a g n e t ic  f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  o f  t h e  M u lt iW a v e ™  S y ste m  
w as r e c o r d e d  c o n t i n u o u s ly  w it h  a d i g i t a l  a u d io  t a p e  r e c o r d e r  a s  
d e s c r i b e d  i n  S e c t i o n  2 . 5  a t  t h e  h ig h w a y  u n d e r p a s s  l o c a t i o n .  T h i s  
r e c o r d i n g  i s  i d e n t i f i e d  a s  T ape 2 ,  R e c o r d  4 i n  T a b le  2 - 2 .  The  
s t a t i c  f i e l d  r e c o r d i n g  show ed t h e  sam e t e m p o r a l  p a t t e r n  a s  t h e  
r e p e t i t i v e  w a v e fo rm  d a t a  o f  F ig u r e  5 - 3  when t h e  t r a i n  p a s s e d  
o v e r h e a d . The a n a l y s i s  o f  t o t a l  rm s t im e  v a r y i n g  m a g n e t ic  f i e l d  i n  
t h e  DAT r e c o r d i n g  p r o v id e d  no u s e f u l  i n f o r m a t i o n  a b o u t  t im e  v a r y i n g  
f i e l d s  fro m  t h e  M e t r o r a i l  S y stem  b e c a u s e  b a c k g r o u n d  t im e  v a r y i n g  
f i e l d  fro m  a p p a r e n t  pow er s y s te m s  s o u r c e s  o b s c u r e d  t h e  w e a k e r  
f i e l d s  fro m  t h e  M e t r o r a i l  S y s te m .

DAT r e c o r d i n g s  w e r e  n o t  made a t  t h e  o p en  s p a c e  l o c a t i o n  a t  t h e  
w a y s id e .

5.5 Summary of Magnetic Field Levels
A p p e n d ic e s  AX and AY c o n t a i n  t h e  f i g u r e s  o f  t h e  m a g n e t ic  f i e l d  
p l o t s  f o r  t h e  h ig h w a y  u n d e r p a s s  a t  R o c k v i l l e .  A p p e n d ix  AZ c o n t a i n s  
t h e  f i g u r e s  o f  t h e  m a g n e t ic  f i e l d  p l o t s  f o r  t h e  o p en  s p a c e  a lo n g  
t h e  t r a c k  b e tw e e n  S i l v e r  S p r in g  and R o c k v i l l e .  T he m a in  s o u r c e s  o f  
m a g n e t ic  f i e l d s  a t  t h e s e  l o c a t i o n s  w e r e  a p p a r e n t ly  t h e  n e a r b y  
c o m m e r c ia l e l e c t r i c  p ow er l i n e s  and t h e  g e o m a g n e t ic  f i e l d  o f  t h e  
e a r t h .  T he M e t r o r a i l  l i n e  p ro d u c e d  d e t e c t a b l e  s t a t i c  and  t im e  
v a r y i n g  m a g n e t ic  f i e l d s  b u t  t h e y  w ere  t y p i c a l l y  a t  l e a s t  t h r e e  
t im e s  s m a l l e r  an d  o f t e n  t e n  t im e s  s m a l l e r  t h a n  t h e  f i e l d s  w h ic h  
e x i s t e d  fr o m  o t h e r  s o u r c e s .

T a b le  5 - 2  s u m m a r iz e s  t h e  s t a t i s t i c s  o f  t h e  v e r t i c a l  m e a su re m e n ts  
b e n e a th  t h e  M e t r o r a i l  a t  t h e  h ig h w a y  u n d e r p a s s .  T h i s  t a b l e ,  l i k e  
t h e  o t h e r s ,  sh o w s t h e  m inim um , maximum an d  a v e r a g e  f i e l d  l e v e l s ,  a s  
w e l l  a s  s t a n d a r d  d e v i a t i o n  and c o e f f i c i e n t  o f  v a r i a t i o n .  The  
r e s u l t s  a r e  su m m a rize d  b y  t h e  s e t  o f  f i v e  f r e q u e n c y  r a n g e s
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TABLE 5-2
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 
HEIGHTS ABOVE THE ROAD SURFACE BENEATH THE METRORAIL AT THE 
HIGHWAY UNDERPASS AT ROCKVILLE (DATASETS MET054 AND MET055)

ui

MET054, 55 - BENEATH METRORAIL A T HIGHWAY UNDERPASS TO TA L OF 139 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 383.81 549.51 496.59 19.71 3.97

60 353.78 548.08 486.09 22.93 4.72
110 339.19 540.35 474.05 24.54 5.18
160 335.90 565.60 484.50 27.81 5.74

5-45Hz 10 0.19 1.19 0.31 0.14 46.26
LOW FREQ 60 0.15 1.15 0.25 0.15 63.00

110 0.04 1.24 0.16 0.18 113.73
160 0.17 1.52 0.28 0.19 69.72

50-60HZ 10 0.70 0.80 0.75 0.02 2.44
PWR FREQ 60 0.66 0.83 0.74 0.04 5.02

110 0.63 0.77 0.69 0.03 4.25
160 0.60 0.71 0.65 0.02 3.12

65-300HZ 10 0.42 0.59 0.44 0.03 5.97
PWR HARM 60 0.46 0.64 0.49 0.03 5.64

110 0.48 0.67 0.53 0.03 6.47
160 0.56 0.77 0.60 0.03 5.46

305-2560HZ 10 0.17 0.36 0.22 0.04 18.74
HIGH FREQ 60 0.17 0.38 0.23 0.05 20.80

110 0.16 0.38 0.22 0.05 22.53
160 0.17 0.44 0.24 0.06 26.59

5-2560HZ 10 0.89 1.52 0.96 0.08 8.60
A LL FREQ 60 0.86 1.48 0.96 0.09 9.16

110 0.83 1.54 0.93 0.10 10.37
160 0.88 1.78 0.97 0.12 12.75



d i s c u s s e d  i n  S e c t i o n  2 . 4 ,  F ig u r e  2 - 1  and a r e  u s e d  t h r o u g h o u t  t h i s  
r e p o r t .  The maximum t im e  v a r y in g  f i e l d  r e a d in g  o f  1 .5 2  mG o c c u r r e d  
i n  t h e  lo w  f r e q u e n c y  r a n g e , a t  t h e  1 6 0  cm p r o b e  l e v e l .  T h is  i s  n o t  
s u r p r i s i n g  s i n c e  t h e  lo w  h a r m o n ic s  r e f l e c t  t h e  s t a t i c  f i e l d  
p e r t u r b a t i o n s  a s  t h e  c a r s  t r a v e l  o v e r  t h e  u n d e r p a s s  w h ere  t h e  1 6 0  
cm p r o b e  i s  t h e  n e a r e s t  t o  t h e  t r a c k s .  The m a g n e t ic  f i e l d  l e v e l s  
r e p o r t e d  i n  t h e  s t a t i c  band a r e  d o m in a te d  b y  t h e  e a r t h 's  f i e l d  
w h i le  v a l u e s  r e p o r t e d  i n  t h e  o t h e r  t im e  v a r y i n g  b a n d s  a r e  d o m in a te d  
b y  b a c k g r o u n d  f i e l d  l e v e l s  fro m  n e a r b y  p o w er l i n e s .  The f i e l d s  
fro m  t h e  M e t r o r a i l  S y ste m  a r e  c o n s i d e r a b l y  l e s s  th a n  t h e  b a c k g ro u n d  
l e v e l s  t a b u l a t e d  f o r  t h o s e  b a n d s .

T a b le  5 - 3  su m m a riz e s  t h e  s t a t i s t i c s  o f  t h e  h o r i z o n t a l  m e a su re m e n ts  
a lo n g  t h e  w a y s i d e ,  s o u t h  o f  Shady G r o v e . T he maximum r e a d in g  o f  
5 . 3 6  mG o c c u r r e d  i n  t h e  pow er fr e q u e n c y  r a n g e  a t  t h e  p r o b e  60  cm 
fr o m  t h e  r i g h t - o f - w a y  f e n c e .  T h is  f i e l d  i s  b e l i e v e d  t o  o r i g i n a t e  
fr o m  a n e a r b y  p o w er l i n e  f o r  t h e  r e a s o n s  d e s c r i b e d  a b o v e . T h i s  
c o n c l u s i o n  i s  f u r t h e r  s u p p o r te d  b y  t h e  v e r y  lo w  s t a n d a r d  d e v i a t i o n ,  
on  t h e  o r d e r  o f  0 . 1  mG, f o r  t h e  p ow er f r e q u e n c y  and  t h e  h a r m o n ic  
r a n g e s  i n d i c a t i n g  l i t t l e  v a r i a t i o n  d u r in g  t h e  r e c o r d i n g  e v e n  th o u g h  
tw o  t r a i n s  p a s s e d  t h e  m ea su rem en t p o i n t .  The t im e  v a r y i n g  m a g n e t ic  
f i e l d  l e v e l s  p r o d u c e d  b y  t h e  M e t r o r a i l  S y s te m  a r e  c o n s i d e r a b l y  
s m a l l e r  t h a n  t h e  b a c k g ro u n d  l e v e l s  fro m  o t h e r  s o u r c e s  r e p o r t e d  i n  
T a b le  5 - 3 .

R e l i a b l e  e m p i r i c a l  e s t i m a t e s  o f  t h e  a t t e n u a t i o n  r a t e  o f  m a g n e t ic  
f i e l d s  aw ay fr o m  t h e  M e t r o r a i l  S y ste m  c a n n o t  b e  m ade fro m  t h e  
a v a i l a b l e  d a t a  b e c a u s e  t h e  w eak f i e l d s  fr o m  t h e  t r a n s p o r t a t i o n  
s y s t e m  a r e  o b s c u r e d  b y  b a c k g ro u n d  f i e l d s  fr o m  o t h e r  s o u r c e s .

5.6 Summary of Electric Field Levels
T im e v a r y i n g  e l e c t r i c  f i e l d  l e v e l s  w ere  m e a su re d  a t  b o t h  l o c a t i o n s ,  
t h e  u n d e r p a s s  and  t h e  w a y s id e . The e l e c t r i c  f i e l d  w as m e a su re d  a t  
1 . 7 0  m e t e r s  a b o v e  g ro u n d  a t  t h e  h ig h w a y  u n d e r p a s s  n e a r  t h e  
R o c k v i l l e  S t a t i o n .  The f i e l d  m e a su re d  l e s s  th a n  1 V /m . A p p e n d ix  
AX c o n t a i n s  t h e  p l o t  o f  t h e  r e s u l t s .  T he e l e c t r i c  f i e l d  w as  
m e a su re d  a t  1  m e te r  a b o v e  g r o u n d , a p p r o x im a t e ly  1 . 7  m e t e r s  fro m  t h e  
f e n c e ,  a t  an  o p e n  s p a c e  a lo n g  t h e  t r a c k s  b e tw e e n  S h ad y G ro v e  and  
R o c k v i l l e .  F i g u r e  5 - 5  show s t h e  r e s u l t s  o f  t h i s  m e a su re m e n t i n  V /m  
p l o t t e d  v e r s u s  f r e q u e n c y  i n  Hz and t im e  i n  s e c o n d s .  I t  c a n  b e  s e e n  
t h a t  t h e  e l e c t r i c  f i e l d  i s  l e s s  th a n  5 V /m  and m a in ly  60  H z . T h is  
i n d i c a t e s  t h a t  t h e  e l e c t r i c  f i e l d  r e s u l t s  fr o m  a  n e a r b y  
d i s t r i b u t i o n  l i n e .
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TABLE 5-3
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 

DISTANCES FROM THE TRAIN TRACK FENCE, ALONG THE WAYSIDE SOUTH OF
SHADY GROVE (DATASET MET056)

MET056 - WAYSIDE SO JTH OF SHADY GROVE TO TA L OF 15 SAMPLES
=REQUENCY D IST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FENCE FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 597.88 733.42 645.14 37.30 5.78

60 535.13 618.28 556.34 21.25 3.82
110 499.94 575.45 519.16 18.87 3.63
160 490.08 560.47 514.22 16.44 3.20

5-45HZ 10 0.22 1.00 0.48 0.28 58.73
LOW FREQ 60 0.19 0.89 0.40 0.25 61.57

110 0.11 0.87 0.36 0.26 74.35
160 0.20 1.10 0.43 0.27 62.11

50-60HZ 10 4.67 5.10 4.90 0.12 2.55
PWR FREQ 60 4.99 5.36 5.17 0.11 2.21

110 4.87 5.21 5.06 0.09 1.72
160 4.86 5.11 4.99 0.08 1.51

65-300HZ 10 4.68 5.00 4.88 0.13 2.67
PWR HARM 60 4.86 5.10 5.00 0.10 1.92

110 4.69 4.88 4.80 0.07 1.37
160 4.48 4.64 4.57 0.05 1.10

305-2560HZ 10 0.55 0.67 0.63 0.03 4.84
HIGH FREQ 60 0.57 0.65 0.61 0.02 3.83

110 0.54 0.61 0.59 0.02 3.58
160 0.52 0.59 0.56 0.02 3.29

5-2560HZ 10 6.64 7.21 6.96 0.18 2.62
A LL FREQ 60 7.00 7.45 7.24 0.14 1.99

110 6.79 7.16 7.02 0.10 1.44
160 6.65 6.94 6.80 0.09 1.32



F ig u r e  5 - 5  E l e c t r i c  t im e  v a r y i n g  f i e l d  l e v e l  1 . 0  m e te r  a b o v e
g r o u n d , a t  2 0  f e e t  d i s t a n c e  fr o m  t h e  f e n c e  a t  t h e  
w a y s i d e , s o u t h  o f  Shady G r o v e , a s  a  f u n c t i o n  o f  
f r e q u e n c y  and t i m e .

5-13



6 . 0  PASSENGER STATION MEASUREMENTS

P la t f o r m  r e a d i n g s  w ere  ta k e n  a t  tw o l o c a t i o n s :  t h e  o u t d o o r
p l a t f o r m  a t  G r o s v e n o r  p a s s e n g e r  s t a t i o n  on t h e  Red L in e  and  t h e  
u n d e rg r o u n d  G a l l e r y  S t a t i o n .  The l a t t e r  i s  a t r a n s f e r  s t a t i o n  
b e tw e e n  t h e  Red and  t h e  G r e e n /Y e l lo w  L i n e s .  I t  i s  i n  tw o  l e v e l s .  
The lo w e r  i s  t h e  G r e e n /Y e l lo w  L in e  p l a t f o r m  and t h e  u p p e r  c o n n e c t s  
v i a  a m e z z a n in e  o v e r  t h e  lo w e r  p la t f o r m  t o  t h e  Red L in e  p l a t f o r m .

6 . 1 M ea su rem e n t L o c a t io n s

F ig u r e  6 - 1  sh o w s t h e  s c h e m a t ic  la y o u t  o f  t h e  p l a t f o r m  a t  G r o s v e n o r .  
M e a su re m e n ts  w e r e  t a k e n  on b o th  n o r th b o u n d  and so u th b o u n d  s i d e s  o f  
t h e  p la t f o r m  n e a r  t h e  e d g e . Some w ere  t a k e n  a t  t h e  en d  o f  t h e  
p la t f o r m  i n  o r d e r  t o  r e c o r d  f i e l d s  f o r  t r a i n s  l e a v i n g  fro m  and  
a r r i v i n g  a t  t h e  s t a t i o n .  O th e r  r e a d in g s  w e re  t a k e n  i n  t h e  m id d le  
o f  t h e  p l a t f o r m ,  i n  f r o n t  o f  t h e  e s c a l a t o r  and w h i le  r i d i n g  t h e  
e s c a l a t o r  up and  dow n. Many o f  t h e s e  r e a d in g s  w e r e  t a k e n  w it h  t h e  
s e n s o r  s t a f f  i n  b o th  t h e  v e r t i c a l  and h o r i z o n t a l - t r a n s v e r s e  
p o s i t i o n s .  D a t a s e t s  MET015 th r o u g h  M ET025 w e re  r e c o r d e d  on t h i s  
p la t f o r m  on May 1 9 ,  1 9 9 2  fro m  1 0 :5 6  t o  1 1 :3 1  h o u r s .

F ig u r e  6 - 2  sh o w s t h e  s c h e m a t ic  la y o u t  o f  t h e  G a l l e r y  t r a n s f e r  
s t a t i o n  p l a t f o r m  and m e z z a n in e . The p l a t f o r m  f o r  t h e  G r e e n /Y e l lo w  
L in e  i s  on  t h e  lo w e r  l e v e l .  On t h e  u p p e r  l e v e l ,  a m e z z a n in e  
p r o v i d e s  a c c e s s  t o  t h e  Red L i n e .  T h r e e  s e t s  o f  e s c a l a t o r s  c o n n e c t  
t h e  tw o  l e v e l s  a s  w e l l  a s  p r o v i d i n g  a c c e s s  fro m  t h e  o p p o s i t e  s i d e  
o f  t h e  Red L i n e .  T he Red L in e  t r a c k s  a r e  i n  t h e  m id d le  w i t h  t h e  
p a s s e n g e r  a c c e s s  p l a t f o r m s  on t h e  o u t s i d e ,  w h e r e a s  t h e  G r e e n /Y e l lo w  
L i n e s  h a v e  t h e  t r a c k s  on t h e  o u t s i d e  o f  t h e  c e n t e r  p l a t f o r m .  
M e a su re m e n ts  w e r e  t a k e n  on b o th  t h e  n o r th b o u n d  and so u th b o u n d  s i d e s  
o f  t h e  G r e e n /Y e l lo w  L in e  p la t f o r m  n e a r  i t s  s o u t h  e n d . B o th  
v e r t i c a l  and  h o r i z o n t a l  p r o f i l e s  w ere  m e a su re d  and r e c o r d e d  i n  
d a t a s e t s  M ET031 t h r o u g h  M ET034. R e a d in g s  w e re  a l s o  t a k e n  on t h e  
u p p e r  m e z z a n in e  l e v e l ,  o v e r  t h e  n o r th b o u n d  t r a c k s ,  t o  q u a n t i f y  t h e  
m a g n e t ic  f i e l d  e n v ir o n m e n t  a b o v e  a p a s s i n g  M e t r o r a i l  t r a i n .  Two 
v e r t i c a l  p r o f i l e s  w e r e  r e c o r d e d  a t  1 0 0  and 50  f e e t  fro m  t h e  Red  
L in e  t r a c k s .  T h e s e  d a t a s e t s  a r e  MET035 and  M E T 037, r e s p e c t i v e l y .  
The r e c o r d i n g s  i n  t h i s  u n d erg ro u n d  t r a n s f e r  s t a t i o n  w ere  t a k e n  on  
May 1 9 ,  1 9 9 2  fr o m  1 5 :4 9  t o  1 6 :1 3  h o u r s .

The s t a f f  w i t h  t h e  f o u r  p r o b e s ,  when s e t  i n  a v e r t i c a l  p o s i t i o n ,  
w as u s u a l l y  p l a c e d  a t  t h e  i n s i d e  e d g e  o f  t h e  g r a n i t e  s i l l  w h ic h  
fo r m s  t h e  e d g e  o f  t h e  p l a t f o r m . T h a t  p o s i t i o n ,  w h ic h  i s
a p p r o x im a t e ly  15  i n c h e s  fro m  t h e  e d g e  o f  t h e  p l a t f o r m ,  w as c h o s e n  
b e c a u s e  i t  r e p r e s e n t s  an e a s i l y  i d e n t i f i a b l e  p o s i t i o n  a s  n e a r  t h e  
e d g e  o f  t h e  p l a t f o r m  a s  a p a s s e n g e r  c o u ld  s a f e l y  and r e a s o n a b ly  
s t a n d  w h i le  w a i t i n g  f o r  a t r a i n .  The r e f e r e n c e  p r o b e  w as a l s o  s e t  
on  t h e  i n s i d e  e d g e  o f  t h e  g r a n i t e  s i l l  b u t  a t  a p o s i t i o n  
a p p r o x im a t e ly  25  t o  3 0  f e e t  fro m  t h e  s t a f f  i n  t h e  d i r e c t i o n  o f  t h e  
en d  o f  t h e  p l a t f o r m .  When t h e  s t a f f  w as h o r i z o n t a l ,  i t  w as h e ld  
o n e  m e te r  a b o v e  t h e  p la t f o r m  and p e r p e n d ic u la r  t o  t h e  t r a c k s .
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F ig u r e  6 - 2  R e p e t i t i v e  w a v efo rm  m ea su rem en t l o c a t i o n s  a t  t h e
G a l l e r y  p a s s e n g e r  t r a n s f e r  s t a t i o n  p l a t f o r m  and  
m e z z a n in e .
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U n le s s  i n d i c a t e d  o t h e r w i s e ,  t h e  r e f e r e n c e  p r o b e  w as p la c e d  on t h e  
o p p o s i t e  s i d e  o f  t h e  p l a t f o r m  a t  t h e  i n s i d e  e d g e  o f  t h e  g r a n i t e  
s i l l  d u r in g  h o r i z o n t a l  p r o f i l e  m e a s u r e m e n ts .

D a ta  w as a l s o  c o l l e c t e d  u s i n g  t h e  DAT and E M D E X -II i n s t r u m e n t s .  
DAT r e c o r d i n g s  w ere  m ade fr o m  t h e  s e n s o r  i n  t h e  r e f e r e n c e  p r o b e ,  
w h o se  l o c a t i o n s  h a v e  a l r e a d y  b e e n  d e s c r i b e d .  T he E M D E X-II 
r e c o r d e r s  w e re  w orn b y  tw o  m em bers o f  t h e  m e a su re m e n t te a m . W h i le  
t h e i r  e x a c t  l o c a t i o n s  d u r in g  t h e  r e c o r d i n g s  a r e  n o t  know n, t h e y  
w e r e  i n  t h e  g e n e r a l  a r e a  w h e re  t h e  o t h e r  m e a su re m e n ts  w e re  i n  
p r o g r e s s .

6.2 Repetitive Waveform Datasets
E i g h t  d a t a s e t s  w ere  r e c o r d e d  a t  t h e  G r o s v e n o r  p a s s e n g e r  s t a t i o n  
(M ET015 th r o u g h  M ET025) and  s i x  d a t a s e t s  w e r e  r e c o r d e d  a t  t h e  
G a l l e r y  P la c e  t r a n s f e r  s t a t i o n  (M ET031 th r o u g h  M ET037) . T a b le  2 - 1  
s u m m a riz e s  t h e  p e r t i n e n t  i n f o r m a t i o n  c o n t a i n e d  i n  t h e s e  f o u r t e e n  
d a t a s e t s ,  i n c lu d i n g  t h e  a p p e n d ix  w h ere  t h e  c o r r e s p o n d in g  d a t a  a r e  
l o c a t e d ,  t h e  num ber o f  s a m p le s  and t h e  l o c a t i o n  o f  p r o b e s .  The  
a p p e n d ic e s  c o n t a i n  f i g u r e s  t h a t  a r e  t h r e e  d im e n s io n a l  p l o t s  o f  
m a g n e t ic  f i e l d  v e r s u s  f r e q u e n c y  o v e r  t im e  and  h o r i z o n t a l  o r  
v e r t i c a l  p r o f i l e  p l o t s  o f  f i e l d  v e r s u s  d i s t a n c e  o v e r  t i m e .

6.3 Magnetic Field Characteristics
T h e m e a su re m e n ts  d i s c u s s e d  i n  t h i s  s e c t i o n  o f  t h e  r e p o r t  w ere  
in t e n d e d  t o  c h a r a c t e r i z e  t h e  m a g n e t ic  f i e l d s  t h a t  a  p a s s e n g e r  m ig h t  
e n c o u n t e r  a t  a s t a t i o n .  C o n s e q u e n t ly ,  many m e a su re m e n ts  w e re  made 
n e a r  t h e  e d g e  o f  t h e  p l a t f o r m  w h ere  t h e  m a g n e t ic  f i e l d  fro m  p a s s i n g  
t r a i n s  o r  fro m  c u r r e n t  i n  t h e  t h i r d  r a i l  and  t r a c k s  w o u ld  l i k e l y  b e  
t h e  l a r g e s t .  A d d i t i o n a l  m e a su re m e n ts  w e re  m ade n e a r  t h e  c e n t e r  o f  
t h e  p la t f o r m  and on t h e  e s c a l a t o r s  i n  o r d e r  t o  c h a r a c t e r i z e  
m a g n e t ic  f i e l d s  fro m  s o u r c e s  s u c h  a s  l i g h t i n g  and  s t a t i o n  
e l e c t r i c a l  e q u ip m e n t , e . g . ,  e s c a l a t o r  m o t o r s .  F i n a l l y ,  t h e  
m e a su re m e n ts  on t h e  m e z z a n in e  o f  t h e  G a l l e r y  P la c e  S t a t i o n  a b o v e  
t h e  G r e e n /Y e l lo w  L in e  t r a c k s  a r e  ex a m in ed  t o  c h a r a c t e r i z e  f i e l d  
l e v e l s  a b o v e  M e t r o r a i l  t r a i n s  s u c h  a s  t h o s e  t h a t  m ig h t  b e  
e n c o u n t e r e d  i n  s t a t i o n s  o r  a t  h ig h w a y  and p e d e s t r i a n  o v e r p a s s e s .

F i g u r e s  6 - 3  and 6 - 4  a r e  p l o t s  o f  t h e  rm s m a g n e t ic  f l u x  d e n s i t y  i n  
mG v e r s u s  f r e q u e n c y  i n  Hz and  t im e  i n  s e c o n d s  m e a su re d  10  cm and  
1 6 0  cm a b o v e  t h e  f l o o r  a t  t h e  e d g e  o f  t h e  G r o s v e n o r  p l a t f o r m .  T h e s e  
a r e  p a r t  o f  d a t a s e t  M ET017 c o n t a in e d  i n  A p p e n d ix  P . T h e s e  
m e a su re m e n ts  a r e  p a r t  o f  a v e r t i c a l  p r o f i l e  m e a su re m e n t t a k e n  a t  
t h e  n o r t h  en d  o f  t h e  s t a t i o n  p la t f o r m  a t  t h e  e d g e  o f  t h e  g r a n i t e  
s i l l  a lo n g  t h e  so u th b o u n d  t r a c k .  The m e a su re m e n t l o c a t i o n  i s  
i d e n t i f i e d  a s  p o s i t i o n  18  on F ig u r e  6 - 1 .  T h i s  l o c a t i o n  w as  
s e l e c t e d  b e c a u s e  a r r i v i n g  s o u th b o u n d  t r a i n s  p a s s  on  t h e  w ay i n t o  
t h e  s t a t i o n .  A t r a i n  o f  f o u r  3 0 0 0  s e r i e s  c a r s  i s  j u s t  p u l l i n g  i n t o  
t h e  s t a t i o n  and p a s s i n g  t h e  m e a su re m en t s e n s o r s  a t  t h e  5 s e c o n d
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MET017 -  10cm ABOVE PLATFORM AT SAFETY L IN E . ARRIVING END

M a g n e t ic  f i e l d  10  cm a b o v e  t h e  f l o o r  a t  t h e  e d g e  
o f  t h e  G r o s v e n o r  s t a t i o n  p l a t f o r m  a s  a  t r a i n  
e n t e r s ,  s t o p s ,  and d e p a r t s .  T he s t a t i c  f i e l d  i s  
s u p p r e s s e d  i n  t h e  lo w e r  fr a m e  t o  show  t h e  t im e  
v a r y i n g  c o m p o n e n ts .
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MET017 -  160cm ABOVE PLATFORM AT SAFETY L IN E , ARRIVING END

&

MET017 -  160cm ABOVE PLATFORM AT SAFETY L IN E . ARRIVING END

F ig u r e  6 - 4  M a g n e t ic  f i e l d  1 6 0  cm a b o v e  t h e  f l o o r  a t  t h e  e d g e
o f  t h e  G r o s v e n o r  s t a t i o n  p l a t f o r m  a s  a  t r a i n  
e n t e r s ,  s t o p s ,  and d e p a r t s .  T h e s t a t i c  f i e l d  i s  
s u p p r e s s e d  i n  t h e  lo w e r  fr a m e  t o  show  t h e  t im e  
v a r y i n g  c o m p o n e n ts .
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sa m p le  p o i n t .  A f t e r  a b r i e f  s t a t i o n  s t o p ,  t h e  t r a i n  s t a r t s  m o v in g  
a g a in  a t  t h e  4 0  s e c o n d  p o i n t .

E x a m in a tio n  o f  t h e  t o p  fra m e  o f  F ig u r e  6 - 3  show s t h a t  t h e  s t a t i c  
f i e l d  i s  e l e v a t e d  a b o v e  t h e  n o rm a l 5 0 0  mG a m b ie n t  l e v e l  a s  t h e  
t r a i n  p a s s e s  t h e  s e n s o r s  w h i le  e n t e r i n g  t h e  s t a t i o n  and a g a in  a s  
t h e  t r a i n  l e a v e s  t h e  s t a t i o n .  The t o p  fra m e  o f  F ig u r e  6 - 4  sh ow s a 
s i m i l a r  p a t t e r n  e x c e p t  t h a t  t h e  s t a t i c  f i e l d  e x c u r s i o n s  fro m  
a m b ie n t  l e v e l s  a r e  c o n s i d e r a b l y  s m a l l e r .  The f i e l d  a t t e n u a t i o n  
w it h  i n c r e a s e d  h e i g h t  c o n f ir m s  t h a t  t h e  m a g n e t ic  f i e l d  s o u r c e  i s  
b e lo w  t h e  p l a t f o r m  l e v e l .

The r e p e t i t i v e  w a v efo rm  s a m p lin g  t e c h n iq u e  o f  f i e l d  
c h a r a c t e r i z a t i o n  w as n o t  d e v e lo p e d  t o  r e l i a b l y  c a p t u r e  i n f r e q u e n t  
t r a n s i e n t  e v e n t s  s u c h  a s  p a s s a g e  o f  a t r a i n  v e r y  c l o s e  t o  t h e  
s e n s o r s .  T h a t  i s  b e c a u s e  t h o s e  e v e n t s  c a n  o c c u r  b e tw e e n  t h e  
w a v efo rm  s a m p le s  w h ic h  o c c u r  e v e r y  5 s e c o n d s .  A s d e s c r i b e d  i n  
S e c t i o n  2 . 5  a b o v e , a  c o n t in u o u s  r e c o r d i n g  o f  t h e  m a g n e t ic  f i e l d  w as  
made w it h  t h e  d i g i t a l  a u d io  t a p e  (DAT) r e c o r d e r  a t  o n e  l o c a t i o n  t o  
" f i l l  i n "  b e tw e e n  r e p e t i t i v e  w a v efo rm  s a m p le s . F ig u r e  6 - 5  sh ow s a  
p l o t  o f  t o t a l  s t a t i c  m a g n e t ic  f i e l d  v e r s u s  t im e  f o r  R e c o r d  7 o f  t h e  
f i r s t  DAT t a p e  ( s e e  T a b le  2 - 2  f o r  p e r t i n e n t  i n f o r m a t i o n )  w h ic h  w as  
r e c o r d e d  a t  t h e  r e f e r e n c e  s e n s o r  l o c a t i o n  ( L o c a t io n  # 1 9  on F ig u r e
6 - 1 )  a t  t h e  e d g e  o f  t h e  p la t f o r m . The p o r t i o n  o f  t h i s  r e c o r d  fro m  
a p p r o x im a t e ly  t h e  1  m in u te  p o i n t  t o  t h e  3 . 5  m in u te  p o i n t  w as  
r e c o r d e d  c o n c u r r e n t l y  w it h  t h e  r e p e t i t i v e  w a v e fo rm  s y s te m  and t h o s e  
d a t a  a r e  i n  F i g u r e s  3 - 3  and 3 - 4 .  S in c e  t h e  ^ r e fe r e n c e  s e n s o r  w as  
o n ly  a  fe w  c e n t i m e t e r s  a b o v e  t h e  f l o o r  n e a r  t h e  e d g e  o f  t h e  
p l a t f o r m ,  t h e  DAT d a t a  i n  F ig u r e  6 - 5  a r e  m o s t  c o m p a r a b le  t o  t h e  
r e p e t i t i v e  w a v e fo r m  d a t a  fro m  t h e  1 0  cm h ig h  s e n s o r  c o n t a i n e d  i n  
F ig u r e  6 - 3  e v e n  th o u g h  t h e  tw o s e n s o r s  a r e  2 5  t o  3 0  f e e t  a p a r t  
a lo n g  t h e  e d g e  o f  t h e  p l a t f o r m . C o m p a riso n  o f  t h e  r e l e v a n t  p o r t i o n  
o f  t h e  c o n t in u o u s  s t a t i c  f i e l d  r e c o r d i n g  o f  F ig u r e  6 - 5  t o  t h e  
s t a t i c  f i e l d  r e c o r d i n g  i n  t h e  t o p  fra m e  o f  F ig u r e  6 - 3 ,  w h ic h  
o r i g i n a t e d  fr o m  s u c c e s s i v e  5 s e c o n d  s a m p le s ,  sh ow s t h a t  i n  t h i s  
c a s e ,  t h e  r e p e t i t i v e  w a v efo rm  s a m p le s  c a p t u r e d  t h e  g e n e r a l  t im e  
c h a r a c t e r i s t i c  o f  t h e  m a g n e t ic  f i e l d  b u t  m is s e d  t h e  f a c t  t h a t  t h e r e  
w ere  f o u r  d i s c r e t e  b u r s t s  o f  s t a t i c  f i e l d  a s  t h e  f o u r  3 0 0 0  s e r i e s  
c a r s  o f  t h e  t r a i n  p a s s e d  t h e  s e n s o r  w h i le  e n t e r i n g  t h e  s t a t i o n .

From t h e  t e m p o r a l  and  s p a t i a l  c h a r a c t e r i s t i c s  o f  t h e  s t a t i c  f i e l d  
and t h e  p o s i t i o n  o f  t h e  t r a i n  o v e r  t h e  t im e  o f  t h e  r e c o r d ,  i t  
a p p e a r s  t h a t  t h e r e  a r e  t h r e e  p r i n c i p a l  s o u r c e s  o f  s t a t i c  m a g n e t ic  
f i e l d  a t  t h e  e d g e  o f  t h e  p la t f o r m . T he f i r s t  i s  t h e  e a r t h 's  
m a g n e tism  w h ic h  p r o d u c e s  t h e  b a c k g ro u n d  l e v e l  o f  n e a r l y  5 0 0  mG. 
T h is  i s  t h e  d o m in a n t  s o u r c e  when t h e  t r a i n  i s  away fro m  t h e  s t a t i o n  
o r  s t o p p e d  a t  t h e  s t a t i o n .  S e c o n d ly , a s  t h e  3 0 0 0  s e r i e s  c a r s  p a s s ,  
e a c h  p r o d u c e s  a  h i g h l y  l o c a l i z e d  m a g n e t ic  f i e l d ,  p r o b a b ly  fro m  t h e  
l i n e  s m o o th in g  r e a c t o r  b e n e a th  t h e  c e n t e r  o f  e a c h  c a r .  T h e s e  c a n  b e  
s e e n  a t  t h e  5 s e c o n d  t im e  p o i n t  i n  F ig u r e  6 - 3  and  a t  t h e  
c o r r e s p o n d in g  1 . 2  m in u te  t im e  p o i n t  i n  F ig u r e  6 - 5 .  The t h i r d
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Figure 6-5



s o u r c e  i s  t h e  d c  c u r r e n t  i n  t h e  t h i r d  r a i l  and t r a c k  r e t u r n  c i r c u i t  
w h ic h  p r o d u c e s  s t a t i c  f i e l d s  w it h  l e s s  s p a t i a l  v a r i a b i l i t y ,  b u t  
w h ic h  a r e  t e m p o r a l l y  c o r r e l a t e d  w it h  t r a i n  a c t i v i t i e s  s u c h  a s  
a c c e l e r a t i o n  w h ic h  r e q u i r e  c o n s i d e r a b l e  e l e c t r i c  c u r r e n t .  An 
e x a m p le  o f  t h a t  c o n d i t i o n  i s  a t  t h e  50  s e c o n d  t im e  p o i n t  o f  F ig u r e
6 - 3  o r  t h e  c o r r e s p o n d in g  1 .9  m in u te  t im e  p o i n t  o f  F ig u r e  6 - 5  when  
t h e  t r a i n  w as a c c e l e r a t i n g  o u t  o f  t h e  s t a t i o n .

The b o tto m  fr a m e s  o f  F ig u r e s  6 -3  and 6 - 4  show  t h e  t im e  v a r y i n g  
c o m p o n e n ts  o f  t h e  m a g n e t ic  f i e l d  a t  t h e  e d g e  o f  t h e  p l a t f o r m .  When 
t h e  a r r i v i n g  t r a i n  p a s s e s  t h e  s e n s o r  a t  t h e  5 s e c o n d  s a m p le  p o i n t ,  
t im e  v a r y i n g  f i e l d s  a t  t h e  t r a i n ' s  c h o p p e r  f r e q u e n c y  (2 7 3  H z) and  
h a r m o n ic s  t h e r e o f  d o m in a te  t h e  s p e c tr u m . H o w ev er , t h o s e  f i e l d s  
r a p i d l y  d i s a p p e a r  a s  t h e  t r a i n  m oves p a s t  t h e  s e n s o r .  Low 
f r e q u e n c y  c o m p o n e n ts  r e s u l t i n g  fro m  t h e  r a p i d l y  c h a n g in g  s t a t i c  
f i e l d  l e v e l  o f  t h e  p a s s i n g  t r a i n  ca n  a l s o  b e  s e e n  a t  t h e  5 s e c o n d  
s a m p le  p o i n t .  C o m p a r iso n  o f  t h e  t im e  v a r y i n g  f i e l d  l e v e l s  p r o d u c e d  
b y  t h e  p a s s i n g  t r a i n  a t  t h e  10  cm m e a su re m en t h e i g h t  ( F ig u r e  6 - 3 )  
and a t  t h e  1 6 0  cm h e i g h t  (F ig u r e  6 - 4 )  sh ow s an  a t t e n u a t i o n  o f  a t  
l e a s t  e i g h t  f o l d  w i t h  i n c r e a s i n g  m e a su re m en t h e i g h t .  T he f r e q u e n c y  
c h a r a c t e r i s t i c s  o f  t h e  f i e l d  a t  t h e  5 s e c o n d  p o i n t  a s  w e l l  a s  t h e  
r a p i d  a t t e n u a t i o n  r a t e  s u g g e s t  t h a t  t h e  s h o r t  d u r a t i o n  b u r s t s  o f  
m a g n e t ic  f i e l d  s e e n  a s  t h e  t r a i n  p a s s e s  t h e  s e n s o r  a r i s e  fro m  t h e  
s m o o th in g  r e a c t o r  a t  t h e  c e n t e r  o f  e a c h  3 0 0 0  s e r i e s  c a r .

T he p l o t s  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d  i n  t h e  lo w e r  fr a m e s  o f  
F i g u r e s  6 - 3  and  6 - 4  a l s o  r e v e a l  t h e  p r e s e n c e  o f  m a g n e t ic  f i e l d  
c o m p o n e n ts  a t  60  Hz and h a r m o n ic s  t h e r e o f .  The 60  Hz co m p o n en t o f  
t h e  f i e l d  a p p e a r  t o  o r i g i n a t e  fro m  e l e c t r i c  p ow er c a b l e s  w i t h i n  o r  
b e n e a th  t h e  s t a t i o n  p la t f o r m  b e c a u s e  o f  t h e  f r e q u e n c y ,  t h e  l a c k  o f  
t e m p o r a l  c o r r e l a t i o n  w it h  t h e  a c t i v i t y  o f  M e t r o r a i l  t r a i n s ,  and  t h e  
a t t e n u a t i o n  w i t h  i n c r e a s e d  h e i g h t  a b o v e  t h e  p l a t f o r m .  The t h i r d  
h a r m o n ic  c o m p o n e n t , w h ic h  f r e q u e n t l y  a r i s e s  fro m  60  Hz e l e c t r i c  
p ow er c i r c u i t s ,  a p p e a r s  t e m p o r a l ly  c o r r e l a t e d  w it h  t h e  60  Hz f i e l d ,  
b u t  h a s  a much s t r o n g e r  v e r t i c a l  a t t e n u a t i o n  p a t t e r n  th a n  t h e  60  Hz 
f i e l d .  T h a t  o b s e r v a t i o n  s u g g e s t s  t h a t  t h e r e  a r e  m u l t i p l e  e l e c t r i c  
p ow er c i r c u i t s  a ro u n d  t h e  m easu rem en t l o c a t i o n  w h ic h  c o n t r i b u t e  t o  
t h e  m a g n e t ic  f i e l d  l e v e l s  a t  60  Hz and  i t s  odd  h a r m o n ic s . The  
m a g n e t ic  f i e l d  c o m p o n e n ts  a t  e v e n  h a r m o n ic s  o f  60  H z , e s p e c i a l l y  a t  
1 2 0  H z , 2 4 0  H z , 3 6 0  H z , and 7 2 0  H z , a r e  t e m p o r a l ly  c o r r e l a t e d  w it h  
t h e  s t a t i c  f i e l d  (a n d  t h e r e f o r e  t h i r d  r a i l  and  t r a c k  c u r r e n t ) . 
T h e s e  a r e  t y p i c a l  r i p p l e  f r e q u e n c i e s  fro m  t h e  r e c t i f i c a t i o n  
p r o c e s s ,  and  show  a  s t r o n g  a t t e n u a t i o n  w it h  i n c r e a s e d  h e i g h t  
i n d i c a t i n g  t h a t  t h e y  a r i s e  fro m  r i p p l e  c u r r e n t  i n  t h e  t h i r d  r a i l  
and t r a c k  r e t u r n  c i r c u i t .

M e a su re m e n ts  a t  o t h e r  p l a c e s  a lo n g  t h e  e d g e  o f  t h e  G r o s v e n o r  
S t a t i o n  p l a t f o r m  i d e n t i f i e d  i n  F ig u r e  6 - 3  ( r e p e t i t i v e  w a v efo rm  
d a t a s e t s  M E T 015, M E T 018, M ET022, M ET024, and MET025 and  DAT R e c o r d s  
6 , 7 ,  8 , and  9 o f  T a p e  1) show ed t h e  m a g n e t ic  f i e l d  c h a r a c t e r i s t i c s  
j u s t  d e s c r i b e d  b u t  i n  d i f f e r e n t  s e q u e n c e , d e p e n d in g  on  t h e  
p o s i t i o n .  F o r  e x a m p le , F ig u r e  6 - 6  (DAT R e c o r d  6  o f  T a p e 1 ) show s
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Figure 6-6 C o n t in u o u s  m a g n e t ic  f i e l d  r e c o r d i n g  a t  t h e  e d g e  o f  t h e  G r o s v e n o r  s t a t i o n  
p l a t f o r m  a t  t h e  d e p a r t i n g  end  a s  a  t r a i n  e n t e r s ,  s t o p s ,  and d e p a r t s .



t h e  c o n t in u o u s  r e c o r d i n g  o f  t o t a l  f i e l d  n e a r  t h e  e d g e  o f  t h e  
p la t f o r m  a t  t h e  d e p a r t i n g  end ( L o c a t io n  17  on F ig u r e  6 - 1 )  . S in c e  
t h e  t r a i n  p a s s e s  t h e  m ea su rem en t s t a f f  w h i le  d e p a r t i n g  t h e  s t a t i o n ,  
t h e  s h o r t  b u r s t s  o f  h ig h  f i e l d  w h ich  o c c u r  when t h e  c a r s  p a s s  t h e  
s e n s o r  a r e  s u p e r im p o s e d  on t h e  m ore g e n e r a l  i n c r e a s e  i n  s t a t i c  
f i e l d  r e s u l t i n g  fro m  e l e v a t e d  d c  c u r r e n t  i n  t h e  t h i r d  r a i l  and  
t r a c k .  H o w ev er , i f  m e a su re m e n ts  a r e  t a k e n  i n  t h e  m id d le  o f  t h e  
p l a t f o r m  ( L o c a t i o n  25  on F ig u r e  6 - 1 ) ,  a  t e m p o r a l  f i e l d  p a t t e r n  a s  
show n i n  F ig u r e  6 - 7  (DAT R e c o r d  8 , T ape 1 ) o c c u r s .  I n  t h i s  c a s e ,  
t h r e e  o f  t h e  3 0 0 0  s e r i e s  c a r s  p a s s e d  a s  t h e  t r a i n  w as s t o p p i n g  and  
t h e  f o u r t h  p a s s e d  a s  t h e  t r a i n  s t a r t e d  m o v in g  a g a i n .

S i m i l a r  m a g n e t ic  f i e l d  m e a su re m en ts  w e re  m ade on  t h e  G r e e n /Y e l lo w  
L in e  p la t f o r m  a t  t h e  G a l l e r y  P la c e  S t a t i o n  ( L o c a t i o n s  2 8  th r o u g h  33  
on F ig u r e  6 - 1 ,  r e p e t i t i v e  w a v efo rm  d a t a s e t s  M ET031 t h r o u g h  M E T 034, 
and DAT R e c o r d s  12 t o  14 o f  T ap e 1 ) . The m a g n e t ic  f i e l d  
c h a r a c t e r i s t i c s  a t  t h e  e d g e  o f  t h e  G a l l e r y  P la c e  S t a t i o n  w e re  
s i m i l a r  t o  t h o s e  d e s c r i b e d  a b o v e  f o r  t h e  G r o s v e n o r  S t a t i o n  w it h  t h e  
f o l l o w i n g  e x c e p t i o n s :

*  The b a c k g r o u n d  s t a t i c  f i e l d  l e v e l  v a r i e d  fro m  a b o u t  5 0 0  mG on  
o n e  s i d e  o f  t h e  G a l l e r y  P la c e  p l a t f o r m  t o  a b o u t  9 0 0  mG on  t h e  
o t h e r .  T he b a c k g ro u n d  f i e l d  l e v e l  on  t h e  m e z z a n in e  w as  
t y p i c a l l y  a b o u t  7 0 0  mG. The r e a s o n  f o r  t h e s e  d e v i a t i o n s  fro m  
t h e  n o rm a l g e o m a g n e t ic  f i e l d  l e v e l  o f  a p p r o x im a t e ly  5 0 0  mG c a n  
n o t  b e  d e t e r m in e d  w it h  c e r t a i n t y  fr o m  t h e s e  d a t a  b u t  c o u ld  
r e s u l t  fr o m  p e r t u r b a t i o n  o f  t h e  g e o m a g n e t ic  f i e l d  b y  s t e e l  i n  
t h e  t u n n e l  c a s i n g s ,  p l a t f o r m s ,  and  o t h e r  u n d e rg r o u n d  s t a t i o n  
s t r u c t u r e s .  B a la n c e d  t r a c t i o n  c u r r e n t  i n  t h e  t h i r d  r a i l  and  
t r a c k  r e t u r n  c i r c u i t  i s  n o t  u s u a l l y  an  e f f e c t i v e  f i e l d  
g e n e r a t i n g  s o u r c e ,  b e c a u s e  much o f  t h e  f i e l d  p r o d u c e d  b y  
c u r r e n t  i n  t h e  t h i r d  r a i l  i s  c a n c e l l e d  b y  t h e  e q u a l  c u r r e n t  
f lo w i n g  t h e  o p p o s i t e  d i r e c t i o n  i n  t h e  n e a r b y  t r a c k s .  H o w ev er , 
i n  a t r a n s f e r  s t a t i o n  su c h  a s  G a l l e r y  P l a c e ,  t h e r e  may b e  
m u l t i p l e  p a t h s  f o r  t h e  t r a c t i o n  r e t u r n  c u r r e n t  t h e r e b y  
u n b a la n c in g  t h e  f lo w  o f  c u r r e n t  i n  t h e  t h i r d  r a i l  and  n e a r b y  
t r a c k s .  I f  t h a t  w ere  t h e  c a s e ,  u n b a la n c e d  e l e c t r i c  c u r r e n t s  
f lo w i n g  i n  t h e  l a r g e  lo o p s  made up o f  r a i l s  o f  i n t e r c o n n e c t i n g  
l i n e s  c o u ld  le a d  t o  t h e  a t y p i c a l  b a c k g r o u n d  s t a t i c  f i e l d  
l e v e l s  i n  t h e  G a l l e r y  P la c e  S t a t i o n .  I t  w o u ld  a l s o  a c c o u n t  
f o r  t h e  t e m p o r a l  v a r i a b i l i t y  o f  t h e  b a c k g r o u n d  s t a t i c  f i e l d  
l e v e l s  s e e n  a t  G a l l e r y  P l a c e .

* The s h o r t  d u r a t i o n  b u r s t  o f  s t a t i c  and  2 7 3  Hz (a n d  h a r m o n ic s  
t h e r e o f )  m a g n e t ic  f i e l d  d o e s  n o t  o c c u r  a s  t r a i n s  o f  2 0 0 0  
s e r i e s  c a r s  p a s s .  T h is  o b s e r v a t i o n  s u p p o r t s  t h e  e a r l i e r  
c o n c l u s i o n s  t h a t  t h o s e  f i e l d s  o r i g i n a t e  o n l y  fro m  3 0 0 0  s e r i e s  
c a r s .

Additional tests (MET035, MET037, and DAT Records 14A, 15, and 16
of Tape 1) were conducted on the mezzanine at Gallery Place
(Locations 34 and 35 on Figure 6-1) to characterize the magnetic
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Figure 6-7 Continuous magnetic field recording at the edge of the Grosvenor station
platform midway along the platform as a train enters, stops, and departs.



f i e l d  a b o v e  a p a s s i n g  t r a i n .  A lth o u g h  t h e r e  w as som e te m p o r a l  
v a r i a b i l i t y  i n  t h e  s t a t i c  f i e l d  a t  t h o s e  l o c a t i o n s  and som e  
c o m p o n e n ts  o f  t h e  t im e  v a r y in g  m a g n e t ic  f i e l d  w e re  p r e s e n t  a t  t h e  
r e c t i f i e r  r i p p l e  f r e q u e n c i e s ,  b o th  o f  w h ic h  a r e  c h a r a c t e r i s t i c s  o f  
f i e l d s  fro m  c u r r e n t  i n  t h e  t h i r d  r a i l  and t r a c k  c i r c u i t ,  t h e s e  
f i e l d  c h a r a c t e r i s t i c s  d i d  n o t  c o r r e l a t e  i n  t im e  w it h  t h e  p a s s a g e  o f  
t r a i n s  b e n e a th  t h e  m ea su rem en t p o i n t  n o r  w as t h e r e  a r e l i a b l e  
a t t e n u a t i o n  p a t t e r n  s u g g e s t i n g  t h a t  t h e  f i e l d s  o r i g i n a t e d  fro m  t h e  
t r a i n  p a s s i n g  b e lo w  ( s e e  A p p e n d ix  AG) .

Two a d d i t i o n a l  m e a su re m e n ts  w ere  c o n d u c te d  a t  t h e  G r o s v e n o r  
S t a t i o n .  One w as t o  q u a n t i f y  t h e  b a c k g ro u n d  f i e l d  l e v e l s  on  t h e  
p l a t f o r m  when no  t r a i n s  w ere  i n  t h e  a r e a  ( d a t a s e t  M E T 019, A p p e n d ix  
R) and t h e  o t h e r  w as on t h e  s t a t i o n  e s c a l a t o r  t o  q u a n t i f y  m a g n e t ic  
f i e l d  l e v e l s  n e a r  s t a t i o n  eq u ip m e n t u n r e l a t e d  t o  t h e  M e t r o r a i l  
v e h i c l e s  ( d a t a s e t  M E T 021, A p p e n d ix  S) . T he b a c k g ro u n d  f i e l d  a t  t h e  
c e n t e r  o f  t h e  p l a t f o r m  c o n s i s t e d  o f  t h e  g e o m a g n e t ic  f i e l d  o f  t h e  
e a r t h  and  a t im e  v a r y i n g  f i e l d  o f  a b o u t  2 mG p r i n c i p a l l y  a t  60  H z . 
On t h e  e s c a l a t o r ,  b o t h  t h e  s t a t i c  and p r i m a r i l y  60  Hz t im e  v a r y i n g  
f i e l d s  v a r i e d  o v e r  t im e  and p o s i t i o n  o f  t h e  e s c a l a t o r  a p p a r e n t ly  
d u e t o  p r o x i m i t y  t o  l o c a l  s o u r c e s  su c h  a s  t h e  e s c a l a t o r  m o to r  and  
o v e r h e a d  l i g h t s .

I n  sum m ary, t h e  m a g n e t ic  f i e l d  d a t a  o f  t h e  p a s s e n g e r  p la t f o r m s  
i n d i c a t e  t e m p o r a l  v a r i a t i o n s  i n  b o th  s t a t i c  and  t im e  v a r y i n g  f i e l d  
l e v e l s .  The v a r i a b i l i t y  i s  due a lm o s t  e n t i r e l y  t o  c h a n g in g  c u r r e n t  
i n  t h e  t h i r d  r a i l  and  t r a c k  c i r c u i t  d e p e n d in g  on  t h e  p o w er n e e d s  o f  
t h e  M e t r o r a i l  c a r s .  B o th  s t a t i c  and t im e  v a r y i n g  f i e l d s  a r e  a l s o  
p r o d u c e d  f o r  a s h o r t  d u r a t i o n  a s  t r a i n s ,  e s p e c i a l l y  t h o s e  made up  
o f  3 0 0 0  s e r i e s  c a r s ,  p a s s  b y . The f i e l d s  fro m  c u r r e n t  i n  t h e  r a i l s  
and t h e  p a s s i n g  t r a i n s  h a v e  l a r g e  s p a t i a l  v a r i a b i l i t y ,  e s p e c i a l l y  
a t  t h e  e d g e  o f  t h e  p l a t f o r m .  M o r e o v e r , t h e r e  a r e  b a c k g r o u n d  f i e l d s  
p r e s e n t  fr o m  t h e  e a r t h 's  m a g n etism  and fro m  6 0  Hz e l e c t r i c  p ow er  
c i r c u i t s  i n  and a ro u n d  t h e  s t a t i o n .

6.4 DAT Waveform Data
M a g n e t ic  f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  o f  t h e  M u ltiW a v e  ™ S y ste m  
w as r e c o r d e d  c o n t i n u o u s ly  w ith  a DAT r e c o r d e r ,  a s  d e s c r i b e d  i n  
S e c t i o n  2 . 5 .  T h e s e  m e a su re m e n ts  w ere m ade a t  v a r i o u s  p l a c e s  a lo n g  
t h e  e d g e  o f  t h e  p la t f o r m  a t  t h e  G r o s v e n o r  and G a l l e r y  P la c e  
S t a t i o n s  a s  t r a i n s  e n t e r e d  and d e p a r te d  t h e  s t a t i o n s .  T he  
r e f e r e n c e  p r o b e  w as p la c e d  on t h e  p la t f o r m  f l o o r  a t  t h e  i n s i d e  e d g e  
o f  t h e  g r a n i t e  s i l l  w h ic h  m akes up t h e  p h y s i c a l  e d g e  o f  t h e  
p l a t f o r m  a t  t h e  a p p r o x im a te  l o c a t i o n s  d e s i g n a t e d  w it h  s m a l l  
r e c t a n g l e s  i n  F i g u r e s  6 - 1  and 6 - 2 .  The c o n t in u o u s  f i e l d  r e c o r d i n g s  
m ade a t  t h e  p l a t f o r m  e d g e s  a r e  i d e n t i f i e d  a s  T a p e  1 ,  R e c o r d s  6 
t h r o u g h  9 and  12  th r o u g h  14 i n  T a b le  2 - 2 .  P e r t i n e n t  d a t a  
c o n c e r n in g  t h e  t im e  and  d u r a t io n  o f  t h e s e  m e a su re m e n ts  and  t h e  k e y  
t o  t h e  s p e c i f i c  s e n s o r  l o c a t i o n  a r e  fo u n d  i n  t h a t  t a b l e .
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A d d i t i o n a l  r e c o r d i n g s  (R e c o r d s  1 4 A , 1 5 ,  and  1 6 )  w e re  made a t  a few  
c e n t i m e t e r s  a b o v e  t h e  f l o o r  on t h e  m e z z a n in e  a t  t h e  G a l l e r y  P la c e  
S t a t i o n .  T h e s e  r e c o r d i n g s  c o n t a i n  b e t t e r  d e t a i l  o f  t h e  t e m p o r a l  
c h a r a c t e r i s t i c s  o f  t h e  s t a t i c  f i e l d s  t h a n  d o  t h e  r e p e t i t i v e  
w a v efo rm  d a t a  b e c a u s e  t h e r e  a r e  no  i n t e r r u p t i o n s  n e c e s s a r y  t o  s t o r e  
t h e  in c o m in g  d a t a  fro m  t h e  s i n g l e  s e n s o r .  T h e s e  r e c o r d i n g s  w ere  
s c a n n e d  f o r  r a p i d  t r a n s i e n t s  t h e n  c o n v e r t e d  i n t o  t o t a l  ( r e s u l t a n t )  
m a g n e t ic  f i e l d  and p l o t t e d  t o  show  t h e  f i n e  t e m p o r a l  
c h a r a c t e r i s t i c s  o f  t h e  s t a t i c  f i e l d .  T h r e e  o f  t h e s e  t im e  p l o t s  
w e r e  p r e s e n t e d  i n  t h e  p r e c e d i n g  s u b s e c t i o n  ( F i g u r e s  6 - 5  t h r o u g h
6 - 7 )  .

S t a t i s t i c a l  su m m a ries  o f  s t a t i c  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  b y  
t h e  DAT R e c o r d in g  S y ste m  a t  t h e  e d g e  o f  t h e  s t a t i o n  p la t f o r m s  and  
o n  t h e  s t a t i o n  m e z z a n in e  a r e  p r e s e n t e d  i n  T a b le s  6 - 1  and 6 - 2 ,  
r e s p e c t i v e l y .

6 . 5  EM D EX-II D a ta

A s  s t a t e d  p r e v i o u s l y ,  t h e r e  a r e  tw o  m a jo r  d i f f i c u l t i e s  i n  a n a l y z i n g  
an d  i n t e r p r e t i n g  E M D E X -II d a t a  c o l l e c t e d  n e a r  t h e  WMATA M e t r o r a i l  
S y s te m . F i r s t  o f  a l l ,  r e s e a r c h e r s  c a r r y i n g  t h e  r e c o r d e r s  n e i t h e r  
f o l l o w  a  p a r t i c u l a r  p a t h  n o r  k e e p  an e x a c t  l o g  o f  t h e i r  l o c a t i o n .  
I n  a r e a s  w h ere  t h e r e  i s  a l a r g e  s p a t i a l  g r a d i e n t  i n  t h e  f i e l d  s u c h  
a s  n e a r  t h e  e d g e  o f  t h e  s t a t i o n  p l a t f o r m ,  t h e  f i e l d  v a lu e  r e c o r d e d  
i s  h i g h l y  d e p e n d e n t  on  t h e  p o s i t i o n  o f  t h e  w e a r e r .  The s e c o n d  
d i f f i c u l t y  a r i s e s  b e c a u s e  much o f  t h e  t im e  v a r y i n g  f i e l d  n e a r  t h e  
d c -p o w e r e d  M e t r o r a i l  S y s te m  i s  i n  t h e  lo w  f r e q u e n c i e s  b e lo w  t h e  
r e s p o n s e  band  o f  t h e  EMDEX r e c o r d e r s .  H o w e v e r , t h e  EMDEX 
r e c o r d i n g s  on t h e  G r o s v e n o r  S t a t i o n  p l a t f o r m  a r e  a p p r o p r i a t e  
b e c a u s e  t h e  3 0 0 0  s e r i e s  c a r s  o p e r a t i n g  on  t h e  R ed L in e  p r o d u c e  
s i g n i f i c a n t  t im e  v a r y i n g  m a g n e t ic  f i e l d s  w i t h i n  t h e  f r e q u e n c y  
b a n d w id th  o f  t h e  E M D E X -II m o n it o r .  F ig u r e  6 - 8  sh ow s t h e  t im e  
c o u r s e  r e c o r d s  o f  t h e  tw o  E M D E X -II m o n it o r s  f o r  t h e  t im e  s p e n t  a t  
t h e  G r o s v e n o r  p a s s e n g e r  s t a t i o n ,  n a m e ly  1 0 : 5 5  t o  1 1 :3 0  h o u r s  on  May 
1 9 ,  1 9 9 2 .  T h is  p e r i o d  s p a n s  t h e  t im e  o f  t h e  r e c o r d i n g  o f  d a t a s e t s  
M ET015 th r o u g h  M E T 025. T h e tw o  c u r v e s  a r e  f a i r l y  s i m i l a r  e x c e p t  a t  
t h e  t im e s  o f  t h e  f i e l d  p e a k s .  T h a t  i s  b e c a u s e  t h e  g e n e r a l  60  Hz 
b a c k g ro u n d  f i e l d  fro m  n o r m a l e l e c t r i c  p o w er c i r c u i t s  i n  and  a ro u n d  
t h e  s t a t i o n  i s  r e l a t i v e l y  u n ifo r m  o v e r  l a r g e  a r e a s  o f  t h e  s t a t i o n  
p l a t f o r m .  H o w ev er , when 3 0 0 0  s e r i e s  t r a i n s  p a s s  b y , h i g h e r  l e v e l s  
o f  t im e  v a r y i n g  f i e l d s  a r e  p r o d u c e d  f o r  s h o r t  p e r i o d s  o f  t i m e .  
T h e s e  s h o r t  d u r a t i o n  f i e l d s  p r o d u c e d  b y  t h e  M e t r o r a i l  S y ste m  
a c c o u n t  f o r  t h e  f i e l d  " p e a k s "  i n  t h e  EMDEX r e c o r d i n g s  o f  F ig u r e
6 - 7 .  The p e a k s  o f  o n e  c u r v e  u s u a l l y  m a tc h  t h e  p e a k s  o f  t h e  o t h e r  
i n  t im e  b u t  n o t  i n  a m p lit u d e  b e c a u s e  t h e  f i e l d s  fro m  t h e  M e t r o r a i l  
S y s te m  a t t e n u a t e  r a p i d l y  a s  o n e  m o v es aw ay fr o m  t h e  p l a t f o r m  e d g e .  
T h e r e f o r e ,  f i e l d  i n t e n s i t i e s  r e c o r d e d  b y  t h e  i n d i v i d u a l  m o n it o r s  
d u r in g  t h e s e  p e a k s  a r e  h i g h l y  d e p e n d e n t  o n  t h e  p o s i t i o n  o f  t h e  
EMDEX w e a r e r . The d a t a  i n  t h e  1 1 :2 4  t o  1 1 : 2 5  t im e  p e r i o d  on F ig u r e
6 - 7  i l l u s t r a t e  t h i s  p o i n t  w e l l .
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\ TABLE 6-1
SUMMARY OF STATIC MAGNETIC FIELD LEVELS RECORDED 

AT THE EDGE OF STATION PLATFORMS WITH THE D IG ITAL  
AUDIO TAPE RECORDER (DAT) AS TRAINS PASS

STATION /
LOCATION

MEASUREMENT 
LOCATION CODE

STATIC MAGNETIC FIELD  
MILLIGAUSS

(T A P E /R E C .) FIGURE # LOCATION MINIMUM AVERAGE MAXIMUM

GROSVENOR

DEPARTING
END

( 1 / 6 )
6 - 1 17 3 6 6  mG 5 0 9  mG 2 2 2 0  mG

ARRIVING
END

( 1 / 7 )
6 - 1 19 5 1 6  mG 8 2 3  mG 2 4 3 4  mG

CENTER 
( 1 / 8  & 9 )

6 - 1 2 5 ,2 7 2 9 7  mG 7 5 4  mG 3 2 7 1  mG

ALL
( 1 / 6  TO 9)

6 - 1 1 7 , 1 9 , 2 5 ,  
& 27

2 9 7  mG 1 0 1 2  mG 3 2 7 1  mG

GALLERY PL

DEPARTING
END

( 1 / 1 2  & 1 4 )
6 - 2 29 5 5 8  mG 8 4 4  mG 2 2 4 1  mG

ARRIVING
END

( 1 /1 3 )
6 - 2 32 1 0 8  mG 1 0 0 0  mG 2 3 2 1  mG

ALL
( 1 / 1 2  -  1 4 )

6 - 2 29 & 32 1 0 8  mG 9 1 8  mG 2 3 2 1  mG

BOTH
STATIONS

ALL
( 1 / 6 - 9  & 
12 -  1 4 )

- - 1 0 8  mG 7 9 6  mG 3 2 7 1  mG

6-15



TABLE 6-2
SUMMARY OF STATIC MAGNETIC FIELD LEVELS RECORDED 

ON A STATION MEZZANINE WITH THE DIGITAL AUDIO TAPE 
RECORDER (DAT) AS TRAINS PASS BELOW

STATION /
LOCATION

MEASUREMENT 
LOCATION CODE

STATIC MAGNETIC FIELD  
MILLIGAUSS

(T A P E /R E C .) FIGURE # LOCATION MINIMUM AVERAGE MAXIMUM

GALLERY PL 
MEZZANINE

SOUTH
END

( 1 /1 4 A )
6 - 2 34 9 1 3  mG 1 1 1 3  mG 1 2 4 4  mG

CENTER 
( 1 / 1 5  & 1 6 )

6 - 2 35 6 7 6  mG 8 9 4  mG 9 5 2  mG

ALL
( 1 /1 4 A - 1 6 )

<NVO 34  & 35 6 7 6  mG 9 3 8  mG 1 2 4 4  mG

T a b le  6 - 3  sh ow s t h e  s t a t i s t i c s  f o r  t h e s e  EMDEX r e c o r d s  a t  t h e  
G r o s v e n o r  S t a t i o n .  T he a v e r a g e  v a l u e s  a r e  i n d i c a t i v e  o f  t h e  
b a c k g ro u n d  t im e  v a r y i n g  f i e l d  l e v e l s  a t  t h e  s t a t i o n  fro m  common 60  
Hz e l e c t r i c  p ow er c i r c u i t s  u n r e l a t e d  t o  t h e  t r a n s p o r t a t i o n  s y s t e m .  
T he maximum f i e l d  v a l u e s  i d e n t i f y  t h e  maximum -m a g n itu d e  o f  t h e  
s h o r t  b u r s t s  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d  p r o d u c e d  b y  t r a i n s  
e n t e r i n g  and l e a v i n g  t h e  s t a t i o n .

TABLE 6-3
SUMMARY OF MAGNETIC FIELD LEVELS 

RECORDED ON THE GROSVENOR PASSENGER PLATFORM 
USING EMDEX-II DATA RECORDERS

AVERAGE MAXIMUM

EMDEX # 1 1 .9 3  mG 8  • 3 mG

EMDEX #2 1 .5 5  mG 1 0 •6  mG

BOTH 1 .6 7  mG 1 0 . 6  mG
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G R O S V E N O R  S TA TIO N  PLATFORM
Emdexll Data From May 19,1992
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Figure 6-8 M a g n e t ic  f i e l d  l e v e l  r e c o r d e d  on t h e  p a s s e n g e r  p l a t f o r m  a t  G ro sv e n o r  u s i n g  
t h e  E M D E X -II r e c o r d e r s ,  a s  a f u n c t i o n  o f  t i m e .



EMDEX d a t a  fro m  t h e  G a l l e r y  P la c e  S t a t i o n  a r e  n o t  p r e s e n t e d  b e c a u s e  
t h e y  c o n t a i n  no u s e f u l  d a t a .  The 2 0 0 0  s e r i e s  c a r s  o p e r a t i n g  on  
t h a t  l i n e  p r o d u c e d  no  m a g n e t ic  f i e l d  i n  t h e  p a s s b a n d  o f  t h e  
r e c o r d e r s  a b o v e  t h e  60  Hz b a c k g ro u n d  f i e l d  l e v e l s  o f  t h e  s t a t i o n .

6 . 6  Summary o f  M a g n e t ic  F i e l d  L e v e ls

The m a jo r  s o u r c e s  o f  m a g n e t ic  f i e l d s  a s s o c i a t e d  w i t h  t h e  M e t r o r a i l  
S y s te m  a r e  t h e  c u r r e n t s  i n  t h e  r a i l s  a s  M e t r o r a i l  c a r s  t r a v e l ,  
b r a k e  o r  a c c e l e r a t e  and  t h e  c u r r e n t  i n  t h e  t r a c t i o n  p o w er c o n t r o l  
c i r c u i t s  b e n e a th  t h e  c a r s .  T h e s e  add  t o  t h e  b a c k g r o u n d  f i e l d s  in  
t h e  s t a t i o n s  w h ic h  a r i s e  p r i m a r i l y  fro m  t h e  E a r t h 's  m a g n e tism  and  
60  Hz e l e c t r i c  p ow er c i r c u i t s  i n  o r  n e a r  t h e  s t a t i o n s  t o  p r o d u c e  
t h e  t o t a l  f i e l d  e n v ir o n m e n t  o f  t h e  s t a t i o n s .  A p p e n d ic e s  O th r o u g h  
V c o n t a i n  t h e  d a t a  fro m  m e a su re m e n ts  o f  t h e  t o t a l  ULF and ELF 
m a g n e t ic  f i e l d  e n v ir o n m e n t  a t  t h e  G r o s v e n o r  p l a t f o r m .  A p p e n d ic e s  
AB t h r o u g h  AG c o n t a i n  c o r r e s p o n d in g  d a t a  f o r  t h e  G a l l e r y  P la c e  
t r a n s f e r  s t a t i o n  p l a t f o r m .  Due t o  t h e  l a r g e  t e m p o r a l  v a r i a b i l i t y  
o f  t h e  f i e l d s  a t  t h e  e d g e  o f  t h e  s t a t i o n  p l a t f o r m s ,  t h e y  m u st b e  
q u a n t i f i e d  s t a t i s t i c a l l y .

I n  o r d e r  t o  p r o d u c e  g e n e r a l  and r e l i a b l e  d e s c r i p t i o n s  o f  f i e l d  
i n t e n s i t y ,  d a t a s e t s  fo u n d  t o  h a v e  s i m i l a r  c h a r a c t e r i s t i c s  a r e  
p o o l e d .  P o s i t i o n s  a lo n g  t h e  e d g e  o f  t h e  p l a t f o r m  i n f l u e n c e d  t h e  
t e m p o r a l  c h a r a c t e r i s t i c s  o f  t h e  f i e l d ,  b u t  d i d  n o t  i n f l u e n c e  
f r e q u e n c y ,  i n t e n s i t y ,  n o r  s p a t i a l  v a r i a b i l i t y  t o  a n y  l a r g e  e x t e n t .  
H e n c e , a l l  o f  t h e  d a t a s e t s  a t  t h e  p l a t f o r m  e d g e  a t  e a c h  s t a t i o n  a r e  
p o o l e d .

T a b le  6 - 4  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  c o m b in e d  d a t a s e t s  
M E T 015, MET0 1 7 ,  MET022 an d  M E T 024. T h e s e  a r e  a l l  v e r t i c a l  p r o f i l e  
d a t a s e t s  t a k e n  a t  t h e  s a f e t y  l i n e  n e a r  t h e  e d g e  o f  t h e  G r o s v e n o r  
p l a t f o r m .  O f t h e  55  s a m p le  p o i n t s ,  23  a r e  o n  t h e  s o u th b o u n d  s i d e  
and 32  on t h e  n o r th b o u n d . O f t h e  32 on  t h e  n o r th b o u n d  s i d e ,  2 1  a r e  
i n  t h e  c e n t e r  o f  t h e  p l a t f o r m  and 1 1  a t  o n e  e n d . D a ta  w e r e  a l s o  
t a k e n  a t  b o th  a r r i v i n g  an d  d e p a r t i n g  e n d s  o f  t h e  p l a t f o r m .  A l l  
d a t a  w ere  t a k e n  w h i le  som e t r a i n  a c t i v i t y  w as p r e s e n t .  The  
c o m b in e d  d a t a s e t s  g i v e  a  g o o d  i n d i c a t i o n  a s  t o  t h e  f i e l d  l e v e l s  
t h a t  c a n  b e  e x p e c t e d  a t  t h e  s a f e t y  l i n e .  T h e  maximum r e a d in g s  
p r e s e n t e d  i n  T a b le  6 - 4  a r e  a s s o c i a t e d  w it h  t r a i n  p a s s e s  s u c h  a s  t h e  
o n e  show n i n  F ig u r e  6 - 3 .  R a p id  a t t e n u a t i o n  o f  t h e  maximum f i e l d s  
w i t h  i n c r e a s e d  h e i g h t s  i s  e v i d e n t  i n  a l l  f r e q u e n c y  b a n d s  e x c e p t  t h e  
p o w er f r e q u e n c y  b a n d . T h a t  i s  b e c a u s e  t h e  M e t r o r a i l  S y ste m  d o e s  
n o t  p r o d u c e  s i g n i f i c a n t  f i e l d s  i n  t h e  p o w er f r e q u e n c y  b a n d . T he  
s m a l l  c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h e  p ow er f r e q u e n c y  f i e l d s  (w h ic h  
m eans t h a t  t h e y  a r e  r e l a t i v e l y  c o n s t a n t  o v e r  t im e )  f u r t h e r  
i n d i c a t e s  t h a t  t h e y  a r i s e  fro m  s o u r c e s  o t h e r  th a n  t h e  
t r a n s p o r t a t i o n  s y s t e m . A v e r a g e  f i e l d  l e v e l s  a r e  t o  a  l a r g e  e x t e n t  
d o m in a te d  b y  f i e l d s  fro m  s o u r c e s  o t h e r  th a n  t h e  M e t r o r a i l  S y s te m ,  
t h e r e f o r e  t h e r e  i s  much l e s s  e v id e n c e  o f  f i e l d  a t t e n u a t i o n  w it h  
h e i g h t  i n  t h e  a v e r a g e  f i e l d  s t r e n g t h  d a t a .
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TABLE 6-4
STATISTICAL SUMMARY OF THE MAGNETIC FIELD 

VERTICAL DATASETS AT THE SAFETY LINE AT THE 
STATION PLATFORM (DATASETS MET015, 017,

LEVEL OF COMBINED 
GROSVENOR PASSENGER 
022 AND MET024)

MET015, 017, 022, 024- GROSVENOR STATION PLATFORM TO TA L OF 55 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 110.95 2065.36 471.84 391.77 83.03

60 226.00 1562.41 443.50 264.46 59.63
110 234.84 1217.60 432.56 188.99 43.69
160 328.16 983.98 469.69 119.58 25.46

5-45HZ 10 0.21 20.41 1.27 2.76 218.21
LOW FREQ 60 0.17 7.63 0.82 1.13 137.19

110 0.07 2.25 0.56 0.56 99.99
160 0.20 1.67 0.63 0.43 67.10

50-60HZ 10 1.25 3.67 2.11 0.83 39.19
PWR FREQ 60 0.89 2.56 1.62 0.48 29.67

110 0.87 2.24 1.54 0.39 25.15
160 0.96 2.08 1.51 0.36 23.60

65-300HZ 10 0.12 57.74 2.62 7.74 294.93
PWR HARM 60 0.17 31.96 1.29 4.26 330.00

110 0.19 20.71 0.98 2.73 279.08
160 0.20 11.22 0.73 1.48 203.85

305-2560HZ 10 0.33 25.97 1.32 3.41 257.85
HIGH FREQ 60 0.22 13.19 0.71 1.72 244.57

110 0.20 9.00 0.53 1.18 223.61
160 0.20 4.03 0.45 0.56 123.96

5-2560HZ 10 1.55 66.62 4.31 8.71 202.24
A LL FREQ 60 1.13 35.45 2.70 4.55 168.85

110 1.00 22.73 2.26 2.85 126.50
160 1.32 12.08 2.04 1.44 70.63



The a v e r a g e  f i e l d  l e v e l s  a t  t h e  G r o s v e n o r  S t a t i o n  f o r  t h e  pow er  
f r e q u e n c y  and p ow er h a r m o n ic  b a n d s r e p o r t e d  i n  T a b le  6 - 2  c a n  b e  
co m b in e d  t o  d e te r m in e  t h e  f i e l d  l e v e l  w h ic h  w o u ld  b e  m e a su re d  b y  an  
in s t r u m e n t  h a v in g  a b a n d w id th  s i m i l a r  t o  t h e  E M D E X -II r e c o r d e r s .  
The a v e r a g e  f i e l d  l e v e l  o f  1 .8 3  mG a t  1 1 0  cm a b o v e  t h e  p la t f o r m  
o b t a i n e d  i n  t h a t  way fro m  t h e  d a t a  i n  T a b le  6 - 4  f a l l s  b e tw e e n  t h e  
a v e r a g e  f i e l d  l e v e l s  ( 1 . 5 5  mG and 1 .9 3  mG, T a b le  6 - 3 )  m e a su re d  b y  
t h e  EMDEX r e c o r d e r s  o v e r  a  s i m i l a r  f r e q u e n c y  b a n d . The a v e r a g e  
and maximum s t a t i c  f i e l d  l e v e l s  r e p o r t e d  i n  T a b le  6 - 2  a r e  som ew hat 
lo w e r  th a n  t h o s e  o b t a i n e d  fro m  DAT r e c o r d i n g s  a t  t h e  G r o s v e n o r  
S t a t i o n  and r e p o r t e d  i n  T a b le  6 - 3 .  T h a t  i s  e x p e c t e d  b e c a u s e  t h e  
p e r i o d i c  w a v efo rm  s a m p lin g  m i s s e s  som e o f  t h e  h i g h - s t r e n g t h  f i e l d s  
w h ic h  e x i s t e d  o n ly  f o r  v e r y  b r i e f  p e r i o d s  o f  t i m e .

T a b le  6 - 5  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  d a t a s e t  M E T 019. T h is  i s  a  
v e r t i c a l  p r o f i l e  d a t a s e t  t a k e n  i n  t h e  m id d le  o f  t h e  G r o s v e n o r  
p l a t f o r m ,  n e a r  t h e  b o tto m  o f  t h e  e s c a l a t o r .  I t  i s  i n d i c a t i v e  o f  
t h e  f i e l d  l e v e l s  t h a t  c a n  b e  e x p e c t e d  a t  t i m e s  o f  no  t r a i n  a c t i v i t y  
and a t  a  c e n t r a l  l o c a t i o n  on  t h e  p l a t f o r m .  T h e  s i m i l a r i t y  b e tw e e n  
t h e  a v e r a g e  t im e  v a r y i n g  b a c k g ro u n d  f i e l d  l e v e l s  w hen n o  t r a i n s  a r e  
n e a r  t h e  s t a t i o n ,  a s  show n i n  T a b le  6 - 5 ,  t o  t h e  a v e r a g e  f i e l d  
l e v e l s  g i v e n  i n  T a b le  6 - 4  f o r  t h e  e d g e  o f  t h e  p l a t f o r m  when t r a i n s  
a r e  a c t i v e  d e m o n s t r a t e s  t h e  s m a l l  e x t e n t  t o  w h ic h  t h e  M e t r o r a i l  
t r a n s p o r t a t i o n  s y s te m  c o n t r i b u t e s  t o  t h e  a v e r a g e  f i e l d  l e v e l s  on  
t h e  s t a t i o n  p l a t f o r m .

M ET021 i s  a d a t a s e t  c o n t a i n i n g  v e r t i c a l  p r o f i l e  m e a su re m e n ts  made 
i n  t h e  G r o s v e n o r  S t a t i o n  w h i l e  r i d i n g  up an d  down t h e  e s c a l a t o r .  
M e a su re m e n ts  w ere  t a k e n  t o  d e t e r m in e  w h e th e r  s i g n i f i c a n t  f i e l d s  
w e re  p r e s e n t  fro m  t h e  m o t o r s  o r  o t h e r  p a r t s  o f  t h e  e s c a l a t o r .  The  
r e s u l t s  a r e  su m m a rized  i n  T a b le  6 - 6 .

T a b le  6 - 7  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  c o m b in e d  d a t a s e t s  
M ET031 and M E T033. T h e s e  a r e  v e r t i c a l  p r o f i l e  d a t a s e t s  t a k e n  a t  
t h e  s a f e t y  l i n e  a t  t h e  e d g e  o f  t h e  G re e n  L i n e  p l a t f o r m  a t  t h e  
G a l l e r y  P la c e  t r a n s f e r  s t a t i o n ,  o n e  on  e a c h  s i d e  o f  t h e  p l a t f o r m .  
T he c o m b in a t io n  g i v e s  a g o o d  i n d i c a t i o n  o f  t h e  f i e l d  l e v e l s  t h a t  
c a n  b e  e x p e c t e d  a t  t h e  s a f e t y  l i n e .  T he maximum f i e l d  r e a d in g s  
w h ic h  r e p r e s e n t  f i e l d s  fro m  t h e  t r a n s p o r t a t i o n  s y s t e m , a r e  
s u b s t a n t i a l l y  l e s s  a t  t h i s  s t a t i o n  th a n  a t  G r o s v e n o r  S t a t i o n  (T a b le  
6 - 4 ) .  M o st o f  t h e  d i f f e r e n c e  i n  t h e  t im e  v a r y i n g  f i e l d  l e v e l s  i s  
d u e t o  t h e  a b s e n c e  o f  f i e l d s  fro m  c h o p p e r  p o w er c o n t r o l  s y s t e m s  
fo u n d  a t  t h e  G r o s v e n o r  S t a t i o n .  T he maximum s t a t i c  f i e l d  l e v e l s  a t  
G a l l e r y  P la c e  S t a t i o n  a r e  a l s o  s u b s t a n t i a l l y  l e s s  t h a n  a t  G r o s v e n o r  
S t a t i o n .  T h a t , t o o ,  m ig h t  b e  d u e t o  t h e  a b s e n c e  o f  3 0 0 0  s e r i e s  
c a r s  on t h e  G reen  L i n e .

T a b le  6 - 8  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  c o m b in e d  d a t a s e t s  
MET035 and M E T 037. T h e s e  a r e  b o t h  v e r t i c a l  p r o f i l e  d a t a s e t s  ta k e n  
a t  tw o l o c a t i o n s  on t h e  m e z z a n in e  o f  t h e  G a l l e r y  t r a n s f e r  s t a t i o n .  
T he maximum r e a d in g  o f  1 . 3 1  mG o c c u r r e d  i n  t h e  h i g h  f r e q u e n c y  r a n g e
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The a v e r a g e  f i e l d  l e v e l s  f a t  t h e  G r o s v e n o r  S t a t i o n  f o r  t h e  p ow er  
f r e q u e n c y  and p o w er harmon-iC'^blands r e p o r t e d  i n  T a b le  6 - 2  c a n  b e  
co m b in ed  t o  d e t e r m in e  t h e  f i e l d  l e v e l  w h ic h  w o u ld  b e  m e a su re d  b y  an  
in s t r u m e n t  h a v in g  a  b a n d w id th  s i m i l a r  t o  t h e  E M D E X -II r e c o r d e r s .  
T he a v e r a g e  f i e l d  l e v e l  o f  1 .8 3  mG a t  1 1 0  cm a b o v e  t h e  p la t f o r m  
o b t a i n e d  i n  t h a t  w ay fro m  t h e  d a t a  i n  T a b le  6 - 4  f a l l s  b e tw e e n  t h e  
a v e r a g e  f i e l d  l e v e l s  ( 1 . 5 5  mG and 1 .9 3  mG, T a b le  6 - 3 )  m e a su re d  b y  
t h e  EMDEX r e c o r d e r s  o v e r  a s i m i l a r  f r e q u e n c y  b a n d . The a v e r a g e  
and maximum s t a t i c  f i e l d  l e v e l s  r e p o r t e d  i n  T a b le  6 - 2  a r e  som ew hat  
lo w e r  th a n  t h o s e  o b t a i n e d  fro m  DAT r e c o r d i n g s  a t  t h e  G r o s v e n o r  
S t a t i o n  and r e p o r t e d  i n  T a b le  6 - 3 .  T h a t  i s  e x p e c t e d  b e c a u s e  t h e  
p e r i o d i c  w a v e fo rm  s a m p lin g  m is s e s .s o m e  o f  t h e  h i g h - s t r e n g t h  f i e l d s  
w h ic h  e x i s t e d  o n l y  f o r  v e r y  b r i e f  p e r i o d s  o f  t i m e .

T a b le  6 - 5  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  d a t a s e t  M E T 019. T h i s  i s  a  
v e r t i c a l  p r o f i l e  d a t a s e t  ta k e n  i n  t h e  m id d le  o f  t h e  G r o s v e n o r  
p l a t f o r m ,  n e a r  t h e  b o tto m  o f  t h e  e s c a l a t o r .  I t  i s  i n d i c a t i v e  o f  
t h e  f i e l d  l e v e l s  t h a t  c a n  b e  e x p e c te d  a t  t i m e s  o f  no t r a i n  a c t i v i t y  
and a t  a c e n t r a l  l o c a t i o n  on t h e  p l a t f o r m .  The s i m i l a r i t y  b e tw e e n  
t h e  a v e r a g e  t im e  v a r y i n g  b a c k g ro u n d  f i e l d  l e v e l s  w hen n o  t r a i n s  a r e  
n e a r  t h e  s t a t i o n ,  a s  shown i n  T a b le  6 - 5 ,  t o  t h e  a v e r a g e  f i e l d  
l e v e l s  g i v e n  i n  T a b le  6 - 4  f o r  t h e  e d g e  o f  t h e  p l a t f o r m  when t r a i n s  
a r e  a c t i v e  d e m o n s t r a t e s  t h e  s m a l l  e x t e n t  t o  w h ic h  t h e  M e t r o r a i l  
t r a n s p o r t a t i o n  s y s t e m  c o n t r i b u t e s  t o  t h e  a v e r a g e  f i e l d  l e v e l s  on  
t h e  s t a t i o n  p l a t f o r m .

M ET021 i s  a  d a t a s e t  c o n t a i n i n g  v e r t i c a l  p r o f i l e  m e a su re m e n ts  made 
i n  t h e  G r o s v e n o r  S t a t i o n  w h i le  r i d i n g  up and  down t h e  e s c a l a t o r .  
M e a su re m e n ts  w e r e  t a k e n  t o  d e te r m in e  w h e th e r  s i g n i f i c a n t  f i e l d s  
w ere  p r e s e n t  fro m  t h e  m o to r s  o r  o t h e r  p a r t s  o f  t h e  e s c a l a t o r .  The  
r e s u l t s  a r e  su m m a rized  i n  T a b le  6 - 6 .

T a b le  6 - 7  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  co m b in e d  d a t a s e t s  
M ET031 and  M E T 032. T h e s e  a r e  v e r t i c a l  p r o f i l e  d a t a s e t s  t a k e n  a t  
t h e  s a f e t y  l i n e  a t  t h e  e d g e  o f  t h e  G re e n  L in e  p l a t f o r m  a t  t h e  
G a l l e r y  P la c e  t r a n s f e r  s t a t i o n ,  on e  on  e a c h  s i d e  o f  t h e  p l a t f o r m .  
T he c o m b in a t io n  g i v e s  a g o o d  i n d i c a t i o n  o f  t h e  f i e l d  l e v e l s  t h a t  
c a n  b e  e x p e c t e d  a t  t h e  s a f e t y  l i n e .  T h e maximum f i e l d  r e a d i n g s  
w h ic h  r e p r e s e n t  f i e l d s  fro m  t h e  t r a n s p o r t a t i o n  s y s t e m , a r e  
s u b s t a n t i a l l y  l e s s  a t  t h i s  s t a t i o n  th a n  a t  G r o s v e n o r  S t a t i o n  ( T a b le  
6 - 4 ) .  M o s t  o f  t h e  d i f f e r e n c e  i n  t h e  t im e  v a r y i n g  f i e l d  l e v e l s  i s  
d u e t o  t h e  a b s e n c e  o f  f i e l d s  fro m  c h o p p e r  p o w er c o n t r o l  s y s t e m s  
fo u n d  a t  t h e  G r o s v e n o r  S t a t i o n .  The maximum s t a t i c  f i e l d  l e v e l s  a t  
G a l l e r y  P la c e  S t a t i o n  a r e  a l s o  s u b s t a n t i a l l y  l e s s  th a n  a t  G r o s v e n o r  
S t a t i o n .  T h a t ,  t o o ,  m ig h t  b e  d u e t o  t h e  a b s e n c e  o f  3 0 0 0  s e r i e s  
c a r s  on  t h e  G re en  L i n e .

T a b le  6 - 8  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  c o m b in ed  d a t a s e t s  
MET035 and  M E T 037. T h e s e  a r e  b o th  v e r t i c a l  p r o f i l e  d a t a s e t s  t a k e n  
a t  tw o l o c a t i o n s  on  t h e  m e z z a n in e  o f  t h e  G a l l e r y  t r a n s f e r  s t a t i o n .  
The maximum r e a d in g  o f  1 .3 1  mG o c c u r r e d  i n  t h e  h ig h  f r e q u e n c y  r a n g e
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TABLE 6-5
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 
HEIGHTS ABOVE THE FLOOR AT THE BOTTOM OF ESCALATOR AT THE 

GROSVENOR PASSENGER STATION PLATFORM (DATASET MET019)
MET019 - BOTTOM OF ESCALATOR, GROSVENOR STATION TO TA L OF 6 SAM PLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 641.79 658.72 649.99 6.42 0.99

60 611.36 621.15 617.05 3.95 0.64
110 588.16 601.82 592.08 4.99 0.84
160 608.97 622.39 615.28 5.07 0.82

5-45Hz 10 0.22 2.87 0.83 1.01 122.07
LOW FREQ 60 0.20 2.69 0.74 0.96 129.68

110 0.12 2.60 0.69 0.95 136.91
160 0.20 2.94 0.80 1.06 132.53

50-60HZ 10 1.69 1.75 1.72 0.02 1.37
PWR FREQ 60 1.79 1.89 1.84 0.05 2.53

110 1.82 1.88 1.84 0.02 1.34
160 1.85 1.96 1.91 0.05 2.45

65-300HZ 10 0.27 0.35 0.29 0.03 10.47
PWR HARM 60 0.40 0.42 0.41 0.01 2.33

110 0.53 0.65 0.60 0.05 8.09
160 0.67 0.76 0.72 0.04 5.00

305-2560HZ 10 0.12 0.18 0.13 0.02 17.39
HIGH FREQ 60 0.16 0.20 0.17 0.02 9.64

110 0.23 0.25 0.23 0.01 2.73
160 0.28 0.32 0.30 0.01 4.86

5-2560HZ 10 1.79 3.36 2.07 0.64 30.74
A LL FREQ 60 1.92 3.26 2.16 0.54 24.85

110 1.94 3.24 2.19 0.51 23.33
160 2.08 3.55 2.36 0.58 24.75



TABLE 6-6
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 

HEIGHTS ABOVE THE MOVING STEPS WHILE RIDING UP AND DOWN ON THE 
ESCALATOR AT THE GROSVENOR PASSENGER STATION PLATFORM (DATASET

MET021)

o>
l

to
to

MET021 - ON ESCALATOR, GROSVENOR STATION TO TA L OF 13 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
S TEP FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 148.19 996.22 356.64 262.65 73.65

60 117.78 1009.35 398.03 298.68 75.04
110 141.30 1089.70 455.26 350.49 76.99
160 142.83 1006.46 484.23 308.10 63.63

5-45Hz 10 0.25 2.36 0.64 0.55 86.54
LOW FREQ 60 0.21 0.90 0.46 0.23 49.64

110 0.14 1.00 0.41 0.25 59.09
160 0.50 1.34 0.66 0.23 33.90

50-60HZ 10 0.31 4.43 1.09 1.10 101.08
PWR FREQ 60 0.48 1.82 0.98 0.41 41.97

110 0.80 1.77 1.25 0.29 23.26
160 0.88 2.15 1.51 0.35 23.54

65-300HZ 10 0.05 0.85 0.21 0.21 97.84
PWR HARM 60 0.16 0.68 0.23 0.14 58.77

110 0.30 0.82 0.45 0.13 29.08
160 0.45 0.91 0.52 0.13 25.00

305-2560HZ 10 0.06 0.26 0.11 0.06 57.58
HIGH FREQ 60 0.05 0.21 0.11 0.06 52.16

110 0.11 0.60 0.27 0.16 56.93
160 0.20 1.47 0.80 0.49 60.90

5-2560HZ 10 0.51 5.09 1.32 1.22 92.45
A LL FREQ 60 0.59 1.98 1.14 0.43 37.69

110 1.11 1.91 1.46 0.24 16.47
160 1.50 2.56 1.98 0.34 17.38



TABLE 6-7
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL OF COMBINED 

VERTICAL DATASETS AT THE SAFETY LINE OF THE LOWER PLATFORM AT THE 
GALLERY PASSENGER TRANSFER STATION (DATASETS MET031 AND MET033)

IMET031, 33 - G ALLERY PLACE PLATFORM, VERTICAL TO TA L OF 37 SAM PLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 93.73 874.66 316.14 176.35 55.78

60 210.80 952.79 379.37 136.40 35.96
110 306.48 833.28 399.80 86.73 21.69
160 384.51 775.02 438.87 62.60 14.26

5-45Hz 10 0.25 12.53 1.24 2.36 191.04
LOW FREQ 60 0.18 12.74 1.13 2.52 223.41

110 0.07 9.89 0.80 1.75 219.48
160 0.18 6.52 0,65 1.08 164.97

50-60HZ 10 0.26 1.77 0.37 0.29 78.12
PWR FREQ 60 0.16 1.13 0.27 0.17 62.19

110 0.20 0.68 0.30 0.08 28.11
160 0.14 0.59 0.21 0.09 42.88

65-300Hz 10 0.12 8.41 0.68 1.36 199.29
PWR HARM 60 0.17 6.06 0.52 0.96 186.54

110 0.17 4.80 0.46 0.75 161.38
160 0.19 5.21 0.40 0.82 202.60

305-2560HZ 10 0.73 3.27 1.05 0.44 41.78
HIGH FREQ 60 0.52 2.21 0.73 0.30 40.70

110 0.37 1.51 0.53 0.20 37.80
160 0.31 1.45 0.43 0.19 45.63

5-2560HZ 10 0.98 15.54 1.95 2.66 136.16
A LL FREQ 60 0.73 12.90 1.61 2.63 163.45

110 0.57 10.01 1.23 1.83 149.60
160 0.50 6.64 0.98 1.31 133.17



TABLE 6-8
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL OF COMBINED 
VERTICAL DATASETS AT THE MEZZANINE OF THE GALLERY PASSENGER 

TRANSFER STATION (DATASETS MET035 AND MET037)
MET035, 37 - G ALLERY PLACE STATION MEZZANINE TO TA L OF 22 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 318.95 1003.71 438.45 236.54 53.95

60 340.37 789.56 440.59 136.27 30.93
110 341.50 685.80 433.19 95.58 22.06
160 420.70 643.94 491.00 53.80 10.96

5-45Hz 10 0.25 0.82 0.36 0.14 38.48
LOW FREQ 60 0.17 0.55 0.27 0.12 45.65

110 0.06 0.48 0.17 0.12 70.81
160 0.19 0.68 0.30 0.15 49.90

50-60HZ 10 0.21 0.46 0.40 0.08 19.69
PWR FREQ 60 0.14 0.30 0.24 0.04 19.03

110 0.25 0.44 0.29 0.04 15.28
160 0.19 0.27 0.22 0.02 11.30

65-300HZ 10 0.06 0.18 0.09 0.04 41.90
PWR HARM 60 0.15 0.24 0.17 0.02 14.10

110 0.17 0.52 0.31 0.10 30.71
160 0.18 0.47 0.24 0.11 46.79

305-2560HZ 10 0.08 0.31 0.13 0.05 37.53
HIGH FREQ 60 0.07 0.24 0.12 0.04 35.05

110 0.07 0.84 0.14 0.16 121.02
160 0.08 1.31 0.26 0.40 155.61

5-2560HZ 10 0.50 0.91 0.57 0.09 15.56
A LL FREQ 60 0.34 0.66 0.42 0.10 22.50

110 0.36 1.07 0.50 0.18 36.23
160 0.34 1.53 0.55 0.39 71.19



a t  t h e  1 6 0  cm h e i g h t .  A l l  o t h e r  r e a d i n g s ,  i n  a l l  r a n g e s ,  w ere  
b e lo w  1 . 0  mG.

6 . 7  Summary o f  E l e c t r i c  F i e l d  L e v e ls

No s i g n i f i c a n t  l e v e l s  o f  t im e  v a r y i n g  e l e c t r i c  f i e l d  w e re  p r e s e n t  
on  M e t r o r a i l  s t a t i o n  p l a t f o r m s  o r  m e z z a n in e s . T he a v e r a g e  l e v e l s  
w e r e  t y p i c a l l y  w e l l  l e s s  th a n  1 V /m  w it h  p e a k  l e v e l s  o f  a b o u t  2 
V /m . The p l o t  o f  t h e  e l e c t r i c  f i e l d  a s  a f u n c t i o n  o f  fr e q u e n c y  and  
t im e  f o r  t h e  e l e c t r i c  f i e l d  m e a su re m en t on  t h e  m e z z a n in e  a t  t h e  
G a l l e r y  P la c e  S t a t i o n  c o n t a i n e d  i n  A p p e n d ix  AG i s  an  e x a m p le  o f  t h e  
e l e c t r i c  f i e l d  d a t a  m e a su re d  i n  t h e  s t a t i o n s .
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7.0 POWER SUPPLY SYSTEM MEASUREMENTS
The p ow er s u p p ly  s y s t e m  f o r  t h e  M e t r o r a i l  i s  c o m p r is e d  o f  s m a l l  
t r a c t i o n  p o w er s u p p ly  s t a t i o n s  s p a c e d  e v e r y  fe w  m i l e s  a lo n g  e a c h  
l i n e .  T h e s e  s t a t i o n s  a r e  co m b in ed  t r a n s f o r m e r  and r e c t i f i e r  
f a c i l i t i e s  w h ic h  c o n v e r t  c o m m e r c ia l t h r e e - p h a s e  6 0  Hz a c  e l e c t r i c  
p ow er t o  7 5 0  V d c  t o  f e e d J t h i r d  r a i l .  T h i s  s e c t i o n  o f  t h e  r e p o r t  
c o v e r s  t h e  f i e l d s  r e c o r d e d  i n  t h e  v i c i n i t y  o f  tw o  d i f f e r e n t  
t r a c t i o n  p ow er s t a t i o n s .

7 . 1  M ea su rem e n t L o c a t io n s

F ig u r e  7 - 1  sh o w s a p la n  v ie w  o f  t h e  t r a c t i o n  p ow er s u p p ly  s t a t i o n  
(TPSS) l o c a t e d  s o u t h  o f  Shady G r o v e . T h i s  i s  a t y p i c a l  s t a t i o n  o f  

t h e  s y s t e m . I t  i s  a b r i c k  b u i l d i n g  w h ic h  m e a s u r e s  4 5 '  b y  1 8 '  and  
i s  l o c a t e d  a d j a c e n t  t o  t h e  t r a c k s .  P ow er com es i n  a t  1 3 . 8  k V , 
60  Hz and i s  t r a n s f o r m e d  i n t o  7 5 0  V d c ,  w h ic h  i n  t u r n  i s  u s e d  t o  
s u p p ly  t h e  t h i r d  r a i l  a lo n g  t h e  l i n e .

A s show n i n  t h e  f i g u r e ,  f i x e d  p o s i t i o n  e x t e n d e d  t im e  m e a su re m e n ts  
w ere  made a t  l o c a t i o n s  a ro u n d  t h e  t h r e e  s i d e s  o f  t h e  s t a t i o n  w h ere  
u n r e s t r i c t e d  a c c e s s  i s  p o s s i b l e .  A f e n c e  p r e v e n t s  p u b l i c  a c c e s s  t o  
t h e  s i d e  o f  t h e  b u i l d i n g  a lo n g  t h e  t r a c k s .  The m e a su re m e n ts  w e re  
t a k e n  w it h  t h e  s t a f f  i n  a h o r i z o n t a l  p o s i t i o n  a t  1  m e te r  h e i g h t ,  
p e r p e n d i c u la r  t o  t h e  w a l l ,  s o  a s  t o  r e c o r d  a n y  a t t e n u a t i o n  o f  t h e  
f i e l d  p r o d u c e d  b y  e q u ip m e n t w i t h i n  t h e  b u i l d i n g .  T he f i v e  
p r o f i l e s ,  d e n o te d  a s  A , B , B ' ,  C and D , c o r r e s p o n d  t o  d a t a s e t s  
MET038 t h r o u g h  M E T 042, r e s p e c t i v e l y .  T he p l o t s  o f  t h e  r e c o r d e d  
d a t a  a r e  g i v e n  i n  A p p e n d ic e s  AH th r o u g h  A L , r e s p e c t i v e l y .  T he d a t a  
w as c o l l e c t e d  b e tw e e n  0 8 :3 9  and 0 9 :0 9  on  May 2 0 ,  1 9 9 2 .  The  
r e f e r e n c e  p r o b e  w as p l a c e d ,  i n  a l l  c a s e s ,  a t  a  d i s t a n c e  o f  15  f e e t  
fro m  t h e  w a l l ,  i n  l i n e  w ith  t h e  s t a f f  f o r  t h a t  p r o f i l e .  No 
m e a su re m e n ts  w e r e  made w i t h in  r e s t r i c t e d  a r e a s  s u c h  a s  t h e  i n t e r i o r  
o f  t h e  b u i l d i n g  o r  t h e  fe n c e d  a r e a  b e tw e e n  t h e  t r a c k s  and  t h e  
b u i l d i n g .

F ig u r e  7 - 2  sh o w s t h e  t r a c t i o n  p ow er s u p p ly  s t a t i o n  a t  t h e  s e r v i c e  
f a c i l i t y  a t  S h a d y  G r o v e . T h is  i s  p a r t  o f  a l a r g e r  c o m p le x  w h ic h  
r e p o r t e d l y  s u p p l i e s  60  Hz p ow er t o  t h e  s e r v i c e  f a c i l i t y  i n  a d d i t i o n  
t o  t h e  7 5 0  V d c  t r a c t i o n  p o w e r . The s t a t i o n  c o n s i s t s  o f  a b r i c k  
b u i l d i n g  m e a s u r in g  a p p r o x im a t e ly  8 6 ' b y  4 8 ' ,  w i t h  an a t t a c h e d  2 8 '  
b y  6 0 '  f e n c e d  t r a n s f o r m e r  y a r d  t h a t  c o n t a i n s  tw o  r e c t i f i e r  
t r a n s f o r m e r s  and  a d i s t r i b u t i o n  s e r v i c e  t r a n s f o r m e r .  The s t a f f  w as  
p la c e d  h o r i z o n t a l l y ,  a s  w as d on e a t  t h e  o t h e r  s t a t i o n ,  a t  t h r e e  
l o c a t i o n s  a ro u n d  t h e  p e r i p h e r y .  P r o f i l e  A w as t a k e n  on a  l i n e  
h a lfw a y  b e tw e e n  t h e  tw o  r e c t i f i e r  t r a n s f o r m e r s .  P r o f i l e s  B and  C 
w ere  t a k e n  m idw ay a lo n g  t h e  s t a t i o n  w a l l s  i n d i c a t e d  i n  t h e  f i g u r e .  
The r e f e r e n c e  p r o b e  w as lo c a t e d  a t  a d i s t a n c e  o f  15  f e e t  fr o m  t h e  
f e n c e  o r  w a l l ,  i n  l i n e  w it h  t h e  s t a f f .  M e a su re m e n ts  w e re  t a k e n  on  
May 2 0 ,  1 9 9 2  fr o m  0 9 : 4 2  t o  1 0 : 0 5  and  t h e  r e c o r d s  a r e  d a t a s e t s  
MET043 t o  M E T 045 . A p p e n d ic e s  AM t h r o u g h  AO c o n t a i n  t h e  p l o t s  o f  
t h e  d a t a  c o n t a i n e d  i n  t h e s e  d a t a s e t s .
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S O U T H  O F  S H A D Y  G R O V E

F ig u r e  7 - 2 R e p e t i t i v e  w a v e fo rm  m e a su re m en t l o c a t i o n s  a t  t h e  t r a c t i o n  p ow er s u p p ly  
s t a t i o n  s o u t h  o f  S h a d y  G r o v e .



7 . 2  R e p e t i t i v e  W a vefo rm  D a t a s e t s

The e i g h t  r e p e t i t i v e  w a v e fo rm  d a t a s e t s  t h a t  a r e  a s s o c i a t e d  w it h  t h e  
t r a c t i o n  p ow er s u p p ly  s t a t i o n  m e a su re m e n ts  a r e  show n i n  T a b le  2 - 1 .  
The d a t a  w as r e c o r d e d  w i t h  t h e  M u lt iW a v e 1*  f i e l d  m o n it o r i n g  s y s t e m .  
The t a b l e  su m m a riz e s  t h e  p e r t i n e n t  i n f o r m a t i o n  a b o u t  t h e s e  
d a t a s e t s ,  i n c lu d i n g  t h e  c o r r e s p o n d in g  a p p e n d ix  n u m b er, num ber o f  
s a m p le s ,  a s s o c i a t e d  f i g u r e  num ber and  l o c a t i o n  o f  t h e  p r o b e s .  The  
a p p e n d ic e s  c o n t a i n  f i g u r e s  t h a t  a r e  t h r e e - d i m e n s i o n a l  g r a p h s  o f  t h e  
m a g n e t ic  f i e l d  v e r s u s  f r e q u e n c y  o v e r  t i m e ,  h o r i z o n t a l  p r o f i l e s  o f  
t h e  m a g n e t ic  f i e l d  v e r s u s  d i s t a n c e  fro m  t h e  s t a t i o n  o v e r  t i m e ,  and  
e l e c t r i c  f i e l d  g r a p h s  w h e re  a p p l i c a b l e .

7 . 3  M a g n e t ic  F i e l d  C h a r a c t e r i s t i c s

T he m a g n e t ic  f i e l d s  o u t s i d e  t r a c t i o n  p ow er s u p p ly  s t a t i o n s  a r i s e  
fro m  s e v e r a l  s o u r c e s .  T h e s e  i n c lu d e  e q u ip m e n t w i t h i n  t h e  s t a t i o n ,  
p o w e r l i n e s  e n t e r i n g  t h e  s t a t i o n ,  t r a c t i o n  p o w er c a b l e s  l e a v i n g  t h e  
s t a t i o n ,  t h e  n e a r b y  t h i r d  r a i l  and  t r a c k  c i r c u i t ,  and  o t h e r  n e a r b y  
p o w er l i n e s  o r  e q u ip m e n t u n r e l a t e d  t o  t h e  M e t r o r a i l  f a c i l i t i e s .

T he m a g n e t ic  f i e l d  d a t a  i n  a l l  d a t a s e t s ,  f o r  b o t h  s t a t i o n s ,  e x h i b i t  
tw o  d i s t i n c t l y  d i f f e r e n t  t e m p o r a l  p a t t e r n s .  T he f i r s t  p a t t e r n  i s  
a s s o c i a t e d  w it h  t h e  lo w  f r e q u e n c y  f i e l d  c o m p o n e n ts  t h a t  a r e  i n  
r e a l i t y  t h e  r e f l e c t i o n  o f  t h e  t e m p o r a l  v a r i a t i o n  o f  t h e  s t a t i c  
f i e l d  co m p o n en t p r o d u c e d  b y  t h e  d c  o u t p u t  c u r r e n t  o f  t h e  s t a t i o n .  
T h e s e c o n d  p a t t e r n  i s  a s s o c i a t e d  w i t h  f r e q u e n c i e s  3 6 0 ,  7 2 0 ,  1 0 8 0 ,  
1 4 4 0  and 2 1 6 0  H z , w h ic h  c o r r e s p o n d  t o  t h e  r i p p l e  f r e q u e n c i e s  
p r o d u c e d  b y  t h e  r e c t i f i c a t i o n  p r o c e s s .  I n  o t h e r  w o r d s , t h e  
t e m p o r a l  p a t t e r n  o f  t h e  7 2 0  Hz h a r m o n ic  c a n  b e  d e r i v e d  fro m  t h e  
3 6 0  Hz p a t t e r n  b y  m u l t i p l y i n g  b y  a c o n s t a n t .  F i g u r e  7 - 3  i s  t h e  1 1 0  
cm p r o b e  o f  d a t a s e t  M ET044 and  i s  i l l u s t r a t i v e  o f  t h e s e  tw o  
p a t t e r n s .  D a t a s e t  M ET044 i s  c h o s e n  b e c a u s e  i t  i s  t h e  o n e  t h a t  
e x h i b i t s  t h e  h i g h e s t  v a r i a b i l i t y  o f  t h e  s t a t i c  f i e l d ,  t h u s  
e m p h a s iz in g  t h e  d i s t i n c t i o n  o f  t h e s e  p a t t e r n s .  T h e s e  p a t t e r n s  
i n d i c a t e  t h a t  t h e r e  a r e  a t  l e a s t  tw o  s o u r c e s  o f  m a g n e t ic  f i e l d s ,  
n a m e ly  t h e  d c  o u t p u t  c u r r e n t  w h ic h  f l u c t u a t e s  d u e  t o  t h e  p ow er  
r e q u ir e m e n t s  o f  t r a i n s  on  t h e  l i n e  and  t h e  c i r c u i t s  c a r r y i n g  
r e c t i f i e r  c u r r e n t s .

M a g n e t ic  f i e l d  m e a su re m e n ts  a ro u n d  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n  a lo n g  t h e  Red L i n e  s o u t h  o f  S h ad y G r o v e  g e n e r a l l y  d i d  n o t  
p r o v i d e  much e v id e n c e  o f  an  a t t e n u a t i o n  p a t t e r n  aw ay fr o m  t h e  
s t a t i o n  e x c e p t  a lo n g  P r o f i l e  A a t  t h e  n o r t h  en d  o f  t h e  b u i l d i n g  
( d a t a s e t  M E T 0 3 8 ). F ig u r e  7 - 4  sh ow s t h i s  a t t e n u a t i o n  f o r  t h e  p ow er  
fr e q u e n c y  and i t s  h a r m o n ic s , m a in ly  t h e  t h i r d .  T h i s  MET038 d a t a s e t  
sh o w s t h a t  n e a r  t h e  b u i l d i n g ,  t h e  l a r g e s t  c o m p o n en t o f  t h e  m a g n e t ic  
f i e l d  i s  t h e  1 8 0  Hz c o m p o n e n t , t h a t  i s ,  t h e  t h i r d  h a r m o n ic . T h is  
h a r m o n ic  i s  n o r m a lly  p r e s e n t  i n  t r a n s f o r m e r  c u r r e n t s  b e c a u s e  o f  t h e  
n o n - l i n e a r  m a g n e t i z a t i o n  c u r v e  o f  t h e  c o r e  m a t e r i a l .  T h e s e  
o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  m a in  s o u r c e  o f  t h e  f i e l d  on
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M ET044 -  110cm  FROM SOUTH WALL OF TRACTION POWER SUPPLY STATION

■ ig u re  7 - 3  M a g n e t ic  f i e l d  l e v e l ,  w i t h  and  w it h o u t  t h e  s t a t i c  
c o m p o n e n t , a t  1 1 0  cm d i s t a n c e  fro m  t h e  w a l l  a t  t h e  
S h a d y  G ro v e  t r a c t i o n  p ow er s u p p ly  s t a t i o n ,  a s  a 
f u n c t i o n  o f  fr e q u e n c y  and  t i m e .
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M ET038 -  TRACTION POWER SUPPLY STATION -  POWER FREQ, 5 0 -6 0 H z

M ET038 -  TRACTION POWER SUPPLY STATION -  POWER HARM, 6 5 -3 0 0 H z

F ig u r e  7 - 4  M a g n e t ic  f i e l d  l e v e l  v e r s u s  d i s t a n c e  fr o m  s t a t i o n
w a l l  a t  1  m e te r  h e i g h t ,  f o r  t h e  p o w er f r e q u e n c y  
( 5 0 - 6 0  H z) an d  t h e  p ow er f r e q u e n c y  h a r m o n ic s  
( 6 5 - 3 0 0  H z) c o m p o n e n ts , a t  t h e  t r a c t i o n  p ow er  
s u p p ly  s t a t i o n  s o u t h  o f  S h ad y  G r o v e , a s  a  f u n c t i o n  
o f  t i m e .
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t h e  n o r t h  s i d e  o f  t h i s  s t a t i o n  i s  t h e  t r a n s f o r m e r  and i t s  
a s s o c i a t e d  c o n d u c t o r s ,  n e tw o rk  o r  b u sw o rk .

D a t a s e t s  M ET039 th r o u g h  M ET041, m e a su re d  a lo n g  P r o f i l e s  B , B ' ,  and  
C on t h e  w e s t  ( s t r e e t )  s i d e  o f  t h i s  f i r s t  s t a t i o n ,  d i d  n o t  e x h i b i t  
a n y  c h a n g e  i n  t h e  60  Hz com p on en t o f  t h e  m a g n e t ic  f i e l d  w it h  
i n c r e a s e d  d i s t a n c e  fro m  t h e  b u i l d i n g .  T h a t  r e s u l t  se e m s t o  s u g g e s t  
t h a t  t h e  p r i m a r i l y  60  Hz m a g n e t ic  f i e l d s  m e a su re d  a t  t h a t  s i d e  o f  
t h e  s t a t i o n  o r i g i n a t e  a b o u t  e q u a l l y  fro m  t h e  s t a t i o n  and  t h e  
c o m m e r c ia l d i s t r i b u t i o n  l i n e  a lo n g  t h e  s t r e e t .

F ig u r e  7 - 5  sh o w s a  p l o t  o f  t h e  m a g n e t ic  f i e l d  1 1 0  cm o u t s i d e  t h e  
t r a n s f o r m e r  y a r d  f e n c e  a lo n g  P r o f i l e  A a t  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n  i n  t h e  S h a d y  G ro v e  s e r v i c e  f a c i l i t y .  I t  i s  p a r t  o f  d a t a s e t  
MET043 fo u n d  i n  A p p e n d ix  AM i n  V olum e I I  o f  t h i s  r e p o r t .  A s  c a n  b e  
s e e n  fro m  t h e  f i g u r e ,  t h e r e  a r e  t h r e e  b a s i c  t e m p o r a l  p a t t e r n s  t o  
t h e  v a r i o u s  t im e  v a r y i n g  m a g n e t ic  f i e l d  c o m p o n e n ts  p r e s e n t  a t  t h i s  
l o c a t i o n .  T he f i r s t  i s  t h a t  o f  t h e  60  Hz f i e l d ,  t h e  l a r g e s t  
h a r m o n ic  i n  t h e  b o tto m  fr a m e . T h is  a p p e a r s  t o  r e s u l t  fro m  c u r r e n t  
i n  t h e  c a b l e s  a n d  b u sw ork  on t h e  p r im a r y  s i d e  o f  t h e  r e c t i f i e r  
t r a n s f o r m e r s  b e c a u s e  t h e  i n t e n s i t y  o f  t h i s  co m p o n en t a p p e a r s  t o  
c o r r e l a t e  w i t h  t h e  d c  o u t p u t  c u r r e n t  o f  t h e  s t a t i o n  a s  e v id e n c e d  b y  
t h e  s m a l l  s t a t i c  f i e l d  a d d i t i o n s  t o  t h e  5 0 0  mG g e o m a g n e t ic  f i e l d  a t  
t h e  m e a su re m e n t l o c a t i o n .  The s e c o n d  p a t t e r n  i s  t h a t  c l e a r l y  
e v i d e n t  i n  t h e  s i x t h  (3 6 0  Hz) and t w e l f t h  (7 2 0  H z) h a r m o n ic  
c o m p o n e n ts  w h ic h  a r e  t h e  r e c t i f i c a t i o n  h a r m o n ic s . F i n a l l y ,  t h e r e  
i s  a n o t h e r  g r o u p  o f  f i e l d  co m p o n en ts  60  Hz a b o v e  and  60  Hz b e lo w  
t h e  r e c t i f i e r  r i p p l e  h a r m o n ic s , m o st  n o t a b l y  t h e  s e v e n t h  h a r m o n ic  
a t  4 2 0  H z , t h a t  show  l i t t l e  o r  no t e m p o r a l  v a r i a b i l i t y .  The f i e l d  
l e v e l s  o f  t h i s  d a t a s e t  a r e  o f  t h e  sam e o r d e r  o f  m a g n itu d e  a s  t h o s e  
m e a su re d  a ro u n d  t h e  o t h e r  t r a c t i o n  p ow er s u p p ly  s t a t i o n  s o u t h  o f  
S h ad y G r o v e .

D a t a s e t s  M ET044 and  MET045 e x h i b i t  l a r g e r  l e v e l s  o f  b o t h  a c  and  d c  
f i e l d s  th a n  a n y  o f  t h e  o t h e r  p r o f i l e s .  F ig u r e  7 - 3  fr o m  d a t a s e t  
M ET044 i s  an  e x a m p le . T h e s e  w ere  m e a su re d  a lo n g  P r o f i l e s  B and  C 
o u t s i d e  t h e  s t a t i o n  i n  t h e  Shady G ro v e  s e r v i c e  f a c i l i t y .  N e i t h e r  
p r o f i l e  sh o w s d i s c e r n a b l e  a t t e n u a t i o n  w it h  d i s t a n c e  fr o m  t h e  w a l l .  
The f r e q u e n c y  c o m p o n e n ts  and t h e i r  p a t t e r n s  a r e  s i m i l a r  t o  t h o s e  
o b s e r v e d  a t  o t h e r  l o c a t i o n s  a ro u n d  b o t h  t r a c t i o n  p o w er s u p p ly  
s t a t i o n s ,  i n d i c a t i n g  t h a t  t h e  sam e s o u r c e s  a r e  c o n t r i b u t i n g  t o  
t h e s e  f i e l d s .  H o w ev er , t h e s e  tw o d a t a s e t s  a p p e a r  t o  b e  m ore  
r e p r e s e n t a t i v e  o f  t h e  f i e l d s  t o  b e  e n c o u n t e r e d  o u t s i d e  t h e  d c  s i d e  
o f  a s t a t i o n  o r  n e a r  c a b l e  c i r c u i t s  fro m  t h e  s t a t i o n  t o  t h e  t r a c k s  
b e c a u s e  t h e y  show  g r e a t e r  e v id e n c e  o f  s t a t i c  f i e l d s  fr o m  d c  o u t p u t  
c u r r e n t ,  h a v e  s m a l l  6 0  Hz c o m p o n e n ts , h a v e  l a r g e  r i p p l e  f r e q u e n c y  
c o m p o n e n ts , and  h a v e  lo w  fr e q u e n c y  f i e l d  c o m p o n e n ts  a r i s i n g  fro m  
c h a n g in g  s t a t i c  f i e l d  l e v e l s .  The d a t a s e t s  m e a su re d  a lo n g  t h e  
o t h e r  p r o f i l e s  a r e  m ore i n d i c a t i v e  o f  t h e  f i e l d s  t o  b e  e n c o u n t e r e d  
o u t s i d e  t h e  a c  s i d e  o f  a s t a t i o n  w h ere t h e  60  Hz co m p o n en t t e n d s  t o  
b e  d o m in a n t .

i 7 - 7



M ET043

M ET043 -  

F ig u r e  7-

110cm FROM SOUTH FENCE OF TRACTION POWER SUPPLY STATION

110cm  FROM SOUTH FENCE OF TRACTION POWER SUPPLY STATION

> M a g n e t ic  f i e l d  l e v e l ,  w it h  and  w i t h o u t  t h e  s t a t i c  
c o m p o n e n t, a t  1 1 0  cm d i s t a n c e  fr o m  f e n c e  and  1 
m e te r  h e i g h t ,  a t  t h e  S h ad y G ro v e  t r a c t i o n  p ow er  
s u p p ly  s t a t i o n ,  a s  a f u n c t i o n  o f  f r e q u e n c y  and  
t i m e .
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I n  sum m ary, t h e  r e p e t i t i v e  w a v efo rm  d a t a  sh o w in g  m a g n e t ic  f i e l d  
c h a r a c t e r i s t i c s  a ro u n d  t h e  t r a c t i o n  p ow er s u p p ly  s t a t i o n s  i n d i c a t e  
t h e  p r e s e n c e  o f  m u l t i p l e  f i e l d  s o u r c e s  w i t h i n  t h e  s t a t i o n  h a v in g  
u n iq u e  f r e q u e n c y  and  te m p o r a l  p a t t e r n s .  I n  som e l o c a t i o n s ,  t h e r e  
a r e  w id e  s p a t i a l  v a r i a t i o n s  i n  f i e l d  c h a r a c t e r i s t i c s  and  s t r e n g t h ,  
d e p e n d in g  on t h e  p r o x i m i t y  t o  t h e  d i f f e r e n t  t y p e  o f  c u r r e n t  
c a r r y i n g  a p p a r a t u s .

7.4 DAT Waveform Data
M a g n e t ic  f i e l d  d a t a  fro m  t h e  r e f e r e n c e  p r o b e  o f  t h e  M u lt iW a v e ™  S y ste m  
w as r e c o r d e d  c o n t i n u o u s ly  w it h  a d i g i t a l  a u d io  t a p e  r e c o r d e r  d u r in g  
t h e  m e a su re m e n ts  a ro u n d  t h e  t r a c t i o n  p o w er s u p p ly  s t a t i o n s .  T h o se  
r e c o r d i n g s  w e r e  s c a n n e d  f o r  t r a n s i e n t  o r  r a p i d l y  c h a n g in g  f i e l d  
c o n d i t i o n s  n o t  fo u n d  i n  t h e  r e p e t i t i v e  w a v efo rm  d a t a .  No s u c h  
t r a n s i e n t  c o n d i t i o n s  w ere  fo u n d .

7.5 EMDEX-II Data
The E M D E X -II r e c o r d e r s  a r e  c a r r i e d  on a p e r s o n  and  t h u s  r e f l e c t  t h e  
h i s t o r y  i n  t im e  an d  s p a c e  o f  t h a t  p e r s o n .  A s m e n tio n e d  p r e v i o u s l y ,  
t h e  r e s e a r c h e r s  i n  t h i s  s t u d y  d id  w an d er a b o u t  o u t s i d e  t h e  
s t a t i o n s ,  n o t  f o l l o w i n g  an y p a r t i c u l a r  p a t h .  M o r e o v e r , t h e  
f r e q u e n c y  r e s p o n s e  o f  t h e  EM D EX-II in s t r u m e n t  i s  s u c h  t h a t  i t  d o e s  
n o t  c a p t u r e  lo w  f r e q u e n c i e s  ( f o r  d i s c u s s i o n  s e e  s e c t i o n  2 . 8 ) .  T hus  
m e a su re m e n ts  w i t h  t h e  EMDEX a r e  d i f f i c u l t  t o  c o r r e l a t e  w it h  o t h e r  
m e a s u r e m e n ts . H o w e v e r , t h e  t im e  c o u r s e  and t h e  sum mary s t a t i s t i c s  
o f  b o t h  E M D E X -II r e c o r d i n g s  a r e  in c lu d e d  i n  t h i s  r e p o r t .

F ig u r e  7 - 6  sh o w s t h e  t im e  c o u r s e  p l o t s  f o r  t h e  E M D E X -II r e c o r d i n g s  
o u t s i d e  t h e  TPSS a lo n g  t h e  Red L in e  s o u t h  o f  S h a d y  G r o v e . I t  s p a n s  
t h e  t im e  p e r i o d  fr o m  0 8 :5 0  t o  0 9 :0 9  h o u r s  on May 2 0 ,  1 9 9 2 .  The  
f i e l d  l e v e l s  r e c o r d e d  b y  t h e  tw o EMDEX u n i t s  d i f f e r  fro m  
a p p r o x im a t e ly  8 : 5 6  t o  9 :0 7  b e c a u s e  t h e  p e r s o n  w e a r in g  EMDEX 1 
c r o s s e d  t h e  s t r e e t  t o  m e a su re  m a g n e t ic  f i e l d s  b e n e a th  a l a r g e  
d i s t r i b u t i o n  l i n e  an d  a ro u n d  som e c a b l e  c i r c u i t s  d e s c e n d in g  a  p o l e  
w h ere  t h e  m a g n e t ic  f i e l d s  w ere  l a r g e r .  The p e r s o n  w it h  EMDEX 2 
r e m a in e d  i n  t h e  v i c i n i t y  o f  t h e  t r a c t i o n  p ow er s u b s t a t i o n .  
F ig u r e  7 - 7  sh o w s t h e  t im e  c o u r s e  p l o t s  f o r  t h e  E M D E X -II r e c o r d i n g s  
o u t s i d e  t h e  TPSS a t  t h e  Shady G ro v e  s e r v i c e  f a c i l i t y .  I t  s p a n s  t h e  
t im e  p e r i o d  fr o m  0 9 :4 0  t o  1 0 :0 5  h o u r s  on May 2 0 ,  1 9 9 2 .  T a b le  7 - 1  
sh ow s t h e  s t a t i s t i c s  f o r  a l l  o f  t h e  r e c o r d i n g s  n e a r  t h e  t r a c t i o n  
p o w er s u p p ly  s t a t i o n s .

7 - 9
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s u p p ly  s t a t i o n  u s i n g  t h e  EM D EX-II r e c o r d e r s ,  a s  a  f u n c t i o n  o f  t im e .



TABLE 7-1
STATISTICAL SUMMARY OF MAGNETIC FIELDS IN MG 
RECORDED AT TRACTION POWER SUPPLY STATIONS 

USING EMDEX-II DATA RECORDERS

AVERAGE MAXIMUM

TPSS SOUTH OF SHADY 
GROVE

EMDEX # 1 3 .4 5 1 4 .0

EMDEX #2 1 .9 6 1 1 . 2

BOTH 2 .7 0 1 4 . 0

TPSS AT SHADY GROVE

EMDEX # 1 5 . 9 1 2 7 .8

EMDEX #2 5 .8 3 2 2 . 8

BOTH 5 .8 7 2 7 .8

7 . 6  Summary o f  M a g n e t ic  F i e l d  L e v e ls

A p p e n d ic e s  AH th r o u g h  AO c o n t a i n  t h e  f i g u r e s  o f  t h e  m a g n e t ic  f i e l d  
p l o t s  f o r  t h e  tw o t r a c t i o n  p ow er s u p p ly  s t a t i o n s  r e p o r t e d  i n  t h i s  
s e c t i o n .  A s p r e v i o u s l y  m e n t io n e d , t h e  m a jo r  s o u r c e  o f  a c  m a g n e t ic  
f i e l d s  i s  t h e  c u r r e n t  c a r r i e d  b y  t h e  e q u ip m e n t and  s t r u c t u r e s  
i n s i d e  t h e  s t a t i o n .  T h e r e  a r e  tw o s e t s  o f  f r e q u e n c i e s ,  o n e  s e t  
a s s o c i a t e d  w it h  t h e  m a in  p o w er s u p p ly  and t h e  o t h e r  a s s o c i a t e d  w it h  
t h e  r e c t i f i e r s .  A l s o ,  t h e r e  a r e  lo w  f r e q u e n c y  c o m p o n e n ts  t h a t  a r e  
a s s o c i a t e d  w it h  t h e  p e r t u r b a t i o n  o f  t h e  s t a t i c  f i e l d .

T a b le s  7 - 2  t h r o u g h  7 - 6  su m m a rize  t h e  s t a t i s t i c s  o f  t h e  p e r t i n e n t  
d a t a  o f  t h e  tw o  s i t e s .  E ach  t a b l e  show s t h e  m inim um , maximum and  
a v e r a g e  f i e l d  l e v e l s ,  a s  w e l l  a s  t h e  s t a n d a r d  d e v i a t i o n  and  
c o e f f i c i e n t  o f  v a r i a t i o n .  The r e s u l t s  a r e  su m m a rized  b y  t h e  sam e  
s e t  o f  f i v e  f r e q u e n c y  r a n g e s  u s e d  t h r o u g h o u t  t h i s  r e p o r t ,  and  b y  
t h e  d i s t a n c e  fro m  t h e  w a l l  o r  f e n c e  o f  t h e  s t a t i o n ,  a s  g i v e n  b y  t h e  
f o u r  s e n s o r  l o c a t i o n s  m ou n ted  on  t h e  s t a f f .

T a b le  7 - 2  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  M ET038 d a t a s e t ,  t a k e n  
a t  t h e  n o r t h  w a l l  o f  t h e  TPSS on t h e  Red L in e  s o u t h  o f  S h ad y  G ro v e  
( P r o f i l e  A on F ig u r e  7 - 1 )  . T h is  m e a su re m en t i s  p re su m e d  t o  b e  
c l o s e  t o  t h e  t r a n s f o r m e r  b e c a u s e  o f  t h e  p r o m in e n t  1 8 0  Hz f i e l d  
co m p o n en t ( 7 . 2  mG a v e r a g e  a t  10  cm fro m  t h e  w a l l )  and  r a p i d  f i e l d  
a t t e n u a t i o n  r a t e .  T he t h i r d  o r d e r  c u r v e  f i t ,  ( b e s t  s u i t e d  f o r  a  
p o i n t  s o u r c e  o r  t r a n s f o r m e r )  f o r  e i t h e r  t h e  maximum o r  t h e  a v e r a g e  
r e a d i n g s ,  i n d i c a t e s  t h a t  t h e  v i r t u a l  s o u r c e  i s  a t  a d i s t a n c e  o f

7 - 1 2
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TABLE 7-2
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS

DISTANCES FROM THE NORTH WALL, OUTSIDE THE TRACTION POWER SUPPLY
STATION 2.5 MILES SOUTH OF SHADY GROVE (DATASET MET038)

MET038 - T.P .S .S . SOUTH OF SHADY GROVE, FROM NORTH W ALL TO TA L OF 38 SAMPLES
FREQUENCY DIST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
WALL FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 572.41 614.11 579.22 10.41 1.80

60 534.24 562.01 540.66 7.91 1.46
110 526.56 572.97 538.86 13.13 2.44
160 529.74 583.83 544.10 15.50 2.85

5-45Hz 10 0.29 1.03 0.44 0.14 33.02
LOW FREQ 60 0.18 0.73 0.30 0.11 36.43

110 0.12 0.51 0.23 6.08 36.39
160 0.22 0.49 0.30 0.07 22.65

50-60HZ 10 2.79 2.97 2.87 0.04 1.52
PWR FREQ 60 1.52 1.86 1.71 0.11 6.48

110 0.89 1.20 1.02 0.09 8.58
- 160 0.75 0.85 0.80 0.03 3.32

65-300HZ 10 7.04 7.34 7.22 0.05 0.73
PWR HARM 60 2.50 2.61 2.58 0.02 0.69

110 1.38 1.42 1.40 0.01 0.78
160 0.96 0.98 0.97 0.01 0.60

305-2560HZ 10 2.15 2.34 2.23 0.05 2.38
HIGH FREQ 60 0.70 0.91 0.80 0.06 7.39

110 0.37 0.45 0.40 0.02 5.61
160 0.23 0.31 0.24 0.02 8.26

5-2560HZ 10 7.95 8.25 8.10 0.07 0.81
A LL FREQ 60 3.10 3.31 3.21 0.06 1.96

110 1.71 1.90 1.79 0.05 2.80
160 1.28 1.39 1.32 0.03 2.02



TABLE 7-3
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 
DISTANCES FROM THE WALLS, OF COMBINED DATASETS OUTSIDE THE 

TRACTION POWER SUPPLY STATION OF SHADY GROVE (DATASETS MET038
THROUGH MET042)

MET038-042 - T.P .S .S  S OUTH OF SHADY GROVE TO TA L OF 214 SAMPLES
=REQUENCY D IST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
W ALL FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 42.32 614.11 422.58 102.13 24.17

60 280.45 562.01 455.45 46.81 10.28
110 380.67 572.97 483.31 32.37 6.70
160 423.29 583.83 498.90 28.51 5.71

5-45HZ 10 0.29 1.19 0.45 0.15 34.07
LOW FREQ 60 0.18 1.19 0.32 0.15 45.43

110 0.12 1.03 0.26 0.13 50.53
160 0.21 1.07 0.33 0.11 34.51

50-60HZ 10 0.76 2.97 1.56 0.70 44.86
PWR FREQ 60 0.67 1.86 1.20 0.33 27.54

110 0.69 1.32 0.98 0.15 15.81
160 0.75 1.13 0.91 0.10 10.48

65-300HZ 10 0.51 7.34 1.98 2.45 123.49
PWR HARM 60 0.51 2.61 1.09 0.72 65.93

110 0.53 1.42 0.85 0.28 33.53
160 0.56 0.98 0.77 0.16 20.14

305-2560HZ 10 0.17 2.34 0.76 0.74 97.82
HIGH FREQ 60 0.12 0.91 0.37 0.22 61.06

110 0.12 0.45 0.25 0.09 36.23
160 0.12 0.43 0.22 0.06 26.14

5-2560HZ 10 1.11 8.25 2.85 2.46 86.45
A LL FREQ 60 0.91 3.31 1.74 0.72 41.56

110 0.92 1.90 1.37 0.25 18.32
160 1.04 1.76 1.27 0.12 9.29



TABLE 7-4
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS

DISTANCES FROM THE SOUTH FENCE/ OUTSIDE THE SHADY GROVE TRACTION
POWER SUPPLY STATION (DATASET MET043)

MET043 - SHADY GROVE T.P .S .S , FROM SOUTH EDGE OF FENCE TO TA L OF 38 SAMPLES
FREQUENCY D IST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FENCE FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 454.21 488.25 465.31 8.95 1.92

60 469.67 505.41 481.33 9.44 1.96
110 492.07 529.30 504.21 9.59 1.90
160 505.80 540.88 517.57 9.15 1.77

5-45Hz 10 0.27 1.56 0.51 0.32 62.62
LOW FREQ 60 0.20 1.45 0.43 0.32 74.00

110 0.10 1.40 0.38 0.33 86.76
160 0.22 1.33 0.45 0.28 62.57

50-60HZ 10 0.87 1.83 1.18 0.30 25.47
PWR FREQ 60 0.69 1.55 0.98 0.24 24.93

110 0.48 1.22 0.74 0.20 27.38
160 0.39 0.92 0.57 0.16 27.51

65-300HZ 10 0.85 1.18 0.97 0.09 9.63
PWR HARM 60 0.63 0.86 0.73 0.07 8.99

110 0.45 0.65 0.54 0.05 10.12
160 0.36 0.52 0.43 0.04 10.04

305-2560HZ 10 0.67 0.85 0.75 0.04 5.74
HIGH FREQ 60 0.47 0.76 0.62 0.07 11.55

110 0.37 0.68 0.51 0.08 16.03
160 0.31 0.66 0.46 0.09 19.85

5-2560HZ 10 1.44 2.63 1.81 0.30 16.61
A LL FREQ 60 1.11 2.25 1.47 0.26 17.76

110 0.82 1.75 1.15 0.24 20.90
160 0.68 1.62 0.99 0.22 22.14



TABLE 7-5
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS

DISTANCES FROM THE SOUTH NALL, OUTSIDE THE SHADY GROVE TRACTION
POWER SUPPLY STATION (DATASET MET044)

MET044 - SHADY GROVE T.P .S .S ., FROM SOUTH W ALL TO TA L OF 38 SAMPLES
FREQUENCY DIST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
W ALL FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 578.03 1270.14 780.40 201.12 25.77

60 522.05 1213.19 728.07 200.85 27.59
110 433.06 1062.49 626.71 174.35 27.82
160 443.10 1000.07 617.99 150.22 24.31

5-45HZ 10 0.56 14.65 3.11 3.61 116.27
LOW FREQ 60 0.58 13.85 2.94 3.39 115.35

110 0.48 12.48 2.65 3.08 116.54
160 0.47 11.73 2.49 2.87 114.97

50-60HZ 10 0.95 3.21 1.64 0.54 33.16
PWR FREQ 60 0.62 2.82 1.13 0.44 39.23

110 0.64 2.47 1.08 0.39 36.64
160 0.70 2.34 1.19 0.41 34.80

65-300HZ 10 4.78 9.61 6.14 1.32 21.54
PWR HARM 60 4.40 8.87 5.66 1.22 21.54

110 3.83 7.72 4.95 1.07 21.63
160 3.50 7.08 4.52 0.98 21.66

305-2560HZ 10 8.92 15.52 11.19 2.05 18.30
HIGH FREQ 60 8.17 14.07 10.18 1.83 17.95

110 7.14 12.26 8.88 1.61 18.18
160 6.64 11.14 8.14 1.46 17.87

5-2560HZ 10 10.53 22.46 13.60 3.06 22.48
A LL FREQ 60 9.58 20.69 12.40 2.83 22.85

110 8.38 18.42 10.88 2.54 23.33
160 7.71 16.85 10.01 2.32 23.21
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TABLE 7-6
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS

DISTANCES FROM THE WEST WALL, OUTSIDE THE SHADY GROVE TRACTION
POWER SUPPLY STATION (DATASET MET045)

■v]

MET045 - SHADY GROVE T.P .S .S , FROM W EST W ALL TO TA L OF 43 SAMPLES
FREQUENCY D IST MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND FROM MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
W ALL FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 1473.28 1675.71 1541.76 42.20 2.74

60 973.29 1093.30 1005.66 27.55 2.74
110 939.32 1054.16 971.62 25.26 2.60
160 901.08 1012.87 931.88 24.09 2.58

5-45Hz 10 0.34 17.90 2.16 3.47 160.82
LOW FREQ 60 0.32 15.71 2.02 3.18 157.55

110 0.25 16.10 1.99 3.11 156.71
160 0.35 16.50 2.08 3.19 153.02

50-60HZ 10 0.65 1.51 0.82 0.18 21.73
PWR FREQ 60 0.42 1.42 0.62 0.20 32.80

110 0.35 1.31 0.55 0.20 36.92
160 0.28 1.32 0.47 0.22 46.54

65-300HZ 10 3.22 5.54 3.82 0.55 14.47
PWR HARM 60 3.39 5.75 4.11 0.60 14.50

110 3.18 5.62 3.90 0.61 15.53
160 3.27 5.80 4.07 0.65 16.04

305-2560HZ 10 6.21 9.65 7.13 0.85 11.90
HIGH FREQ 60 6.57 10.73 7.78 0.96 12.34

110 6.20 10.15 7.39 0.98 13.32
160 6.43 10.57 7.80 1.09 13.91

5-2560HZ 10 7.16 21.07 8.79 2.56 29.11
A LL FREQ 60 7.52 19.22 9.38 2.30 24.53

110 7.07 19.73 8.91 2.35 26.36
160 7.30 20.34 9.37 2.44 26.07



4 . 8  f e e t  (1 4 7  cm) i n s i d e  t h e  w a l l ,  a r e a s o n a b le  l o c a t i o n  f o r  a  
p i e c e  o f  e q u ip m e n t su c h  a s  a t r a n s f o r m e r .

T a b le  7 - 3  h a s  t h e  o v e r a l l  s t a t i s t i c s  f o r  a l l  f i v e  d a t a s e t s  m e a su re d  
a ro u n d  t h e  t r a c t i o n  p o w er s u p p ly  s t a t i o n  s o u t h  o f  S h ad y  G ro v e  
(M ET038 t o  M ET042) .  I t  p r o v i d e s  a summary o f  t h e  m a g n e t ic  f i e l d  
l e v e l s  t h a t  c a n  b e  e x p e c t e d  o u t s i d e  s u c h  a f a c i l i t y .  T he maximum 
t im e  v a r y i n g  f i e l d  w h ic h  e x i s t e d  c l o s e  t o  t h e  b u i l d i n g  i n  an y  
f r e q u e n c y  b an d  w as t h e  7 . 3 4  mG a t  t h e  n o r t h  w a l l  o f  t h e  s t a t i o n  
m e n tio n e d  i n  t h e  l a s t  p a r a g r a p h . A t  d i s t a n c e s  o f  1 m e te r  o r  m ore  
fr o m  t h e  b u i l d i n g ,  t h e  p r i n c i p a l  f i e l d  co m p o n en t i s  t h e  60  Hz 
co m p o n en t w h ic h  a v e r a g e s  a b o u t  1 mG a t  a d i s t a n c e  o f  1 . 1  m e te r  fro m  
t h e  w a l l .  H arm on ic  f i e l d s  a r e  a l s o  s i g n i f i c a n t  t o t a l i n g  t o  an  
a v e r a g e  o f  a b o u t  0 . 9  mG a t  1 . 1  m e te r  fro m  t h e  w a l l .  S t a t i c  f i e l d s  
a ro u n d  t h i s  t r a c t i o n  p o w er s u p p ly  s t a t i o n  on  a v e r a g e  d e v i a t e  o n ly  
m o d e s t ly  (a b o u t  16% ) fro m  t h e  n o rm a l b a c k g ro u n d  g e o m a g n e t ic  f i e l d  
l e v e l .

T a b le  7 - 4  h a s  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  d a t a s e t  M ET043 t a k e n  a t  
t h e  s o u t h  e d g e  o f  t h e  t r a n s f o r m e r  y a r d  f e n c e  a t  t h e  t r a c t i o n  pow er  
s u p p ly  f a c i l i t y  w i t h i n  t h e  S h a d y  G ro v e  s e r v i c e  f a c i l i t y  ( P r o f i l e  A 
i n  F ig u r e  7 - 2 ) .  I t  sh o w s l e v e l s  c o m p a r a b le  t o  t h e  f i e l d  v a lu e s  
m e a su re d  a ro u n d  t h e  f i r s t  t r a c t i o n  p ow er s t a t i o n  show n i n  
T a b le  7 - 3 .  The maximum f i e l d  co m p o n en t i s  t h e  6 0  Hz com p on en t  
w h ic h  r e a c h e s  an a v e r a g e  o f  1 . 2  mG n e a r  t h e  f e n c e  b u t  a t t e n u a t e s  
r a p i d l y  t o  h a l f  t h a t  v a l u e  1 . 6  m e t e r s  fro m  t h e  f e n c e .

T a b le s  7 - 5  and 7 - 6  show  t h e  o v e r a l l  s t a t i s t i c s  o f  t h e  d a t a s e t s  
MET044 an d  M E T 045, r e s p e c t i v e l y .  T h e s e  a p p ly  t o  P r o f i l e s  B and C 
a t  t h e  S h ad y  G ro v e  t r a c t i o n  p o w er s t a t i o n  show n i n  F i g u r e  7 - 2 .  The  
f i e l d s  i n  b o th  o f  t h e s e  d a t a s e t s  a r e  m ore i n d i c a t i v e  o f  t h e  f i e l d s  
t o  b e  e n c o u n t e r e d  o u t s i d e  t h e  d c  s i d e  o f  a s t a t i o n .  T he maximum 
r e a d in g  on  P r o f i l e  B ( T a b le  7 - 5 ,  d a t a s e t  M ET044) w as 1 5 .5 2  mG w h ich  
o c c u r r e d  i n  t h e  h ig h  f r e q u e n c y  r a n g e  (w h ic h  c o n t a i n s  t h e  3 6 0  Hz and  
7 2 0  Hz r e c t i f i e r  r i p p l e  c o m p o n e n t s ) ,  a t  10  cm fr o m  t h e  w a l l .  The  
maximum r e a d in g  on P r o f i l e  C ( T a b le  7 - 6 ,  d a t a s e t  M ET045) w as  
1 7 . 9 0  mG w h ic h  o c c u r r e d  i n  t h e  lo w  f r e q u e n c y  r a n g e ,  a t  1 0  cm fro m  
t h e  w a l l .  T h is  lo w  f r e q u e n c y  f i e l d  r e s u l t s  fr o m  t e m p o r a l  c h a n g e s  
i n  t h e  s t a t i c  f i e l d  p r o d u c e d  b y  t h e  s t a t i o n  i n  t h i s  a r e a .  Low 
f r e q u e n c y  f i e l d s  w ere  a l s o  c l e a r l y  p r e s e n t  a lo n g  P r o f i l e  B . The  
s t a t i c  f i e l d  l e v e l s  a lo n g  P r o f i l e s  B and C show n i n  T a b le s  7 - 5  and
7 - 6  d e v i a t e  s u b s t a n t i a l l y  fr o m  t h e  5 0 0  mG b a c k g r o u n d  g e o m a g n e t ic  
f i e l d  l e v e l  b e c a u s e  o f  t h e  s t a t i c  f i e l d  c a u s e d  b y  d c  c u r r e n t s  i n  
t h e  s t a t i o n  o r  f e e d  c a b l e s  t o  t h e  t r a c k s .

F o r  a l l  t h e  c a s e s  r e p o r t e d  i n  t h i s  s e c t i o n ,  t h e  l a r g e s t  c o e f f i c i e n t  
o f  v a r i a t i o n  o f  161%  i s  i n  t h e  lo w  fr e q u e n c y  r a n g e  f o r  t h e  1 0  cm 
p r o b e  f o r  d a t a s e t  M E T 045. T h a t  i s  b e c a u s e  t h e  lo w  f r e q u e n c y  f i e l d s  
a r e  a s s o c i a t e d  w it h  t h e  f l u c t u a t i o n s  o f  t h e  d c  ( s t a t i c )  f i e l d  w h ich  
r e s u l t  fro m  c h a n g e s  i n  t h e  p o w er dem and o f  t r a i n s  o p e r a t i n g  on  t h e  
M e t r o r a i l  S y s te m .
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7 . 7  Summary o f  E l e c t r i c  F i e l d  L e v e ls

The t r a c t i o n  p o w er s u p p ly  s t a t i o n s  a r e  in d o o r  f a c i l i t i e s  f e d  w it h  
u n d e rg r o u n d  c a b l e s .  Any e l e c t r i c  f i e l d s  p r o d u c e d  b y  e n e r g i z e d  
a p p a r a t u s  w i t h i n  t h e  b u i l d i n g s  a r e  e f f e c t i v e l y  c o n t a i n e d  w i t h i n  t h e  
b u i l d i n g  d u e  t o  t h e  e l e c t r i c  f i e l d  s h i e l d i n g  e f f e c t i v e n e s s  o f  t h e  
b u i l d i n g s .  T he sam e s i t u a t i o n  a p p l i e s  f o r  t h e  t r a n s f o r m e r  y a r d  a t  
t h e  S h ad y G ro v e  TPSS b e c a u s e  t h e  e n e r g i z e d  p o r t i o n s  o f  t h e  c i r c u i t s  
and e q u ip m e n t a r e  c o n t a in e d  i n  m e t a l  h o u s in g s  and  e n c l o s u r e s .  No 
e l e c t r i c  f i e l d s  w e r e  d e t e c t a b l e  o u t s i d e  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n  i n  t h e  S h ad y  G ro v e  s e r v i c e  f a c i l i t y  b u t  s m a l l  e l e c t r i c  
f i e l d s  w e r e  m e a s u r e d  o u t s i d e  t h e  p ow er s u p p ly  s t a t i o n  a lo n g  t h e  Red  
L in e  s o u t h  o f  S h ad y  G r o v e . F ig u r e  7 - 8  sh ow s a p l o t  o f  t h e  e l e c t r i c  
f i e l d  a s  a  f u n c t i o n  o f  fr e q u e n c y  and  t im e  w h ic h  w as m e a su re d  
a p p r o x im a t e ly  1 . 8  m e te r s  away fro m  t h e  s t a t i o n  w a l l  a lo n g  P r o f i l e  
B i n  F ig u r e  7 - 1 .  A c o n s t a n t  60  Hz e l e c t r i c  f i e l d  o f  a b o u t  7 V /m  
w as fo u n d  a t  t h a t  p o i n t .  T h a t e l e c t r i c  f i e l d  a p p a r e n t ly  com es fro m  
t h e  p o w e r l i n e  a lo n g  t h e  r o a d  r a t h e r  th a n  t h e  t r a c t i o n  p ow er s u p p ly  
s t a t i o n  b e c a u s e  t h e  f i e l d  i s  s m a l le r  a t  o t h e r  l o c a t i o n s  s i m i l a r  
d i s t a n c e  fr o m  t h e  b u i l d i n g  b u t  f u r t h e r  fro m  t h e  d i s t r i b u t i o n  l i n e .
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MET039

F i g u r e  7 - 8

-  ELECTRIC FIELD AT TRACTION POWER SUPPLY STATION

E l e c t r i c  t im e  v a r y i n g  f i e l d  l e v e l  1 . 0  m e te r  a b o v e  
t h e  g r o u n d , 1 . 7 0  m e t e r s  fro m  t h e  w e s t  w a l l  a t  t h e  
t r a c t i o n  p o w er s u p p ly  s t a t i o n  s o u t h  o f  S h ad y  
G r o v e , a s  a  f u n c t i o n  o f  fr e q u e n c y  a n d  t i m e .

7 - 2 0



8 . 0  MEASUREMENTS IN  CONTROL F A C IL IT IE S

E l e c t r i c  and  m a g n e t ic  f i e l d  m e a su re m e n ts  w e re  t a k e n  i n  t h e  
D i s p a t c h e r 's  Room a t  t h e  Shady G ro v e  s t a t i o n  a s  p a r t  o f  an  e f f o r t  
t o  c h a r a c t e r i z e  t h e  f i e l d  e n v ir o n m e n t  i n  l o c a t i o n s  w h e re  r a i l r o a d  
w o r k e r s  may e n c o u n t e r  m a g n e t ic  f i e l d s  fro m  s o u r c e s  o t h e r  t h a n  t h e  
r a i l r o a d  e l e c t r i c a l  t r a c t i o n  s y s t e m .

8 . 1  M e a su re m e n t L o c a t io n s

F ig u r e  8 - 1  sh ow s t h e  la y o u t  o f  t h e  D i s p a t c h e r 's  Room a t  S h ad y  
G r o v e . A s  show n i n  t h e  f i g u r e ,  t h e r e  w e re  t h r e e  s e t s  o f  f i x e d  
p o s i t i o n ,  e x t e n d e d  t im e  m e a su re m e n ts  a t  t h e  d i s p a t c h e r 's  w ork  
s t a t i o n .  One w as a v e r t i c a l  p r o f i l e  m e a su re m e n t a t  t h e  
d i s p a t c h e r 's  s e a t  (L o c a t io n  # 5 2  on t h e  f i g u r e ) .  T h o s e  d a t a  
c o n s t i t u t e  d a t a s e t  M ET046. The s e c o n d  and  t h i r d  m e a su re m e n ts  i n  
t h e  d i s p a t c h e r 's  a r e a  ( L o c a t io n s  # 5 3  and  5 4 )  w e re  h o r i z o n t a l  
p r o f i l e s  1 . 2 5  m fro m  t h e  f l o o r  a t  i n c r e m e n t a l  d i s t a n c e s  fro m  
p o s s i b l e  l o c a l  s o u r c e s  o f  f i e l d  i n  t h e  d i s p a t c h e r 's  im m e d ia te  w ork  
a r e a .  D a t a s e t  MET047 w as m e a su re d  w it h  o n e  en d  o f  t h e  s t a f f  p la c e d  
a g a i n s t  t h e  s c r e e n  o f  a v i d e o  d i s p l a y  m o n it o r  and  d a t a s e t  MET048 
w as m e a su re d  w it h  on e end o f  t h e  s t a f f  p la c e d  a g a i n s t  t h e  m o c k -u p  
p a n e l .  A l l  t h r e e  s e t s  o f  d a t a  w ere  c o l l e c t e d  b e tw e e n  1 1 : 1 1  and  
1 1 :1 7  on May 2 0 ,  1 9 9 2 .  The r e f e r e n c e  p r o b e  w as p la c e d  on  a t a b l e  
t o p  b e h in d  t h e  d i s p a t c h e r 's  c h a i r  d u r in g  b o t h  t h e  h o r i z o n t a l  and  
v e r t i c a l  p r o f i l e  m e a su re m e n ts .

8 . 2  R e p e t i t i v e  W aveform  D a t a s e t s

The t h r e e  r e p e t i t i v e  w aveform  d a t a s e t s  t h a t  a r e  a s s o c i a t e d  w i t h  t h e  
d i s p a t c h e r 's  room  m e a su re m en ts  a r e  MET046 t h r o u g h  M E T 048. T he d a t a  
w e re  r e c o r d e d  w i t h  t h e  M u ltiW a v e ™  f i e l d  m o n it o r i n g  s y s t e m . T a b le  2 - 1  
su m m a riz e s  t h e  p e r t i n e n t  in f o r m a t i o n  a b o u t  t h e s e  d a t a s e t s ,  
i n c l u d i n g  t h e  num ber o f  s a m p le s , s a m p lin g  i n t e r v a l  and  t h e  a p p e n d ix  
c o n t a i n i n g  t h e  d a t a  m e a su re d  i n  e a c h  t e s t .  E ach  a p p e n d ix  c o n t a i n s  
p l o t s  o f  t h e  m a g n e t ic  f i e l d  a s  a  f u n c t i o n  o f  f r e q u e n c y  an d  t im e  a s  
w e l l  a s  p r o f i l e s  sh o w in g  f i e l d  s t r e n g t h  a s  a  f u n c t i o n  o f  h e i g h t  
a b o v e  t h e  f l o o r  o r  d i s t a n c e  fro m  a p resu m ed  f i e l d  s o u r c e  o v e r  t i m e .

8 . 3  M a g n e t ic  F i e l d  C h a r a c t e r i s t i c s

T h is  s t u d y  m e a su re d  t h e  m a g n e t ic  f i e l d s  i n s i d e  t h e  D i s p a t c h e r 's  
Room a t  S h a d y  G ro v e  n e a r  t h e  co m p u te r  m o n i t o r s .  C o n t r o l  room  ELF 
m a g n e t ic  f i e l d s  a p p e a r  t o  a r i s e  m a in ly  fro m  tw o s o u r c e s :  t h e  v i d e o
d i s p l a y  m o n it o r s  on t h e  d i s p a t c h e r 's  c o n s o l e ,  and  e l e c t r i c a l  w i r i n g  
and e q u ip m e n t  w i t h i n  t h e  b u i l d i n g .

F ig u r e  8 - 2  sh o w s t h e  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d  n e a r  
f l o o r  l e v e l  a t  t h e  d i s p a t c h e r 's  s e a t .  T h is  i s  a p l o t  fr o m  t h e  
v e r t i c a l  p r o f i l e  d a t a s e t  MET046 c o n t a in e d  i n  A p p e n d ix  A P . The  
s t a t i c  f i e l d  b e n e a th  t h e  d i s p a t c h e r 's  s e a t  i s  s e e n  t o  b e  e l e v a t e d
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WINDOW

D I S P A T C H E R ’S  R O O M  A T  S H A D Y  G R O V E

F ig u r e  8 - 1  R e p e t i t i v e  w a v efo rm  m e a su re m en t l o c a t i o n s  i n s i d e
t h e  d i s p a t c h e r 's  room  a t  S h ad y  G r o v e .



M ET046

M ET046 -  

F ig u r e  8 - 2

10cm ABOVE FLOOR AT SHADY GROVE DISPATCHER'S SEAT

M a g n e t ic  f i e l d  l e v e l ,  w i t h  and  w i t h o u t  t h e  s t a t i c  
c o m p o n e n t, a t  1 0  cm h e i g h t  a b o v e  t h e  f l o o r  b y  t h e  
d i s p a t c h e r 's  s e a t  i n s i d e  t h e  d i s p a t c h e r 's  room  a t  
S h a d y  G r o v e , a s  a f u n c t i o n  o f  f r e q u e n c y  an d  t i m e .
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w e l l  a b o v e  t h e  n o rm a l g e o m a g n e t ic  f i e l d  l e v e l .  T he ' t im e  v a r y i n g  
f i e l d  d e p i c t e d  i n  t h e  lo w e r  fr a m e  o f  t h e  f i g u r e  i s  d o m in a te d  b y  60  
and 1 8 0  Hz c o m p o n e n ts , b u t  e v e r y  o t h e r  h a r m o n ic  o f / 6 0  Hz up t o  a t  
l e a s t  t h e  t w e l f t h  i s  a l s o  p r e s e n t .  The s t a t i c  and  m o s t  t im e  
v a r y i n g  c o m p o n e n ts  a r e  c o n s t a n t  o v e r  t i m e ,  b u t  t h e  s i x t h  (3 6 0  Hz) 
and t w e l f t h  (7 2 0  Hz) h a r m o n ic s  v a r y  o v e r  t im e  i n / a  c o r r e l a t e d  w ay . 
T h o s e  h a r m o n ic s  a p p e a r  t o  a r i s e  fr o m  r e c t i f i e r  r i p p l e  i n  t h e  t h i r d  
r a i l  and t r a c k  c i r c u i t s  w h ic h  a r e  p r e s e n t  o n /b o t h  s i d e s  o f  t h e  
d i s p a t c h e r 's  ro o m . The s t a t i c  f i e l d  a t  th e ' d i s p a t c h e r 's  s e a t  
d e c r e a s e s  w i t h  i n c r e a s i n g  h e i g h t  a b o v e  t h e  f l o o r  a s  show n i n  t h e  
t o p  fra m e  o f  F ig u r e  8 - 3  i n d i c a t i n g  t h a t  t h e  f i e l d  s o u r c e  i s  b e n e a th  
t h e  f l o o r .  S in c e  t h e  s t a t i c  f i e l d  n e a r  t h e ^ - f l o o r  d o e s  n o t  v a r y  
o v e r  t i m e ,  i t  p r o b a b ly  d o e s  n o t  a r i s e  f r o m j 4 « i / t r a c t i o n  c u r r e n t  in  
t h e  t h i r d  r a i l  o r  t r a c k s .  P o s s i b l e  s o u r o ^ s ^ i n c l u d e  c o n s t a n t  d c  
c u r r e n t  i n  a c i r c u i t  b e n e a t h  t h e  f l o o r ,  r e s i d u a l  p erm a n e n t  
m a g n e tis m  i n  a s t r u c t u r a l  m em ber b e n e a th  t h e  f l o o r ,  o r  p e r t u r b a t i o n  
o f  t h e  g e o m a g n e t ic  f i e l d  b y  a l a r g e  f e r r o m a g n e t ic  s t r u c t u r e  b e n e a th  
t h e  f l o o r .

\

T he b o tto m  fra m e  o f  F ig u r e  8 - 3  sh ow s t h a t  t h e r e  i s  l i t t l e  
v a r i a b i l i t y  o f  t h e  i n t e n s i t y  o f  t h e  t o t a l  t im e  v a r y i n g  m a g n e t ic  
f i e l d  i n  t h e  v e r t i c a l  d i r e c t i o n  a t  t h e  d i s p a t c h e r 's  s e a t .  T h a t  
o b s e r v a t i o n  s u g g e s t s  t h a t  t h e  p r i n c i p a l  m a g n e t ic  f i e l d  s o u r c e s  a r e  
e i t h e r  o f f  t o  t h e  s i d e  o f  t h e  m e a su re m e n t s t a f f  o r  s u f f i c i e n t l y  f a r  
aw ay t h a t  t h e  f i e l d  i s  e s s e n t i a l l y  u n ifo r m  o v e r  t h e  l e n g t h  o f  t h e  
s e n s o r  s t a f f .  The v i d e o  d i s p l a y  m o n it o r  on  t h e  c o n s o l e  i n  f r o n t  o f  
t h e  d i s p a t c h e r  and t h e  m ockup p a n e l  t o  h i s  f r o n t  r i g h t  a r e  p o s s i b l e  
s o u r c e s .  H o r i z o n t a l  p r o f i l e s  o f  m a g n e t ic  f i e l d  a t  in c r e m e n t a l  
d i s t a n c e s  fro m  b o th  d e v i c e s  w e r e  m e a s u r e d .

T he c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d  1 0  cm i n  f r o n t  o f  t h e  
v i d e o  d i s p l a y  m o n it o r  a r e  show n i n  F ig u r e  8 - 4  w h ic h  co m es fro m  
d a t a s e t  M ET047 i n  A p p e n d ix  AQ . T he t o p  fra m e  o f  t h e  f i g u r e  
i n d i c a t e s  an  e l e v a t e d  s t a t i c  f i e l d  l e v e l  w h ic h  i s  c o n s t a n t  o v e r  
t i m e .  T he b o tto m  fra m e  sh o w s t h e  t y p i c a l  fr e q u e n c y  s p e c tr u m  o f  t h e  
v e r t i c a l  d e f l e c t i o n  f i e l d  p r o d u c e d  b y  t h e  v i d e o  d i s p l a y  m o n it o r .  
A t t e n u a t i o n  p r o f i l e s  o f  t h e  s t a t i c  an d  t o t a l  ELF m a g n e t ic  f i e l d s  a t  
i n c r e a s i n g  d i s t a n c e s  fro m  t h e  v i d e o  d i s p l a y  m o n it o r  a r e  show n in  
F ig u r e  8 - 5 .  The e l e v a t e d  s t a t i c  f i e l d  a t t e n u a t e s  r a t h e r  s lo w l y  
to w a r d  t h e  n a t u r a l  a m b ie n t  g e o m a g n e t ic  f i e l d  l e v e l .  The t im e  
v a r y i n g  m a g n e t ic  f i e l d ,  on  t h e  o t h e r  h a n d , d e c r e a s e s  r a p i d l y  w it h  
d i s t a n c e  aw ay fro m  t h e  v i d e o  d i s p l a y  m o n it o r .  A t  60  cm fr o m  t h e  
f r o n t  o f  t h e  m o n it o r ,  t h e  t im e  v a r y i n g  f i e l d  h a s  d e c r e a s e d  t o  a  
r e l a t i v e l y  u n ifo r m  l e v e l  o f  a b o u t  1 mG w h ic h  p e r s i s t s  f o r  t h e  
r e m a in d e r  o f  t h e  p r o f i l e .  A b a c k g ro u n d  f i e l d  l e v e l  o f  a 
m i l l i g a u s s  o r  s o  i s  a t y p i c a l  v a l u e  f o r  t h e  m a g n e t ic  f i e l d s  w i t h i n  
b u i l d i n g s  r e s u l t i n g  fro m  b u i l d i n g  w i r i n g ,  l i g h t s ,  an d  o t h e r  g e n e r a l  
e q u ip m e n t .

T he m ockup b o a r d  w as fo u n d  n o t  t o  b e  a  s i g n i f i c a n t  s o u r c e  o f  
m a g n e t ic  f i e l d s .
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M ET046 -  SHADY GROVE DISPATCHER'S SEAT -  STATIC

M ET046 -  SHADY GROVE DISPATCHER'S SEAT -  ALL FREQ. 5 - 2560H z

F ig u r e  8 - 3  M a g n e t ic  f i e l d  l e v e l  v e r s u s  h e i g h t  a b o v e  t h e  f l o o r
f o r  t h e  s t a t i c  and t im e  v a r y i n g  ( 5 - 2 5 6 0  Hz) 
c o m p o n e n ts , a t  t h e  d i s p a t c h e r 's  s e a t  i n s i d e  t h e  
d i s p a t c h e r 's  room  a t  Shady G r o v e , a s  a  f u n c t i o n  o f  
t i m e .
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M ET047 -  10cm FROM DISPATCHER'S MONITORS. 1 . 25M ABOVE FLOOR

F ig u r e  8 - 4  M a g n e t ic  f i e l d  l e v e l ,  w it h  and  w i t h o u t  t h e  s t a t i c
c o m p o n e n t, a t  1 0  cm d i s t a n c e  fro m  t h e  d i s p a t c h e r 's  
v i d e o  d i s p l a y  m o n it o r  and  1 . 2 5  m e t e r s  h e i g h t ,  
i n s i d e  t h e  d i s p a t c h e r 's  room  a t  S h ad y  G r o v e , a s  a 
f u n c t i o n  o f  f r e q u e n c y  and  t i m e .
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M ET047 -  IN  DISPATCHER'S ROOM, 1 .2 9 1  ABOVE FLOOR -  STATIC

M ET047 -  IN DISPATCHER'S ROOM, 1 .25M  ABOVE FLOOR -  ALL FREQ. 5 - 2560H z

F ig u r e  8 - 5  M a g n e t ic  f i e l d  l e v e l  v e r s u s  d i s t a n c e  fr o m  t h e
d i s p a t c h e r 's  v i d e o  d i s p l a y  m o n it o r  and  1 . 2 5  m e t e r s  
h e i g h t  f o r  t h e  s t a t i c  and t im e  v a r y i n g  ( 5 - 2 5 6 0  H z) 
c o m p o n e n ts , i n s i d e  t h e  d i s p a t c h e r 's  room  a t  Shady  
G r o v e , a s  a f u n c t i o n  o f  t i m e .



8 . 4  DAT W a vefo rm  D a ta

A c o n t in u o u s  r e c o r d i n g  o f  t h e  m a g n e t ic  f i e l d  a t  t h e  r e f e r e n c e  p r o b e  
l o c a t e d  on a t a b l e  t o p  b e h in d  t h e  d i s p a t c h e r 's  s e a t  w as m ade w it h  
t h e  DAT w h i le  t h e  v e r t i c a l  and  h o r i z o n t a l  p r o f i l e  m e a su re m e n ts  w ere  
b e i n g  m ad e. T h a t  r e c o r d i n g  i s  i d e n t i f i e d  a s  T a p e  2 ,  R e c o r d  3 in  
T a b le  2 - 2 .  T he r e c o r d  w as s c a n n e d  f o r  t r a n s i e n t s  o r  b r i e f  
e x c u r s i o n s  i n  f i e l d  l e v e l  w h ic h  w e r e  m is s e d  b y  t h e  r e p e t i t i v e  
w a v efo rm  s a m p lin g  b u t  n o t h in g  w as fo u n d  e x c e p t  f o r  e s s e n t i a l l y  
c o n s t a n t  f i e l d  l e v e l s  a s  m e a su re d  w i t h  t h e  M u lt iW a v e ™ S y s te m  and  
r e p o r t e d  i n  A p p e n d ic e s  AP t h r o u g h  AR .

8 . 5  E M D E X-II D a ta

B o th  EMDEX d a t a  t im e  c o u r s e  r e c o r d i n g s  w h i le  i n s i d e  t h e  
d i s p a t c h e r 's  room  a r e  p r e s e n t e d  h e r e  a s  F ig u r e  8 - 6 . . T h e s e  t im e  
c o u r s e  p l o t s  a r e  fro m  1 1 :1 1  t o  1 1 :1 7  h o u r s  on  May 2 0 ,  1 9 9 2 .  T a b le
8 - 1  sh ow s t h e  s t a t i s t i c s  f o r  t h e s e  r e c o r d i n g s .  A s  m e n tio n e d  
b e f o r e ,  t h e  r e s e a r c h e r s  d i d  w a n d er a b o u t  and  p la c e d  t h e  E M D E X-II 
a g a i n s t  d i f f e r e n t  e q u ip m e n t w h e re  h i g h  l o c a l i z e d  f i e l d s  w e r e  fo u n d .

TABLE 8 - 1

STATISTICAL SUMMARY OF MAGNETIC FIELDS IN  MG 
RECORDED IN SID E  THE DISPATCHER'S ROOM 

USING E M D E X -II DATA RECORDERS

AVERAGE MAXIMUM

EMDEX # 1 2 . 7 0  mG 5 5 . 8 0  mG

EMDEX #2 1 .7 3  mG 1 2 . 2 0  mG

BOTH 2 . 2 2  mG 5 5 . 8 0  mG

8 . 6  Summary o f  M a g n e t ic  F i e l d  L e v e l s

The m a jo r  s o u r c e s  o f  ELF t im e  v a r y i n g  m a g n e t ic  f i e l d s  i n  t h e  
v i c i n i t y  o f  t h e  d i s p a t c h e r 's  s e a t  a r e  a p p a r e n t ly  t h e  c u r r e n t  i n  t h e  
b u i l d i n g  w i r i n g ,  v e r t i c a l  d e f l e c t i o n  c o i l s  i n  t h e  v i d e o  d i s p l a y  
t e r m i n a l s ,  and p ow er s u p p l i e s  f o r  o t h e r  e l e c t r o n i c  a p p a r a t u s .  
M in o r  c o n t r i b u t i o n s  fro m  r i p p l e  c u r r e n t s  i n  t h e  M e t r o r a i l  t h i r d  
r a i l  and t r a c k  c i r c u i t s  j u s t  o u t s i d e  t h e  b u i l d i n g  a r e  a l s o  
d e t e c t a b l e .  The v i d e o  d i s p l a y  m o n it o r s  and an u n i d e n t i f i e d  s o u r c e  
a p p a r e n t ly  b e lo w  t h e  f l o o r  o f  t h e  b u i l d i n g  c o n t r i b u t e  t o  t h e  s t a t i c  
f i e l d  l e v e l s  n e a r  t h e  d i s p a t c h e r 's  s e a t .  A p p e n d ic e s  A P , AQ and AR 
c o n t a i n  t h e  f i g u r e s  o f  t h e  m a g n e t ic  f i e l d  p l o t s  f o r  t h e  
D i s p a t c h e r 's  Room a t  S h ad y G ro v e  a s  w e l l  a s  t h e  sum m ary s t a t i s t i c s .
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S H A D Y  G R O V E  D IS P A T C H E R 'S  R O O M
Emdexll Data From May20, 1992

1 1 : 1 1 11:13 11:15
Time of Day

11:17

F ig u r e  8 - 6  M a g n e t ic  f i e l d  l e v e l s  r e c o r d e d  i n s i d e  t h e  S h ad y G ro v e  d i s p a t c h e r 's  room  
u s i n g  t h e  E M D E X -II r e c o r d e r s ,  a s  a f u n c t i o n  o f  t i m e .



T a b le  8 - 2 ,  t a k e n  fro m  A p p e n d ix  A P , su m m a riz e s  t h e  f i e l d  l e v e l s  
m e a su re d  a lo n g  a v e r t i c a l  p r o f i l e  a t  t h e  d i s p a t c h e r 's  s e a t .  The  
t a b l e  p r e s e n t s  t h e  m inim um , maximum and a v e r a g e  f i e l d  l e v e l s ,  a s  
w e l l  a s  t h e  s t a n d a r d  d e v i a t i o n  and c o e f f i c i e n t  o f  v a r i a t i o n .  The  
r e s u l t s  a r e  su m m a rized  b y  t h e  sam e s e t  o f  f i v e  f r e q u e n c y  r a n g e s  
u s e d  t h r o u g h o u t  t h i s  r e p o r t ,  and b y  t h e  h e i g h t  a b o v e  g r o u n d  ( o r  t h e  
d i s t a n c e  fr o m  t h e  m o n it o r  s c r e e n ,  a s  i n  t h e  c a s e  o f  d a t a s e t  
M E T 0 4 7 ), g i v e n  b y  t h e  f o u r  s e n s o r  l o c a t i o n s  m ou n ted  on t h e  s t a f f .  
The e l e v a t e d  s t a t i c  f i e l d  l e v e l s  r e p o r t e d  i n  t h e  sum mary t a b l e  a r e  
c o n s i s t e n t  w i t h  t h e  6 3 0  mG s t a t i c  f i e l d  m e a su re m en t m ade w i t h  t h e  
DAT a b o v e  t h e  t a b l e  a fe w  f e e t  b e h in d  t h e  d i s p a t c h e r 's  s e a t  b u t  t h e  
a v e r a g e  t im e  v a r y i n g  f i e l d  l e v e l s  i n  t h e  sum mary t a b l e  ( 1 . 2  t o  1 .3  
mG) a r e  c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  a v e r a g e  f i e l d  l e v e l  fo u n d  
fro m  EMDEX m e a su re m e n ts  ( 2 . 2  mG, T a b le  8 - 1 ) .  Much o f  t h a t  
d i s c r e p a n c y  se e m s t o  a r i s e  fro m  t h e  f a c t  t h a t  t h e  EMDEX r e c o r d e r s  
w e re  o c c a s i o n a l l y  u s e d  a s  s u r v e y  m e t e r s  and  i n t e n t i o n a l l y  p l a c e d  i n  
h ig h  f i e l d  a r e a s .  F ig u r e  8 - 3  sh o w s t h a t  t h r o u g h o u t  m o s t  o f  t h e  
EMDEX r e c o r d s ,  t h e  t im e  v a r y i n g  f i e l d  l e v e l  w as b e tw e e n  1 and  1 . 5  
mG.

8 . 7  Summary o f  E l e c t r i c  F i e l d  L e v e l s

The g r a p h  o f  e l e c t r i c  f i e l d  l e v e l  a s  a  f u n c t i o n  o f  f r e q u e n c y  and  
t im e  m e a su re d  1 . 8  m e t e r s  a b o v e  t h e  f l o o r  a t  t h e  d i s p a t c h e r 's  s e a t  
i s  show n i n  F ig u r e  8 - 7 .  The f i e l d  i s  v e r y  lo w , a v e r a g in g  
a p p r o x im a t e ly  0 . 5  V /m  and c o n s i s t i n g  o f  c o m p o n e n ts  a t  60  Hz and  odd  
h a r m o n ic s  t h e r e o f .  The h i g h l y  v a r i a b l e  lo w -f r e q u e n c y  c o m p o n e n ts  a r e  
i n d i c a t i v e  o f  c h a n g e s  i n  s t a t i c  f i e l d  l e v e l  u s u a l l y  c a u s e d  b y  t h e  
m ovem ent o f  n e a r b y  p e o p le  who h a v e  som e s t a t i c  c h a r g e  on  t h e i r  
c l o t h i n g .
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TABLE 8-2
STATISTICAL SUMMARY OF THE MAGNETIC FIELD LEVEL AT VARIOUS 

HEIGHTS ABOVE THE FLOOR INSIDE THE DISPATCHER'S ROOM AT SHADY
GROVE (DATASET MET046)

MET046 - IN DISPATCH ER'S ROOM A T DISPATCHER'S CHAIR TO TA L OF 19 SAMPLES
FREQUENCY HEIGHT MINIMUM MAXIMUM AVERAGE STANDARD COEFFICIENT

BAND ABOVE MAGNETIC MAGNETIC MAGNETIC DEVIATION OF
FLOOR FIELD FIELD FIELD VARIATION

(cm) (mG) (mG) (mG) (mG) (%)
STATIC 10 1204.53 1218.24 1212.62 3.80 0.31

60 739.08 788.72 758.94 14.83 1.95
110 662.31 687.19 675.98 8.99 1.33
160 644.72 674.94 660.16 10.60 1.61

5-45Hz 10 0.26 0.61 0.35 0.09 24.70
LOW FREQ 60 0.21 0.67 0.32 0.13 41.58

110 0.10 0.35 0.16 0.07 44.27
160 0.22 0.42 0.26 0.05 21.35

50-60HZ 10 0.70 0.82 0.76 0.04 5.31
PWR FREQ 60 0.23 0.81 0.60 0.17 27.79

110 0.33 1.04 0.65 0.19 29.65
160 0.39 0.96 0.69 0.19 27.03

65-300HZ 10 0.97 1.04 0.99 0.02 1.62
PWR HARM 60 1.02 1.10 1.06 0.02 2.25

110 0.85 1.00 0.93 0.05 5.02
160 0.84 1.06 0.94 0.07 7.24

305-2560HZ 10 0.13 0.19 0.16 0.02 11.32
HIGH FREQ 60 0.14 0.22 0.18 0.02 11.84

110 0.16 0.25 0.20 0.02 10.51
160 0.16 0.27 0.21 0.03 12.35

5-2560Hz 10 1.25 1.43 1.31 0.05 3.56
A LL FREQ 60 1.13 1.46 1.28 0.11 8.45

110 1.00 1.41 1.17 0.12 10.65
160 1.01 1.48 1.22 0.12 10.05



MET046

F ig u r e  8 - 7

-  ELECTRIC FIELD AT SHADY GROVE DISPATCHER'S SEAT

E l e c t r i c  t im e  v a r y i n g  f i e l d  l e v e l  1 . 8 0  m e t e r s  
a b o v e  t h e  f l o o r ,  a t  t h e  d i s p a t c h e r 's  s e a t  a t  S h ad y  
G r o v e , a s  a  f u n c t i o n  o f  f r e q u e n c y  and t i m e .
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9 . 0  CONCLUSIONS

S e c t i o n s  3 . 0  t h r o u g h  8 . 0  o f  t h i s  r e p o r t  p r e s e n t  t h e  r e s u l t s  o f  t h e  
a n a l y s i s  o f  e x t e n s i v e  m e a su re m e n ts  t a k e n  on m a g n e t ic  and  e l e c t r i c  
f i e l d s  w i t h i n  t h e  c a r s  and e n g i n e e r 's  c o m p a r tm e n t , a lo n g  t h e  
w a y s id e , a t  p a s s e n g e r  s t a t i o n s ,  n e a r  e l e c t r i c  t r a c t i o n  p ow er s u p p ly  
s t a t i o n s  and i n s i d e  c o n t r o l  f a c i l i t i e s  o f  t h e  M e t r o r a i l  S y s te m  i n  
t h e  W a s h in g to n , DC v i c i n i t y .

A s d e s c r i b e d  i n  t h e s e  s e c t i o n s ,  t h e  m a g n e t ic  f i e l d s  a s s o c i a t e d  w it h  
t h e  M e t r o r a i l  S y ste m  c o n t a i n  b o th  s t a t i c  and  t im e  v a r y i n g  
c o m p o n e n ts . T he d c  t r a c t i o n  c u r r e n t  i n  t h e  t h i r d  r a i l ,  i n  t h e  
t r a c k  r e t u r n ,  i n  t h e  p ow er c o n t r o l  e q u ip m e n t b e n e a th  t h e  c a r s ,  and  
i n  t h e  t r a c t i o n  p ow er s u p p ly  s t a t i o n  c r e a t e s  s t a t i c  f i e l d s  i n  t h e  
v i c i n i t y  o f  t h o s e  f a c i l i t i e s .  The t im e  v a r y i n g  m a g n e t ic  f i e l d s  
a s s o c i a t e d  w it h  t h e  M e t r o r a i l  S y stem  a r e  o f  tw o  d i s t i n c t  t y p e s .  
F i r s t ,  c h a n g e s  i n  t h e  " s t a t i c "  f i e l d  l e v e l  b r o u g h t  a b o u t  b y  c h a n g e s  
i n  t h e  d c  t r a c t i o n  c u r r e n t  i n  t h e  a f o r e s a i d  c i r c u i t s  p r o d u c e s  lo w  
f r e q u e n c y  t im e  v a r y i n g  c o m p o n en ts  t h a t  v a r y  i n  i n t e n s i t y  d e p e n d in g  
on t h e  t im e  r a t e  o f  c h a n g e  o f  t h e  s t a t i c  f i e l d .  S e c o n d ly , t h e r e  
a r e  p e r i o d i c  t im e  v a r y i n g  c o m p o n en ts  o f  t h e  f i e l d  a r i s i n g  fro m  
r i p p l e  i n  t h e  d c  t r a c t i o n  c u r r e n t  and fro m  c h o p p e r  c u r r e n t  i n  t h e  
3 0 0 0  s e r i e s  c a r s .

B o th  s t a t i c  and t im e  v a r y i n g  m a g n e t ic  f i e l d s  o n b o a r d  t h e  c a r s  a r i s e  
p r e d o m in a n t ly  fro m  t h e  t r a c t i o n  pow er c o n t r o l  e q u ip m e n t b e n e a th  t h e  
f l o o r  and  s e c o n d a r i l y  fro m  t h e  c u r r e n t  lo o p  fo r m e d  b y  t h e  t h i r d  
r a i l  and t h e  t r a c k s .  B e c a u s e  pow er n e e d s  o f  t h e  c a r s  a r e  s e t  b y  
t e r r a i n  and  s p e e d  c o n t r o l ,  t h e s e  f i e l d s  a r e  h i g h l y  v a r i a b l e  o v e r  
t i m e .

On s t a t i o n  p l a t f o r m s ,  e s p e c i a l l y  n e a r  t h e  e d g e  o f  t h e  p la t f o r m  
c l o s e  t o  t h e  r a i l s ,  s t a t i c  and t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r i s e  
b o t h  fr o m  t h e  t r a c t i o n  p ow er (d c  and r e c t i f i c a t i o n  h a r m o n ic s )  and  
e q u ip m e n t o n b o a rd  t h e  p a s s i n g  t r a i n s .  A t  t h e  w a y s id e  l o c a t i o n s  t h e  
t im e  v a r y i n g  m a g n e t ic  f i e l d s  a l s o  a r i s e  fr o m  r e c t i f i c a t i o n  
h a r m o n ic s  on t h e  t r a c t i o n  p ow er h o w ev er t h e y  w e r e  s m a l l e r  th a n  60  
Hz an d  h a r m o n ic  f i e l d s  fro m  n e a r b y  p ow er l i n e s .  S t a t i c  f i e l d  
a t t r i b u t a b l e  t o  t h e  M e t r o r a i l  S y stem  c o u ld  n o t  b e  d e t e c t e d  b e c a u s e  
t h e y  w e r e  s m a l l e r  th a n  t h e  n a t u r a l  s t a t i c  f i e l d  o f  t h e  e a r t h .  
M a g n e t ic  f i e l d s  fro m  e q u ip m e n t o n b o a rd  t h e  p a s s i n g  t r a i n  w e re  n o t  
fo u n d  a t  t h e  w a y s id e  l o c a t i o n .

A t  t r a c t i o n  p ow er s u p p ly  s t a t i o n s ,  m e a su re m e n ts  a t  t h e  s i d e s  c l o s e  
t o  t h e  a c  e l e c t r i c  e q u ip m e n t su c h  a s  t r a n s f o r m e r s  and  s w i t c h g e a r ,  
y i e l d  60  Hz and odd h a r m o n ic  (m a in ly  t h i r d  h a r m o n ic )  f i e l d s .  A t  
t h e  d c ,  o r  o u t p u t ,  s i d e  o f  t h e  s t a t i o n ,  m a g n e t ic  f i e l d s  h a v e  t h e  
c o m b in e d  c h a r a c t e r i s t i c s  s e e n  a t  t h e  a c  s i d e  o f  t h e  s t a t i o n  p lu s  
t h e  s t a t i c  f i e l d  and r i p p l e - f r e q u e n c y  f i e l d s  s e e n  a t  o t h e r  p l a c e s  
n e a r  t h e  M e t r o r a i l  t r a c k s .
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No s i g n i f i c a n t  e l e c t r i c  f i e l d s  w e re  d e t e c t e d  a n y w h ere  i n  t h e  
s y s t e m . The l a r g e s t  f i e l d s ,  o f  t h e  o r d e r  o f  7 V /m  w e re  fo u n d  
o u t s i d e  o n e  e l e c t r i c  t r a c t i o n  p ow er s u p p ly  s t a t i o n s  b u t  a p p e a r e d  t o  
a r i s e  fro m  a n e a r b y  d i s t r i b u t i o n  l i n e  r a t h e r  th a n  t h e  s t a t i o n .  
A lo n g  t h e  w a y s id e  t h e  f i e l d s  m e a su re d  a p p r o x im a t e ly  5 V /m  an d  i n  
t h e  p a s s e n g e r  s t a t i o n s  2 V /m . A s  e x p e c t e d ,  e l e c t r i c  f i e l d s  o f  l e s s  
th a n  1 V /m  w e re  d e t e c t e d  i n s i d e  t h e  c a r s  and  t h e  d i s p a t c h e r 's  
o f f i c e ,  b e c a u s e  o f  t h e  s h i e l d i n g  b y  t h e  c a r s  and  t h e  b u i l d i n g  
s t r u c t u r e s .  The p r e d o m in a n t  f r e q u e n c y  o f  t h e s e  f i e l d s  w as 6 0  Hz 
w h ic h  i n d i c a t e s  t h a t  t h e  s o u r c e  w as e i t h e r  n e a r b y  e l e c t r i c  
e q u ip m e n t o r  n e a r b y  e l e c t r i c  d i s t r i b u t i o n  l i n e s .

9 . 1  Summary o f  M e t r o r a i l  F i e l d  L e v e l s

T h is  s u b s e c t i o n  p r o v i d e s  a  c o n c i s e  d e s c r i p t i o n  o f  t h e  m a g n e t ic  
f i e l d  c h a r a c t e r i s t i c s  a t  e a c h  o f  t h e  a r e a s  e x a m in e d . A s  n o t e d  
a b o v e , a l l  m e a su re d  e l e c t r i c  f i e l d s  w e r e  l e s s  th a n  t e n  v o l t s  p e r  
m e te r  (1 0  V /m ) and  d i d  n o t  a p p e a r  t o  o r i g i n a t e  fro m  t h e  M e t r o r a i l  
t r a n s p o r t a t i o n  s y s t e m  o r  e q u ip m e n t .

9 . 1 . 1  C a rs

The m a g n e t ic  f i e l d s  i n  t h e  p a s s e n g e r  a r e a s  o f  t h e  M e t r o r a i l  
c a r s  a r i s e  m a in ly  fro m  t h e  t r a c t i o n  p o w er c o n t r o l  e q u ip m e n t  
b e n e a th  t h e  f l o o r  o f  t h e  c a r s  an d  a l s o  p o s s i b l y  t h e  c u r r e n t  i n  
t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  r a i l  a n d  t r a c k  r e t u r n  c i r c u i t .  
T h e se  f i e l d s  a r e  p r e d o m in a n t ly  s t a t i c  w i t h  lo w  f r e q u e n c y  t im e  
v a r y in g  c o m p o n e n ts  r e s u l t i n g  fr o m  f l u c t u a t i o n s  i n  t h e  s t a t i c  
f i e l d  l e v e l .  H o w ev er , l a r g e  t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r e  
fo u n d  n e a r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s  w h ic h  u s e  2 7 3  Hz 
s e m ic o n d u c t o r  c h o p p e r s  t o  c o n t r o l  t h e  am ount o f  e l e c t r i c  p o w er  
s u p p l i e d  t o  t h e  t r a c t i o n  m o t o r s .  T h i s  c e n t r a l  a r e a  o f  t h e  
3 0 0 0  s e r i e s  c a r s  h a s  a u n iq u e  m a g n e t ic  f i e l d  e n v ir o n m e n t  i n  
t h a t  b o th  t h e  s t a t i c  and t im e  v a r y i n g  f i e l d s  a r e  much l a r g e r ,  
e s p e c i a l l y  n e a r  t h e  f l o o r ,  t h a n  t h e  r e s t  o f  t h e  c a r s .  T he  
s o u r c e  i s  p r o b a b ly  t h e  l a r g e  f i l t e r  (s m o o th in g )  r e a c t o r  c o i l  
u n d e r  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r .

The s t a t i c  m a g n e t ic  f i e l d  a t  s e a t  l e v e l  (6 0  cm a b o v e  t h e  
f l o o r )  i n  t h e s e  d c  p o w ered  M e t r o r a i l  c a r s ,  e x c l u d i n g  t h e  
c e n t r a l  a r e a  o f  t h e  3 0 0 0  s e r i e s  c a r s ,  a v e r a g e d  1 0 2 6  mG. T he  
maximum s t a t i c  f i e l d  e n c o u n t e r e d  a t  s e a t  h e i g h t  f o r  t h e  sam e  
s a m p le s  w as 4 5 3 9  mG. The c o r r e s p o n d in g  a v e r a g e  an d  maximum d c  
f i e l d s  60  cm a b o v e  t h e  f l o o r  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  c a r s  
a r e  2 6 8 5  mG and 2 3 ,7 3 2  mG, r e s p e c t i v e l y .

The t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  a v e r a g e d  12  mG 
o v e r  a l l  s a m p le s  and a l l  s e n s o r  l o c a t i o n s ,  e x c e p t  t h e  c e n t e r  
o f  t h e  3 0 0 0  c a r s .  The maximum t im e  v a r y i n g  f i e l d  e n c o u n t e r e d  
d u r in g  t h e  sam e p e r i o d s  w as 65  mG. H o w e v e r , on  t h e  c e n t e r  o f  
t h e  3 0 0 0  s e r i e s  c a r s ,  t h e  c o r r e s p o n d in g  a v e r a g e  an d  maximum
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t im e  v a r y i n g  m a g n e t ic  f i e l d s  a r e  3 1 7  mG and 2 9 8 7  mG 
r e s p e c t i v e l y .

9 . 1 . 2  E n g in e e r 1s  C om partm ent

The p r i n c i p a l  s o u r c e s  o f  m a g n e t ic  f i e l d  i n  t h e  e n g i n e e r 's  
c o m p a rtm en t a r e  t h e  sam e a s  in  t h e  p a s s e n g e r  a r e a s ,  t h a t  i s ,  
t h e  t r a c t i o n  pow er e q u ip m e n t b e n e a th  t h e  f l o o r  and p o s s i b l y  
t h e  c u r r e n t  i n  t h e  lo o p  c r e a t e d  b y  t h e  t h i r d  r a i l  and  t h e  
t r a c k  r e t u r n  c i r c u i t .  T h e re  a p p e a r e d  t o  b e  n o  a d d i t i o n a l  
s o u r c e s  u n iq u e  t o  t h e  e n g i n e e r 's  c o m p a r tm e n t . A s  d e s c r i b e d  i n  
S e c t i o n  9 . 1 . 1 ,  t h e s e  f i e l d s  a r e  p r e d o m in a n t ly  s t a t i c  w i t h  lo w  
f r e q u e n c y  t im e  v a r y i n g  c o m p o n en ts  r e s u l t i n g  fro m  f l u c t u a t i o n s  
i n  t h e  s t a t i c  f i e l d  l e v e l .  The m e a su re m e n ts  made o n b o a rd  t h e  
t h r e e  d i f f e r e n t  t y p e s  o f  c a r s  a r e  c o m p a r a b le  t o  o n e  a n o t h e r .  
T h u s , an  o v e r a l l  s e t  o f  s t a t i s t i c s  i s  p o s s i b l e .  T he f o l l o w i n g  
summary v a l u e s  w ere  o b t a in e d  c l o s e  t o  t h e  e n g i n e e r 's  s e a t .

The s t a t i c  m a g n e t ic  f i e l d ,  a s  m e a su re d  b y  t h e  M u lt iW a v e ™ 
S y s te m , a v e r a g e d  7 6 1  mG a t  s e a t  l e v e l  (6 0  cm h e i g h t )  . The  
maximum s t a t i c  f i e l d  e n c o u n te r e d  f o r  t h e  sam e 60  cm h e i g h t  w as  
3 1 4 8  mG.

The t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  a v e r a g e d  1 1  mG a t  
t h e  60  cm h e i g h t  l e v e l  and t h e  maximum f i e l d  e n c o u n t e r e d  w as  
24  mG.

9 . 1 . 3  M e t r o r a i l  W a v s id e s

T he s t a t i c  m a g n e t ic  f i e l d  a t  t h e  w a y s id e  o f  t h e  M e t r o r a i l  l i n e  
a r i s e s  fro m  a c o m b in a t io n  o f  t h e  e a r t h 's  m a g n e t ic  f i e l d  and  
t h e  s t a t i c  m a g n e t ic  f i e l d  d u e t o  t h e  d c  t r a c t i o n  c u r r e n t  i n  
t h e  r a i l s .  A t  l o c a t i o n s  o u t s i d e  t h e  r i g h t - o f - w a y  e x c l u s i o n  
f e n c e ,  t h e  s t a t i c  f i e l d  fro m  t r a c t i o n  c u r r e n t  i n  t h e  t h i r d  
r a i l  and t r a c k s  d o e s  n o t  add a p p r e c i a b l y  t o  t h e  n a t u r a l  s t a t i c  
f i e l d  e n v ir o n m e n t . The t im e  v a r y in g  f i e l d  a t  t h e  w a y s id e  h a s  
c o m p o n e n ts  fro m  t h r e e  s o u r c e s :  c h a n g e s  i n  t h e  d c  t r a c t i o n  
c u r r e n t  p r o d u c e  lo w  fr e q u e n c y  c o m p o n e n ts  w h o se  m a g n itu d e  
d e p e n d s  on t h e  r a t e  o f  c h a n g e  o f  t h e  d c  c u r r e n t ;  s e c o n d  fro m  
t h e  r e c t i f i e r  r i p p l e  c u r r e n t s  in  t h e  r a i l s  and  t h i r d  fro m  t h e  
60  Hz c u r r e n t  i n  an y n e a r b y  c o m m e r c ia l p ow er l i n e s .  S i n c e  t h e  
m a g n e t ic  f i e l d  a t  t h e  r a i l r o a d  w a y s id e  d u e t o  t h e  c u r r e n t  i n  
t h e  r a i l s  a t t e n u a t e s  (b eco m e s w e a k e r) r a p i d l y  w it h  d i s t a n c e  
fr o m  t h e  t r a c k s ,  a t  d i s t a n c e s  c o m p a r a b le  t o  t h e  e x c l u s i o n  
f e n c e  l o c a t i o n ,  t h e  t im e  v a r y in g  f i e l d  fro m  common s o u r c e s  
s u c h  a s  d i s t r i b u t i o n  l i n e s  e q u a l o f  e x c e e d  t h e  c o m p o n e n ts  fro m  
t h e  M e t r o r a i l  S y s te m .

T he a v e r a g e  v a lu e  o f  t h e  d c  f i e l d  m e a su re d  a t  t h e  w a y s id e  w as  
5 5 9  mG, w h ic h  co m p a res  w it h  t h e  p u b l i s h e d  v a lu e  o f  5 4 3  mG f o r  
W a s h in g to n , DC. The l a r g e s t  d c  v a lu e  m e a su re d  a t  t h e  w a y s id e
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w as 7 3 3  mG. The a v e r a g e  and  maximum a c  m a g n e t ic  f i e l d s  
m e a su re d  a t  t h e  r i g h t - o f - w a y  e x c l u s i o n  f e n c e  w e re  7 . 0 1  mG and
7 .4 5  mG r e s p e c t i v e l y  b u t  t h o s e  v a l u e s  a r e  d o m in a te d  b y  f i e l d s  
fro m  n e a r b y  p o w e r l i n e s .  T he a v e r a g e  and  maximum f i e l d s  
a c t u a l l y  a r i s i n g  fro m  t h e  M e t r o r a i l  S y ste m  a r e  e s t i m a t e d  t o  b e
0 . 8  mG and 1 . 3  mG r e s p e c t i v e l y .

M ea su rem e n ts  b e n e a th  a M e t r o r a i l  o v e r p a s s  fo u n d  t h e  a v e r a g e  
and maximum s t a t i c  f i e l d  l e v e l s  t o  b e  4 8 5  mG and 5 6 6  mG w it h  
t r a i n s  p a s s i n g  o v e r h e a d . The m e a su re d  a v e r a g e  an d  maximum  
t im e  v a r y i n g  f i e l d  l e v e l s  w ere  1 . 0  mG and 1 . 8  mG b u t  t h o s e  
v a lu e s  in c lu d e d  f i e l d s  a p p a r e n t ly  a r i s i n g  fro m  n e a r b y  
p o w e r l i n e s .  The e s t i m a t e d  a v e r a g e  f i e l d  fr o m  t h e  M e t r o r a i l  
S y ste m  w as 0 . 4  mG w it h  a  maximum v a l u e  o f  1 . 6  mG.

The e l e c t r i c  f i e l d s  m e a su re d  a t  t h e  o p en  s p a c e  a lo n g  t h e  
w a y s id e  w e re  u n d e r  5 V /m .

9 . 1 . 4  P a s s e n g e r  S t a t i o n  P la t f o r m s

The m a g n e t ic  f i e l d  e n v ir o n m e n t  on  a  p a s s e n g e r  s t a t i o n  p l a t f o r m  
i s  s i m i l a r  t o  t h e  w a y s id e , e x c e p t  t h a t  t h e  r i d e r  i s  c l o s e r  t o  
t h e  r a i l s .  S t a t i c  f i e l d s  fro m  t r a c t i o n  p o w er c u r r e n t  i n  t h e  
t h i r d  r a i l  and t r a c k  r e t u r n  c i r c u i t  ad d  t o  t h e  n a t u r a l l y  
o c c u r r i n g  g e o m a g n e t ic  f i e l d .  T h e t im e  v a r y i n g  m a g n e t ic  f i e l d  
a t  t h e  p la t f o r m s  a r i s e s  fro m  c h a n g e s  i n  t h e  s t a t i c  (d c )  
com p on en t d u e t o  c h a n g in g  d c  t r a c t i o n  p ow er i n  t h e  r a i l s ,  t h e  
r e c t i f i e r  h a r m o n ic s  i n  t h e  r a i l s  and  f i e l d s  fro m  t h e  p a s s i n g  
c a r s  t h e m s e lv e s .  M o r e o v e r , t h e r e  a r e  6 0  Hz f i e l d s  fro m  
n e a r b y  e l e c t r i c  e q u ip m e n t , s u c h  a s  s t a t i o n  w i r i n g ,  l i g h t s ,  
and e s c a l a t o r  m o t o r s .

The a v e r a g e  v a l u e s  o f  t h e  s t a t i c  f i e l d  m e a su re d  a t  b o d y  t o r s o  
h e i g h t  ( 1 1 0  cm a b o v e  t h e  f l o o r )  n e a r  t h e  e d g e  o f  t h e  o u t d o o r  
and u n d e rg r o u n d  s t a t i o n  p l a t f o r m s  w e re  4 3 3  mG an d  4 0 0  mG 
r e s p e c t i v e l y .  The maximum v a l u e  m e a su re d  on  t h e  o u t d o o r  
p la t f o r m  w h ere  3 0 0 0  s e r i e s  c a r s  w e r e  o p e r a t i n g  w as 1 2 1 8  mG a t  
t o r s o  h e i g h t  b u t  n e a r  f l o o r  l e v e l ,  a  maximum s t a t i c  f i e l d  
l e v e l  o f  3 2 7 0  mG w as r e c o r d e d  f o r  a  b r i e f  i n s t a n t  a s  a  3 0 0 0  
s e r i e s  c a r  p a s s e d  e i g h t e e n  i n c h e s  fro m  t h e  s e n s o r .  The  
maximum s t a t i c  f i e l d  l e v e l s  w e r e  s u b s t a n t i a l l y  lo w e r  o n  t h e  
p la t f o r m  o f  t h e  u n d e rg r o u n d  s t a t i o n .  T h a t  d i f f e r e n c e  i s  
p e r h a p s  b e c a u s e  2 0 0 0  s e r i e s  c a r s  w e re  p a s s i n g  t h e  s t a t i o n  
r a t h e r  th a n  t h e  3 0 0 0  s e r i e s  c a r s  w h ic h  p r o d u c e d  t h e  l a r g e  
maximum f i e l d s  a t  t h e  o u t d o o r  s t a t i o n .

The a v e r a g e  and maximum t im e  v a r y i n g  m a g n e t ic  f i e l d s  m e a su re d  
1 1 0  cm a b o v e  t h e  e d g e  o f  t h e  o u t d o o r  p l a t f o r m  w e r e  2 . 3  mG and
2 2 .7  mG r e s p e c t i v e l y .  The c o r r e s p o n d in g  v a l u e s  f o r  t h e  in d o o r  
p la t f o r m  w e re  1 . 2  mG and 1 0 . 0  mG. T he d i f f e r e n c e  i n  maximum  
f i e l d  l e v e l s  w as i n  t h i s  c a s e  c l e a r l y  d u e  t o  t h e  d i f f e r e n c e  i n  
t y p e s  o f  c a r s  o p e r a t i n g  a t  t h e  tw o  s t a t i o n s .
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T he e l e c t r i c  f i e l d s  m e a su re d  on an y  o f  t h e  p l a t f o r m s  w ere  
u n d e r  5 . 2  V /m .

9 . 1 . 5  T r a c t i o n  Pow er S u p p ly  S t a t i o n s

O n ly  m o d e s t  s t r e n g t h  m a g n e t ic  f i e l d s  w ere  o b s e r v e d  o u t s i d e  t h e  
t r a c t i o n  p ow er s u p p ly  s t a t i o n s .  The l a r g e s t  m e a su re d  s t a t i c  
v a l u e  w as 1 6 7 6  mG a t  a d i s t a n c e  o f  10  cm fr o m  t h e  s t a t i o n  
w a l l .  T h a t  s t a t i c  f i e l d  w as v e r y  l o c a l i z e d  and  i t  d e c r e a s e d  
b y  35% a t  a p o i n t  50  cm f a r t h e r  fro m  t h e  w a l l .

T he a v e r a g e , t im e  v a r y i n g  m a g n e t ic  f i e l d  m e a su re d  10  cm fro m  
t h e  fended o r  w a l l  a t  e i g h t  l o c a t i o n s  a ro u n d  tw o  s t a t i o n s  was
4 . 7  m6 j  h o w e v er t h e r e  w as c o n s i d e r a b l e  v a r i a t i o n  i n  f i e l d  
l e v e l s ' ' f r o m  o n e  l o c a t i o n  t o  a n o t h e a ^ ^ h e  a v e r a g e  and  maximum  
f i e l d - r c f  cm fro m  t h e  w a l l  a t  t h e  s i s r f o c a t i o n s  w i t h  t h e  lo w e s t  
f i e l d s  ( a p p a r e n t ly  n e a r  t h e  a c  p o r t i o n  o f  t h e  s t a t i o n )  w ere
2 . 7  mG and 8 . 3  mG r e s p e c t i v e l y .  The tw o l o c a t i o n s  w h ere  t h e  
t im e  v a r y i n g  f i e l d s  w ere  h ig h e r  w ere  p r e s u m a b ly  n e a r  t h e  d c  
o u t p u t  p o r t i o n  o f  t h e  s t a t i o n  fro m  t h e  f i e l d  fr e q u e n c y  
s p e c t r a .  The a v e r a g e  and  maximum t im e  v a r y i n g  m a g n e t ic  f i e l d s  
a t  t h o s e  l o c a t i o n s  w ere  6 . 4  mG and 2 1 . 1  mG r e s p e c t i v e l y .

T he h i g h e s t  e l e c t r i c  f i e l d  m e a su re d  a t  a n y  o f  t h e  s t a t i o n s  w as  
u n d e r  7 V /m  and t h a t  f i e l d  a p p a r e n t ly  cam e fro m  a n e a r b y  
d i s t r i b u t i o n  l i n e  r a t h e r  th a n  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n .

9 . 1 . 6  C o n t r o l  F a c i l i t i e s

T he m a jo r  s o u r c e s  o f  m a g n e t ic  f i e l d s  i n  t h e  d i s p a t c h e r 's  a r e a  
a r e  t h e  c u r r e n t  i n  t h e  b u i l d i n g  w i r i n g  w h ic h  s u p p l i e s  p ow er t o  
t h e  e q u ip m e n t and l i g h t s ,  and t h e  e q u ip m e n t i t s e l f ,  su c h  a s  
v i d e o  d i s p l a y  t e r m i n a ls  (V D T ). The m e a su re d  a v e r a g e  and  
maximum a c  m a g n e t ic  f i e l d s  i n  t h e  d i s p a t c h e r 's  room  w e re  1 . 2  
mG and 1 . 5  mG. H ig h e r  v a l u e s  w ere  fo u n d  c l o s e  t o  e q u ip m e n t . 
T h e s t a t i c  f i e l d  i n  t h e  d i s p a t c h e r 's  room  w as c o n s t a n t  o v e r  
t im e  b u t  v a r i e d  fro m  1 2 1 0  mG n e a r  t h e  f l o o r  t o  6 6 0  mG a t  1 6 0  
cm a b o v e  t h e  f l o o r .

T h e e l e c t r i c  f i e l d s  m e a su re d  a t  i n s i d e  t h e  d i s p a t c h e r 's  room  
w e r e  u n d e r  1 V /m .

9 . 2  E n v ir o n m e n ta l M a g n e t ic  F i e l d  L e v e ls

T he p r e d o m in a n t  s o u r c e  o f  s t a t i c  f i e l d  i n  t h e  e n v ir o n m e n t  i s  t h e  
e a r t h 's  g e o m a g n e t ic  f i e l d .  The u n p e r tu r b e d  g e o m a g n e t ic  f i e l d  
i n t e n s i t y  v a r i e s  o v e r  t h e  s u r f a c e  o f  t h e  e a r t h  fr o m  r o u g h ly  2 4 0  mG 
t o  6 7 0  mG. T he g e o m a g n e t ic  f i e l d  l e v e l  i n  t h e  v i c i n i t y  o f  
W a s h in g to n , DC i s  a p p r o x im a t e ly  54 3  mG. The p r e s e n c e  o f  i r o n  and  
s t e e l  c o m p o n e n ts  i n  b u i l d i n g s ,  v e h i c l e s ,  and s t r u c t u r e s  p e r t u r b s  
t h e  g e o m a g n e t ic  f i e l d  i n  t h e  v i c i n i t y  o f  t h o s e  o b j e c t s  m a k in g  t h e
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g e o m a g n e t ic  f i e l d  i n t e n s i t i e s  r o u t i n e l y  e n c o u n t e r e d  b y  p e o p le  
som ew hat m ore v a r i a b l e .  S t a t i c  f i e l d  l e v e l s  r a n g in g  fro m  2 0 0  mG t o  
1 0 0 0  mG a r e  f r e q u e n t l y  fo u n d  i n  s u c h  a r e a s .

P erm an en t m a g n e ts  a l s o  r e p r e s e n t  l o c a l i z e d  s o u r c e s  o f  h ig h  
i n t e n s i t y  s t a t i c  m a g n e t ic  f i e l d s .  A c h i l d ' s  t o y  m a g n et may h a v e  a  
f l u x  d e n s i t y  o f  s e v e r a l  h u n d re d  t o  a fe w  t h o u s a n d  g a u s s  a t  i t s  
p o l e .  F e r r i t e  p erm a n e n t m a g n e ts  im b ed d ed  i n  s e a l s  and  
w e a t h e r s t r i p s  a ro u n d  r e f r i g e r a t o r  d o o r s  and home o r  o f f i c e  d o o r s  
and w indow s a r e  f r e q u e n t l y  e n c o u n t e r e d , p r o v i d i n g  s t a t i c  f i e l d s  o f  
a fe w  g a u s s  a t  t h e  p o r t a l .

The o v e r w h e lm in g ly  p r e d o m in a n t  s o u r c e  o f  ELF m a g n e t ic  f i e l d s  i n  t h e  
e n v ir o n m e n t  i s  t h e  50  o r  60  Hz m a g n e t ic  f i e l d  p r o d u c e d  b y  v i r t u a l l y  
a l l  e q u ip m e n t o r  f a c i l i t i e s  w h ic h  g e n e r a t e ,  d i s t r i b u t e ,  o r  u t i l i z e  
e l e c t r i c  p o w e r . Due t o  t h e  e l e c t r i f i c a t i o n  o f  o u r  m od ern  s o c i e t y ,  
p ow er f r e q u e n c y  (6 0  Hz i n  N o r th  A m e r ic a , 5 0  Hz i n  E u ro p e ) m a g n e t ic  
f i e l d s  a r e  u b i q u i t o u s .  N um erous a u t h o r s  h a v e  r e p o r t e d
e n v ir o n m e n t a l  l e v e l s  o f  p ow er f r e q u e n c y  m a g n e t ic  f i e l d s  f o r  
s p e c i f i c  s i t u a t i o n s .  N a i r ,  e t  a l . ,  p r o v i d e s  a sum m ary o f  t h a t  
i n f o r m a t i o n  a s  w e l l  a s  u s e f u l  i n s i g h t  i n t o  t h e  p a r a m e t e r s  w h ic h  
a f f e c t  p ow er f r e q u e n c y  m a g n e t ic  f i e l d s .  F ig u r e  9 - 1  sh o w s t h e  r a n g e  
o f  p ow er fr e q u e n c y  m a g n e t ic  f i e l d  l e v e l s  w h ic h  may b e  fo u n d  a t  
v a r i o u s  d i s t a n c e s  fro m  t h r e e  im p o r t a n t  s o u r c e s  o f  m a g n e t ic  f i e l d .

P ow er f r e q u e n c y  m a g n e t ic  f i e l d s  i n  A m e r ic a n  hom es a r i s e  p r i m a r i l y  
fro m  t h r e e  s o u r c e s :  o u t d o o r  p o w er l i n e s ;  h o u s e  w i r i n g ;  and
h o u s e h o ld  a p p l i a n c e s .  F i e l d  l e v e l s  f o r  p o w er l i n e s  a n d  a p p l i a n c e s  
a r e  su m m a rized  i n  F ig u r e  9 - 1 .  F i e l d  l e v e l s  fro m  h o u s e  w i r i n g  
d i f f e r  g r e a t l y  fro m  home t o  hom e. T he t o t a l  p g w er f r e q u e n c y  
m a g n e t ic  f i e l d s  i n  hom es i s  t y p i c a l l y  a b o u t  0 . 7  mG5, a t  t h e  c e n t e r  
o f  e a c h  room  b u t  c a n  v a r y  s u b s t a n t i a l l y  fro m  room  t o  room  o r  home 
t o  hom e. M a g n e t ic  f i e l d  l e v e l s  i n  e x c e s s  o f  10  mG a t  t h e  c e n t e r  o f  
a room  a r e  a t y p i c a l  b u t  n o t  uncom m on.

P ow er f r e q u e n c y  m a g n e t ic  f i e l d  l e v e l s  i n  t h e  w o r k p la c e  a r e  h i g h l y  
v a r i a b l e .  I n  o f f i c e s  and m o st  c o m m e r c ia l e s t a b l i s h m e n t s ,  t h e  p ow er  
f r e q u e n c y  m a g n e t ic  f i e l d  e n v ir o n m e n t  i s  s i m i l a r  t o  o r  som ew hat  
h i g h e r  th a n  t h a t  i n  h o m es. B u t i n  c e r t a i n  i n d u s t r i a l  s e t t i n g ^ ,  
c o n s i d e r a b l y  h i g h e r  ELF m a g n e t ic  f i e l d  l e v e l s  a r e  e n c o u n t e r e d 9. 
U n f o r t u n a t e l y ,  f i e l d  c h a r a c t e r i z a t i o n  i n  t h e  w o r k p la c e  i s  l i m i t e d  
t o  a s m a l l  num ber o f  m e a su re m e n ts  w h ic h  l a c k  v a l i d i t y  a s  i n d i c a t o r s  
o f  " t y p i c a l "  o r  " o v e r a l l "  e s t i m a t o r s  o f  w o r k p la c e  m a g n e t ic  f i e l d  
l e v e l s .

T h e s e  common e n v ir o n m e n t a l  s o u r c e s  o f  ELF m a g n e t ic  f i e l d  a r e  
p r e d o m in a n t ly  p ow er f r e q u e n c y  f i e l d  s o u r c e s .  M a g n e t ic  f i e l d s  n e a r  
p ow er l i n e s  and  s u b s t a t i o n s  may h a v e  lo w  o r d e r  h a r m o n ic  c o m p o n e n ts ,  
b u t  t h e s e  a r e  g e n e r a l l y  onjJ.y a s m a l l  p e r c e n t a g e  o f  t h e  fu n d a m e n ta l  
p ow er f r e q u e n c y  com p on en t8. T he h a r m o n ic  c o n t e n t  o f  r e s i d e n t i a l  
and m o s t  w o r k p la c e  m a g n e t ic  f i e l d s  i s  a l s o  g e n e r a l l y  q u i t e  lo w , b u t
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F ig u r e  9 - 1  I l l u s t r a t i o n  o f  how t h e  m a g n e t ic  f i e l d  i n t e n s i t y  a t  g ro u n d  l e v e l  c h a n g e s  w ith
h o r i z o n t a l  d i s t a n c e  fro m  t h r e e  common s o u r c e s  o f  p o w e r -fr e q u e n c y  m a g n e t ic  
f i e l d s .  T he b a n d s  r e p r e s e n t  v a r i a t i o n  a c r o s s  i n d i v i d u a l  s o u r c e s  in  ea c h  
g r o u p . A d a p te d  fr o m  N a i r ,  e t  a l .



on o c c a s i o n  c a n  becom e a s i g n i f i c a n t  p a r t  o f  t h e  t o t a l  f i e l d .  H ig h  
h a r m o n ic  c o n t e n t  a p p e a r s  m o s t  f r e q u e n t l y  i n  m a g n e t ic  f i e l d s  n e a r  
a p p l i a n c e s  c o n t a i n i n g  n o n - l i n e a r  e l e c t r i c a l  lo a d  c o n t r o l  d e v i c e s .  
F ig u r e  9 - 2  sh ow s a f i e l d  b y  f r e q u e n c y  and  t im e  p l o t  f o r  t h e  
m a g n e t ic  f i e l d  p r o d u c e d  b y  a t r i a c - c o n t r o l l e d  vacuum  c l e a n e r .  
A lth o u g h  t h e  h a r m o n ic  c o n t e n t  i s  r e l a t i v e l y  l a r g e ,  o n l y  t h e  lo w e r  
o r d e r  h a r m o n ic s  h a v e  s i g n i f i c a n t  a m p l i t u d e .  E s s e n t i a l l y ,  no  e n e r g y  
i s  p r e s e n t  a t  f r e q u e n c i e s  b e lo w  t h e  p o w er f r e q u e n c y .  T h i s  i s  
c h a r a c t e r i s t i c  o f  t h e  m a g n e t ic  f i e l d s  p r o d u c e d  b y  many a p p l i a n c e s  
w it h  e l e c t r o n i c  c o n t r o l s .

T e l e v i s i o n s  and c o m p u te r  v i d e o  d i s p l a y  u n i t s  w h ic h  m ake u s e  o f  
m a g n e t ic  d e f l e c t i o n  a r e  t h e  m o s t  com m only e n c o u n t e r e d  s o u r c e  o f  ELF 
m a g n e t ic  f i e l d s  a t  f r e q u e n c i e s  o t h e r  th a n  t h e  p o w er f r e q u e n c y .  
V e r t i c a l  d e f l e c t i o n  f r e q u e n c i e s  f o r  t h e s e  d e v i c e s  a r e  g e n e r a l l y  i n  
t h e  5 5  t o  7 5  Hz r a n g e ;  h o w e v e r , t h e  m a g n e t ic  f i e l d s  a r e  r i c h  i n  
h a r m o n ic s . H o r i z o n t a l  d e f l e c t i o n  f r e q u e n c i e s  an d  t h e i r  a s s o c i a t e d  
f i e l d s  a r e  w e l l  a b o v e  t h e  ELF r a n g e .

O th e r  s i g n i f i c a n t  s o u r c e s  o f  n o n -p o w e r - f r e q u e n c y  ELF m a g n e t ic  
f i e l d s  a r e  h e a d p h o n e s  and t e le p h o n e  r e c e i v e r s  w h ic h  p r o d u c e  
r e l a t i v e l y  i n t e n s e  v o i c e - f r e q u e n c y  m a g n e t ic  f i e l d s  i n  t h e  v i c i n i t y  
o f  t h e  u s e r ' s  e a r .  H o w ev er , t h e s e  f i e l d s  a t t e n u a t e  q u i c k l y  w it h  
d i s t a n c e  fro m  t h e  e a r p i e c e .  C e r t a i n  p i e c e s  o f  i n d u s t r i a l  and  
m e d ic a l  e q u ip m e n t a l s o  p r o d u c e  r e l a t i v e l y  l a r g e  ELF m a g n e t ic  f i e l d s  
a t  f r e q u e n c i e s  o t h e r  t h a n  5 0  o r  6 0  H z , b u t  t h e y  a r e  r a r e l y  
e n c o u n t e r e d  b y  t h e  g e n e r a l  p u b l i c .

ELF e l e c t r i c  f i e l d s  i n  t h e  e n v ir o n m e n t  a r i s e  m o s t  f r e q u e n t l y  fro m  
u n s h i e ld e d  e q u ip m e n t o r  f a c i l i t i e s  u s e d  t o  g e n e r a t e ,  d i s t r i b u t e ,  o r  
u t i l i z e  e l e c t r i c  p o w e r . L ik e  ELF m a g n e t ic  f i e l d s ,  t h e s e  e l e c t r i c  
f i e l d s  h a v e  t h e  f r e q u e n c y  o f  t h e  e l e c t r i c  p o w er s y s t e m : 6 0  Hz i n  
N o r th  A m e r ic a  and 5 0  Hz i n  E u r o p e , s i n c e  ELF e l e c t r i c  f i e l d s  a r e  
e a s i l y  s h i e l d e d  b y  m a t e r i a l s  w i t h  e v e n  m o d e s t  e l e c t r i c a l  
c o n d u c t i v i t y ,  t h e  p r e d o m in a n t  s o u r c e s  e n c o u n t e r e d  b y  t h e  g e n e r a l  
p u b l i c  a r e  o v e r h e a d  e l e c t r i c  p o w er t r a n s m i s s i o n  and  d i s t r i b u t i o n  
l i n e s ,  home o r  o f f i c e  ^ l e c t r i c a l  a p p l i a n c e s  and  som e e l e c t r i c  
l i g h t s .  N a i r ,  e t  a l . ,  p r o v i d e  a  d i s c u s s i o n  o f  e n v ir o n m e n t a l  
e l e c t r i c  f i e l d s  w e l l  su m m a rized  b y  F ig u r e  9 - 3 ,  w h ic h  i s  e x t r a c t e d  
fro m  t h e i r  r e p o r t .

9 . 3  C o m p a riso n  o f  M e t r o r a i l  F i e l d s  t o  o t h e r  E l e c t r o - t e c h n o l o g i e s

Much o f  t h e  c o n c e r n  a b o u t  ELF m a g n e t ic  f i e l d  l e v e l s  i s  d r i v e n  b y  
u n c e r t a i n t y  a s  t o  w h e th e r  s u c h  f i e l d s  e x e r t  an  a d v e r s e  e f f e c t  on  
human h e a l t h .  E x i s t i n g  s c i e n t i f i c  k n o w le d g e  p r o v i d e s  n o  so u n d  
i n s i g h t  a s  t o  w h a t ^ s p e c t s  o f  ELF m a g n e t ic  e x p o s u r e , i f  a n y , a r e  o f  
b i o l o g i c a l  c o n c e r n  . C o n s e q u e n t ly ,  p u b l i c  a c c e p t a n c e  o f  m a g n e t ic  
f i e l d  e x p o s u r e s  i s  p r e s e n t l y  b a s e d  m ore on e q u i t y  and  c o m p a r a b i l i t y  
t o  o t h e r  e x p o s u r e s  th a n  i t  i s  t o  q u a n t i f i a b l e  c h a r a c t e r i s t i c s  o f  
t h e  f i e l d  i t s e l f .  T h e r e f o r e ,  t h i s  s e c t i o n  c o m p a re s  an d  c o n t r a s t s
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Figure 9-2 Magnetic field 30 cm from a shop vac
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F ig u r e  9 - 3  I l l u s t r a t i o n  o f  how e l e c t r i c  f i e l d  i n t e n s i t y  n e a r  g ro u n d  l e v e l  w i l l  ch a n g e
w it h  h o r i z o n t a l  d i s t a n c e  fro m  t h r e e  common s o u r c e s  o f  p o w e r -fr e q u e n c y  
e l e c t r i c  f i e l d s .  T h e b a n d s  r e p r e s e n t  v a r i a t i o n  a c r o s s  i n d i v i d u a l  s o u r c e s  in  
e a c h  g r o u p . A d a p te d  fr o m  N a i r ,  e t  a l  .



t h e  m a g n e t ic  f i e l d s  p ro d u c e d  b y  t h e  M e t r o r a i l  o p e r a t i o n  t o  o t h e r  
s o u r c e s  o f  m a g n e t ic  f i e l d s .

9 . 3 . 1 S t a t i c  F i e l d s
f a

S t a t i c  m a g n e t ic  f i e l d s  J je v o nd^ n o rm a l r a n g e  porm a 11  v^-due t o  
p a s s i v e  p e r t u r b a t i o n  o f ^ t h e ^ ^ x t i r ^ s ^ P 'o m a g n e r ^ ^ K e l d  e x i s t
i n s i d e  t h e  c a r s ,  t h e  e n g i n e e r 's  c o m p a r tm e n t , a t  t h e  w a y s id e ,  
on t h e  p la t f o r m s  and o u t s i d e  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n s  b e c a u s e  o f  t h e  v e r y  n a t u r e  o f  t h e  M e t r o r a i l  
e l e c t r i f i c a t i o n .  The l a r g e s t  m e a su re d  s t a t i c  f i e l d s  w ere  
e n c o u n t e r e d  a t  t h e  c e n t e r  o f  t h e  3 0 0 0  c a r s ,  n e a r  t h e  f l o o r .  
T he maximum m a g n e t ic  f i e l d  r e a d in g  10  cm a b o v e  t h e  f l o o r  w as
1 3 1 . 5  g a u s s  a t  t h a t  p o i n t  and t h e  a v e r a g e  w as 1 4 . 3  g a u s s .  
T h a t  i s  an  e x tr e m e  e x a m p le  b u t  t o t a l  s t a t i c  f i e l d s  i n  e x c e s s  
o f  o n e  g a u s s  o c c a s i o n a l l y  e x i s t e d  a t  many m e a su re m en t  
l o c a t i o n s .

9 . 3 . 2  F re q u e n c y  S p ec tru m

T he f r e q u e n c y  c h a r a c t e r i s t i c s  o f  t h e  m a g n e t ic  f i e l d s  o n b o a rd  
o r  n e a r  t h e  M e t r o r a i l  c a r s  i s  s u b s t a n t i a l l y  d i f f e r e n t ^ t h o s e  
n e a r  many e l e c t r i c a l  a p p l i a n c e s .  The d c  e l e c t r i f i c a t i o n  g i v e s  
r i s e  t o  lo w  fr e q u e n c y  co m p o n e n ts  w h ic h  a r e  t h e  r e s u l t  o f  
t e m p o r a l  c h a n g e s  i n  t h e  d c  t r a c t i o n  c u r r e n t  draw n b y  o p e r a t i n g  
c a r s .  A l s o ,  t h e r e  a r e  e v e n  h a r m o n ic s  o f  6 0  Hz p r e s e n t  t h a t  
a r i s e  fr o m  t h e  r e c t i f i c a t i o n  r i p p l e  c u r r e n t s  i n  t h e  t r a c t i o n  
c u r r e n t .  M o r e o v e r , t h e  3 0 0 0  s e r i e s  c a r s  c o n t a i n  s e m ic o n d u c t o r  
c h o p p e r s  and  a f i l t e r i n g  r e a c t o r  c o i l ,  l o c a t e d  b e n e a th  t h e  
m id d le  o f  t h e  c a r ,  w h ich  p r o d u c e  s i g n i f i c a n t  f i e l d s  i n  t h e  
h i g h e r  en d  o f  t h e  ELF b a n d .

9 . 3 . 3  T im e C h a r a c t e r i s t i c s

T he m a g n e t ic  f i e l d s  o n b o a rd  t h e  M e t r o r a i l  c a r s  o r  n e a r  t h e  
r a i l s  h a v e  p ro n o u n c e d  te m p o r a l  v a r i a b i l i t y  s i m i l a r  t o  t h e  
v a r i a b i l i t y  o f  m a g n e t ic  f i e l d s  n e a r  a p p l i a n c e s  w i t h  v a r y i n g  
lo a d  o r  i n t e r m i t t e n t  u s e .  T h e s e  f i e l d s  h a v e  much g r e a t e r  
v a r i a b i l i t y  th a n  t h e  f i e l d s  fo u n d  n e a r  m o s t  c o m m e r c ia l  
e l e c t r i c  p ow er l i n e s .

9 . 3 . 4  A m p litu d e  C h a r a c t e r i s t i c s

T h i s  s u b s e c t i o n  co m p a res t h e  m e a su re d  f i e l d  l e v e l s  o n b o a r d  t h e  
M e t r o r a i l  c a r s  o r  n e a r  t h e  M e t r o r a i l  l i n e  and  i t s  f a c i l i t i e s  
t o  t h e  r e p o r t e d  e n v ir o n m e n t a l  f i e l d  l e v e l s  fr o m  v a r i o u s  p ow er  
f r e q u e n c y  s o u r c e s .  T h is  c o m p a r is o n  i s  b a s e d  on  t o t a l  ELF 
m a g n e t ic  f i e l d  and d o e s  n o t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
s i g n i f i c a n t  d i f f e r e n c e s  i n  f r e q u e n c y  s p e c t r a .  F o r  
c o n s i d e r a t i o n s  w h ere fr e q u e n c y  i s  an  im p o r t a n t  f a c t o r ,  t h i s  
c o m p a r is o n  i s  i n v a l i d  b e c a u s e  M e t r o r a i l  S y s te m  f i e l d s  w h ic h
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c o n t a i n  l i t t l e  o r  no 60  Hz co m p o n en t a r e  co m p a red  t o  f i e l d s  
w h ic h  a r e  e s s e n t i a l l y  e n t i r e l y  60  H z .

9 . 3 . 4 . 1  C a rs

F ig u r e  9 - 4  show s t h e  g e n e r a l  r a n g e  o f  t o t a l  t im e  v a r y i n g  
m a g n e t ic  f i e l d s  m e a su re d  i n  t h e  c a r s  on  t h e  M e t r o r a i l  
t r a i n  a s  a f u n c t i o n  o f  d i s t a n c e  fro m  t h e  s o u r c e  w h ic h  f o r  
p u r p o s e s  o f  t h i s  g r a p h  i s  p re su m e d  t o  b e  t h e  c a r  f l o o r .  
T he r a n g e  i s  p l o t t e d  o v e r  t h e  g r a p h  o f  5 a  t y p i c a l  
d i s t r i b u t i o n  l i n e  an d  a p p l i a n c e  f i e l d  l e v e l s 5 d i s c u s s e d  
e a r l i e r .  A s  t h e  g r a p h  i l l u s t r a t e s ,  t h e  i n t e n s i t y  o f  t h e  
ELF m a g n e t ic  f i e l d  i n s i d e  t h e  c a r s  d i m i n i s h e s  aw ay fro m  
t h e  f l o o r ,  b u t  e x h i b i t s  an  i n c r e a s e  to w a r d s  t h e  c e i l i n g .  
T he r a n g e  o f  m a g n e t ic  f i e l d  i n t e n s i t i e s  s p a n s  m ore  th a n  
t h r e e  o r d e r s  o f  m a g n it u d e , i n c l u d i n g  t h e  r a n g e  o f  
m a g n e t ic  f i e l d s  fo u n d  u n d e r  a l l  d i s t r i b u t i o n  l i n e s  and  
som e t r a n s m i s s i o n  l i n e s .  H ow ever som e h i g h e r  i n t e n s i t i e s  
a r e  fo u n d  i n  t r a n s m i s s i o n  l i n e s  and  c l o s e  t o  a p p l i a n c e s .

F ig u r e  9 - 5  sh ow s t h e  r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  
f i e l d s  m e a su re d  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r  on  
t h e  M e t r o r a i l  t r a i n  a s  a  f u n c t i o n  o f  d i s t a n c e  fr o m  t h e  
s o u r c e  ( c a r  f l o o r ) . T he c e n t r a l  a r e a  o f  t h e  3 0 0 0  s e r i e s  
c a r s  e x h i b i t s  much l a r g e r  s t a t i c  and  t im e  v a r y i n g  f i e l d s ,  
e s p e c i a l l y  n e a r  t h e  f l o o r .  The s o u r c e  u n d e r  t h e  c a r  i s  
p r o b a b ly  t h e  l a r g e  f i l t e r  r e a c t o r  c o i l  i n  t h e  m id p o in t  o f  
t h e  3 0 0 0  s e r i e s  c a r s .  T he r a n g e  o f  m a g n e t ic  f i e l d  
i n t e n s i t i e s  o v e r l a p s  b o t h  t h e  t r a n s m i s s i o n  l i n e  and  
a p p l i a n c e s  p l o t s ,  t h a t  i s ,  t h e  i n t e n s i t i e s  a r e  a s  h ig h  a s  
t r a n s m i s s i o n  l i n e s  an d  a p p l i a n c e s .

9 . 3 . 4 . 2  E n g in e e r 1s  C om p artm ent

F ig u r e  9 - 6  show s t h e  r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  
f i e l d s  r e c o r d e d  i n  t h e  M e t r o r a i l  e n g i n e e r 's  c o m p a rtm en t  
a s  a f u n c t i o n  o f  d i s t a n c e  fro m  t h e  c a t e n a r y .  T h e d a t a  
a r e  p l o t t e d  o v e r  t h e  sam e t y p i c a l  p o w er  fr e q u e n c y  
m a g n e t ic  f i e l d  l e v e l s .  T he m a g n e t ic  f i e l d  l e v e l s  i n  t h e  
e n g i n e e r 's  c o m p a rtm e n t a r e  s i m i l a r  t o  t h o s e  fo u n d  i n  
o t h e r  p a r t s  o f  t h e  c a r s  ( s e e  F ig u r e  9 - 4 )  an d  a r e  w i t h i n  
t h e  r a n g e  o f  f i e l d  l e v e l s  fo u n d  b e n e a t h  e l e c t r i c  
d i s t r i b u t i o n  l i n e s  o r  n e a r  a p p l i a n c e s .

9 . 3 . 4 . 3  A lo n g  t h e  W a y s id e

F ig u r e  9 - 7  show s t h e  p l o t  o f  t h e  r a n g e s  c o r r e s p o n d in g  t o  
t h e  tw o m e a su re m en t l o c a t i o n s ,  n a m e ly  t h e  u n d e r p a s s  and  
t h e  op en  s p a c e  a lo n g  t h e  w a y s id e . T he d i s t a n c e  t o  t h e  
s o u r c e  f o r  t h e  u n d e r p a s s  i s  m e a su re d  t o  t h e  r a i l s  a b o v e .  
The d i s t a n c e  f o r  t h e  o p en  s p a c e  i s  m e a s u r e d  t o  t h e
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Figure 9-4 The range of total time varying magnetic field levels in the Metrorail cars
compared to typical levels of power frequency magnetic fields produced by
common sources.
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Figure 9-5 The range of total time varying magnetic field levels in the center of the
3000 series Metrorail cars compared to typical levels of power frequency
magnetic fields produced by common sources.
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Figure 9-6 The range of total time varying magnetic field levels in the engineer's
compartment of the Metrorail cars compared to typical levels of power
frequency magnetic fields produced by common sources.
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F ig u r e  9 - 7  T he r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  a t  a w a y s id e  and a
h ig h w a y  u n d e r p a s s , a t  v a r i o u s  d i s t a n c e s  fro m  t h e  n e a r e s t  f e n c e  o r  t r a c k ,  
co m p a red  t o  t y p i c a l  l e v e l s  o f  p ow er fr e q u e n c y  m a g n e t ic  f i e l d s  p ro d u c e d  by  
r,,'"TnC)r  “ n u r r " -  ,



n e a r e s t  s e t  o f  t r a c k s .  A s d e s c r i b e d  i n  S e c t i o n  6 , t h e s e  
m e a su re d  f i e l d  l e v e l s  i n c lu d e d  f i e l d s  fro m  b o t h  t h e  
M e t r o r a i l  S y stem  and b a c k g ro u n d  f i e l d s  fro m  o t h e r  
s o u r c e s .  C o n s e q u e n t ly , t h e  m e a su re d  v a l u e s  o v e r s t a t e  t h e  
m a g n itu d e  o f  t h e  f i e l d  a c t u a l l y  p r o d u c e d  b y  t h e  M e t r o r a i l  
S y s te m . The f i g u r e  sh ow s t h a t  t h e s e  c o n s e r v a t i v e
m e a s u r e s  o f  m a g n e t ic  f i e l d  l e v e l s  a t  b o th  l o c a t i o n s  a r e  
w i t h i n  t h e  g e n e r a l  r a n g e  o f  m a g n e t ic  f i e l d s  n e a r  
d i s t r i b u t i o n  l i n e s .  The a c t u a l  f i e l d s  fro m  t h e  M e t r o r a i l  
f a c i l i t i e s  a r e  a c t u a l l y  lo w e r .

9 . 3 . 4 . 4  P a s s e n g e r  S t a t i o n s

The r a n g e s  o f  t im e  v a r y i n g  m a g n e t ic  f i e l d s  m e a su re d  on  
t h e  G r o s v e n o r  o u td o o r  and G a l l e r y  u n d e rg r o u n d  t r a n s f e r  
p a s s e n g e r  s t a t i o n s  a r e  show n i n  r e l a t i o n  t o  o t h e r  s o u r c e s  
i n  F ig u r e  9 - 8 .  The d i s t a n c e  t o  t h e  s o u r c e  i s  t h e  
d i s t a n c e  t o  t h e  e d g e  o f  t h e  p l a t f o r m .  The r a n g e  o f  
m a g n e t ic  f i e l d  l e v e l s  a t  t h e  p l a t f o r m s  a r e  s l i g h t l y  l e s s  
th a n  t h e  g e n e r a l  r a n g e  o f  m a g n e t ic  f i e l d s  n e a r  
d i s t r i b u t i o n  l i n e s .

9 . 3 . 4 . 5  Pow er S u p p ly  S y ste m  M e a su re m e n ts

T he r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d s  r e c o r d e d  
a t  e i g h t  l o c a t i o n s  o u t s i d e  tw o  d i f f e r e n t  e l e c t r i c  
t r a c t i o n  p ow er s u p p ly  s t a t i o n s  i s  show n i n  F ig u r e  9 - 9 .  
I t  c a n  b e  s e e n  t h a t  t h e s e  f i e l d  l e v e l s  a r e  i n  t h e  r a n g e  
o f  f i e l d s  fo u n d  u n d er  d i s t r i b u t i o n  l i n e s .  The d i s t a n c e  
t o  t h e  s o u r c e  i s  t h e  d i s t a n c e  t o  t h e  f e n c e  o r  w a l l  o f  t h e  
i n s t a l l a t i o n .

9 . 3 . 4 . 6  C o n t r o l  A r e a s

F ig u r e  9 - 1 0  show s t h e  p l o t  o f  t h e  r a n g e  o f  t im e  v a r y i n g  
m a g n e t ic  f i e l d s  i n  f r o n t  o f  t h e  d i s p a t c h e r 's  VDT i n  t h e  
d i s p a t c h e r 's  room . The d i s t a n c e  t o  t h e  s o u r c e  i s  t h e  
d i s t a n c e  t o  t h e  VDT s c r e e n .  A s  o n e  w o u ld  e x p e c t ,  t h e  
f i g u r e  sh ow s t h a t  t h e  r a n g e  o f  m a g n e t ic  f i e l d  l e v e l s  fro m  
t h e  VDT i s  w e l l  w i t h in  t h e  r a n g e  o f  m a g n e t ic  f i e l d s  n e a r  
a p p l i a n c e s .  The f l a t  p a r t  o f  t h e  VDT f i e l d  c u r v e  b e y o n d  
1  m e te r  fro m  t h e  s o u r c e  r e p r e s e n t s  t h e  g e n e r a l  b a c k g ro u n d  
f i e l d  l e v e l  w i t h in  t h e  d i s p a t c h e r 's  ro o m . T h a t  
b a c k g r o u n d  l e v e l  i s  v e r y  m o d e s t  co m p a red  t o  t h e  r a n g e  o f  
f i e l d  l e v e l s  fo u n d  n e a r  t h e  t h r e e  common f i e l d  s o u r c e s  
d e p i c t e d  i n  t h e  f i g u r e .

9 . 4  C o m p a r iso n  o f  M e t r o r a i l  F i e l d s  t o  E x i s t i n g  s t a n d a r d s

The U n it e d  S t a t e s  h a s  no n a t i o n a l  s t a n d a r d s  w h ic h  e s t a b l i s h  l i m i t s
on t h e  i n t e n s i t y  o f  ELF e l e c t r i c  m a g n e t ic  f i e l d s .  T h e r e  a r e  tw o
g u i d e l i n e s  e s t a b l i s h e d  b y  i n t e r n a t i o n a l  o r g a n i z a t i o n s  and  o n e
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The range of total time varying magnetic field levels on the platforms, at
various distances from the track, compared to typical levels of power
frequency magnetic fields produced by common sources.
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T he r a n g e  o f  t o t a l  t im e  v a r y i n g  m a g n e t ic  f i e l d  l e v e l s  o u t s i d e  t r a c t i o n  pow er  
s u p p ly  s t a t i o n s ,  a t  v a r i o u s  d i s t a n c e s  fro m  t h e  f e n c e  o r  w a l l ,  com pared t o  
t y p i c a l  l e v e l s  o f  p o w er f r e q u e n c y  m a g n e t ic  f i e l d s  p r o d u c e d  b y  common s o u r c e s .
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Figure 9-10 The range of total time varying magnetic field levels in front of a
dispatcher's video display terminal compared to typical levels of power
frequency magnetic fields produced by common sources.



e s t a b l i s h e d  b y  a d o m e s t ic  p r o f e s s i o n a l  t r a d e  o r g a n i z a t i o n .  
F u r th e r m o r e , t h e r e  a r e  tw o s t a t e  l e v e l  s t a n d a r d s  l i m i t i n g  ELF 
m a g n e t ic  f i e l d s  and s e v e r a l  o t h e r s  l i m i t i n g  ELF e l e c t r i c  f i e l d s .  
T h e s e  s t a t e  s t a n d a r d s  p r e s e n t l y  a p p ly  o n ly  t o  e l e c t r i c  p o w er l i n e s  
and s u b s t a t i o n s .  T h is  s u b s e c t i o n  o f  t h e  r e p o r t  w i l l  co m p a re  t h e  
m a g n e t ic  f i e l d  l e v e l s  o n b o a rd  t h e  M e t r o r a i l  c a r s  o r  n e a r  r e l a t e d  
f a c i l i t i e s  t o  t h e  f i e l d  l e v e l s  p e r m it t e d  u n d e r  t h e  a b o v e -m e n t io n e d  
s t a n d a r d s .  F ig u r e  9 - 1 1  su m m a rizes  t h e  o v e r a l l  c o m p a r is o n  o f  t h e  
M e t r o r a i l  m a g n e t ic  f i e l d s  t o  t h e  e x i s t i n g  s t a n d a r d s .  The  
c o m p a r is o n  i s  m ade w it h  t h e  m e a su re d  v a lu e s  a t  t h e  c e n t e r  o f  t h e  
3 0 0 0  s e r i e s  c a r ,  t h a t  h a p p e n ed  t o  b e  t h e  h i g h e s t  v a l u e s  m e a su re d  i n  
a l l  f r e q u e n c y  b a n d s . F i e l d  l e v e l s  60  cm a b o v e  t h e  f l o o r  w ere  
c h o s e n  f o r  p u r p o s e s  o f  t h i s  c o m p a r is o n  a s  t h a t  h e i g h t  i s  t h e  
a p p r o x im a te  b o d y  c e n t e r  o f  a p e r s o n  i n  a s e a t i n g  p o s i t i o n .

9 . 4 . 1  W o r ld  H e a lt h  O r g a n iz a t io n

The W o r ld  H e a lt h  O r g a n i z a t i o n 's  E n v i r o n m e n t s ^  H e a l t h  C r i t e r i a  

3 5 :  E x t r e m e l y  L o w  F r e q u e n c y  ( E L F )  F i e l d s 10 a d d r e s s e s  b o th
e l e c t r i c  and m a g n e t ic  f i e l d s  b u t  f o c u s e s  m ore h e a v i l y  on  
e l e c t r i c  f i e l d s .  A lth o u g h  i t  c o n c lu d e s  t h a t  " a d v e r s e  human 
h e a l t h  e f f e c t s  fro m  e x p o s u r e  t o  ELF e l e c t r i c  f i e l d  l e v e l s  
n o r m a lly  e n c o u n t e r e d  i n  t h e  e n v ir o n m e n t  o r  t h e  w o r k p la c e  h a v e  
n o t  b e e n  e s t a b l i s h e d "  and s e t s  no n u m e r ic a l  l i m i t s  f o r  g e n e r a l  
o r  o c c u p a t i o n a l  e x p o s u r e , i t  recom m ends l i m i t i n g  lo n g -t e r m  
e x p o s u r e s  t o  5 0 / 6 0  Hz e l e c t r i c  f i e l d s  t o  l e v e l s  b e tw e e n  1 and  
10  kV /m  a s  " l e v e l s  a s  lo w  a s  ca n  b e  r e a s o n a b ly  a c h i e v e d . "  
T he h i g h e s t  e l e c t r i c  f i e l d  l e v e l s  e n c o u n t e r e d  i n  t h e s e  
m e a su re m e n ts  w ere  fo u n d  o u t s i d e  t h e  t r a c t i o n  p o w er s u p p ly  
s t a t i o n  and  t h e y  w ere  7 V / m ,  w e l l  b e lo w  t h e  lo w e r  en d  o f  t h i s  
recom m ended l i m i t .

T h ^ W o r ld  H e a lt h  O r g a n i z a t i o n 's  E n v i r o n m e n t a l  H e a l t h  C r i t e r i a  

6 9 11 a d d r e s s e s  ELF m a g n e t ic  f i e l d s .  T he d o cu m en t c o n c lu d e s  
t h a t  a v a i l a b l e  s c i e n t i f i c  k n o w le d g e  d o e s  n o t  p e r m it  
e s t a b l i s h m e n t  o f  a d e f i n i t i v e  l i m i t  f o r  s t a t i c  o r  t im e  v a r y i n g  
m a g n e t ic  f i e l d s .  T he d ocu m en t i n d i c a t e s  t h a t  a d v e r s e  human 
h e a l t h  e f f e c t s  a r e  u n l i k e l y  a t  s t a t i c  f i e l d  l e v e l s  l e s s  th a n  
2 T ( 2 0 , 0 0 0  g a u s s )  o r  w it h  t im e  v a r y i n g  m a g n e t ic  f i e l d s  w h ic h  
in d u c e  c u r r e n t  d e n s i t i e s  o f  l e s s  th a n  1 0  mA/in w i t h i n  t i s s u e  
o r  e x t r a c e l l u l a r  f l u i d s .  B a se d  on a v a i l a b l e  s c a l i n g  d a t a  foi£  
m a g n e t i c a l l y  in d u c e d  c u r r e n t s  in  t h e  human b o d y , t h e  10  mA/in 
t h r e s h o l d  i s  r e a c h e d  a t  60  Hz f i e l d  l e v e l s  o f  a p p r o x im a t e ly  10  
g a u s s .  T he c o r r e s p o n d in g  l e v e l  a t  a n o t h e r  ELF f r e q u e n c y  w o u ld  
b e  a d j u s t e d  fro m  t h e  10  G v a lu e  by t h e  r e c i p r o c a l  o f  t h e  r a t i o  
o f  t h e  f r e q u e n c i e s .  T h o se  v a lu e s  h a v e  b e e n  c a l c u l a t e d  f o r  a  
num ber o f  f r e q u e n c i e s  and a r e  p l o t t e d  on  F ig u r e  9 - 1 1  a s  t h e  
W o r ld  H e a lt h  O r g a n iz a t i o n  c r i t e r i o n .  T he maximum t im e  v a r y i n g  
m a g n e t ic  f i e l d s  i n  v a r i o u s  fr e q u e n c y  b a n d s  m e a su re d  60  cm 
a b o v e  t h e  f l o o r  i n  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  'c a r s  a r e  
p l o t t e d  on F ig u r e  9 - 1 1  and shown t o  b e  a t  l e a s t  an  o r d e r  o f  
m a g n itu d e  b e lo w  t h e  W o r ld  H e a lt h  O r g a n iz a t i o n  c r i t e r i o n  i n
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C O M P A R IS O N  TO S T A N D A R D S
C e n t e r  o f  3 0 0 0  S e r i e s  C a r  

A t  6 0  c m  A b o v e  T h e  F l o o r

C o m p a riso n  o f  maximum and a v e r a g e  m a g n e t ic  f i e l d  l e v e l s  m e a su re d  60 cm 
a b o v e  t h e  f l o o r  i n  t h e  c e n t e r  o f  a  M e t r o r a i l  3 0 0 0  s e r i e s  c a r  t o  e x i s t i n g  
s t a n d a r d s .

F ig u r e  9 - 1 1



e a c h  fr e q u e n c y  b a n d . The f i e l d  l e v e l s  i n  o t h e r  l o c a t i o n s  in  
t h e  3 0 0 0  s e r i e s  c a r s  o r  i n  o t h e r  c a r s  o r  on  t h e  s t a t i o n  
p l a t f o r m s  w ere  l e s s  th a n  t h o s e  a t  t h e  c e n t e r  o f t h e  3 0 0 0  s e r i e s  
c a r  s o  t h e y ,  t o o ,  a r e  w e l l  b e lo w  t h e  c r i t e r i a .  E ven g r e a t e r  
m a r g in s  o f  c o m p lia n c e  a r e  fo u n d  f o r  s t a t i c  m a g n e t ic  f i e l d s  
w h ere  t h e  c r i t e r i a  i s  2 0 , 0 0 0 , 0 0 0  mG.

9 . 4 . 2  I n t e r n a t i o n a l  R a d ia t io n  P r o t e c t i o n  A s s o c i a t i o n

T he I n t e r n a t i o n a l  N o n -I o n i z i n g  R a d ia t i o n  C o m m itte e  (IN IR C ) o f  
t h e  I n t e r n a t i o n a l  R a d ia t i o n  P r o j e c t i o n  A s s o c i a t i o n  (IR PA) h a s  
d e v e lo p e d  an i n t e r i m  s t a n d a r d 1̂  l i m i t i n g  human e x p o s u r e  t o  
p o w er fr e q u e n c y  ( 5 0 / 6 0  Hz)  e l e c t r i c  and m a g n e t ic  f i e l d s .  The  
e s t a b l i s h e d  m a g n e t ic  f i e l d  l i m i t  f o r  24  h o u r s  p e r  d a y  t o  t h e  
g e n e r a l  p u b l i c  i s  1 g a u s s .  S h o r t - t e r m  e x p o s u r e s  o f  up t o  a  
fe w  h o u r s  p e r  d a y  a r e  p e r m it t e d  t o  10  g a u s s .  P e r m it t e d  
o c c u p a t i o n a l  e x p o s u r e  l e v e l s  a r e  f i v e  t im e s  t h a t  p e r m i t t e d  f o r  
t h e  g e n e r a l  p u b l i c .  The a v e r a g e  t im e  v a r y i n g  p ow er f r e q u e n c y  
m a g n e t ic  f i e l d  l e v e l  a t  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  
M e t r o r a i l  c a r s  i s  a p p r o x im a t e ly  1 . 3 %  o f  t h e  1 g a u s s ,  24  h o u r  
l i m i t .  The a v e r a g e  o f  t h e  t o t a l  ELF m a g n e t ic  f i e l d  1 0  cm 
a b o v e  t h e  f l o o r  a t  t h e  c e n t e r  o f  t h e  3 0 0 0  s e r i e s  c a r s  i s  18%  
o f  t h e  IRPA recom m ended l i m i t .  A v e r a g e  m a g n e t ic  f i e l d  l e v e l s  
i n  o t h e r  p a r t s  o f  t h e  t r a i n  a r e  l e s s . T he e n g i n e e r ' s  
c o m p a rtm en t l e v e l s  a r e  o f  t h e  sam e g e n e r a l  m a g n itu d e  a s  i n  t h e  
o t h e r  p a r t  o f  t h e  c a r s .

T he n u m e r ic a l  f i e l d  l i m i t s  i n  t h e  IRPA s t a n d a r d  a p p ly  
e x p l i c i t l y  t o  p ow er fr e q u e n c y  m a g n e t ic  f i e l d s .  H o w ev er , t h e  
t e x t  o f  t h e  s t a n d a r d  c l e a r l y  d e m o n s t r a t e s  t h a t  t h e  s t a n d a r d  i s  
b a s e d  on in d u c e d  c u r r e n t  c o n c e r n s . H e n c e , a c c e p t a b l e  f i e l d  
l i m i t s  a t  f r e q u e n c i e s  o t h e r  th a n  5 0  o r  6 0  Hz w o u ld  b e  r e l a t e d  
t o  t h e  5 0 / 6 0  Hz t h r e s h o l d  b y  t h e  r a t i o  o f  t h e  p o w er f r e q u e n c y  
t o  t h e  fr e q u e n c y  o f  t h e  m a g n e t ic  f i e l d .  T he a v e r a g e  l e v e l  o f  
2 7 3  Hz f i e l d  co m p o n en t 60  cm a b o v e  t h e  f l o o r  a t  t h e  c e n t e r  o f  
t h e  3 0 0 0  s e r i e s  c a r  w o u ld  s t i l l  b e  b e lo w  t h e  IRPA 2 4 -h o u r  
c r i t e r i o n  (61%)  e v e n  i f  t h e  c r i t e r i o n  w as a d j u s t e d  f o r  
f r e q u e n c y  b a s e d  on e q u i v a l e n t  in d u c e d  c u r r e n t .

9 . 4 . 3  A m e r ic a n  C o n fe r e n c e  o f  G o v e r n m e n ta l I n d u s t r i a l  
H y g i e n i s t s

T he A m e r ic a n  C o n fe r e n c e  o f  G o v e r n m e n ta l I n d u s t r i a l  H y g i e n i s t s  
(ACGIH) h a s  e s t a b l i s h e d  a " t h r e s h o l d  l i m i t  v a l u e "  (TLV) f o r  60  

Hz m a g n e t ic  f i e l d s  a t  10  g a u s s  . The d o cu m en t recom m ends  
t h a t  r o u t i n e  o c c u p a t i o n a l  e x p o s u r e s  s h o u ld  n o t  e x c e e d  t h e  1 0  
g a u s s  a t  60  H z , b u t  s t a t e s  t h a t  t h e  v a l u e  i s  t o  b e  u s e d  a s  a 
g u i d e l i n e ,  n o t  a s  a s t r i c t  d e t e r m in a t io n  o f  s a f e  and  u n s a f e  
l e v e l s .  F o r  e x a m p le , v a l u e s  t e n  t i m e s  l e s s  t h a n  t h e  a b o v e  
TLVs a r e  recom m ended f o r  p e r s o n s  w it h  im p la n te d  p a c e m a k e r s .  
T h e s e  TLV v a l u e s  a r e  c o m p a r a b le  t o  t h e  g u i d e l i n e s  recom m ended  
b y  t h e  W o r ld  H e a lt h  O r g a n iz a t i o n  and t h e  t e n f o l d  lo w e r  l e v e l
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s u g g e s t e d  f o r  p a cem a k er w e a r e r s  i s  c o m p a r a b le  t o  t h e  IRPA  
g u i d e l i n e .  A s d i s c u s s e d  a b o v e  and  show n g r a p h i c a l l y  on  F ig u r e
9 - 1 1 ,  t h e  m e a su re d  m a g n e t ic  f i e l d s  on o r  n e a r  t h e  M e t r o r a i l  
S y ste m  mee;t t h o s e  c r i t e r i a .  H o w e v e r , t h e  maximum 2 7 3  Hz 
m a g n e t ic  f i e l d  m e a su re d  60  cm a b o v e  t h e  f l o o r  i n  t h e  c e n t e r  o f  
t h e  3 0 0 0  s e r i e s  c a r s  e x c e e d s  t h e  t e n - f o l d  lo w e r  t h r e s h o l d  
recom m ended f o r  p a cem a k er  w e a r e r s  b y  a p p r o x im a t e ly  1 5 % . The  
a v e r a g e  f i e l d  a t  t h a t  p o s i t i o n  i s  39% b e lo w  t h e  t h r e s h o l d  
s u g g e s t e d  f o r  p a cem a k er  w e a r e r s .

The TLV f o ^  e l e c t r i c  f i e l d s  a t  f r e q u e n c i e s  o f  1 0 0  Hz o r  l e s s  
i s  25  k V /m  . The h i g h e s t  e l e c t r i c  f i e l d  l e v e l s  fo u n d  i n  o r  
a ro u n d  t h e  e x i s t i n g  M e t r o r a i l  e l e c t r i f i e d  u r b a n  t r a n s i t  
f a c i l i t i e s  w e re  o u t s i d e  t r a c t i o n  p o w er s u p p ly  s t a t i o n s  an d  i t  
m e a su re d  7 V / m ,  w e l l  w i t h i n  t h e  TLV g u i d e l i n e s .

9 . 4 . 4  S t a t e  P ow er L in e  L i m i t s

. 14 15The s t a t e s  o f  F l o r i d a  and New Y o rk  h a v e  a d o p t e d  s t a n d a r d s  
s p e c i f i c a l l y  l i m i t i n g  t h e  i n t e n s i t y  o f  t h e  p o w er f r e q u e n c y  
e l e c t r i c  and  m a g n e t ic  f i e l d s  a t  t h e  b o u n d a r ie s  o f  t r a n s m i s s i o n  
l i n e s '  r i g h t s - o f - w a y  o r  s u b s t a t i o n  p r o p e r t y  l i n e s  t o  v a l u e s  
fro m  1 . 6  t o  2 . 0  kV /m  and 1 5 0  mG t o  2 5 0  mG, d e p e n d in g  o n  t h e  
t y p e  o f  t r a n s m i s s i o n  l i n e .  B o th  s t a n d a r d s  a r e  e s t a b l i s h e d  on  
a " s t a t u s  q u o "  b a s i s  r a t h e r  t h a n  a  h e a l t h  o r  s a f e t y  b a s i s .  
A lt h o u g h  n e i t h e r  a p p l i e s  t o  t r a n s p o r t a t i o n  s y s t e m s ,  t h e y  d o  
p r o v i d e  som e g u id a n c e  a s  t o  t h e  l e v e l s  o f  m a g n e t ic  f i e l d s  
w h ic h  h a v e  b e e n  ju d g e d  t o l e r a b l e  a t  t h e  b o u n d a r ie s  o f  l i n e a r  
f a c i l i t i e s  w h ic h  a r e  i n  t h a t  r e s p e c t  s i m i l a r  t o  t h e  M e t r o r a i l  
c o r r i d o r .  The maximum e l e c t r i c  f i e l d  fo u n d  1 7 0  cm fr o m  t h e  
f e n c e  w as l e s s  t h a n  7 V /m  and t h e  t im e  v a r y i n g  m a g n e t ic  f i e l d  
w as l e s s  th a n  7 mG;. . b o t h  w e l l  b e lo w  t h e  t r a n s m i s s i o n  l i n e  
l i m i t s .  .
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