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The a b j o t * t i v e  of t h i s  Snveatigntion is to evnlunte the aipplicnbtl t ty  o f  
c*Lt*ctrornngnrt f c  t l c ~ l p - ~ o u i ~ r l i ~ ~ ~  r.xpi~rinrrrzrn using n n t u r n l  r a o u r c ~ s  in LIle 
~nngnut twpl~:~rr~ h s  I n ~ * o r p o r ~ l  t lng Pllngsir t da tar w i  111 otllrr gcopl~yslcnl date,  

(1 
* . Si-gt'rlg:~ l i* tlrt* Elng,~;~ t c'l r.r*t: rr111l:rfittrb t i ib rcisptjlrsii f urrc t lotts" 

a t * ~ * o r ~ l i a ~  t t .  tltr* tc t* t t l~ \ t r .  rrbgirni* rat the1 1:;irtll's srrrfi~l*i* ~1111 t\\Etll~tt\tc 
sva t or\r,~t SL* tl i f t ' t ~ ~ c * ~ \ r * i \ ~  httt\lriwn ~ c * p , i t j ~ ~  I \ ; ~ v i t \ g  1ntctr:ll ~e ; l l t \  s i zcs  011 

thti irrJr\r 01' I tltltl kltr tbr grcsil t cr. 

~ ~ e c l a r t ~ t i r , r I l v  t~\rillunCv prnh l i~ms  01 s c ~ n o l u t i o t ~  nnct intcrl~rctotion 
t nut3 l v i  11g r? 1 mu t rc?ni;r~n~ t: i ~ -  Illtl\~t-t 11\11 I ~ y t  e-n\lmri~ l l\* i\nd s:gtr t ic\l 1)'-vir ry ing  

~ ~ ~ , ~ ~ : ~ ~ l * t t ? s ~ ~ l \ t ~ ~ . i t \  ~ o u r t ~ l ~ s  i n  .I rot.it ins i t ~ t i t ~ n ~ t ~ y , t ~ l ~ ~ x t ~ t i s  khrth ;is t.~l~stxrvci1 ~ I L  
i t  2 \ 1 S t  \!st\ I~ \C 'S \~  t\lt3r\rtqt 1 &'it1 sf  (Id ~ L % S  tt? ~ ' 6 r l l S f  rrli\I  
tllc* in t i*rpr i \ t  nt Sirn 111 E f i ~ ~ t i a t  d;\t:r ,IS wt\l l r\s ti3 prrqlosc fnr thc*r  ny[tiIt9d- 
t l rjt\s rrd S,I t ttl L l t r ~ - l r ; ~ h t b c I  1x1 thct rt~t~lr'l&:t~t\U i c  i i ~ ~ t ~ \ j - ~ t \ l ~ l t d i i ~ ~ \  e ~ p v r  i t l l i ~ ~ s  . 

f ,  k\rttpi\t'c. ;\trtl. sribt\~tt, ttt NASA pek*iadls prclgrclws l*cqlc>VtS nnd 81 

~1t ) t t l l  lei, f ;ua i ~=cy)ort  Jtlrtrmrnt l\lg thik r i ~ u l  t s o f  tltl-s it'ivl?stJ.p.lt  it^\\. 



T h i s  q u a r t e r  we harve nmbl li sad porsonncl f o r  t h i s  projsct: and I~irsd 

n Ceophvr icn l  llnl-a Analyst  (Ilichnal Rosssn) to assirst i n  computer program 

i t cvc~ lc~pn~cr~ t  nnd ttle s lmlya ia  of  d & t a ,  Elr. r\assc.n, n Plrpsict;, $r5\jrduat@, 

w i  11 he crtrpport fit1 I n  perr t Ircjnt tlre Nr\SA/ElAGShT I-ruagPnnr 

A c t i v i t y  I lr\~ firi*\ltssl*d CIII d e v ~ l l ~ p i t r l g  n atrntegm f u r  i n t ~ r f n c i r r p ;  ground- 

hit:lcd c;+wlru;rtory d n t n  wi t i t  tho fsrltc llrtrp d a t a ,  Wo Ilnva rrntkly%ed rhc 

"L~t . l t \ l r i l~u l l  rlu) cnrttwvc$ of tnctgnetlc sttrrm d l s t u r h n n c e s  for periods a v a i l a b l e  

t rota tlrv Wl~rlcl l)clt;t t:t.ltrrer C19(lf, iiud I9b7) 111 nn cf  fork to d~cb ' l ' t a in  t l~c* 

MII i t ~ h  i t  l t y  01 ~l?is\~lnf 11s [I 11" Itnrnlonic drpuntlcnr~tl f o r  tlrc s o u r c e  f l ~ l t l ,  1 

i :  Tllc dynnnrt s. sotlrt8c I l e l d  scslrrs t o  IIFLVC tk ~nuch ttlnre coll\pJ l- 

LW t oil np:\t it11 and t i3nrprlr:t 1 rtr~pantlel~ce tllnn global Jnilirilt i o n  workers llhkvc" 

I \  i t llcar t a a ~ s i l m o ~ l  . 

. t ~ * l ~  i n  the prcrr5c.ss of ovultr i l t iup t113 c l~ t tp l i~ ip ,  tlf l t t t c r t i l  hctcrn- 

)*.c~nr\Lt icts v l  t h i n  tlru r \ t l r t l \  it\. 8 .  i ~ ~ c : i ~ ~ s ' S  ti1 .)L?\I~*C@ f i c l t l s  of f i n i t e  

~l lmi*ns luns . 'Stlc vi3c t o r  c-onrl.coucnts r ~ l  t l ~ c  el{ st urhunc-u f icltt ,,rc t o  be 

c i ~ l ~ - t t l t ~ ~ a ~ i  n L p,round-l~~vfid , ~ n d  n t  t lw s:lt c t litrr. Tllo r r s u l  ts o f  t h i s  

c n l t ~ u l t i t  i o n  ~ J I  1 L p c t ~ v i d c  11 hr lsfs  f o r  d w  itling tlrc opt iriltil w e  af grou~rd- 

1.r;zsvd ohsvr\r;lti~m:i L o  ;I) ra!nimiza nols i \  ;it t l i e  s,ttclllt;c* ; t l t f ~ u d e ;  b)  

ttiri fc*t\s!ki,l i t  11 c\val\ln t in& <I g l r ~ l t a l  l y  avc~r:.ry,i*tl rcxpnnse i u n c t i o n  f o r  

ZI I n t c r n l l y  h i ~ t c r o g i ~ ~ ~ e r ~ u s  u:lt'tl~; c) tncll.ruds frlr C C ~  tOllil1 i - ~ i n g  CI\C V@S['li~l?SC 

f t ~ n c t  i on OL' t110 tl;\a'tt~ t o  t ~ n a l y x c ~  l ttl1osp11cri.c t c . ~  t o n i c s .  

I n :  k a % - .%--A 'l'hr* ~lreart~,lticnl r r n t ~ l y s i s  Sir t;lrvc*c-diinsrrsi~~t~s a f  p,lobal 

s i t e d  1leccrtn~c.nei t iiw ar~d arb i t r n r y  snurev-f lcltiw , o t ~ s i l y  over-runs t h e  

c n p i ~ h i l i  t y  of a o s ~  coe1putc.r sys tcu~w,  p r x r l  ictr lnrly t o  11rl~da~l s1nnA2. srnl LI 

f vntur i \ s  ( t l r r  r~r*cztn-l;lt~J intt.rfitc*r.) i n  rlrv filt!b;rl f r.nrrti\work. 



Solutittn: WQ lrsve reduced the prohlr~t~ to at two-dimensionnZ rncrlerl -*-..--.-" 
which s w m a  to  bc v a l i d  nt the depth nf penstrstlon and radius o f  cumpa- 
ture?. rclrrtiont; vh lc l~  ~ w r t n i a ,  This \tat; ta ha evaluntscll Wcr atre \)@ginu\ina 

t h i s  analysis with the E-polrrrittnf itw ntadrs and w i l l  I.@ !,looking at: some 

very simple a1lurr.e f lcld ant1 ~ea~nlrtricnl reltrtinnrjhip~~ to  gain i \~s ig l t t  

inti* tllr* ~.rrohlcn\. 

Interutbt iat-r w i  th tkl~i$r Wtlrkers -, - - C r l - - t I *  -I-----.--- - - * - -  C C r C . r -  

Tilt\ 13ri.nci.l'lnl Inv~scipnlor r~6nf@rl8erl wit11 .lea Cniar wlwn vt$Lting 

I>t*uvc*r on vthcbr buwincsa r\ud wns nl~prnincd o f  cerrnln pri~hlcn~s of low- 

i~tnplbitudc noiaV on tllc ~lr\dSt\'1' clntn. Dvcnusta uf the celr1Live3y low leve1, 

lrf rncrgtrikt l r* L\ i s t u r h f i ~ ~ t ~ ~ u i l t t r  infa the ElhGSA'l' miss Ian we zkre p o s t p r m i n ~  tire 

a t t ~ t t ~ l  ntw1ysi.s of any ElAi:Sh'V dntn ttntit t h e  naiwa prcihlcnl I s  mininliz~d. 

t:l l t cr lnp, pl~rlgt+itltlH , ~l l~ i~ l t )pt* l l  11s txrr groilil, for t lit* rrnrt 1 ys is  uf 

spnct*/ t imrs s c v f r l s  I~nvv  ht*t$a I tjrwz~rilrrl LO Ilr. ('ti in and arc tlvn i ln la l e  fur 

U S I ~  by trt11c.t- Blht:St\'1' X l ~ v o s ~ i ~ : ~ t ~ t - s ,  l'rr?pr\rm l ist ings arc nt  f n ~ * h ~ d ,  



*** Prawn University ramp~i ter Center *** 

SUahatjrrm YSLT (x,N,cP~., F R C ,  Pnss,Ilrenss,xx,w) P n o a a  10 
X I S  Ti IE  ORZGINAL DATA FTL00U20 
TtiE S ~ l F L ~ U U l ' l h ' E  CCCVERTS X ( I )  TO L'ILTERGU DATA IN TIiE O a J E C T  E R Q G ~ A F T L O O ~ ~ O  
N 15 CtiE 1OTAL t u U H E E P  O F  C A T A  DC1h16 E'IL00040 
DEL TS TtJE SAMPLING INTLFVAL IN UHT1 TTRE FIt0005Q 
FI;Q TS 111~ HALF P O W E R    AH^) P O I R T  111 C Y C L E S  PER UNZT T T R E  Fll .00060 
FI1,TF:lt I S  dEh'ERAqrtC I fY  OCNVOLVTNG CIRI(;X;NI\L IIATA IJITH A GhUSSfhN F T L O O O ? ~  
LCP PASS QUPPUZ IS THE SHCCTHkD C A T A  r r ~ ~ o o e o  ! 

llft311 PASS C)IITI'fIT IS TIIE ClhXt;Z;JAI, nATA C!I#US 'IIIE SHCBTHFR DATh E ' X L O Q O O O  1 

FXL00100 
I 

E A S S  IS !lI!t! SlCKAL A E T E R  A LCP-PASS FTI.TER 
IIIFhSS 1 S  TMh SXCNAI. A P T F P  A 113ti11 PASS FfLrRR FIL00110 I 

ZAII,S CN THE G I , l ( ; X l i A I  DATA AGF CRFATFn FY RkXTEl;hT?[Nt; YIRST AND LAIfTLOoI%O 
FXL001SO rCIE;Tfi. TIIESE A l ? &  SUTPFESSFII  IN T I i 2  K'Tl*f.TEh OUTPUT.  

I 

~ r n p c s l ~ ~  X ( I )  , I I I L > A X S  (1) , P A S S ( I )  , X X ( I )  ,W (1) F ~ L O Q I ~ O  
FI1.00150 SXGI.tA=SdhT ( , b 9 3 1 5  / ( L , O +  ( 3 .  l Y l t * * ? . Q )  * ( F E O * * 2 . 0 )  ) )  

i 

I 
Tt:*S,'FT (5-O*3,- O* (SIGtlA**2-O) ) 1'3LCiI lb0 I 

fl=T!t/DrL E'IL00170 1 

Ar!=t! F f  LO0 180 , 

TE=AH*nEI, FILOOlgO 
hE=N+rl F l I  03200 

1 
h"l=N+1 FILBO210 

1 
r x ~ 0 0 2 2 0  RMl=K+E+ 1 

I 

~?ta.--tr+n+(r F I I , Q O ~ ~ Q  1 
r!l=?'+l FILOOZ~lO 
,48l=K+E+l FTLODZSU I 

?Ufi=[!. 0 PXL00260 i 

FXL0027Q i c c  s r=l,n 
X X  (1) = Y  ( 1 )  P11,00280 ! 

3 CCKTTNIJE. FILQ0290 
FILOO 300 PC 4 I=sYl,?:S?I i 

X X  (I) = X  (N) FlL003 10 I 

4 CCKrTTNUO FlL110 120 
r?C 5 T = l , : J  PILO3330 

1 

K=T+E FILUo340 
FIL00350 

Z 
1 

X X  (K) =)i (I) 
5 CC?:'rX81!S FIL(l036I) 

CC EI K = I , M M I  PJILOO 370 
C z K - 1  P Z L 0 0 3 U O  
T C = C + n f z t  FILOO 390 
i: ( E ) = I - O / E : X D ( ( ( l P - l C ) * * 2 ) /  (2.08 (S1GMii**2))) FIL00400 

6 CCKTItiUI; F II,O04 10 
snr!=o,o FrLOou zo 
rc ~ = l , k i ) \ l  I 1~00430 
SIIM=.U ( K )  +s~I?: ~ ~ ~ , n a h r 4 o  

E, 1 CCh'fIiir!" FIL004Si)  
SUMA=0.0 yT14004 b0  
rc t 3  K = I , ~ I Y I  FII ,O0470 
K (K) C W  ( K )  /S[lil FILQOY 90 
SUt!b=W ( K )  +SUMA F I L O i ) 4 9 O  

6 3  C C N T I N U E  u r t c o s a o  
PC C; T = l , h  FILr)i)S19 
SllRA=O. 0 FILQOSZO 
nc 7 K = I , ~ Y I  ~11.00530 
J=T+K-I F l t O r l 5 4 Q  
StlEEA=SU?tfi+XX (.I) f M (K) FILi)Of,50 



b 7 CCltiTTNIIE 
P h S S  (T) *SUlYA 

I N X P K S  (1) =x (1) -sons 
I 

8 C Q N T l N l l E  
10 C ' O N T X N U E  
12 CCNTXNIIE 

h 11 I " L T U I t Y  
k N C  

*** rrown U n i v c r w i t y  Corputcr Center *** 



;XtF: PASS4 FCRTRAB A 

SUBPO11TIliE PASS4 ( X ,  XNFh ,G8,:XGIlT, NEFP, h', NMOD,DT,RTMOC, * PAS80010 
P E ? I C D , S E L ,  LXTKP ,L!i!'RS) PASQ0020 

t ~ m ~ m m a m m m m m m r m m m m m u m o m m m m m m m m m m m m ~ m ~ m o ~ m m o ~ ~ ~ m ~ ~ m m m m m m ~ m m m ~ m m m m m ~ m m m ~ m m m P A S 0 0 0 3 0  

b' P A S O O ~ U Q  
POUIXHE BAaD-PASS PTLTEGS EP CONVOLVING THR INPUT SERIFS UfTn Ph50005rJ 

I h DAMPED SSKE Y B V E m  FPECVEGCY RRSPCLSE I S  GAUSSXAN SllAPEDv PhS00060 
L' C E K I E R F D  hT TNE G T V F 3  E P f  3UEhCY WITH A NOR8ALIZED Yl$LFCTIVIIYv PAS00370 

Z 
L CfVkN F Y  SEL • PAS00080 
r. ~.!Sdl)Q90 
i SDPEFCUR&!IS bECfl5FaC: PASOSIDO 
t : OCNE PAS001 10 
%. FASOOIZO 
~ m o . o m * m m m m * - m m . e m . m a ~ ~ m o ~ m - ~ a m m ~ ~ m m m m m m ~ * ~ ~ m m ~ ~ m ~ m m - a ~ m m m m m ~ m m ~ o m m ~ m m a o P A 5 O ~ 1 J O  

DlNECSTON X ( I '  , X x .  E W  (1)  ,GFI: : f iT( l )  DASQOl40 
~ ~ m m ~ a m m m m m ~ ~ m m m m ~ m m m m - ~ a m ~ ~ ~ m m m ~ m ~ ~ m m m m ~ m m m m m m m o ~ m m ~ m m m ~ m m m m m m m m o o m m ~ m e ~ P A S O O 1 5 0  

i PASnOlGO 
I ' SUPPCUTXKF PArtAMCTERG: PAS00170 
* X - A R R A Y  CCNTATK1LC FCTII XKPU?' ,lNU OUTPUT SERIES CE EXLTXti P&SOOldO 

1; XKEW - T E X E R R A F Y  STUQhtiF A R E A Y  (CCEl'AINS XXTEKBED INPUn! PASQO19O 
\* 8L:f:IES, StlCU1.C F E  LAFGk EhlCtlGll TC ALLUK FUR T H I S )  P A S 0 0 2 0 0  
%. Wt.Xt;ffT-TEY L'C\iiAfiY STOf A G k  A H P A Y  (CClh'TAX h S  F I L T E R  k'IJtiCTICN, ehsooz lo 
i D L R E K S I O N  SIlU111 C I'F G R F P T F E  TllAN ( 3 * D E R T Q G )  /SEt*lIT) + 1  ~ ~ ~ 0 0 2 2 0  
I '  NEFP -T l iE  E E k I C T F N U Y  PALAdETFE: THE FTLZZF OUTPtITS POINTS PhSQ0230 
I. AT INTEhVALS N E F F + i l T  ( N E P k  IS I1SIlALLY 1) PASOOZllQ 
I* t; -KOMhEt OE PClbTS I U ItSPUT SFRII'S iqAS003f.Q 
" 

L. N E U ~  -NU?:PT:R CF P ~ T L T S  T N  CUTPUT S E R I E S  ( N H O C X  (N-1) /NFPF+I) PAS00260 
DT - T H E  SAt!iFf,ING Ihl F F t V l Z  Fkir;ir"Eh" PCTKTS IC I l iPUT SFLIES PAS00270 

I .  D? MOB -1 IIY !; AMELIS(; T h 1  EftVAL O E T k ' R G h '  PCTNTS 11; 3 U T ? l l T  SEl\IIFS PASQOLUO 
* 
I E F F L C C - C E N T E P  PC!'LCE (CPE:V k liTk'C IE:METtTA'rCI.Y TO FRG* I /PERIUC)  PAS00290 

SFI, -SEI,ECTZVITY OF TI!E F X L T E H :  IF F R Q ( P )  TS T l i E  FRF!QrlFNCY PAS03 JO0 
L AT UIiIC11 Tl iE FILTLttZ RFSrnt;SE S S  DCkN T O  I / E  OF ITS PAS903 10 

! !AXINUM VALUE, T B F S  S E L = ( F l ? ~ - F h Q  (C) ) /FbQ PAS00320 
\-  LSri'Nf) -PARA.Y,Eqi?EIl CCEi11RCL1,LNr; TI\dATMENT IIF T l iE  ENPS O F  X:  E ~ S O O ~ ~ O  
e = I  2E3U Y E A S  15 ~95113FD FOl?  X ,  ZERCS A L E  ADDED To PAS00 340 

EACH ESL? CUT TO 1/2 Ti \E  FILTER ?,SbG"ll PAS00350 
L =2 x 1s n v r ~ a c ~ r  C N E  r ~ n r c n  ~ N T C  TIE SERIES 1;nsor)3co 

ANC TllE MkAk USfE TC FSTE1;D TIlP lR?UT SEHIf3 PnSOQ370 
LSPIIS -I'RBkXETEh C C K T G C L L I N i ~  THBATNl?NT OF QilTi'llT SEt<XcS: EASoo380 

.- =O EACIi P C l R T  WJTf i lS  1 CEFLCD OF RACll E h n  OF TflF PAS00390 
L SERIES XS H l l L ' l ' I P L X f . : ~  l3Y Z E R O  TQ H f N l t l X 7 4 E  PAS004 00 . TRAKSIENTS I NZFOCIJCLC BY TMF FILTER PAS004 10 
L =1  EC1)TFICATXPN XS P P K F O R H h U  
2 %  

PAS00420 
PASOU430 

~ o o o ~ ~ m m ~ m m * * o m ~ - ~ o m m - - ~ - ~ - - ~ o o - o ~ m ~ - o o o - - m m m o ~ ~ ~ - m - - ~ m o - o ~ o - o m ~ ~ ~ ~ ~ ~ ~ - ~ P . \ S O O 4 4 0  

F I=3 .1Y l ! isb  PAS00450 
FRQ=1, Q/DERICD 

*---- 
P A S O O U C O  

> 
,*---- 

PAS00470 
> TC IS Tl iE  FUli f iAPP 1.ENt;';It CF 'Ti1E FILTXli I;V TIaE 

\-'-.--- 
FASOUQtlO 

> C Q S S T A N T S  QF T H F  CAMPISC *rt:nr. 
"---> ~ n s o o u ~ o  

PASoOliOO 
T C = 2 . 0  

&'---- 
PAS00510  

3 
*---- 

P A S 0 0 5 2 0  
> S FS TtiC UNNC!hNfiTTZFD !:cLtCl IVITY ~~50i1530 

i ---- > P A S P R 5 4 0  
S=SEI.*FItC*L. O*PI  PASOOS5U 



*+* Brawn University Conputar Contcr *+* 

C----> 
I C - 9 - e  > TFILT IS THE FORWARD LENBTll CF THE FILTER IN REAL TIHB 
I p-00- 

I 
> 
TFILT=TC*Um O/S 

I G----> 
c---- > OMEGA I S  THE CENTER FREQUENCY IS RADIANS PER fJNIT TIME 
c-..-- 

h > 
1 CtlEGA=2oO*PZ*FR@ 

C.--- > 

i C----> UFILT IS TNE I I U M D E P  O F  SAflPLIMC FITS IN 1/2 OP THE F I L T E R  
c,,,, > TPZLT IS ACJUSTED LENGTH CP THE SERIES 
c u r o r  > KFIL!I I S  TOTAL N U M D F t  C F  SnAPLLNG EXTS I N  THE FILTER 
C---- > 

I nPILT=TFXLT/DT 
'rFItT=MFfLT 

I lFTLT=TPILT*DT 

I MFILT-2*HYILT+ 1 
A E F F = N E P P  

I C---- > 
I <:---- > THE FILTER FUSCTTCN I S  GZNERATED 

om-...- > 
I DC 10 Xz1,NFII.T 

T=I- 1 
L ?=T*DT-TFILT 
I kE'fGHT (I) =2.O*S* (SQPT ( P I )  ) *CCS (Cl!FCh*T) /EXP (S*s*T*T/40 0)  
I 10 C C K T I N I I E  
I r---- > 

<---- > THE ENDS A R E  EXTENDED 
I c---- > 

IF(LXItiDeEQ.2) GO TO 11 
X E g D = O , O  
X E E G I N = O . O  

I I F  (LXTND-EQ- 1) GO TO 21 
1 1  KEX=yeO/FRQ/DT 

K E X = K E X +  1 
sut.=o, 0 

I AFX=KEX 
DC 100 I=I,KEX 

I SUM-X (I) +SlJM 
100 C O t i T I N U E  

X B F G I N = S U M / A E X  
K R E X = N - K E X +  1 

b3 suf l=o,o  
\ C C  110 L=KKEX,N 
C, ". SVH=X (I) +sun 
2 110 C C s l I N u e  

X EhD=SUfl/AEX 
,;---- > 
U--.-..) > NEU I5 THE K U H U E R  OF PCXNTS I N  TNE NEW SERIES . ---- > 
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