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NEAR EARTH ASTEROID RENDEZVOUS MAGNETOMETER (MAG) 
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Johns Hopkins University Applied Physics Laboratory; Christopher Russell, University of 
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Abstract. The NEAR Magnetometer Investigation (MAG) is an integrated technical, scientific 
as well as spacecraft management undertaking to establish the nature of the magnetic field of 433 
Ems, operating with minimal resources. The instrument is being implemented as a follow-on to 
many previous successful undertakings between Johns Hopkins APL and GSFC's Laboratory for 
Extraterrestrial Physics (MAGSAT, Hilat, AMFTEICCE, UARS, Viking, Freja, etc.) in the field 
of space magnetometry. A single triaxial fluxgate magnetometer system of very large dynamic 
range has been built by APL and GSFC for flight in one year's time. To minimize costs and 
spacecraft impacts, no booms are used and the sensor is mounted approximately one meter from 
the main spacecraft bus, on the high gain antenna feed support. This arrangement is almost 
identical to that used by the NEAR MAG Team Leader in the highly successful GIOTTO 
mission to Comet Halley in 1986. The primary magnetometer science objectives of the NEAR 
mission are to determine the intrinsic magnetization of the asteroid EROS. These signals may be 
of the same order as the nominal NEAR spacecraft magnetic interference level. Using proven 
methods and the statistics of nearly a year in orbit, even magnetic signals due to EROS that are 
smaller than the spacecraft noise can be reliably isolated. 

Scientific Objectives. The primary magnetometer science objective of the NEAR mission is to 
determine the intrinsic magnetization of the asteroid EROS. Approximate field strengths at a 
dipole equator at 35 krn distance for various magnetic moments and equivalent natural remnant 
magnetization, NRM, have been calculated for Eros assuming a density of about 2.3 gjcm3. 
Stony meteorites have NRM of 10-5 to 104 a-m2/kg whereas iron meteorites have NRM of 10-3 
to 1e2 a-m2/kg [Sugiura and Strangeway, 19881 and Kivelson et al. [I9931 estimated GASPRA 
to have NRM in the range of iron meteorites. In the case of a small NRM for Eros, the magnetic 
sphere of influence will be smaller than the 35 km NEAR rendezvous orbit and the strength of 
the moment will need to be assessed indirectly by studying the magnetic perturbations associated 
with the Ems bow shock. For intermediate NRM, the NEAR spacecraft may intermittently cross 
the Eros magnetopause, and magnetic fluctuation measurements will be used to assess these 
events, even remotely. For large Eros NRM, the NEAR spacecraft can be expected to remain 
entirely within the Eros magnetosphere for extended periods of time. Magnetic fluctuations in 
the range of 1 to several Hz have been found to be characteristic of a variety of boundaries in 
magnetospheric systems and we will incorporate the AC channel of the NEAR magnetometer as 
an integral part of the science data to assist in the identification of the bow shock and 
magnetopause boundaries. Holzer et al. (1966) first discovered that the magnetic fluctuations of 
0.2 to 2.5 Hz in Earth's magnetosheath were more than an order of magnitude more intense than 
in either the solar wind or the magnetosphere and these results have been confirmed by numerous 
authors. 

Instrument Calibration: Incorporated in this design is a complete calibration of the NEAR 
magnetometer as well as impact on the instrument from the NEAR spacecraft. Over half of the 
above listed instruments have been upgraded from attitude systems, thus impact on the spacecraft 
has been minimal aside from upfront engineering with regard to currents. dynamic and static, 
ground loops, magnetic-materials in close proximity to the sensor, motors and other permanent 
magnets. The emphasis for the NEAR project has been primarily to reduce dynamic currents and 
large static magnetic fields. There will be compensation for remnant static fields with initial 
package level calibration and "sniffing" at the spacecraft level. Serious static fields above the 
quoted backg~ound levels from magnetic components such as relays, motors, thrusters, etc. will 
be shielded where a ~ ~ r o ~ r i a t e  with 5 mil METGLAS. Efforts have been made to contain the 
magnetic field intekGreAce from currents on the spacecraft, especially from the solar panel 
circuits. The magnetometer system at the package level will be calibrated at the NASAIGSFC. 
The primary objective of the calibration facility exercise is to determine the conversion 
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coefficients and their linearity for the set of three axes as well as the cross-talk and misalignment 
between the axes. Other testing will concentrate on the evaluation of systems throughout the 
spacecraft. This "magnetic oversight" has been done constantly and at low cost at APL. The 
level of any interference can be assessed during spacecraft system level testing by "sniffing" 
changes in magnetic field due to package activation and subsequent housekeeping data will be 
used to feed back to model code. Standard APUGSFC practice of upfront sound engineering to 
minimize ground loops via single point grounds and twisted pair primary power and to 
compensate loops; modeling code development to further enhance the overall accuracy level of 
the magnetic field measurements will be employed, perhaps to a level better than the stated 5 nT. 
Zeroes were determined in flight with spin data, solar wind time averages and cross calibration of 
the spin axis measurements. NEAR magnetometer calibration will involve periodic cruise data 
opportunities and Earth flyby. 

Instrument: A summary of the NEAR MAG characteristisc is as follows: 
Resources: 1.5 Kg, 1.5 Watts, 80 bps, no boom 

Accuracy goal: 5nT 
Three-axis fluxgate sensor, antenna feed mount 
Electronics: GSFC Board 1. Analog sensor circuitry, ranging 

APL Board 2. Filters, AD, ACTEL gate array, DCIDC 
A/D: sample rate 20/sec internal, 20 bits 

Output sample: 80 bits (commandable rate: .O1 - 20 Hz) 
Nominal rate l/s: P C )  0.0 - l/s, digital filter 

bandpassed (AC) 1.0 - 10.0 Hz, rms amp 
Eight ranges: Full scale: 4 nT to 65536 nT 

Resolution: 16 bits, (AC: 8 bits log) 
Software, residing in common NISIMAG DPU: 

Range selection 
Digital filtering: antialiasing, bandpass 
Noise reiection 
~omm&d, control, telemetry fom~atting 
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