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Abstract , Using a (fyiatot-II Loop antenna tuned at 19.0 KHz, we monitored the meteor shower during l7-24th November, 2002. Wc 
observe the primary peak at 3h58m (IT) on the 19th of November, 2002 Wc distinctly otvserved several ‘bcadlikc' tuul *cx}>oncnlially 
til opping’ signals. The ‘beadlike’ signals were more in abundance on tlie 18th ol November, 2002, one day prior to the actual encounter.
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I. in t ro d u c t io n

Very Low  F req u en cy  (V L F ) p ro jec t o f  C en tre  fo r Space 

Physics (C S P ) h a s  b een  m o n ito r in g  V L F  ac tiv itie s  fo r q u ite  

some tim e  a n d  h a s  d e tec ted  so la r f la re s  a s  w ell [1]. D u rin g  
ihc recen t L eo n id  sh o w er even t, th e  C S P  a n te n n a  w as tu n ed  

lo 19 K H z a n d  co n tin u o u s ob sc r\'a lio n s w ere  rmide fo r seven 

days In  th is  R ap id  C o m m u n ic a tio n  w c p re se n t th e  first 

icporl o f  th is  ob se rv a tio n .

L eon id  m e te o r  sh o w ers  a re  observed  a ro u n d  16-19th  

N overber fo r  3 -4  su c c e ss iv e  y e a rs  a f te r  th e  p e rih e lio n  

passage o f  th e  p e rio d ic  co m et T e m p lc -T u ttle  (7 ’-  33 Y rs). 
On February  28 , 1998, th e  com et re ach ed  its  p e rih e lio n  and  

in 1998-2002  th e  v isu a l o b se rv a tio n s  in d ica ted  very  good  

m eteor sh o w ers . W h en  th e  e a r th 's  o rb it c ro sses th e  deb ris  

left ov e r b y  th e  co m et o n  its  p a th  in  its  p rev io u s  p assag es, 
a show er o r s to rm  m ay  fo n n , d e p e n d in g  o n  th e  in tensity ' o f  

events. In  2 0 0 2 , severa l c a lc u la tio n s  in d ica ted  th a t th e re  

would b e  tw o  p e a k s , o n e  w o u ld  b e  seen  fro m  E u ro p e  a t 

a round  4 .0 0  U T  (d u e  to  e a r th 's  p a ssa g e  th ro u g h  th e  dust 
trail le ft b e h in d  in  1767 A .D .) a n d  th e  o th e r  w ou ld  be seen

from  N o rth  A m erica  a t a ro u n d  10.40 U T  (d u e  to e a r th 's  

passage  th ro u g h  th e  dust tra il left b e h in d  in  1866 A .D .) 12]. 

A part from  en co u n te rin g  a ra re  ce le stia l even t, sc ien tis ts  a rc  

in te res ted  in  L eo n id s  b ecau se  o f  th e  p ro sp ec t o f  d e tec tin g  
b io -m o lecu les w h ich  a re  th o u g h t to  h av e  co n ta m in a te d  th e  

ea rth  a fte r  be in g  p ro d u ced  in  sp ace  13-5]. F u r th c n n o rc , it 

h as  been  rep o rted  th a t c lc c tro p h o n ic  so u n d s  h av e  b een  

reco rd ed  d u rin g  L eon id  sh o w ers [6 ,7] w h ich  a rc  th o u g h t to  

b e  d u e  to  th e  fac t th a t  V ery  L o w  F re q u e n c y  (V L F ) 

e lec trom agnetic  (E M ) w aves a rc  p roduced  d u rin g  th e  passage  

o f  a  fire -ba ll. K cay 18] an d  la te r  B ro n sh te n  f9] su g g ested  

th a t th e se  V L F s cou ld  be p ro d u ced  d u e  to  e n ta n g lin g  o f  

e a r th 's  m ag n e tic  fie ld  in  th e  ta il o f  th e  b o w -sh o ck  g en era ted  

by a n  in co m in g  m eteo r. M o re  recen tly , it is  th o u g h t that th e  

V L Fs a re  p ro d u ced  w h en  a fireb a ll b u rs ts . In  an y  case, th e  

E M  rad ia tio n  em itted  is  fo und  lo  hav e  freq u en cy  a  ra n g in g  

from  a few  H z to  abou t 30  K H z 1 lO j. T h is  ra n g e  is d iv id ed  

in to  th re e  p a rts  (a ) U U ra-L ow '-F rcqiicncy (U L F , v  <  300 

H z), (b) E x trem e  L ow  F req u en cy  (E L F , 0 .3  <  v <  3 K H z) 

an d  (c) Very' Low' F req u en cy  (V L F , 3 <  v <  30 K H z).
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In C en tre  fo r  S pace  Physics, a  team  o f  sc ien tists  are  

en g ag ed  in m o n ito rin g  so la r ac tiv ities  con tinuously  using  
tw o  V L F  d e tec to rs , o ne  loca ted  near K o lkata  and th e  o th e r 

is lo c a te d  a t ^ a l d a .  R e p o rts  on  th e se  w o u ld  be m ad e  
e lsew h ere . P resen tly , w c co n sid e r on ly  the resu lts  o f  the  

m o n ito rin g  o f  2 0 0 2  L eon id  m e teo r show er.

2 . E x p e r im e n ta l  s e tu p

A  loop  A n ten n a  is m ad e  o f  a square  fram e o f  one  m e te r on 

each  s ide  an d  sev era l tu rn s  o f  sh ie lded  sing le  co re  w ire  is 
u sed  to  re ce iv e  th e  signal. T he  signal is then  am p lified  and  
fed  in to  th e  au d io  ca rd  o f  a P en tium -IV  co m p u te r located  
inside  the  lab o ra to ry . T he au d io  signal is sam pled  at 3 .2  

tim es p e r seco n d . T h e  an ten n a  is tu n ed  a t 19 K H z, aw ay 
from  th e  n ea res t 18.2 K H z  signal tran sm itted  by  V T X 3, 

In d ian  N a v y  tra ff ic  s ta tio n  a t V ijay an a n a ray an am . It is 
a lig n ed  a lo n g  th e  E dst-W est d irec tion . T he m agnetic  field  

o f  th e  V L F  sig n a l induces a  cu rren t in the an tenna . T he 
an ten n a  a t K o lk a ta  s ta tion  w as p laced  at a he igh t o f  abou t 

12 m e te rs  from  th e  g round . T he gain  o f  th e  re ce iv e r is 
ad ju s te d  to  o b ta in  a  d ec ib e l level o f  a ro u n d  1500 w hen 

th e re  is no  signal.

3 . R e su lts

F igures l ( a - c )  sh o w  re su lts  o f  th e  o u tp u t from  2 .15  am  to  

12.15 am  C  3 h l5 m  to  6h 4 5 m  U T ) on  (a ) 18th, (h )  19th and 

(c ) 2 0 th  o f  N o v em b er, 2 0 0 2 . T he  d a tes  on  each  cu rve  are 
m arked . T h e  o th e rw ise  s teady  re su lt is pertu rb ed  due to  

passag es o f  m e teo rs , and  p o ss ib le  a tm o sp h eric  ph en o m en a  
such  as th u n d e rb o lts  [6 ,11 ,12 ]. H ow ever, the days had  very  
c lea r sk ies and  no  se rio u s ‘th u n d e r-b o lt’ re la ted  even ts w ere 
exp ec ted . O n th e  19th o f  N o v em b er, a t 3h58m  U T  (9h28m  

1ST), th e re  w as a  d is tin c t p eak  co m p ris in g  o f  ab o u t 70  sub
s t ru c tu re s ,  p re s u m a b ly  fro m  in d iv id u a l s tro n g  e v e n ts . 

(E x p e c te d  v isu a l ra te  [Z en ith a l h o u rly  ra te  o r Z H R ] at 
K o lk a ta  a rea  w as aro u n d  100 p e r h o u r a t th is tim e, w hile  

th e  v isual o b se rv a tio n  o f  the  C S P  team  from  B o lp u r w as 25 
p e r  h o u r in be tw een  - l h 3 0 m  to  -~0h30m  U T). O n the  20 th  

o f  N o v em b er th e re  w as som e en h an ced  ac tiv ity  a t a round  
4 h 2 7 m  U T  (9 h 5 7 m  1ST) b u t no t as m uch  as on the 19th. It 

is to  be n o ted  th a t th e  v isual peak  w as ob se rv ed  by  L eon id - 
M A C  team  a t 4 .0 9  U T  [3] very  c lo se  to  the p eak  found  in 
V L F  a lthough  severa l rep o rts  [10] ind ica ted  th a t the  peak  
lies b e tw een  3h48m  to  4 h 0 4 m  U T  th ereb y  b rack e tin g  o u r 

o b se rv a tio n .

In F igu re  2 , w e preseTnt th e  resu lts  du rin g  the  p eak  from  
3h30m  U T  to  4 h 3 0 m  U T . T he  du ra tio n  o f  the  show er seem s 

to  be  from  3 h 3 8 m  to  4 h 2 8 m , i.e. th e  sh o w er lasted  for 
ab o u t 50  m inu tes . T h is  is s im ila r to  w hat is rep o rted  by  
L eon id -M A C  and  IM O . E ach  su b -stru c tu re  in th e  p eak  is 
s im ila r to  an  e x p o n en tia l d ecay  cu rve , bu t th e  en hancem en t 

o f  th e  base  (see  F igu re  lb  and  F igu re  2 ) ind ica ted  th a t new

signals w ere  in jec ted  ev en  b e fo re  th e  e a r l ie r  o ne  has time to 

d e c a y  c o m p le te ly .  T h e  s ig n a l  is  e a s i ly  m o d e le d  by 
S,ao (/) G xp(-i/to )  o v e r the in jec ted  p eriod . W e a lso  observed 
tw o seco n d ary  peaks a t a ro u n d  5h U T  an d  5 h45m  UT. Some 

d is tu rb an ces h av e  been  o b se rv ed  bu t no  d is tin c t peak  was 

found  a t a ro u n d  10h50m  U T  w hen  th e  A m erican  peak was 
su p p o sed  to  be  fo rm ed . I t is p o ss ib le  th a t th e  V L F  signal ai 

19 K H z  is w ashed  o u t w h ile  trav e lin g  h a lf-w ay  across the 
g lobe .

T h ro u g h o u t o u r  o b se rv a tio n  there  w ere  m ain ly  tw o types 
o f  signals. O ne  is ‘b e a d ’- like  and  th e  o th e r is exponentially 
decay ing . In F igure  3a, w e sh o w  one  ex am p le  o f  the ‘bead- 
l ik e ’ s ig n a l, ty p ica l o f  th e  p ro f ile  o f  m u ltip le  meteors. 
H o w ev e r u n lik e  e a rl ie r  o b se rv a tio n s  [6 ,7 ,1 2 ] w here the 
signals lasted  a  few  ten ths o f  a second , o u r ob serv ed  duration 

w as m uch  longer, severa l m inu tes . A lso , e a rlie r  observers 

show ed  sharp  sp ike  like fea tu res  a t th e  b eg inn ing , w hile we 
m issed  it d u ring  th e  ‘b ead -fo rm a tio n ’. It is p o ss ib le  that due 
to  ou r low  tim e resolu tion  ( - 3 0 0  m s), m ultip le  even ts merged 
to g e th e r and  long  lasting  beads w ere  fo rm ed . In F igure 3b. 
w e dem o n stra ted  a typ ica l s igna l d ro p p in g  exponentia lly

4. C o n c lu d in g  re m a rk s

T he V L F  p ro jec t o f  C S P  has been  ab le  to  o b se rv e  the peak 

o f  the  L eon id  sh o w er very  d is tin c tly  at a b o u t 3 h58m  U T on 
the 19th o f  N ov em b er, 2002 , W e m ad e  the  observation  at 

a  frequency  far aw ay  from  p rev io u sly  rep o rted  observations 
d u ring  1998 and  1999 show ers and  con firm  th a t th e  meteors 

d o  em it V L F  signa ls even  a t 19 K H z  du rin g  th e ir  ehtiy^ in 
e a r th ’s a tm osphere .

W hat cou ld  be the  cau se  o f  th e  V L F  em issio n  and  what 
is the  range  in w hich  it is em itted ?  W e b e lieve  th a t the  bow- 
shock  tha t is fo rm ed  in -fron t o f  the  h igh ly  su p erso n ic  meteor 
becom es unstab le  due to  K elv in -H e lm h o ltz  (K -H )  instability 
a lo n g  w ith  the tangen tia l d isco n tin u ity  w h ich  sep a ra te s  the 

ev ap o ra ted  m a tte r from  the m e teo r h ead  an d  th e  shock- 

c o m p re sse d  m a tte r  in b e tw e e n  th e  b o w -sh o c k  an d  the 
tan g en tia l d isco n tin u ity . I f  o ne  c o n sid e rs  th e  bow -shock 
a lone , a stro n g  shock  w ill co m p ress  the  flow  by a factor of 

P\ /p2 - 4  [13] and  th e  tangen tia l ve lo c ity  d iffe ren ce  would 
b e  U\ -  t>2 -  0 -3 0  km  d ep en d in g  on  th e  lo ca tion  o f  the 
bow -shock , h ighes t b e in g  a t an  ang le  9  -  3 0 -4 5 °  w ith  the 
p ro p ag a tio n  ax is and  the  low est b e in g  a t th e  s tag n a tio n  point 

{ 6 -  0 ) and  dow nstream  fa r th e r aw ay  { 0 - -  180°), w here  the 
b ow -shock  loses its iden tity . T he freq u en cy  v o f  th e  K -H  

instab ility  is g iven  by  [13]

2 ^  * P \P 2

A ssum ing  p \! p i  ~  1/4, w e find  th a t an yw here  b e tw een  0 to 

180 K H z co u ld  b e  p ro d u ced  w ith  ve ry  sm all am p litu d e  on
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both the en d s  (a t th e  s tag n a tio n  p o in t o f  the  bow -shock  and  
tarther out). It is p o ss ib le  tha t the e a rth ’s m agnetic  field

en tang led  in the  vo rtices  a t th is  K -H  u n stab le  in te rface  
genera te  E -M  w aves o f  the  sam e frequency .
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VLF signal variation during 2hl5in and I2hl5m 1ST (-3hl5m UT to 6h45m UT) during I8th-20th November, 2002. The peak occurs 
3hS8m UT on the 19th. Some 'beadlike' and ‘exponentially decaying* signals could also be found.
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Figure 2. Details of the signal during the peak hour of the Leonid shower on the 19th of November, 2002. The peak is made up of at least 70 d istin c t 
events with a duration of about SO minutes. Primary peak is at 3h5Sm UT. There were secondary peaks at 5h UT and 5h45m UT.
Figure 3(a-b)% (a) Details of a 'beadltke* signal lasting for about three minutes. It is possible that it is made up of superposition of smaller ev'ents. 
(b) Details of an êxponentially decaying' event. The recovery time scale is about 100 s.
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