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Orie n t at io n  (i.e . ,  n o rm al)

Size / t h ic kn e s s

Mo t io n  (s pe e d, ac c e le rat ion  . .)

Ty pe  (RD, TD . . .)
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Timing Methods Normal Velocity Acc.

CVA (Constant Velocity Approach) YES YES NO
CTA (Constant Thickness Approach) YES YES YES
MTV (Minimum Thickness Variation) YES YES YES
MVV (Minimum Velocity Variation) YES YES YES
DA (Discontinuity Analyzer) YES YES YES

Gradient Methods

GRA (Gradient of any Quantity) YES NO NO
MVAJ YES YES NO
MVAcE YES YES NO
MDD (Minimum Directional Derivative) YES NO NO
STD (Spatio Temporal Derivative) NO YES YES

Single­spacecraft Methods

MVAB (Minimum Variance of B) YES NO NO
HT (deHoffmann­Teller Analysis) NO YES YES
MFR (Minimum Faraday Residue) YES YES NO
MMR (Minimum Massflow Residue) YES YES NO
MLMR (Minimum Linear Momentum Residue) YES YES NO
MTER (Minimum Total Energy Residue) YES YES NO
MER (Minimum Entropy Residue) YES YES NO
COM (Combination of above) YES YES NO

(Minimum Variance of J)
(Minimum Variance of  ∇ × E)
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● * Mult i-SC t im in g m e t h ods

– -> Exam ple  : SW dic o n t in uity

–

● * Mult i-SC gradie n t  m e t h ods

– -> Se e  Dun lo p e t  al

● * “Sin gle ” s pac e c raft  m e t h ods

Dis c on t in uit y  Analys is  wit h  Clus t e r
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Tim in g Me t h ods  : Princ iple

Orie n t at ion ,  Ve loc it y  :  
- fin d out  WHEN e ac h  SC c ros s e d dis c on t in uit y

Th ic kn e s s ,  Ac c e le rat ion  : 
- fin d DURATION o f c ros s in g
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Cave at s  : 
- n o  ac c e le rat ion  

->  n o t  good for wavy  MP, c us p, m agn e t ot ail
->  us e  DA or CTA

r12

r13

r14

nx

ny

nz

t12

t13

t14

=
1
V

.

Sim ple  approac h  :
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Exam ple  – SW dis c ont in uit ie s

Kn et ter  et  a l, (2003), 2004 , s tu d ied  129  SW d is con t in u it ies  :

Tes ted  3  m eth ods  : 

MVAB (Min im u m  Va r ia n ce An a lys is  of B-field )

n  = B1  x B2

Tim in g ( Tr ia n gu la t ion  – i.e., Con s ta n t  Velocity Ap p roa ch  )

Th ickn es s  of d is con t in u it ies

Cla s s ified  a s  TD or  RD (Ta n gen t ia l /  Rota t ion a l Dicon t in u ity)

RD : | Bn |  / Bm a x  0 .4 ; | [B]/ B≥ m a x < 0 .2
TD : | Bn |  / Bm a x < 0 .4 ; | [B]/ Bm a x  0 .2≥
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Proble m  : MVA n ot  always  re liable
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RD : | Bn |  / Bm a x  0 .4 ; | [B]/ B≥ m a x < 0 .2
TD : | Bn |  / Bm a x < 0 .4 ; | [B]/ Bm a x  0 .2≥

After Knetter et al, 2004

SC 4  :
N = 1 1 1 , 2/ 3  > 2

MVAB
CVA (t im in g)

No  c le ar RD's  !



ESTEC 2005After Knetter et al, 2004

4 0

3 0

2 0

1 0

00
1 00 0 0 1 5 0 0 05 0 0 0

Th ick n es s  [k m ]

0

P
er

ce
n

t a
ge

SC sep ~ 900 km
N = 129 events
dAVE ~ 2800 km
dMEDIAN = 1400 km

SW dis c on t in uit ie s  - t h ic kne s s
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X

Z =
 n

“Single ” Spac e c raft  Me t h ods  : MVA 

2= 1
M ∑

m=1

M

∣B− 〈B 〉 ⋅ n∣2

Qij
B=〈BiB j 〉− 〈Bi 〉 〈B j 〉

 Fin d  e ige n value s  a n d  e ige n ve c t ors  of Qij
B
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Min im um  varian c e  – o t h e r applic at ion s

∇⋅B=0  ( conservation of magnetic poles )

∇⋅J=0

 ( conservation of any quantity q )

∂
∂ t

 ∇⋅V =0

 ( conservation of charge )

∂
∂ t

 ∇⋅q=0

 ( conservation of mass flux )

. . . 
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Ge n e ric  Re s idue  An alys is

Qij
GENERIC = 〈qki−Uik qkj−U jk 〉

Ge n e ric  Re s idue  An alys is

QMVAB

QMVAJ

QMMR

QMFR

QMTER

. . . 

Or ien ta t ion  of d is con t in u ity 
from  a n y m eth od  :
 
Fin d  eigen va lu es  a n d  
eigen vectors  of Q 
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Exam ple  : Magn e t opaus e  c ros s in g

ZGSE

XGSE

- YGSE

 Flank crossing on 5 July 2001

1) tested with 25 samples a 4 sec

2) tested with nested segments

msp

msheath
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MVAB for  SC1  ca  50  deg off

Magn e t opaus e  orie n t at ion

CTA

CVA

s c ale  1 2  de g

Bn > 0

Bn > 0
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More  fun  wit h  c ovarian c e  m at ric e s

 1) Combing Q matrices from more spacecraft

QALL=w1Q1w2Q2w3Q3w4Q4

 2) Combing Q matrices from several methodsQ
QCOM=∑

i=0

i=N

wi Qi , i=MVAB,MER ,MVAJ... .

 3) Constrain Q  

QC=P⋅Q⋅P

 -> multi-SC method !
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Con s t rain ing t h e  varian c e  an aly s is

`

B B

TD – tangential discontinuity

B•n = 0, V•n = 0, ...

Constrain Q matrix so that 

B•n == 0

RD – rotational discontinuity

|B•n| > 0,   V•n = e.g., VA

Constrain Q matrix so that

flow across is e.g., Alfvénic

n
n
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Modifie d Q m at ric e s  - orie n t at ion

NB! s c ale  6  de g
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Sum m ary  /  Con c lus ion

●

–

Sum m ary  /  Con c lus ion

● Clus t e r allows  for m uc h  m ore  pre c is e  de t e rm in at ion
of m ac ros c opic  boun dary  param e t e rs

Orie n t at ion

Ve loc it y ,  in c ludin g ac c e le rat ion

Thic kn e s s / dim e n s ion

● Thre e  bas ic  t e c h n ique s  c om ple m e n t  e ac h  o t h e rs

4  SC t im in g  (m e dium , s m all SC s e parat ion )

4  SC gradie n t  (s m all SC s e parat ion )

Sin gle  SC m e t hods  (an y  SC s e parat ion )

● Sin gle  SC im port an t  for validat ion  !


