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STEREO	  spacecraE	  (x2)	  
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STEREO	  spacecraE	  ‘Behind’	  
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IMPACT	  instrument	  block	  diagram	  
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STEREO	  magneSc	  field	  measurements	  
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Fluxgate	  Magnetometers 	  	  
•  Drive	  coil	  and	  pickup	  coil	  
•  Ferrite-‐core	  is	  saturated	  by	  Hapl	  

at	  drive	  frequency	  –	  alternately	  
magneSzed,	  neutral,	  inversely	  
magneSzed,	  etc.	  

•  Current	  is	  induced	  in	  a	  pickup	  
coil	  by	  dB/dt	  of	  the	  ferrite	  core	  

•  In	  presence	  of	  external	  field	  

core	  saturates	  more	  easily	  in	  
one	  direcSon	  

•  Modifies	  transfer	  funcSon	  from	  
H	  to	  B.	  	  Input	  current	  and	  
output	  current	  from	  coils	  goes	  
out	  of	  phase.	  

•  These	  measurements	  are	  
bedeviled	  by	  large	  spacecraE	  
stray	  (DC)	  and	  fluctuaSng	  fields.	  	  	  

•  Sensor	  must	  be	  boom-‐mounted,	  
preferably	  ~10	  m	  from	  s/c	  



MagneSc	  field	  levels	  and	  instrument	  sensiSvity	  
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STEREO	  magneSc	  field	  measurements	  at	  1	  AU	  

1/64	  Hz	  

1/10	  Hz	  

ICW	  

1/32	  Hz	  



System	  noise	  

PDF	  of	  normalized	  
Fourier	  components	  

Nominal	  sensor	  noise	  level	  

Median	  filtered	  spectrum	  

Δf	  =	  1/T	  =	  fS/N	  
fS	  =	  8	  s/s	  
	  
Noise	  is	  more-‐or-‐less	  Sme	  staSonary	  









Noise	  removal	  in	  frequency	  domain	  

Real	  signal	  
FFT	  of	  2.7	  million	  points	  
df=	  3e-‐6	  Hz	  

Width	  of	  each	  peak	  is	  sSll	  only	  one	  bin	  wide!	  
Frequency	  width	  is	  less	  than	  oscillator	  stability	  
	  

Instrumental	  noise	  
In	  frequency	  space	  the	  instrumental	  
noise	  and	  signal	  are	  easily	  separable	  
Only	  a	  few	  hundred	  frequency	  components	  
are	  needed	  to	  characterize	  the	  contaminaSon	  
waveform.	  

Broadband	  noise	  can	  
not	  be	  removed.	  



Cleaned	  data	  

Before	  

AEer	  

Instrumental	  signal	  

Construct	  ‘noise	  signal’	  from	  FFT	  inversion	  of	  non-‐Gaussian	  FFT	  coefficients	  
Subtract	  noise	  signal	  from	  total	  signal	  (in	  the	  Sme	  domain)	  



Cleaned	  data	  
320	  seconds	  (LCM	  of	  10	  and	  64	  sec	  periods)	  
(the	  two	  dominant	  noise	  sources)	  



CauSon!	  
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FIG. 4.— The number of bin counts for each angle bin at the frequency
0.716 Hz using the data from March 2008 and January 2008 in Table 1. The
direction θ = 0 is radially outward from the sun. Note that these two data
sets are contained in opposite magnetic sectors (inward and outward).

the inertial range and the dissipation range, frequencies from
5 × 10−3 Hz to 2 Hz in the spacecraft frame, the power spec-
tral density in equation (26) is roughly independent of the az-
imuthal angle φ as is expected for turbulence that is cylindri-
cally symmetric about the local mean magnetic field. There-
fore, instead of equation (26), it is more expedient to use the
power spectral density as a function of angle defined by

P (νm, µk) =
4π

Cω0Nmk

N−1
∑

n=0

µk≤µ<µk+1

|F (sm, tn)|2, (27)

where the sum on the right-hand side only includes those
terms for which the direction (µ,φ)n at time n satisfies µk ≤
µ < µk+1 andNmk is the number of all such terms. The func-
tion P (ν, µ) describes the power spectral density as a function
of the angle θ between the local mean magnetic field and the
(radial) mean flow direction.
In this study, angle bins are defined by the partition θk =

kπ/30, k = 0, 1, 2, . . . , 30, µk = cos(θk). The width of each
angle bin is 6 degrees which is small enough to resolve the
interesting behavior near the endpoints θ = 0 and θ = π,
but large enough to usually provide a reasonable statistical
sample at all angles of interest. Figure 4 is a typical example
of the distribution of bin counts seen for the data in this study.
The orientation of the interplanetary magnetic field, outward
or inward, is also apparent from Figure 4. The maximum bin
count coincides with the direction of the Parker spiral in each
case. The distributions of bin counts was qualitatively and
quantitatively similar at all frequencies from 5 × 10−3 Hz to
2 Hz. The number of bin counts in the parallel direction was
typically 4%–9% of the maximumnumber of bin counts taken
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FIG. 5.— The power spectral density versus frequency for angle bins cen-
tered at θ = 3 (bottom), 9, 15, 21,. . . , 93 degrees (top) computed using the
February 2008 data in Table 1 by means of equation (27).

over all bins.

5. RESULTS
The power spectra P (ν, µ) computed by means of equa-

tion (27) using the February 2008 data in Table 1 are shown
in Figure 5. The different curves in Figure 5 correspond to
different angle bins and have been offset vertically for easier
viewing. The minimum and maximum wavelet scales are ap-
proximately 0.48 s and 200 s, respectively. The number of
different scales is M = 30. The corresponding frequency
range extends from approximately 5 × 10−3 Hz to 2 Hz in
the spacecraft frame. The transition from the low-frequency
inertial range to the high-frequency dissipation range is indi-
cated by the change in spectral slope around 0.4 Hz, a typical
break-frequency near the orbit of the earth at 1 AU.
Restricting attention to the range of frequencies called the

inertial range, ν ! 0.2 Hz, linear least squares fits are per-
formed in log-log space to find the best fit power-law expo-
nents. For a given data record, the frequency range used to
obtain the fits is the same for all angles. But, for each data
record in Table 1 a different frequency range is used to fit the
data. This was necessary because of occasional outliers in
the spectra, usually at the lowest frequencies, which can sig-
nificantly effect the power law fits. Such outliers are partly

Any	  ‘precision’	  work	  with	  spacecraE	  
magnetometer	  data	  needs	  careful	  
analysis	  of	  raw	  data.	  
	  
Common	  instrument/subsystem	  clocks	  
allow	  for	  noise	  cleanup.	  
	  
Must	  be	  done	  before	  any	  higher	  order	  
analysis	  (including	  coordinate	  
transformaSon	  from	  sensor	  system)	  
	  
Affects	  weaker	  signals	  preferenSally	  (and	  
therefore	  higher	  frequencies,	  shorter	  
spaSal	  scales).	  



Power	  spectra	  are	  modified	  
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This	  can	  be	  especially	  subtle	  in	  
wavelet	  spectra,	  which	  generally	  
have	  broader	  spectral	  resoluSon	  and	  
don’t	  resolve	  individual	  tones	  

System	  noise	  
Signal	  
Original	  signal	  

System	  noise	  
Signal	  
Original	  signal	  



Derived	  quanSSes	  
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System	  noise	  
Signal	  
Original	  signal	  

Power	  

PolarizaSon	  

Compressibility	  

System	  noise	  is	  in	  phase	  on	  all	  
sensors	  –	  ‘polarizaSon’	  is	  zero	  
	  
Compressibility	  may	  be	  
modified	  by	  noise	  



Johns	  Hopkins	  University	  /	  Applied	  Physics	  Laboratory	  

NASA	  Solar	  Probe	  Plus	  (SPP)	  mission	  

-‐  NASA	  ‘Living	  with	  a	  Star’	  Mission	  
-‐  Recommended	  by	  NAS	  for	  30	  years	  

-‐  Launch	  in	  2018	  
-‐  Mostly	  in	  situ	  instruments	  
-‐  Perihelion	  at	  9.8	  Rs	  –	  within	  
the	  Alfven	  radius	  



Solar	  Probe	  Plus	  

Launch	  
July	  2018	  

9.8	  Rs	  



SPP/FIELDS	  Instrument	  	  
Overview	  of	  Sensors	  
V1-‐V4	  electric	  antennas	  

MAGi,	  MAGo	  

V5	  electric	  antenna	  

SCM	  

V1-‐V4	  electric	  antennas	  

-‐	  Five	  voltage	  sensors	  
-‐	  Two	  Fluxgate	  magnetometers	  
-‐	  One	  search-‐coil	  magnetometer	  
-‐	  Main	  Electronics	  Package	  

MEP	  



FIELDS	  Instrument	  	  
Block	  Diagram	  

 
Two Sides 
•  Each has Spacecraft I/F 
•  Each has Magnetometer 
•  Each has Antenna Biasing 
•  Each has Power Supply 
 
FIELDS1 also has 
•  Data Controller Board 
•  Radio Freq. Spectrometer 
•  Digital Fields Board 
•  SCM Calibration Control 
•  Absolute Time Sequencer 
•  TDS I/F 

FIELDS2 also has 
•  Time Domain Sampler 
•  DCB I/F 
•  SWEAP I/F 
 
 



end	  
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