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sion coefficients of all the materials used in the 
construction of the sensor assembly (core, feedback 
coil: and support structure) so that differential 
stresses induced by temperature variations were 
minimized. Since the sensor core expansion coeffi
cient is approximately 10 ppmrC, platinum wire 
was used to wind the feedback coil, and the sup
port structures were machined from solid blocks of 
Macor, a machinable glass-ceramic. The triaxial 
sensor assembly was mounted on a temperature-sta
bilized baseplate whose temperature was actively 
maintained at 25 ± 1°C. The attitude transfer 
system mirrors were mounted under this baseplate. 
Their expansion coefficient was nearly zero; hence, 
active thermal control of this crucial interface was 
needed. 

Since the overall expansion coefficient of the sen
sor feedback coil was nonzero, the magnitude of 
the feedback field was a strong function of temper
ature. To minimize this effect, the magnetometer 
electronics incorporated a correction circuit that 
sensed the coil temperature by changes in its resis
tance and adjusted the feedback current to make 
the generated field independent of temperature. 

The external magnetic field generated by the tri
axial fluxgate sensor assembly was less than ± 1 nT 
at the location of the scalar magnetometer. This 
low field value minimized the interference with the 
accuracy of the mea,mrements obtained by the sca
lar instrument. 

To determine the absolute orientation of the sen
sors with respect to a reference coordinate system, 
two optical cubes were bonded to the sensor 
mount. They allowed the sensor assembly to be ro
tated exactly 90° during calibrations to establish 
the absolute direction of the magnetic axes and 
later to reference the scalar instrument measure
ments to the principal spacecraft coordinate 
system. 

MAGNETOMETER ELECTRONICS 
The electronics design for the vector magnetom

eter incorporated a number of advanced develop
ments derived from the Voyager 1 and 2 magnetic 
field experiments 1,2 that were directly applicable to 
this instrument. However, the extreme accuracy re-
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quired of the analog signal processing circuits dic
tated the use of ultraprecise components, some of 
which had to be specifically developed for Magsat. 
The maximum allowable error voltage for the digi
tally con trolled current sources was only 125 fJ-V so 
considerable attention had to be paid to the prob
lem of thermally generated electromotive forces 
that are produced across dissimilar metal junctions. 
Circuit layouts with a minimal number of solder 
joints, the proximity of essential conductors in 
order to minimize thermal gradients, and the use of 
cadmium-tin alloys for soldering and assembly re
duced the instrument errors to an absolute mini
mum. The resistors used in the digital current 
sources as well as the magnetometer feedback cir
cuit were ultraprecise, hermetically sealed units 
with an absolute temperature coefficient of less 
than 0.5 ppm/oC and a long term stability of 20 
ppm/year. The calibration of the analog circuits re
quired special test instrumentation with accuracies 
established by the National Bureau of Standards 
and resolution of about 1 ppm (a type of design 
usually restricted to laboratory-grade instruments). 
Extensive reliability and performance trade-off 
analyses were carried out to ensure mission success. 

The digital processors were implemented with 
CMOS digital integrated circuits to reduce power 
consumption to a minimum. Only one processor 
was powered at any given time by its respective 
power converter; the same was true for the analog 
electronics subsystem. As is illustrated in Fig. 1, 
there were then four possible arrangements for 
these subsystems, depending on how they were in
terconnected. To simplify testing, the "A-A" and 
"B-A" combinations were calibrated by an indirect 
analysis of the "A-A" and "B-B" configurations 
test data. A summary of performance parameters 
and technical characteristics of the magnetometer 
and the electronics system is given in Table 1. 

CALIBRATION AND ALIGNMENT 
The problem of determining the orientation of a 

given magnetic field vector traditionally has been 
solved by assuming that the field orientation can be 
established accurately by the geometry of a calibra
tion coil. This method is generally sufficient to 
determine sensor orientation within a few arc
minutes from its true direction, but it is certainly 
not accurate enough for the Magsat case where ac
curacies of the order of 2 arc-s were required. The 
method to determine the sensor alignment assumed 
that the deviations from orthogonality of the sen
sor assembly and triaxial test coil system were 
small. In this case, a very accurate alignment of the 
sensor and test coil system can be obtained simulta
neously by rotating the sensor twice through exact
ly 90° in two planes. This method has been de
scribed in Refs. 4 and 5. An accurate optical refer
ence coordinate system was first established at the 
Goddard Space Flight Center (GSFC) Magnetics 
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Table 1 
SUMMARY OF TECHNICAL CHARACTERISTICS OF THE 

MAGSAT PRECISION VECTOR MAGNETOMETER 

Basic Fluxgate Magnetometer 
Dynamic range: ± 2000 nT 
Resolution: 12 bit A I D converter (±0.5 nT) 
Noise: 0.008 nT rms (8 Hz bandwidth) 
Zero level stability: 

Sensor (- 60 to + 60°C): ±0.2 nT 
Electronics ( - 20 to + 50°C): ±0.2 nT 

Drive frequency: 12.5 kHz 
Linearity error (compensated): less than I part in 105 
Angular stability better than ± 3 arc-s over a tempera-

ture range of 10 to 40°C 

Offset Digitally Controlled Current Sources 
Dynamic range: ±64,000 nT 
Quantization step: 1000 nT 
Temperature coefficient: less than 0.5 ppmrC 
Long-term stability: within 2 parts inlOs per year 

Sensor Assembly 
Mass: 0.6 kg 
Dimensions: 11.4 x 5.72 x 5.8 cm 

Electronics (redundant) 
Mass: 2.6 kg 
Dimensions (approximate): 22.23 x 17.8 x 11.4 cm 
Total power consumption: 

1.8 W at 25°C 
2.0 W at O°C 

Test Facility by means of a pair of first-order 
theodolites referenced to a 400 meter baseline. 
Numerous magnetic contamination problems asso
ciated with the optical system had to be solved to 
realize the intrinsic accuracy obtainable by this 
method. The short- and long-term mechanical sta
bility of the triaxial coil system presented very dif
ficult problems at times in terms of the consistency 
of test results. Nevertheless, after many hours of 
dedicated testing to determine the true performance 
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of the magnetometer and coil system, excellent 
results were obtained, as is evident by the outstand
ing in-orbit performance of the vector magnetom
eter. 

The individual axis scale factors were calibrated 
using a proton precession magnetometer as a refer
ence standard for fields greater than 20,000 nT. 
For small fields, the calibration constants were syn
thesized from selected incremental measurements 
above 20,000 nT to determine the exact "weights" 
of each of the 7 bits in the digitally controlled cur
rent sources. Final overall calibration included co
ordinated tests with the scalar magnetometer to 
determine mutual interference and relative accu
racy. Significant problems were encountered in this 
respect with the relatively large RF power required 
for operation of the scalar magnetometer. Prior to 
the installation of RF shielding on the spacecraft, 
this interference was rather serious, and consider
able effort was dedicated to its elimination. 
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