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Definition of Specific Impulse

S. W. GREENWOOD*
The University of Maryland, College Park, Md.

PECIFIC impulse is a widely-used parameter in space vehicle
performance computations. Although the concept is extremely
simple it appears to have acquired a mystique that often baffles
even those who frequently employ it.
An impulse imparted by an applied force T operating be-
tween times 0 and 1 is defined as

IEJS:!TLIS (N

s=0
If the force T is constant over the time interval, the impulse
becomes

I[=Tt 2

It is evidently a favorable performance characteristic to have a
high value of / imparted to a vehicle by a motor. A price must
be paid, however, and it is necessary to specify some expended
quantity that results in the generation of I, so that I may be
related to it in specific terms.

The motor thrust may be written

T = mi, (3)

where m is the propellant mass flow rate and &, is the effective
exhaust velocity. The equality in Eq. (3) necessitates the use of a
Consistent System of Units in computations from this form of
statement of Newton’s Second Law of Motion.

If the mass flow rate is constant over the time interval t, the
mass flow rate can be written

m = (m/1) 4)
where m is the mass of propellant expended.
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We define specific impulse SI as the ratio of the impulse

imparted to the vehicle to the mass of expended propellant.
SI = (T't/m) (5)

Combining Egs. (3-5) we have

SI=4, (6)
We see that, provided we have used a consistent system of
units, the specific impulse is simply the effective exhaust velocity.
In trajectory analysis and computation the latter is the more
convenient variable, the concept of specific impulse then be-
coming superfluous. This becomes immediately apparent when

we note that the units for SI in the SI System of Units (The
International System) are:

(Newton- sec/kg) = (meter/sec)

In conclusion it must be emphasized that any gravitational
force exerted on the expended propellant (i.e., the weight of the
expended propellant) has no relationship to the generation of L.
It is therefore a nonsense to make I specific in regard to the
expenditure of propellant weight, at one standard Earth gravity
or any other condition. Let us therefore consign the so-called
“weight” definition of SI to the oblivion it has always deserved,
and recognize that the “mass” definition of SI is simply the
familiar parameter, the effective exhaust velocity.

Desorptive Transfer: A Mechanism of
Contaminant Transfer in Spacecraft

H. K. ALaN Kan*
The Aerospace Corporation, El Sequndo, Calif.

Introduction

ONTAMINATION in spacecraft has received much atten-

tion recently, particularly as it relates to contamination on
critical optical surfaces. On such surfaces, contamination usually
leads to increased absorption and scattering of light, which
results in a degradation of the optical devices. For those
surfaces that are exposed to the sun, such as solar cell covers
and thermal control coatings, there is the additional effect of
UV-irradiation of the contaminants, which may result in further
optical changes. It can be readily appreciated that a film
with a thickness of only a few hundred angstroms can affect
the optical properties of a surface significantly.

The control of contamination requires an analysis of potential
sources and transfer mechanisms. Likely sources include
materials with appreciable vapor-pressure and the exhaust from
engines. The mechanism of contaminant transfer commonly
considered is an assumed line-of-sight transfer between source
and collector. In this assumption, it is implicit that if an
optical surface views only surfaces made of materials with
negligible outgassing, then that optical surface will not be
contaminated. It is the purpose of this Note to point out
that desorption processes can lead to an apparent non-line-of-
sight transfer. Thus, the optical surface mentioned above may
very well receive contaminants generated elsewhere, with the
surfaces that it views acting as transfer surfaces.
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