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FOREWORD

This document presents the results of the second United States manned
orbital space flight conducted on May 24, 1962. The performance discussions
of the spacecraft and launch systems, the modified Mercury Network, mission
support personnel, and the astronaut, together with analyses of observed
space phenomena and the medical aspects of the mission, form a continuation
of the information previously published for the first United States manned
orbital flight, conducted on February 20, 1962, and the two manned sub-
orbital space flights.
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1. SPACECRAFT AND LAUNCH-VEHICLE PERFORMANCE

By Jomn H. Boynton, Mercury Project Office, NASA Manned Spacecraft Center; and E. M. FIELDs,
Mercury Project Office NASA Manned Spacecraft Center

Summary

The performance of the Mercury spacecraft
and Atlas launch vehicle for the orbital flight
of Astronaut M. Scott Carpenter was excellent
in nearly every respect. All primary mission
objectives were achieved. The single mission-
critical malfunction which occurred involved a
failure in the spacecraft pitch horizon scanner,
a component of the automatic control system.
This anomaly was adequately compensated for
by the pilot in subsequent inflight operations so
that the success of the mission was not compro-
mised. A modification of the spacecraft con-
trol-system thrust units were effective. Cabin
and pressure-suit temperatures were high but
not intolerable. Some uncertainties in the data
telemetered from the bicinstrumentation pre-
vailed at times during the flight; however, as-
sociated information was available which indi-
cated continued well-being. of the astronaut.
Equipment was included in the spacecraft
which provided valuable scientific information ;
notably that regarding liquid behavior in a
weightless state, identification of the airglow
layer observed by Astronaut Glenn, and photo-
graphy of terrestrial features and meteorolo-
gical phenomena. An experiment which was
to provide atmospheric drag and color visibility
data in space through deployment of an inflata-
ble sphere was partially successful. The flight
further qualified the Mercury spacecraft sys-
tems for manned orbital operations and pro-
vided evidence for progressing into missions of
extended duration and consequently more de-
manding systems requirements.

Introduction

The seventh Mercury-Atlas mission (MA-7)
was planned for three orbital passes and was'a
continuation of a program to acquire operation-
al experience and information for manned or-

bital space flight. The objectives of the flight
were to evaluate the performance of the
man-spacecraft system in a three-pass mission,
to evaluate the effects of space flight on the
astronaut, to obtain the astronaut’s opinions on
the operational suitability of the spacecraft sys-
tems, to evaluate the performance of spacecraft
systems modified as a result of unsatisfactory
performance during previous missions, and to
exercise and evaluate further the performance
of the Mercury Worldwide Network,

The Aurora 7 spacecraft and Atlas launch
vehicle used by Astronaut Carpenter in success-
fully performing the second United States
manned orbital mission (MA-7) were nearly
identical to those used for the MA—6 flight. The
Mercury spacecraft provided a safe and habita-
ble environment for the pilot while in orbit, as
well as protection during the critical flight
phases of launch and reentry. The spacecraft
also served as an orbiting laboratory where the
pilot could conduct limited experiments which
would increase the knowledge in the space sci-
ences. The intent of this paper is to describe
briefly the MA-7 spacecraft and launch vehicle
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Fieure 1-1.—Mercury spacecraft systems.



systems and discuss their technical perfor-
mance.

The many systems which the spacecraft com-
prises may be generally grouped into those of
heat protection, mechanical and pyrotechnic,
attitude control, communications, electrical and
sequential, life support, and instrumentation.
The general arrangement of the spacecraft in-
terior is schematically depicted in figure 1-1.
Although a very basic description of each sys-
tem accompanies the corresponding section, a
more detailed description is presented in refer-
ence 1.

Heat Protection System

During flight through the atmosphere at
launch and reentry, the high velocities generate
excessive heat from which the crew and equip-
ment must be protected. The spacecraft must
also be capable of withstanding the heat pulse
associated with the ignition of the launch es-
cape rocket. To provide this protection, the
spacecraft afterbody is composed of a double-
wall structure with thermal insulation between
the two walls. The outer conical surface of the
spacecraft afterbody is made up of high-tem-
perature alloy shingles, and the cylindrical por-
tion is protected by beryllium shingles. The
spacecraft blunt end is fitted with an ablation-
type heat shield, which is constructed of glass
fibers and resin. Additional description of the
heat protection system can be found on pages
7 to 9 of reference 1.

Although the MA-T reentry trajectory was
slightly more shallow than for MA—6, the heat-
ing effects were not measurably different, as is
evident in figure 1-2.

The performance of the MA-7 heat protec-
tion system was as expected and was quite sat-
isfactory.
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F16URe 1-2.—Maximum ablation-shield temperatures.
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Two temperature measurements were made
in the ablation shield, one at the center ang the
other approximately 27 inches from the center.
The maximum recorded values are graphically
shown and compared with previously obtained
orbital reentry values in figure 1-2. The mag-
nitudes of these temperatures, as well as the
ablation-shield weight loss during reentry, are
comparable with previous flights. The sup-
porting structure behind the ablation shield was
found to be in excellent condition following the
flight. A more complete temperature survey
of points around the afterbody than on previ-
ous flights was conducted for MA-7. This sur-
vey was made possible by the addition of & low-
level commutator circuit. The data, which are
shown in figure 1-3, were within expected
ranges, and the integrity of the structure was
not affected by the thermal loads experienced.

Mechanical and Pyrotechnic Systems

The mechanical and pyrotechnic system
group consists of the separation devices, the
rocket motors, the landing system, and the in-
ternal spacecraft structure. This entire group
functioned satisfactorily during the mission.
Performances of individual systems are dis-
cussed in the following paragraphs.

Separation Devices

Separation devices generally use explosive
charges to cause separation or disconnection of
components. The major separation points are
at the interface between the spacecraft and
launch vehicle, between the spacecraft and the
escape tower, at the heat shield, and around
the spacecraft hatch. All separation devices
worked properly during the mission. The ex-
plosive-actuated hatch was not used, since the
pilot egressed through the top of the spacecraft
after landing.

Rocket Motors

The rocket motor system consisted of three
retrorocket motors, three posigrade motors, the
launch escape rocket, and the small tower-jetti-
son rocket. All of these motors are solid-pro-
pellant type. See page 9 of reference 1 for
additional description of the rocket motor sys-
tem. Nominal thrust and burning-time data
are given in the following table :

Although ignition of the retrorocket motors
was about 3 seconds later than expected, the per-



Approx-
Number|Nominal| imate
Rocket motor of thrust | burning
motors | each, lb| time
each,
see
Escape_ .- _____.. 1 52, 000 1
Tower jettison___.__ 1 800 1.5
Posigrade.. . ______. 3 400 1
Retrograde_________ 3 1,000 | 10

formance of the rocket motors was satisfactory.
An analysis of radar tracking data for the
flight yielded a velocity increment at retrofire
which indicated that the retrorocket perform-
ance was 3 percent lower than nominal. This
was acceptable and within the allowable devia-
tion from nominal performance of =5 percent.

Landing System

The landing system includes the drogue
(stabilization) parachute, the main and reserve
parachutes, and the landing shock-attenuation
system (landing bag). The latter system at-
tenuates the force of landing by providing a
cushion of air through the deployment of the
landing bag and heat shield structure, which is
supported by straps and cables. The landing
system can be actuated automatically, or manu-

ally by the astronaut. The landing system is
described in greater detail on pages 28 to 30 of
reference 1. The landing system performed
satisfactorily and as planned.

The MA-T7 landing system differed from the
MA-6 system in the manner of arming the
barostats (pressure-sensing devices). These
units initiate automatic deployment of the para-
chutes when the spacecraft descends to the
proper pressure altitude during reentry. In
the MA-6 and prior missions, the barostats
were armed when above the atmosphere dur-
ing exit flight and thus were in readiness to
initiate the parachute-deployment mechanisms
when the barostats sensed the appropriate pres-
sure during spacecraft descent through the at-
mosphere. This armed status of the barostats
would of course permit deployment of a para-
chute during orbital flight if a certain type of
barostat malfunction should occur. While
such barostat malfunctions had not been de-
tected in previous flights or during ground
tests, it was believed that an additional safety
margin would be desirable, because of the un-
explained early deployment of the drogue para-
chute during the MA-6 mission. Consequently,
a control barostat was added to the automatic
sequence circuit of the MA-T spacecraft. This
barostat sensed pressure in the cabin and func-
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tioned in a manner intended to prevent auto-
matic deployment of the parachutes until the
spacecraft cabin pressure corresponded to an ac-
ceptable altitude. The control barostat did not
alter the circuitry that was available to the pi-
lot for manual deployment of the parachutes.
In the MA-T7 mission, it was planned for the pi-
lot to deploy the drogue parachute manually
at-an altitude of 21,000 feet or higher if added
spacecraft stabilization prior to automatic de-
ployment of the drogue parachute was desired.
Astronaut Carpenter felt the need for addi-
tional spacecraft stabilization and manually
deployed the drogue parachute at an altitude of
approximately 25,500 feet. The pilot also
planned a manual deployment of the main
parachute routinely at an altitude of about
10,008 feet, rather than waiting for automatic
deployment at approximately 8,200 feot alti-
tude; the data show that manual deployment
was effected at about 9,500 feet.

Flotation

After landing, the astronaut reported a severe
list angle on the order of 60° from vertical,
and postflight photographs of the spacecraft
taken after egress of the pilot indicate approxi-
mately a 45° list angle. The time normally re-
quired for the spacecraft to erect to its equilib-
rium angle exceeds the period that Astronaut
Carpenter used to initiate egress; therefore, this
egress activity may have prevented the return
to a more nearly vertical flotation attitude.
Upon recavery, a considerable amount of sea
water was found in the spacecraft, the majority
of which is believed to have entered through
the small pressure bulkhead when the pilot
passed through the recovery compartment into
the liferaft. In addition, small leaks in the
internal pressure vessel which probably oc-
curred upon landing were disclosed during the
normal postflight inspection; but accounting
for the 6 hours prior to spacecraft recovery,
these leaks would have contributed only slightly
to the water in the cabin. The pilot reported
that at landing a small amount of water
splashed onto the tape recorder in the cabin; it
is believed that this resulted from a surge of
water which momentarily opened a spring-
loaded pressure relief valve in the top of the
cabin.

4

Spacecraft Control System

The spacecraft control system is designed to
provide attitude and rate control of the Mer-
cury vehicle while in orbit and during reentry.
Page 11 of reference 1 presents an additional
description of the spacecraft control system.
With the single exception of the pitch horizon
scanner, all system components performed nor-
mally during the entire flight.

TasrE 1-1.—8pacecraft Control System Redun-
dancy and Electrical Power Requirements

Control Corresponding fuel Electrical
system system (fuel sup- power
modes ply, plumbing, and required
thrusters)
ASCS______ A . d-¢ and a-c
FBW______ A . d-¢
MP . ___ B . _____ None
RSCS_.____ B .. d-¢ and a-c

ASCB—Automatic stabilization and control system

FBW—Fly-by-wire

MP—Manual proportional
system

RSCS—Rate stabilization con-
trol system

Controlled by pilot
actuation of con-
trol stick

The attitude control system, at the discre-
tion of the pilot, is capable of operation in the
modes listed in table 1-1.

The spacecraft was equipped with two sepa-
rate reaction control systems {RCS) shown as
A and B in table 1-1, each with its own fuel
supply and each independent of the other.
Combinations of modes ASCS and FBW, FBW
and MP, or FBW and RSCS were available to
provide “double authority” at the choice of the
pilot. A “maneuver” switch was added to the
instrument panel for MA—7 and was included
in the control circuitry to allow the astronaut
to perform maneuvers without introducing er-
rors in his attitude displays. Aectuation of the
switch effectively disabled the yaw reference
slaving system and the automatic pitch orbital
precession of 4°/ min and thus prevented gen-
eration of erroneous gyro slaving signals dur-
ing maneuvers,

The reaction control components were of the
standard configuration, with the exception of
the 1-pound and 6-pound thruster assemblies
which had been slightly modified to correct de-
ficiencies which occurred on earlier flights. The
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modification to the 1-pound units involved re-
placing the stainless-steel fuel distribution
(Dutch weave) screens (see fig, 1-4) with plat-
inum screens and a stainless-steel fuel distribu-
tion plate, reducing the volume of the heat bar-
riers of the automatic RCS, and moving the
fuel-metering orifice to the solenoid inlet. The
only modification to the 6-pound units was the

Sensors and commands Calibrator

Horizon

replacement of the stainless-steel screens with
platinum screens. These changes proved to be
offective, as all thrust units operated properly
throughout the flight.

Horizon Scanners

The horizon scanners are employed to pro-
vide a correction reference for the spacecraft
attitude gyros which is indicated in the basic
schematic diagram shown in figure 1-5. An
error introduced by the pitch horizon scanner
cireuit was present during launch and apparent-
ly remained to some degree throughout the
flight. Since the scanners were lost when the
antenna canister was jettisoned during the nor-
mal landing sequence, postflight inspection and
analysis of these units were impossible; how-
ever, the failure is believed to have been in the
scanner circuit and was apparently of 2 random
nature in view of the fact that the scanner sys-
tem has been fully qualified on previous flights,
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Some 40 seconds after escape tower separa-
tion, the output of the pitch scanner indicated a
spacecraft attitude of approximately 17°, which
is graphically depicted in figure 1-6. Also
shown is the attitude of the launch vehicle and
spacecraft as determined from launch vehicle
data which is about —1° at this time, indicating
a scanner error of about 18° in pitch, This er-
ror apparently increased to about 20° at space-
craft separation. Radar tracking data at the
time of retrofire provided the only additional
independent information source and the radar
data verify, in general, the scanner error. The
thrust vector which produced the postretro-
grade velocity was calculated by using the radar
measurements, and since this vector is alined
with the spacecraft longitudinal axis, a retro-
fire attitude of about —386° in pitch was de-
rived. This calculated attitude was compared
with a scanner-indicated attitude of —16° dur-
ing retrofire, yielding a différence of 20°. Al-
though these two independent measurements
and calculations would support a theory that
a constant bias of about 20° was present, the
attitudes as indicated by instruments and com-
pared with observations by the pilot disclose
possible horizon scanner errors of widely vary-
ing amounts during the orbital flight phase.

Because of the malfunctioning scanner which.

6

resulted in pitch errors in the spacecraft atti-
tude-gyro system, the pilot was required to as-
sume manual control of the spacecraft during
the retrofire period.

Fuel Usage

Double authority control was inadvertently
employed at times during the flight, and the
fly-by-wire high thrust units were accidently
actuated during certain maneuvers, both of
which contributed to the high usage rate of
spacecraft fuel indicated in figure 1-7. In
addition, operation of the ASCS mode while
outside the required attitude limits resulted in
unnecessary use of the high thrust units. The
manual-system fuel was depleted at about the
end of the retrofire maneuver, and the auto-
matic-system fuel was depleted at about half-
way through the reentry period.

Because of the early depletion of automatic-
system fuel, attitude control during reentry
was not available for the required duration.
As a result, attitude rates built up after the
ASCS became inoperative because of the lack
of fuel, and these rates were not sufficiently
damped, as expected, by aerodynamic forces.
These oscillations to diverge until the pilot
chose to deploy the drogue parachute manually
at an altitude of approximately 25,000 feet to
stabilize the spacecraft.

In order to prevent inadvertent use of the
high-thrust jets when using FBW mode of con-
trol, the MA-8 and subsequent spacecrafts will
contain a switch which will allow the pilot to
disable and reactivate the high-thrust units at
his discretion. An automatic override will re-
activate these thrusters just prior to retrofire.
Additionally, a revision of fuel management
and control training procedures has been in-
stituted for the next mission.

Communication Systems

The MA-7 spacecraft communication system
was identical to that contained in the MA-6
configuration with one minor exception. The
voice power switch was modified to provide a
mode whereby the astronaut could record voice
on the onboard tape recorder without trans-
mission to ground stations. Switching to the
transmitting mede could be accomplished with-
out the normal warmup time, since the trans-
mitter was maintained in a standby condition
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when the switch was in the record position.
The communications system is deseribed in
more detail beginning on page 12 of reference
1. The MA-7 communication system, with cer-
tain exceptions discussed below, performed
satisfactorily.

Voice Communications

The UHF voice communications with the
spacecraft were satisfactory. Reception of HF
voice in the spacecraft was satisfactory; how-
ever, attempts on the part of the astronaut to
accomplish HF voice transmission to the
ground were unsuccessful. The reason for the
poor HF transmission has not been determined.

Radar Beacons

Performance of the C- and S-band beacons
was entirely satisfactory, although slightly in-
ferior to that of the MA—6 mission. Several
stations reported some beacon countdown
{(missed pulses) and slight amplitude modu-
lation on the C-band beacon. The amplitude
modulation was possibly caused by the modula-
tion presented by the phase shifter and the
drifting mode of the spacecraft, which resulted
in a less than optimum antenna orientation, as
expected. Both beacons were rechecked after

the mission and found to be essentially un-
changed from their preflight status.

Location Aids

The recovery beacons employed as postland-
ing location aids include the SEASAVE (HE/
DF), SARAH (UHF/DF), and Super
SARAH (UHF/DF) units. Recovery forces
reported that the auxiliary beacon (Super
SARAH) and UHF/DF signals were received.
The Super SARAH beacon was received at a
range of approximately 250 miles. Both the
SARAH beacon and UHF/DF transmitter
were received at ranges of 50 miles from the
spacecraft.

The SEASAVE rescue beacon (HF/DF)
was apparently not received by the recovery
stations. The whip antenna used by this bea-
con was reported by the recovery forces to be
fully extended and normal in appearance. The
beacon was tested after the flight and found to
be operating satisfactorily. The reason for
lack of reception of this beacon has not been
established, but the large list angles of the
spacecraft after landing placed the whip an-
tenna near the surface of the water, and this
may have been a contributing factor.



Command Receivers

The two command receivers operated effec-
tively during the MA-7 flight. One exercise
was successfully accomplished with the emer-
gency-voice-mode of the command system while
over Muchea. The second exercise of this
mode, attempted during reentry, was unsue-
cessful because the spacecraft was below the
line-of-sight of the range stations at this time.

Instrumentation System

The spacecraft instrumentation system was
basically the same as that for the MA—6 mis-
sion which is described on page 19 of reference
1. Performance of the system was satisfactory
except for those items discussed below.

The instrumentation system sensed informa-
tion pertinent to over 100 items throughout the
spacecraft. The biological parameters of the
pilot, namely electrocardiogram (ECG) traces,
respiration rate and depth, body temperature,
and blood pressure, were of primary concern
to flight control personnel. In addition, many
operational aspects of spacecraft systems were
monitored. These aspects included significant
sequential events, control system operation and
component outputs, attitudes and attitude rates,
electrical parameters, ECS pressures and tem-
peratures, accelerations along all three axes,
and temperatures of systems and structure
throughout the spacecraft. These quantities
were transmitted to Mercury Network stations
and recorded onboard the spacecraft. The
system also included a 16-mm motion picture
camera which photographed the astronaut and
surrounding portions of the spacecraft. The
instrumentation system had direct readouts on
the MA-7 spacecraft display panel for many of
the instrumented parameters,

System Modifications

The changes made since the MA-6 flight in-
cluded the incorporation of an additional, low-
level commutator circuit which provided a more
complete temperature survey, rewiring of the
circuitry which monitored closure of the limit
switches that sensed heat-shield release and the
substitution of a semi-automatic blood pressure
measuring system (BPMS) for the manual de-
vice used for MA-6. In addition, the earth-
path indicator and the instrument-panel cam-
era were deleted for MA-T.

8

Instrumentation Anomalies

A problem in the instrumentation system
occurred just after lift-off when erroneous ECG
signals were temporarily recorded. These ex-
traneous signals were primarily attributed to
rapid body movements of the pilot and possi-
bly excessive perspiration during this period.

For a short period during the orbital phase,
the instrumentation indicated that the astro-
naut’s temperature had increased to 102° F. and
this caused momentary concern. However,
other medical information indicated that this
102° F. value was erroneous. The respiration
rate sensor provided adequate preflight data,
but the inflight measurements were marginal
because of the variations in head position and
air density. This anomaly has been experi-
enced on previous flights and was of little con-
cern.

The data transmitted from the blood-pressure
measuring system were questionable at times
during the flight, primarily because of the mag-
nitude of the data and the intermittency with
which it was received. The intermittent sig-
nals were found to have resulted from a broken
cable in the microphone pickup, shown in figure
1-8. This malfunction, however, could not
have affected the magnitude of the transmitted
information, since an intermittent short either
sends valid signals or none at all. The BPMS
was thoroughly checked during postflight tests
in the laboratory using actual flight hardware,
with the exception of the microphone and cuff.
Tests of the controller unit and amplifier were
also conducted, and no component failure or
damage in the BPMS has been detected to date.
However, a number of uncertainties regarding
the calibration and operation of the BPMS still
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exist. Extensive testing is being conducted to
correlate postflight and inflight BPMS read-
ings more accurately with clinically measured
values.

The remainder of the instrumentation sys-
tem performed satisfactorily, with the excep-
tion of a noncritical failure of one temperature
pickup, a thermocouple located at the low clock-
wise automatic thruster. A brief indication
of spacecraft descent occurred on the rate-of-
descent indicator toward the end of the orbital
phase; but since this unit is activated by atmos-
pheric pressure, the indication was obviously
false. This indicator apparently operated sat-
isfactorily during descent through the atmos-
phere and was found to be operating properly
during postflight evaluation. The pilot-obser-
ver camera film suffered sea-water immersion
after the flight, and its quality and usefulness
were somewhat limited.

Life Support System

The life support system primarily controls
the environment in which the astronaut oper-
ates, both in the spacecraft cabin and in the
pressure suit. Total pressure, gaseous com-
position, and temperature are maintained at
acceptable levels, oxygen is supplied to the pilot
on demand, and water and food are available.
Both the cabin and suit environmental systems
operate automatically and simultaneously from
common oxygen, coolant water, and electrical
supplies. In-flight adjustment of the cooling
system is provided for, and the automatic-sup-
ply function of the oxygen system has a man-
ual override feature in case of a malfunction.

O

The suit and cabin pressures are maintained
at 5.1 psia, and the atmosphere is nearly 100-
percent oxygen. The environmental control
system (ECS) installed in the MA-T space-
craft, schematically shown in figure 1-9, dif-
fered from that for MA—6 in only two respects:
The constant bleed of oxygen into the suit cir-
cuit was eliminated, and the oxygen partial
pressure of the cabin atmosphere was measured,
rather than that of the suit circuit. Pages 21

and 31 of reference 1 contain additional descrip-
tion of the life support system.
Higher-than-desired temperatures in the
spacecraft cabin and pressure suit were experi-
enced during the MA-7 flight, and these values

Fieure 1-9.—Schematic diagram of the environmental
control system.

are plotted in figures 1-10 and 1-11, respec-
tively. In the same figures, the cabin and suit
temperatures measured during the MA—6 mis-
sion are shown for comparison. The high
temperatures were the only anomalies evident
in the ECS during the flight,

The high cabin temperature is attributed to
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F16URE 1-10.—Cabin-air temperatures.
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FieUre 1-11,—Snit-inlet temperature and comfort control valve setting.

a number of factors, such as the difficulty of
achieving high air-flow rates and good circu-
lation of air in the cabin and vulnerability of
the heat exchanger to freezing-blockage when
high rates of water flow are used. Tests are
currently being made to determine if the cabin
temperature can be lowered significantly with-
out requiring substantial redesign of the cabin-
cooling system,

In the case of the high suit temperatures,
some difficulty was experienced in obtaining the
proper valve setting for the suit-inlet tempera-
ture control, mainly because of the inherent
lag at the temperature monitoring point with
control manipulations. The comfort control
valve settings are presented in figure 1-11, and
a diagonal line reflects a lack of knowledge as
to when the control setting was instituted, It
has been further ascertained in postflight test-
ing In the altitude chamber that the suit tem-
perature did respond to control valve changes.
Based on the satisfactory performance of the
suit system in the MA-6 flight, it is believed
that the suit-inlet temperature could have been
maintained in the 60° to 65° F range for the
MA-T flight, had not the comfort control valve

10

been turned down early in the flight. The vaive
setting was reduced by the pilot during the first
orbital pass when the cabin heat exchanger in-
dicated possible freezing. It is believed that
some freezing at the heat exchanger did oceur
during the flight which may have resulted in
less efficient cooling, but this is not the primary
cause of the above-normal temperature.

A study of the metabolic rate associated with
a manned orbital flight was conducted in this
mission, and the results yielded a metabolic ox-
ygen consumption of 0.0722 pound/hour or 408
standard cubic centimeters (scc) per minute.
This level under weightlessness is comparable
to that in a normal gravity field with similar
work loads and is within the design specifica-
tion of 500 sec/min for the ECS.

Electrical and Sequential System

The electrical power system for MA-7 was
of the same type as that used for MA-6. This
system is described more fully on page 21 of
reference 1. The MA-T electrical power sys-
tem performed satisfactorily during the MA-7
mission,






