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Comparison to Optimal Discrete Transfers

Consider a mission sequence in circular synchronous
equatorial orbit consisting of two transfers of 55 and 150°
each. In addition, a time limitation of 6219 min. is imposed.
The optimal distribution of integer phasing ellipses using the
method of Ref. 1is shown in Table 1.

Note that the total of 4 integer revolutions is the maximum
possible, for the time limit assumed, using the discrete
method. Using the continuous technique, which allows frac-
tional revolutions for the 55-degree transfer, the distribution
of Table 2 is found. Using a continuous transfer scheme has,
for this example, reduced the AV requirement by 15.4%.
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CE the space shuttle becomes operational, ex-
travehicular activities (EVA) by astronauts not physically
attached to the shuttle will become commonplace. The EVA
astronauts will use manned maneuvering unit (MMU) for
propulsion, and can be expected to range at least as far as 500
‘m from the shuttle on early missions. The MMU will most
-likely be equipped with a lightweight radar unit for use as the
primary means of range and range rate determination. The
possibility exists to provide the astronaut with a backup range
finder at extremely low cost. The Note discusses such a
backup range finder.

At first glance, it seems that since the astronaut ‘‘knows”’
the size of the shuttle, he should be able to estimate the range
between himself and the shuttle with no equipment at all
should his radar fail. Researchers in the psychophysics of
vision, such as Galanter and Galanter,' seem to feel that with
training, a person can estimate range and range rate with
reasonable accuracy. However, most of the research in this
area has been limited to familiar targets in a visual field abun-
dant with nearby referents. Very little has been done in a
visual field consisting solely of a familiar object at close
range.

Since we are unsure of the range estimation abilities of an
astronaut in the space environment, and since the con-
sequences of an erroneous range estimate could be serious, an
MMU manual rangefinder has been devised. This rangefinder
is simple, lightweight, cheap, and has no moving parts. It is
designed to give the astronaut a rapid rough estimate of his
distance from the shuttle (a similar rangefinder could be
developed for any object of known size and shape).
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The rangefinder is based on the well-known principle that
the angle subtended by an object of known size is a function
of its orientation and its distance from the observer. A brief
review of the physical principle will now be given. Let d be
some known readily observable physical dimension of the ob-
ject to which range is being measured. For example, d might
be the length, span, height, fuselage thickness, or vertical
stabilizer leading-edge length of the shuttle. Although the
astronaut might have scales for each of these, for the presen-
tation here we will consider only one such observable physical
dimension. Let us, for example, choose the span of the shuttle
as the physical dimension upon which our range measurement
might be based.

Thus, for the example d=35;, where §; is the span of the
shuttle. For simplicity, let us first assume that the astronaut is -
directly behind the shuttle, (in the shuttle fixed y z plane). The
shuttle is assumed to be oriented so that it is flying like an air-
plane down the flight path (wings level, upright, nose for-
ward).

The device works in the following manner: The astronaut
“‘holds’’ a graduated scale at arms length perpendicular to the
line of sight between his eye (one eye closed) and the shuttle.
The scale is held so that its graduated length lies in a plane
parallel to the lateral axis of the shuttle. The edge of the scale
is held so that the astronaut can read the number of scale
graduations subtending the same anglé which is subtended by
the span of the shuttle. He reads the number of graduations
and then looks to a distance scale which is calibrated on shut-
tle span for the range to the shuttle.

At large distances s; =rf. Also £, = a6 (see Fig. 1). For any
given astronaut, ¢ is a fixed quantity, i.e., arms length. The
scale could be individualized so that a given range r the shuttle
subtends the same number of scale divisions, regardless of the
astronaut. ‘

From the two approximate relations, the angle 6 can be
eliminated to give

In order to place this information in a format easily usable by
the astronaut, a scale such as that shown'in Fig. 2 is provided.
If, for example, the span of the shuttle subtends ten

- graduations, as shown, then the astronaut is about 190 to 200

m from the shuttle.

Several scales such as that shown in Fig. 2 (for length, span,
fin height, etc.) would suffice if we could insure that the
astronaut would always be in a position to view the shuttle so
that the dimension being used as a reference is perpendicular
to the line of sight. This is obviously not the case. Thus, we
must provide the astronaut with some method of correcting
for the visual foreshortening of the reference length when

Fig. 1 Range finder geometry.
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Fig.3 Geometry of forshortening.
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Fig. 4 Example shuttle operations range finder.

viewed from some position not in the perpendicular bisecting
plane.

The geometry of foreshortening is shown in Fig. 3. In th
figure, only the angles ¢, and ¢, have been assumed to be

" small. The relations between S, and the subtended angles at
position 1 and 2 are given by ¢, =S,/r and ¢, = S,cos6/r. At
position 2, the astronaut holds the scale perpendicular to the
line of sight and reads an indicated range 7'. This range is ob-
viously too large and a correction factor needs to be in-
troduced. The relation between the indicated range and the ac-
tual range is r=r' cosf. Thus, for any given scale reading, &',
the corrected scale reading corresponding to any angle, 6, bet-
ween the line of sight and a normal to the reference dimension
is given by §=48' cosf. If the values of §(6) over a range of
values of 6 are plotted using the range scale for =0 as a basis,
ascale such as that shown in Fig. 4 can be plotted.

The astronaut estimates the angle 8, holds out the scale, and
reads the number of scale divisions 8" across the top of the
scale subtended by the shuttle span with the scale held per-
pendicular to the line of sight. He then moves along a curved
line down from the scale to the estimated value of 6 (this gives
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d). Then he reads directly down to the bottom of the scale to
read range. The case for &' =12 divisions and §=40° is shown
on the figure. The indicated range between the astonaut and
the shuttle is about 265 m. ' ) ‘

Since loose objects in an uncontained weightless en-
vironment are undesirable, it is assumed that the range finder
described above would be tethered to the astronaut. It would
be advantageous to make the tether some standard length so
that when held taut the eye-to-card distance would be the
same for all astronauts. If this were done, the scales would not
need to be individualized. A good attaching point for the
tether might be the helmet collar ring. The manual range fin-
der proposed could easily be tested in a visual simulator, and
could be fabricated at almost no cost. It is reliable and
probably accurate enough to use as a backup unit.
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Introduction

ECENTLY, several papers have been published by

various authors, e.g., Berman,! Miele and Huang,?
Heidmann,? and Tawakley and Jain*$ for determining
shapes of bodies of minimum ballistic factor. Jain and
Tawakley’ developed a variational solution, described briefly
later on, for extremizing the sum of the products of the
powers of several integrals. They then applied this solution to
find the class of sharp-nosed slender axisymmetric missiles of
minimum ballistic factor in hypersonic flow, under the assum-
ptions that the pressure coefficient obeys Newtonian law and
the surface averaged skin-friction coefficient is constant.
However, sharp-niosed bodies experience severe aerodynamic
heating during re-entry, and therefore the practical vehicle for
hypersonic flight will of necessity have a blunt nose. The
problem of finding a blunt-nosed missile of minimum ballistic
factor is therefore investigated here. It has been shown that in
the case where the wetted area and diameter of the body are
known a priori, and the length is free, the variational scheme
described is directly applicable and an analytical solution can
be obtained easily.

Extremization of the Sum of the Powers
of Several Integrals

For the extremization of a functional expression of the type
n n
1=ITup=+xJTap#
j=1 j=1

k being a known constant while the exponents «;, 3; are
known positive and negative quantities, and I, denotes
positive integrals of the form

Xf ’
I;= Sxf, oy )dx  j=12,..,n
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