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Revision History:

· Rev A, JRW, UMN, 8 Oct 2007

· Initial version.

· Rev B, JWB, UCB, 8 Oct 2007.

· Revisions to text and table to clarify source and definitions of the requirements.

· TBR requirements on SPB mounting alignment requirements stubbed in.
· Rev C  JRW UMN, 16 Oct 2007. 
· Set 0.3 mV/m  accuracy at 2.5 Re geocentric from level3.

· TBR on B-field pointing accuracy in table.

· Set goal value for B-field sensor pointing accuracy.

· Separate Tables for different quantities.
· Rev D, JWB, UCB, 17 Oct 2007.

· Fixed minor typos.

· Clarified and TBD’d requirement on delay after emergence from eclipse.

· Simplified Attitude and SC Velocity table (two columns, rather than one).

For purposes of fulfilling Level 1 and 2 Science Requirements of the RBSP mission, the electric field associated with large-scale low-energy plasma convection must be measured to an accuracy of  0.3 mV/m at altitudes above 2.5 Re (MRD-YYY-NNN).  In order to do this, the electric field in the rest frame of the Earth, E’, must be determined to this same level of accuracy.  This field is determined from E’=E-VxB, where E and B are the electric and magnetic fields measured in  an inertial  coordinate system  in a frame of reference  moving with the spacecraft  and V is the relative velocity between the spacecraft frame and the Earth frame.  

The accuracy to which E’ can be determined thus depends on the pointing accuracy of  the electric field booms  relative to the spacecraft coordinate system, the pointing  accuracy of magnetic field booms relative to the spacecraft coordinate system,   the  knowledge   of the spacecraft  attitude  relative to  an inertial  coordinate system  (in our case Geocentric  Solar Ecliptic (GSE)) , and the velocity of the spacecraft  relative to the Earth in the GSE system. 

Based on the nominal orbit and spacecraft pointing parameters of the RBSP observatories (DOCUMENT REF?), as well as the known properties of the actual and model geomagnetic field during both quiet and disturbed conditions, one can derive a set of requirements upon the accuracy and precision with which E, V, and B must be determined in order to achieve the measurement requirement on E’ (DOCUMENT REF?).  These requirements are tabulated below for each of the relevant spacecraft or instrument sub-systems on RBSP.  The required angular limits on knowledge, precision, or oscillation are stated in terms of the half-angle of a cone around a nominal pointing or alignment direction; i.e. the allowed limit includes both in- and out-of-spin-plane components. 

Table 1. EFW Requirements on RBSP E-field Pointing Accuracy and  Mounting restricted to 9 hours after attitude maneuver or TBD hours after emergence from eclipse.2,4
	Quantity
	Steady state pointing  of average sensor  position  (knowledge2,4
derived  from dynamic  analysis)


	Max oscillation angle about  equilibrium position  

	Deployed spin axis sensor relative to spacecraft  coordinate system  
	0.1o
	0.5o  (0.25o)1

	Mounting of spin axis boom unit relative to SC system
	0.1o 
	N/A

	Deployed spin plane  sensors relative to spacecraft  coordinate system
	0.1o
	0.5 o (0.25 o)

	Mounting of spin plane boom unit to SC system
	0.1o
	N/A


Table  2. EFW Requirements on  Fluxgate Pointing Accuracy

	Quantity
	Steady state pointing  direction2,4

	 Variance  of angular position of B-field sensor about  steady state pointing direction

	Fluxgate magnetometer

booms  relative to spacecraft coordinate system
	1.0o (TBR)
	0.25o  (TBR)


Table 3. EFW Requirements on Attitude and Spacecraft Velocity Accuracy ( 9 hours after attitude maneuver or TBD hours after emergence from eclipse).

	Quantity
	Pointing knowledge from attitude control  system2,4

	Variance  of  angular deflection 

about  steady state angular  positon 

	Attitude of spacecraft relative to inertial space

(spin phase and spin axis)
	0.50
	1.0o 

	 Spacecraft velocity determination  relative  inertial  space ( GSE)
	0.01o
	0.1o


NOTES:

1. The primary entry in the table indicates the requirement; more stringent goals are included for some items in parenthesis after the primary entry. 

2. On the NASA Polar spacecraft (similar eccentric orbit, much higher inclination), the magnetic field vector was routinely determined to within the accuracy of the model magnetic field (0.5 degrees) through a process by which the initial spacecraft attitude solution and magnetometer alignment were adjusted so as to minimize the measured B-field errors during times when the model B-field was a reasonable approximation to the true field (i.e. geomagnetically quiet times).  On RBSP, a similar process will be used (see DOC-XXX-YYY-ZZZ), and level of accuracy achieved using the initial knowledge and precision of the spacecraft and instrument systems.  If the fluctuations in the boom direction and the attitude transformation are smaller than 0.25 degrees, then these fluctuations will not contribute significantly to the error in the attitude update, and thus the attitude can be determined to the accuracy of the magnetic field model.   

