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The Cluster FGM instrument(s)

Instrument

Parameters

Effects (inboard + outboard) x4

Procedure

very stable during the (long) mission

Variation

however, daily calibration is necessary

uses ranges depending on field magnitude

range | Bmax (NT) | resolution (nT)
2 64 | 1/128
256 | 1/32
1024 | 1/8
4096 | 1/2 since 2006
16384 | 2 since 2008
65536 | 8 since 2009

NOoO ok~ W

2/16



CALIBRATION

Calibration parameters

Instrument X

Parameters N

Effects

12 independent parameters
¢ 3 elevation angles 6;

Procedure

Variation

¢ 3 azimuth angles y;
e 3 gains G;
o 3 offsets O;

B, B,
B, B,

+

O«
o ]
O,

Gy sinfxcospx Gxsinfysinpyx Gy cos by
M= | Gysinéycosy, Gysinb,siny, G,cosb,
G;sinf;cosp, Gzsinf singp, G;cos6;
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Small orthogonality deviations

Change variables
0)( — 9)(
Px = Px

Take differences

Py — Py vz — 90 + ¢z

G, spin plane gain missmatch

Apy, = py — @z spin plane nonorthogonality

Calibration matrix in the first order:

Gx
G, 0

G0y sin px Gy 0y cos px
Gy —Gypy
Gy(py + Apyz) Gy + AGy
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Finding the right parameters

1 Fourier power spectrum [Kepko et al 1996]

e errors lead to coherent signals:
- spinplane 6y, 6;, Oy, 0O;
- spinplane Agpy,, AGy,
- spinaxis Oy, ¢x
2 Solar wind calibration [Hedgecock 1975]

e assume no correlation between B and eg
- spin axis Ox

3 Range change continuity

e both B and its time derivative

—  Wspin
i 2UJspin

—  Wspin
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Error effects: spin tone (yz)

FFT spectrogrom, freq.limits=|

a.7s
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0.0328 Hz, 1. Hz], freq.res:0.0108 Hz
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uTe

produced by FGhi—Team TU Braunschweig

¢ spin plane elevation angles

¢ spin plane offsets

GX Gxex S|n ©x
Gyey Gy
Gy0: Gy(py + Dpyz)

G0y cos px

—Gypy

Z21:00:00

O

O,
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Error effects: spin tone (x)

FFT speclrogrpm, freq.limits=[0.0328 Hz, 1. Hz), freq.res:0.0109 Hz

.50

Frequancy [Hz]

03:00:00 062000

08:00:00 12:00:00 15:00:00 15:00:00
Ut

produced bw FGhi—Team TU Braunschweig

e spin axis alignment
e the angles are coupled

GX GX0X Sln ®x GXQX COSs ®x
Gy0y Gy —Gypy
Gyo: Gylpy +Apyz) Gy + AGy,

21:02:00

|
]
=]

|
IS
=3

O«

o,

nT/aqri(Hz}, o
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Error effects: 2nd harmonic

oo FFT spectrogram, freqimite=[0.03; 1 Hel, freqes:0.0108 He -,

é .50 ]

g Jw
0.25 A
.00 . - . I Joen

OFOD00  USGUOD  OSOKOO  TZOOOD  1TDGY  1GAUOD 210800
produced bw FGhi—Team TU Braunschweig
¢ spin plane nonorthogonality

¢ spin plane gain missmatch
GX GX0X Sln ®x GXHX COos ©x BX OX

Gy by Gy —Gypy | By | +] O

nT/aqri(Hz}, o
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The remaining parameters

The spin axis offset is determined from SW calibration

GX Gxex SII’] ®x Gxex COs ©x BX
Gy by Gy —Gyypy | By
Gyo: Gylpy +Apyz) Gy + AGy, B,

still undetermined:

e spin axis gain Gy
e one of the spin plane gains Gy,
e spin phase difference ¢,

Ox
OV
0,

_l’_
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Daily calibration procedure

Instrument
Parameters
Effects
Procedure .
Variation e mix of
-C
- Fortran
- IDL
- perl
. e one month
é e SP off: automatic

other: manual
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Long term variation: C1 SP off

Instrument
Parameters = . . tio‘ 4
H M 4 A, & H .
Effects 7+ ; b é\u{‘ﬁ\ I\{N-‘L
L st ;.x s TN . » LI
. ., 8t
Procedure = AN }gul. Ml ; .:&“{ # ]
iati g6 YT v e R?
Variation g e ﬂ ’ ' ”1
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2 Jan-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014

offset drift: O,: 0.2nT/yr; Oz: 0.1nT/yr

seazonal variation: temperature related?
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Long term variation: C234 SP off

Instrument
-2
Parameters
Effects
Procedure e -3
=
Variation €
-
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Jan-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014

very little (if any) offset drift

visible seazonal variation
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Long term variation: C1r3 off

Instrument

Parameters -5
Effects -5.05

Proced e >l
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Long term variation: C1r4567 off

Instrument
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Long term variation: C1 L & gain
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Summary

12 independent calibration parameters

8 calibration parameters from Fourier spectra
1 calibration parameter from the SW cal
adjustment for rc continuity

0.1 - 0.2nT/yr offset drift for C1

much smaller drift for the other sc

seasonal variation of offsets for all sc
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