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ARSTRACT

This report ocovers the manned balloon flight MANHIOH XII,
tae third « and last = of a series of flights into the strato-
sphere directed by the Aeromedical Field Laboratory., Twelve
sections, prepared by.the pilot and the tuk. sciontists, de~
socribe the vehicle and its performance, selection and prepa-
ration of prospective pilots, the principal psychological and
physiological parameters of the subject before, during and
after the flight, the operation of a sealed environment under
space equivalent conditions, cosmic radiation studies, and

related problems such as pilot's nutrition.
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MANHION IIX

CRAPTIR I

INTRODUCTION TO OPEZRATION MANHIGR III =
MANNED BALLOON FLIGHT INTO THE STRATOSPHERE

The MANERIGH balloon flights iato the stratosphere arc
to be considered as a major contribution of the United States
«ir Force Aeromedical Field Laboratory iz the area of the per-
formance of human operators and of the relisbility of sealed
systems under space equivalent conditions.
3

The six and one-half hour MANHIGH I flight piloted by
Captain Joseph Kittinger in June 1957, established the feasi-
bility of manned flight to 97,000 feet in the MANHIGH capsule.
The thirty-two hour MANHIGH II flight piloted by Lt Colonel
David G. Simons in August 1957 explored the possibility of
making observations at the 100,000 foot level through a twonty-
four hour period, and examined the problems man faces living
under space-equivalent conditions.

The purpose of the MANHIGH III flight was to make scientific
observations through the eyes of tha pilot under the direction
of a panel of experts in communication with him from the ground.
Medically, it studied the adbility of the pilot to make these
observations and developed and tested techniques to assess his
perforamance during flight.

MANHIGH I and MANHIGH II were described extensively in
Technical Reports AFMIC~TR-59-24 and AFMDC-TR=%59-28.,

This report covers the MANHRIGR III flight, the third -
and the laat « of the MANBIGH project.

The various chapters o2 this report wers prepared dy the
individuals who vwere in charge of the numerous and complex
tasks of this pvroject. The reader has, therefore, the oppor-
tunity to follaw the phases of the flight from differsnt points
of view., The ropetitions involved in this procedure show the
many diffiocultiaes encountarsd during the MANHIGH project, and
eapeoially during the MANAIGR IXI flight.

Keleased by authors 19 Octoter 1960




CRAPTZR IX
SYSTEM DESCRIPTION AND FLIGHT PERFPORMANCE

A, THE STRUCTURE OF THE CAPSULL®
1, Qeneral

The MANHIGH III flight system was very similar to
MANHIGH I and II in size and shape. However, the MANHIGH
III syetem incorporated many refinements and additional
equipment,

The capsule itself was larger than the previous
capsules, being three feet in diameter and nine feet high.
The structure consisted of two main assemblies, the internal
and the external (Fig. 1l and 2). The internal assembly in-
cluded the upper dome and turret assembly and all the intsricr
equipment, The exterior assembly included the lower pressure
vessel (lower "can'" with lower dome), substructure (or "crash")
structure), 12-and 24-volt jettisonable batteries, and other
equipment designed to operate outside the pressure vessel.

2. Interior Assembly

The upper d e was of one-piece spun aluminum, and
its lower edge was a pressure flange which mated with a ai-i-
lar flange on the upper part of the turret ring. These two
flanges were pulled into a pressure-tight seal with the upper
marmon clamp (Fig. 2). This dome contained thke subject camera
and phnto panel canera, the instrument panel, the manual de-
compression valve, a rack for the pilot's K-100 movie cazmera,
a vent-ring to direct regenerated air to the portholes to pre-
vent fogging, and a potentiometer with adjusting rhecstat for
the body and capsule temperature sensors (Fig. 3). The VHF
antenna and the autosyn compass transaitter werv attached tec
the outside top of the doms,

The instrument panel (Fig. 4) contained the following
itens: olock, voltmeter (24 volt), ammeter (24 volt), volte
meter (12 volt), ammeter (12 volt), pressure gauge (cabin to
outside differential), vertical speed indicator (Air Force
standard), altimeter (Air Porce atandard), altimeter (high
altitude NACA typs), cabin altitude indicator, milliammeter |
(low velooity thernistor), milliammeter (high velooity

T By Lt Co M. HoOlure
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Internal Assembly

Figure 1,
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shermistor), autosyn compass, teaperature gauge (inside
colpornturas. relative humidity gauge, and oxygsn partials
pressure indicator.

Just below the dome and on a level with the pilot's
head was the machined steel ring containing the six portholes.
This unit was the main structural support member of the in-
terior~exterior assemblies and was known as the turret as-
senmbly (Fig. 1 and 2). The Firewel valve was bdolted to this
ring between portholes number two and three and the Firewel
vent drilled and placed behind the valve. All electrical
through=connections were made by installing a doudle pin can-
non plug connector through the turret ring, connections then
being made to this cannon pin on inside and outside of the
turret ring. The parachute riser attach points were integrally
made into the outside of the turret structure. Two plane mir-
rors, mounted to afford the pilot an almost vertical up and
down view, were also part of the turret structure, arranged
on the outside of porthole number five (Fig. 1). These mirrors
could be varied slightly in angle of view, being driven by a
small, reversible electric motor operable from within the
capsule.

Equipment below the turret, on a level with the pilot,
was not attached to the shell of the capsule as was done with
items contained in the upper dome, but was secured either to
the aluminum tubing framework leading vertically down fronm the
turret or to the subfloors fastened horizontally across this
tubing (Fig. 5). The general arrangemeut of items contained
in this part of the internal assembly is shown in Figure l.
The control panel was located on the left of the pilot (Fig. 6
and 7). The items on the control panel are:

(1) 12-Volt Power Selector Switch - This awitch selected
any one of four alternate, ballastable exterior battery packs
or one interior, non-ballastable emergency (silver cell) pack.

(2) 12-Volt Master Switch = Provided an "ON-OFF" switch
for the power pack selectsad.

(3) Red and Green Lights - Indicated whether on emer-
gency or normal power pack.

(4) 2h-Volt Selactor Switch = Same as No. 1 above.
(5) 24=Volt Master Switch = Same funoction as No. 2 above.
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(6) 2kaVolt Indicator Lighto = Funetion suze as No, 3.
(7) VNP or NF BSelsotor Switeh

(8) VHP "ON-OFF" Switeh

(9) and (10) VHP and Marker Beacon Telemetry Switches.

. (11) B8elector Switch for VHF Communications = Manual use
is foot switchj VOX position, a voice-operated relay.

(12) Adjustable Mirror Switeh = For driving mirror up
and down,

(13) Rotating Beacon "ON-OFF" Switch
(14) Mask Heat "ON-OFF" Switch

(15) Air Regenerator Blower "ON-OFF'" Switch and "ON"
Indicator Light

(16) Air Conditioner Sfitch « A heater only, installed
Just balow the pilot's seat and near the air regenerator. This
lisates had "ON", "OFF'", and "AUTOMATIC'" positiona. The auto-
matic position made use of a preset thermostat.

(27) Suit Ventilation Switch = Removed for flight.

(18) Down Camera "ON-OFF" Switch

(19) Photo Panel Camera "FAST-SLOW" Switch - Controlled
the picture rate.

(20) Transmitter Tune

.(21) Plate Current Meter - Indicated plate current in
HF t>anamitter, for tuning.

(22) Thermistor Waver "ON-OFF" Switch

(23) Apex Valve Selector Switch - Provided means to
select either one or both valves simultaneously,

(24) Valve Actuator Switch = Actuated the selected
valve condition,

(25) and (26) Indioator Lights for Valves - Green for
fully cloaed, amber for partly open and red for fully opsn.

12




(27) 12aVolt Bastery Jettison Belector Switch =
Selected the 12-volt pack that was to be dropped as ballast,

(28) Jettison Aotuator Switeh

(29) 24=Volt Battery Jettison Selector Switoch ~ Selected
any one of ten ‘separate 12-volt packs comprising the five 2h-volt
battery groups.

(30) 24=Volt Battery Pack Jettison Actuator

(31) Autosyn Compass Switch "ON-OFF" = Installed to be
able to cut the compass off to reduce power drain.

(32) 12-Volt Master Relay Switch = Determined the 1l2-volt
power choice for the power to the hold-down relay. Sela-~t¢’ either
normal or emergency power,

1.

(33) " 24-Volt Master Relay Switch
(34) Oxygen Quantity Gauge "ON-OFF'" Switch - The oxygen

level was measured only when this was in the "ON'" position. Used
to reduce power drain, '

(35) Upper Clamp Release - Activated squib that released
upper marmon clamp.

(36) Lower Clamp Release

(37) Cut-Down Override Switch = Allowed the pilot to
override ground cut-down procedure.

(38) Red Light Indicating Ground Cut-Dowa

(39) Termination Switch = Air termination switch which
must be operated simulianeously with termination actuator switch
to function.

(40) - Termination Actuator Switoch

(41) Balloon Release Switch, or Ground Termination
Switoch = Must also be actuated simultaneously with teramination
actuator switoch.

Note: All control switches labeled ""Emergenoy Control"
in the diagram are oovered with a reverse operating safety cover,

13
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Located above the ocontrol panel was the carbon dioxide
analyrer, which was a Fyrite volumetric instrument of the Orsat

type.

An automatic chest=type personnel parachute was placed
in front of the pilot after his entrance. It was hung on two
hooks from the lower part of the turret. Also hinged from the
bottom of the porthole ring was the mount for the spot photoms
eter and a "gadget=-bag' containing new and exposed film, camera
cassettes, photometer computer, flashlight, etc. Pigure 8 shows
the complete interior assembly with all gear and the pilot ready
to de lowered and sealed for flight,

To the pilot's right was the oxygen system panel (Fig. 9).
The capsule-suit selector switch allowed the pilot to .direct the
oxygen from LOX or high pressure source, either to the suit face-
piece or into the capsule., Oxygen could be bdbrought into the
capsule under constant flow conditions by using the constant
flow valve., The capsule emergency oxygen bottle (Fig. 10) was
of the high pressure type and would provide sufficient oxygen
for seven hours when used through the face-piece.

Below the control panel (Fig. 11) to the pilot's left,
was a food~storage container of approximately 0.5 cubic foot,
Just below this was the water container of 0.5 cubic foot ca-
pacity. Below the mesh seat at the front of the capsule were
located the circuit breaker panel und four urine bottles of
1.5 quart capacity each. Toward the rear and below the seat
was an auxiliary heater to be used mainly to avoid freezing
of the air rogenerator unit and also for pilot coamfort.

The omnl or VHF transceiver set (Fig. 10) was located
to the right of the pilot just below the oxygea control panel.
This set had a VHF tunable receiver and two-channel c¢rystal-
controlled transmitter. It was used as the primary voice com-
sunication on 122.8 and 121.5 megacycles. It could alao be
used as a navigational aid by taking bearings on selected VHF
ground stations.

The air regenerator (Fig. 10, 22, 13, 14 and 15) waa
located juast below the pilot's seat to the rear, boltad to
the subfloor., This unit was considerably different from
those carried on the two previous MANHIGH flighta., The othaer
flights utilized this wnit outboard, ducting the air from the
capsule out and back, The MANHIGH III unit was inboard, with
a blower picking up the capsule atmosphexrs directly. The chem=
icals previously used were discarded in favor of KOH. This

14
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substitution was made because XON oftered greater activity
in absorbing 00, and also because of itn ability to abasord
water. This single chemical could roplace the three chenmi-
cals used on the previous flights. The unit was f£illed with
approxizately 16 pounds KOH in stick form inserted into one=
half inoh diameter steel spring retainers.,

The operution of the unit was simple. Capaule atmos~
phere was directly druwn in by a 25 ofm blower, dblown down
into the lower liquid-colleoting part of the regensrator,
then passed up through the KOB sticks and through the outlet,
The outlet was connected to a three~inch flexible hose which
led‘*up to a Y-valve. The pilot could use the Y-valve to
direct the regenerated atmosphere into the dome ring, which
distributed the air down over each porthole, or he could di-
rect the air through another flexible hoss normally discharg-
ing upward at head level. This hose could be used to direct
the air on to the pilot for cooling, or toward other places
if desired. In operation, the water in the capsule atmosphere
was absorbed by the chemicals on the surface of the sticks;
this surface became saturated with a solution of KOH-H20, and
this solution dripped into the liquid-collecting part of the
unit below. The incoming atmosphere was first blown over this
liquid to try to gain the chemical uge of this KOH solution.

This solution of KOH was very caustic; therefore,
valves vere installed in the outlet and inlet that could be
operated by the pilot to seal off the unit during landing.
The unit was also designed so that no liquid would reach the
ports if the regenerator were lying on any side, a condition
occurring if the capsule landed and then fell over.

3. Subfloor Section

The equipment below pilot-level was that equipment
below the subfloor (Fig. 7), and included the electronic or
iple' section, the LOX converter, LOX buildup and evaporator
coils, and the emergency battery packs for both l2-and 2b-volt
systems. The 1LOX converter was a Bendix type, five-liter,
standard unit. The oxygen system was not entirely located
under the subfloor as is shown in Figure 16, ZEvery item in
this system is fairly standard for LOX systems as used in
aircraft and very similar to that used in the previous flights.
With the exception of the automatic suit valve and the Fire-
wel valve, all items in Figure 16 are staniard and warrant
no further description.
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The automatic auit valve was an aneroid type switoh=
over valve, It sensed total pressure, and if total pressure
dropped to an equivalent pressure-altitude of 28,000 feet,
would automatically switch the LOXesupplied oxygen over to
the suit position. This valve could be reset from within,

The Tirewel valve controlled total cabin pressure by sensing
any dbuildup of that total pressurs over that set by the piloet
on the aneroid mechanism, and venting the excess pressure over-
board. The 160 co bleed shown in connection with this valve
was a controlled leak necessary for Firewel valve calibration.

The emergency battery packs were seta of LR-40 and
LR=100 silver cells arranged to give an output of 12 and 24
volts. These batteries could not be used as ballast, as could
the exterior batteries. Battery life was sufficient to allow
normal descent with all equipment operating plus a margin of
safety.

The electronic gear aboard the capsule was located
just below the subfloor in a space eight inches deep with a
diameter equal to the diameter of the internal asaembly., Five
separate sections were made from this assembly, the divisions
resembling the divisions of a pie (Fig. 17). Each section
could be removed individually, greatly simplifying maintenance,
adjustment and necessary changes. Each section will be con-
sidered independently.

Section 1 - High Frecuency Transmitter (Fig. 18).
This high frequency transmitter was a unit built in Winzen
Research Inc's.electronic shop to operate on 1740 kc. The
unit was in constant use in flight, being modulated by a code
keyer that gave outside altitude information. This transmitter
was a second source of capsule-to-ground communications and
could be voice-modulated for normal communications, or a Morse
code keyer could be inserted in place of the altitude keyer
for pilot code operation. The antenna of this unit projected
from the lower half of the capsule, while the VHF antenna was
inastalled on the upper dome. If emergency conditions dictated
capsule separation, one antenna would remain to provide comw
munications if either top or bottom marmon clamps were roleased.

Section 2 - High Frequency Receiver and Iower Supply.
A unit similar to this receiver is a standard part of the terne
ination oircuit. It wno used in this case as a communications
recoiver, It was not dependent on the capsule power syastem
but contained its own batterles capable of operating for more
than 4C hours.
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Section 3 = Audio Cut=Down Warning Speesh Amplifier
and VOX Control., The audio ocut=down warning would provide
a tone in the pilot's headset when the 298,56 me "gate' open=
ing signal was received for five straight seconds by the termie-
nation receiver. This audio warning would ossur simultaneously
with the visual red light warning on the instrument panel. These
devices forewarned the pilot that ground termination and cut-
down had been initiated and would occur 30 seconds later unless
the termination override switch was actuanted. The VOX control
allowed the pilot to bypass use of the foot switch and use this
voice~operated relay for communications,

Section 4 - Commutator and Subcarrier Oscillator Sections,
The subcarrier oscillator section was a standard, enclosed sub-
carrier assembly manufactured by Dorset Laboratories. The unit
had provision for four standard F}-Fl1 telemetry channels. Three
of these channels were used ~ Band 1 of 400 cycles per second
subcarrier frequency, Band 5 of 1300 c¢ps subcarrier frequency,
and Band 11 of 7350 c¢ps subcarrier frequency. Band 1 was modu-
iated by the respiration sensor output, Band 5 was modulated by
the output from seven sensors through a commutator which allowed
the telenetry of these seven items on this single channel, and
Band 11 was modulated by the output of the EKG sensing apparatus.
All sensing circuits had voltage outputs designed for and adjusted
to the subcarrier assembly input acceptance range of from O to 3
volts. The three FM subcarrier oscillator sections were all
voltage-controlled oscillators with a ¥7-1/2 percent modulation.
The three channels-of information were fed into a mixer and the
composite signal output of this mixer was the modulating signal
for the final stage FM telemetry transmitter, operating on 227 mc.

The commutator was a ten-point, pulse-switched type
commutator. It allowed the outputs of seven sonasors to be switched
alternately every 30 seconds to modulate the subcarrier Band 5
of the telemetry system. The high-voltage calibrate signal feed-
ing the commutator consisted of a standard voltage of three volts.
A shorted lead was ur3d for low voltage calibration (zero output
calibration), a clock-driven, five-minute atepping resistance
for five-ninute time information, a one-hour, clock-driven step-
ping resistance for hourly information, a bellows-type inside
pressure transducer for inside pressure (altitude) information,

a thermister-type sensor located in a ventilated cage just under
the pilotis seat, for capsule inside temperature inforwmction,
and the BSR sensor cirocuit. The commutator gave information in
the following sequence:
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Calidbrate High
Calidrate Low
Time Hour

Time linute

BSR

Inside Pressure
BSR

Inside Temperature
BSR

Inside Pressure

Section 5 = Photo Sequence System, Power Supplies,
Telemetry Time Clocks, and Telemetry Inside Pressure Transducer.
Fower supplies consisted of two DC/DC converters for supplying
250 volts to the HF transmitter and a 24V DC/24V 400 eps AC
converter to supply power to the autosyn compass, The input
to the HF supply units was 12V DC, and the input to the autosyn
compass converter was 24V DC. The time clock transducers were
clock-driven type commutators providing a stepped resistance
that changed value every five minutes and also cvery hour. The
inside pressure transducer was a bellows-operated, low-altitude
transducer. ‘'The photo sequence system was a motor-driven, com-
outator type that had two speeds, the pilot being able to select
either one. The fastest speed and fastest frame rate was to be
used on ascent; slower speed was for film conservation when
floating at altitude (see Chapter XII). = “oseeeeewe :

L4, Medical Electronic Circuits and Sensors

The medical electronic apparatus consisted of the suit
harness and modified X-90 kit, EKG, BSR, respiration and body
temperature circuits, i

The "suit harness'" was composed of EKG, BSR, and three
body temperature sensors and their leads. The leads were threaded
over the suit underwear where possible, but always under the suit
itself, until they reached a point where exit through the suit
could be made., Outside the sult they were threaded loosely up
the capstans in a manner that would not interfere with pressure
suit operation, The leads wore put through a special junction
mode into the X=90 kit and from there went to capsule electronic
sections via cable with quick=-disoconnaect (Fig. 19). The two
skin=temperature sensora were held in place by prossure-aensitive
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Figure 19, Cable Diagram Man to Capsule
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tape, ao wore the LKU eleotrodes on cheast and buek, These
were Kept from slipping by an additionul elastic bandage
wrapped around the chest, Pressures=cvensitive tape wan also
used for the BSR leads.

&: The LKG Circuit,

This circuit was providod in order to obtuin heart
rate and KG wave form continuously in flight. This function
was provided by using the output of a bridge eircuit to modu~
late the subcarrier Band 11, Three leads were attached to the
subject, one at heart apex, one on the right side of the sub-
Ject's back at the trapezius, and one, the ground lead, on the
subject's left ankle (this also was common ground connection
with BSR circuit). There was a standaurd voltage of 6.75 volts
applied across the bridge. The subject's heart output une
balanced this bridge an amcunt proportional to this output;
this imbalance was put into the EKG sensor amplifier (Fig. 20),
and the amplified signal was-fed into Band 11l subcarrier section.
This band had the highest response (from O to 110 cps) of the
three bands available. The heart rate information was expected
to be the highest cycling information telemetered; therefore,
it was put on this band with highest response.

b. BSR Circuit.

This circuit was also a bridge circuit, the output
of the circuit beirg put directly into the subcarrier oscil-
lator (Fig. 21). Between the subject's right arch and the
common electrode on the left ankle was the BSR variable resist-
ance portion of the bridge. This circuit was in parallel with
a fixed resistance of 100k ohms. This parallel combination
forzed one leg of the bridge circuit, the other three legs
being precision 40k-ohm resistors. Nercury cells provided a
standard 12 volts across the bridge. Fluctuations in the skin
resistance caused unbalencing of the bridge, providing an out-
put voltage fluctuation proportional to the skin resistance.
This bridge output modulated the subcarrier channel five; this
channel had a response of from O to 20 cps.

¢s The Respiration Circuit.

The respiration sensor was a small carbon micro-
phone held against the lower left side of the cheat, on the
outside of tho suit, by a belt around the subject. The vari-
ations in the realatance of the carbon microphone rosulting
from expansion and contraction of the chest saused signal varie
ation in the bridge of which it was & part (Fig, 22)s This
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signal was the aput $o subcarrier Band 1, This band, with
a no=signal frequenoy of 400 eps, had the lowest responuse

(6 spu)s As the respiration wus expectud to have the lowust
fluctuation rate of the information tranamitted, it was put
on this dand,

d. Tenmperature leasuring Circuits.,

The body temperatures talken fron the subjeoct dure
ing 21ight were not telemetered, but were measured in the cock-
pit and voice transmitted by the pilot. The measuring circuit
was of the null balance potentiometer type. Internal temper-
ature measured on the subject was rectal; external, right thigh

skin and right ankle skin., Since the circuit was a potentiometer,

all sensors were variable resistance tyre. The rectal sensor
was a thermister probe and the other sensore were flat, thermal-
ribbon type probes of 675.5 ($0.5) ohms at 77°F., There were
five additional capsule temperature points measured with this
same circuit for a total of eight measurements. In use, the
pilot would select the temperature to be meuasured with an eight-
point switch; the potentiometer adjusting knodb would then te
moved to bring the galvanometer deflection to zero, and the
temperature read directly from a scale attached to the gal=-
vanometer adjust knob. The scale was graduated in degrees
Fahrenheit and presented a reading to the the tenth of one
degree. The locations of the eight temperature points are
given in Figure 23.

Note: Figure 24 shows the X-90 Kit Wiring and Figure 25 is a
Block Diagram of MANHIGH Capsule Flectronics.
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NOTE:

CIRCLED NUMBERS ARE WADC
CHAMBER TEST THERMOCOUPLE
POSITIONS.

I.CAPSULE TOP

2.CAPSULE FRONT

3. 120° RIGHT OF FRONT
4.CAPSULE BOTTOM

5, 120° LEFT OF FRONT
6.SUBJECT RECTAL THERMISTOR
7.SUBJECT FOOT THERMISTOR
8.SUBJECT THIGH THERMISTOR

THERMISTOR LOCATIONS INSIDE CAPSULE

Figure 23, Theraistor Locations Inaside Capsule
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| 1S IALLOQN PERFORMANGE AND ME!EQROLOG!“
1, Neteorological Parameters

The meteorolorical parameters to be considered on a
J0=hour manned stratosphearic dalioon flight are as followss

as Surface temperature.

Surface temperatures of roughly =20°F or colder
should dbe avoided if possible., Although the balloon passes
through colder layers during ascent, maximum stress is often
encountered during the launching process. Moderately high
temperatures can also be disconcerting because of the tendency
of the helium to superheat. This obscures the weigh=off process
by indicating excess 1lift which would dissipate after launch when
ventilation commences. N

b. Temperature Inversions Close to the Surface.

Steep inversions require extra initial free 1lift or
ballast for penetration. Conceivably, they may be employed for
braking action during a landing.

¢. Surface Winds.

Three knots was the estimated maximum acceptable
value for a pit launch with this particular three million cubic
footer, Inflation without pit protection requires approximately
1.5 knots or less. The MANHIGH III flight configuration required
these light winds to almost 400 feet above the ground. In sporadic
cases, surface wind shear at launch is also important. A strong
temperature inversion may protect the first 400 feet from a 1l5-~knot
wind, prior to launch. Zncountering this shear immediately after
launch may prove fatal to the balloon because of its condition
of maximum flaccidity. A radical change in direction of a con-"
stant wind field as low as 8 knots would be more disastrous.

d. Trajectory During Ascent.
It is important that the balloon is not upwind of a
large water surface or mountains when encountering a jet streanm
or the tropopauss,

e, The Jet Streanm

Shear rather than wind speed is the moast significant
factor., However, measuremant and detailed knowledge of shear aroe

v

¥ Oy NMr. 8, D. Gildenberg
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still somewhat limited, Consequently, maximum wind speed is
used as an indioator of potential shear., Lighty knots would
be the approximate limit for this manned ballouun,

£. Tropopause Condition.

Precisely, it is the ninimum temperature encountered
during ascont which is important h2ra, rather than the temperature
of the true tropopause., For a stratosphere dalloon flown in the
United States, this will be someplace between 35,000 and 5%,000
feet, MSL. 1In Minnesota the minimum temperature is almost always
warmer than the brittle temperature of polyethylene (=-68° to =70°C),
However, the presence 5f the jet stream level at the tropopause
level, magnified the effects of both components.

In New Mexico, the minimum temperature is occasionally
colder than polyethylene brittle temperanture, and frequently close
to it (average 1s about =68°C). This problem is somewhat alleviated
by the height of the almost tropical tropopause (55,000 feet MSL),
and the subsequent light wind speeds found there. Furthermore,
the seasons of minimum temperatures and maximum wind speeds are
happily out of phase. Statistical breakdown of about 5Q0 flighta
at Holloman Air Force Base, indicate that -72°C is an excellent
borderline for balloon tropopause mortality.

g+ Floating Altitude Trajectory.

This must be forecast carefully in order to formulate
the logistical plan for the flight. Ground and air tracking units
must be pre-positioned, and some conception of the landing terrain
established. A trajectory over mountain terrain, for instance,
equates to greater ballast requirements.

h. Parachute Drift.

Prior to the flight, and during the flight, when fresh
data are received, the parachute drift from altitude ashould always
be available to the flight vontrol officer for consideration during
energency conditions., 'This factor became a reality during MANHIGH
I1I.

e MANHIGH III Meteorological Case History

a. Initia)l Schedule,

The flight waa initially schedulsd for Minnesota in
August, NMAHNHIGH II had been flown the same month from Minnesota,
and experience vividly indicated that it waa a relatively unfavore
abls time for this type of dalloon flight. In order to assure the
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specified launch conditions of three knots or less, one had to

be within 100 miies of the cencar of a high pressure area. The
"go! sign for a manned missioi must only be given during launch
conditions of high reliability due to the complicated and wearing
processing of the sudject which is requirsd, During August, the
balloon will drift a short distance (10 to 50 miles) eastward,
and at about 70,000 feet, reverse direction, proceeding westward
for the r.mainder of the flight,

The anticyoclons (high pressure area) during this
period, is usually moving eastward, and within perhaps ten hours,
the balloon is located over the western perimeter of the antie-
oyclone., - Minnesota and South Dakote are especially notorious
for a high incidence of cloudiness.

If the launch site is Jjust south of an east-west
stationary front, a satisfactory lull can occur. OSoming in from
Canada to northern Minnesota, these fronts contain low, but frage
mentary and generally scattered, cloud conditions. However, they
are notoriously fickle, and may accelerate at any time,

Cols are more infrequent, but also treacherous with
respect to duration of lulls.,

A climatological investigation prior to MANHIGH III
indicated that the most reliable situation would be a strong
hurricane block off the east coast. Naturally, this is a rel-
atively rare occurrence. Eight jears of data averaged out to
1.5 "go" days from 15 to 30 August., The minimum case was zero,
the maximum five.

b. Delay of Launch.

Deiay of the launch until late September resulted in
a nevw set of meteorological parameters, and a temporary improve-
ment in the numher of "go®. days. With the advent of winter,
surface anticyclones are larger in area and depth, providing
more extensive calms and minimum cloudinsss.

The floating altituds trajectory is also altered by
the following process., Ducing the summer, the stratosphere is
under the influence of a huge anticyclone centered in the Artic
regions, Thia massive, static system extends to Mexico, and
easterly flow (winds blowing east to west) prevails throughout
the United States, By Septomber, at 100,000 fest MSL, this antie-
cyclone is rapidly breaking down, and being replaced by & winter
cyeclone which will eventually occupy almost the same domains,
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This phenomena ocours first at higher altitudes and higher
latitudes, earlier in the season, In 195y, for inastance, it
oocurred by 1% August at 95,000 feet M3SL at 33 degrees latitude,
and 25 August at 115,000 feet M3L over the states., The shift at
higher altitudes, therefore, can serve as index to the shift at
100,000 feet MSL,

The map analysis at 100,000 feet is concerned only
with streamlines. Temperature data above 2% millibars (83,000
feet MSL) are practically non-existent, The number of stations
providing wind data at 100,000 feet MSL and higher are sampled
in Figure 26. Julg and August are probably the months of highest
frequency (Fig. 27).

The rectangle symbolizes the borders of the United
States; the circle, the town Crosdby, linnesota. By 26 August -5
at 115,000 feet the anticyclone was centered over the United
States, rather than Canada, and westerly flow would now be en=
countered over Crosby. Simultaneously, at 100,000 feet, the flow
was atill easterly. The radiosonde run from Seattle, graphically
illustrates the shift from one regime to the other ~ summer at
100,000 feet, and a whiff of autumn at 110,000 feet, The mean
flow for September at 120,000 feet at the boctvom of Figure 27
illustrates an even more advanced state of winter ia the high
stratosphere., '‘he Canadian trough has penetrated as far south-
ward as Kansas, and the Pacific and Bermuda high pressure areas
advance from the coasts. In the final picture for winter, the
Canadian cyclone, centered in the Arctic in place of the summer
anticyclone, will dominate the United States, except for spor-
adic invasions of the Pacific High, and sporadic protrusions of
the Bermuda High over the Gulf States. !

33

By 21 September, daily surveillance of the stratos-
pheric winds was initiated. At this date, the structure at
100,000 feset closely paralleled the 115,000 feet situation
shown in Figure 27. This was a fortunate circumstance, for
the balloon would then move eastward with the surface anti-
cyclone and literally track the good weather, Furthernmore,
the northerly component would help avoid the Great Lakes, and
speeds were only about 10 kncts,

<«

On 24 September, the first sign of the Canadian
trough appeared., The trajectory shifted due eastward, and ine
oreased in speed. This bearing inforred the Great Lakes; a
stiff southecasterly olimb-out would be vrequired to avoid them.
Apparently we wore olipping past the idoal time for this flight
in the Minnesota area., This would have been botween 20 August
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Figure 27, Streamline Analysis Auguat and September 1937
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and 20 September, wWhen the shift from westerly flow to sasterly
flow ocourred, resulting in speeds less than 15 knots.

The zaps for 26 to 29 September on Tigure 28 looked
identical to the 120,000 foot MSL mean nmap for September. A
floating trajectory from 24C degrees at 20 knots squated to a
landing on rugged Canadian terrain,

The rapid entry of the Canadian trough prompted a
check of the 1957 data for early October at 100,000 feet. These
indicated a very nearly linear increase in speeds, with 50 knots
established by 10 October. Even by 6 October, it was 30 knots,
which would have carried the bulloon over the Atlantic. The
project officers, consequently, were alerted to a possidble Min-
nesota cut-off by the second week in October. That same evening
further negative evidence was noted; the weather stations INL and
§SM indicated sporadic readings of 35 to 50 knots. Scrutinizing
the 1957 data more carefully, it became apparent that these stations
on the Canadian border, roughly once a day, picked up sharply in-
creasing winds, The rest of the states reported fairly constant
speeds. This then represented the southern perimeter of the
50-knot wind belt, which in 1957 penetrated Minnesota by 10 October,

By the next day, 30 September, it was winter in the
Minnesota stratosphere. The bottom of Figure 28 illustrates this
condition, with INL and SSHM displaying a persistent 50 knots, and
the weather station STC, a wind of 40 knots., This trajectory
meant flight termination over Nova Scotia. Comparison with the
same map for 1957 (Fig. 29), demonstrated that winter had arrived
one week later that year at 18.9 miles.,

L

The next chance in Minnesota would not have beem until
November, because between November and January, the strong windo
are sporadically interrupted by outbreaks of light easterlies in
the stratosphere, esvecially in seasons when the Pacific High is
more pronounced. However, some years this may not occur at all;
therefore, long periods of stand-by would have been required.

it

A conference was held in which attention was salled
to the very favorable metsorological regime currently reigning
over Holloman Air Force Base, New Mexico.

6s The Flight,

S ——— T — 1 Co—r—..

The map of 6 October (Fig. 29) illustrates the average
conditions existing prior to and during the MANAIGH III flight.,
Holloman Air Force Base was located ia the col, betwsen the Cane :
adian trough and the wostern tip of ths protruding Bermuda high

e - -
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Figure 28, 3treanmline Analyais 26 to 30 September 1958
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pressure area} therefore, the float winds were light and vari-
able, Additional metoorological advantages were offered in the
relative acaroity of frontal activity, and the sheltered Tula-
rosa Dasin, which permitted vertical inflation of skysoraping
balloons, without a pit. A further advantage was the presence
of the greatest concontration of tracking instrumentation in the
eountry.

The perfections of this desert launch site were ex-
emplified in the ocloud conditions. For a five day period, in-
cluding the actual flight, there was less than one-tenth cloud
coverage, Vieibility was never less than 60 miles. During the
flight, only a few cumulus appeared in the afternoon over the
Sacramento Mountains,

Prior to MANHIGE III, balloons of two million cubic
feet had been vertical-inflated in this area, but nothing larger.
There had been, however, some successful launches with a one
thousand foot load line deployed. Ten years of plastic balloon
launching experience in the Tularosa Basin indicated that the
handling of larger balloons in the vertical position, was feas-
ible,

Holloman Air Force Base is located in a basin with
steep walls 5000 feet high on the eastern perimeter close to
the base, and averaging 3500 feet on the western perimeter. The
topographical daytime flow is up the basin from the south. At
night, cold air drains off of the Sacramento Mountains from the
east, almost always penetrating to the Base. During the switch
from the nighttime to the daytime regime, there is inevitably a
lull., The gradient wind in general is light because of ‘the
blocking of the prevailing westerlies by the bordering mountain
ranges., This topographical profile is also excellent for per- :
sistent surface temperature inversions.

.

The time of the lull may vary from day to day in
duration and time of occurrence, and must be forecast to assure
a launch prior to the onset of increasing wind speeds heralding
the daytime regime.

Initially adhering to the philosophy of launching on
a perfect day, layout of the first MANAIGH IIX balloon was de-
layed until the lull actually commencaed. Unfortunately, problens
with the reefing sleeve delayed the completion of inflation until
1000 MST, exceeding the termination of the lull by vns hour. At
this time the wind increased to over 8 knots and destroyed the
balloon by ground contaot,
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On $he next attesmpt, it was agreed t6 layout on
& time specified by the forecaster, prior to the advent of
the lull if necessary., This was the technique employsd om
standard AFMDC launches and has proved to be highly reliable
on many oscasions under different conditions, This was ocon-
firmed once more dy the MANHIGH III launsh,

The gradient wind (above the surface friction layer)
was porthwest., Pilot dalloons were launched every hour all
night long by Air Weather Service., Approximately 30 minutes
prior %o the desired layout time, there was still no sign of
the easterly drainage from the Sacramento Mountains., It was de-
cided to 4rive a car toward the mountains to chesk the progress
of the drainage and the relative strength., Just prior to this
action, the Zforecaster suddenly felt a slight motion of sool
air from the mountains barely three feet off the ground., All
other levels were still northwest. The signal to initiate lay-
out was given,

The situation was an obvious one, especially aince
the easterly drainage bad a slight southerly coaponent. The
northwesterly gradient wind was only five to seven knots, and
the vectors almost exactly balanced., The mountain drainage
gradually acquired momentum, and was soon in evidence up to
several hundrasd feet. By inflation time, it was only .5 knots
and launch was performed at 1.5 knots., Three hours after launch,
it was still almost cala,

The tropopausze temperature two days previous to the
flight was -72°C, i.e., marginal for a manned flight. Howover,
the flow at minisum temperaturs altitude (55,000 feet MSL) was
forecast to shift froa 250 to 270 degrees, which usually warzed
things up somewhat. The cold air in the astratosphers lies to
the south, above New Mexico. In the X minus one day briefing,
=-70°C was considsred the temperaturs which would preclude the
flight. A special radiosonde run Jjust prior to layout indicated
«69°C. The actual aininua temperaturs during Lt McCluras's ascent,
was =588°C at 55,000 feet MSL, or 97 millidars.

The jet stream, though active in Minnaosota by this
tizme of the year, was still far north of New Mexico. Maxinmua
wind encountered by the balloon was 36 knots at 60,000 feet M3L,

In genoral; the matsorological conditions were prod-
ably sore idaal than for aay manaod stratoaphers balloon flight
in history, The surfacs winds at toushdown woarse aluoast as light
as during the launch, This laanding, after twalve hours flight
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time, ocourred only twanty miles from the launch site., The
balloon oould be easily detectea without optios, right up to
sunset,

TPigure 29 analyses the floating altitude trajectory.

Ths Canadian trough was still zmoving gradually south-
ward, and it would soon be expected to generate New Mexico's pre-
vailing southwesterlies for :tober and November, For a day or
80, howover, the protruding Bermuda High would have been another
important factor, flustuating the New Mexican flow from 160 o
220 degrees, As the delay of the launch would have resulted in
an invasion of the Canadian trough, the ground tracking vehicles
were positioned as far noriiieaat as Amarillo, Texas.

Another argument for positioning the ground vehicles
east of the Sacramento Mountains, rather than lining up for 160
degree flow, was the mountains themselves, It is a little known
fact that even in the high stratosphere, ailr trajectories zre
modified by mountain blocks., As & rule of thumb, in the Holloman
region, we £ind that if the flow is less than 15 knots at 100,000 .
feet MSL, a balloon upwind of the mountains will be deflected.
The flight could either be prevented from crossing the range for
a full day, or be delayed many hours. \

By X =12 hours however, the Bermuda High had unex-
pectedly intensified. A radiosonde run to 115,000 feet MSL re~
vealed ecasterlies all the way to the top. The situation was
markedly anomalous for this season. A typical run would have
pivoted from southeast at 8 kaots at 90,000 feet, to southwest
at 30 knots at 115,000 feet.

At this time the network of tracking ground vehicles
was drawn back nearer to the Base.

Two hours prior to launch, & radiosonde run indicated
140° at 8 knots at 100,000 feet. This low spoed was sufficient
for the mountain block to effect the trajectory for most of the
firast day. At that time, it appeared logical to continue to hold
the ground vehicles sast of the mountains. However, from the
£light itself we learned that the speed of easterlies is generally
faster than indicated on the early morning radiosonde runs,

The ¢limbeout winds were a variadbls which contributed
further to the failure of ths mountain block. They decreased
rapidly, and proved to be slightly slower than forecast. The
flight consequently attained floating altitude directly over the
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Sacramento Mountains, rather than just upwind of them (Fig. 30).
Furthermore, the flow at oruising altituds had inoroased fron

8 to 1% knota. This combination of circumstances nullified the
expeoted dlook.

Over the middle of the dasin however, after two hours
of float, the balloon had slowed down to 11.5 knots. There were
a few segments of southward deflection by the lower San Andres
Mountains west of Holloman., This indicated that if the speed
at floating altitude had been a few knots less, and the flight
had reached float upwind of the Saoramento Mountains, the dalloon
would have spent at least half ths day dlocked by the higher Sac-
ramento Mountains,

There were even higher and more extensive mountain
ranges to the west of the San Andres which would have provided
definitive dblocks even with the 15 knots., Furthermore; a drop
to 80,000 feet after sunset would have deflected the balloon
northward; this actually occurred during descent (nmote 1605 MST
on Fig. 30). Accordingly, the vehicles were kept morth and
slightly east of the balloon.

In retrospect, the AFMDC radiosondes run six hours
prior to the flight, reported 138 degrees at 11 knots. Until
modified by the San Andres mountain block, MANHIGH III floated
at 120 degrees at 15 knots. A run from Edwards AFB during MAN=-
HIGH III floating time, compared with another at X -4 hours,
indicated a definite northward shift of the Bermuda High. This
fits nicely with the shift over the Tularosa Basin from 138
degrees to 120 degrees, i.e., from the nose of the protruding
high, toward the southern perimeter,

'

3. Balloon Performance

-t

a. Floating Altitude. )
The 1.5 mil, three million cubic foot ballooa weighed
1,010 pounds. The total load below the balloon weighed 1,819
pounds for a gross load of 2,829 pounds. Employing the ICAO
1954 Standard Atmosphere, upon which most balloon manufacturer
curves are currently based, this dictates a theoretical floating
altitude of 98,857 feet MSL, or 11,67 millibars pressure.

The ICAO Standard Ataosphere assumes a temperature
of =41°C at this altitude, The O41S5 MST AFMDC rawinsonde run
indicated =44°C, A second rawinsonde run, in the air when the
balloon attained peak altitude terminated at 85,500 feet MSL,
It suggested a waraing trend howaver,
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Two rawinsonds runs from Edwards ATB, prior to, and
during the flight, did attain 100,000 feet, and were aketched
in with the AFNDC runs, They denmonatrated a parallel waraing
trend, Extrapolating the teaperature on the second AFMDC run
wtth};&ooo guides, we arrivo at an anbient 2light temperature
0f » G,

Using ~37°C, and assuning the helium to de 100 pere
cent pure, the computed preassure altitude is 11.9% millidbars.
For =44®q it would have been 11,5 millibars, a difference cf
only 700 feet,.

This assumes that the helium temperature was equal
to ambisent. Adding ten degrees centigrade superheat, a reason-
able increment for polyethylene dalloons at altitude, generates
11,8 millivars for the =37°C case, a difference of only 160 feet,

Referring once more to the ICAO Standard Atmosphere,
we find 11.8 millibars at 98,388 feet MSL., The OU15 MST AFMDC
rawinsonde run gives 99,050 feet MSL for 11,8 millibars. A
pressurs~-height curve averaged from 20 runs for AFMDC for the
month of October equates to 98,350 feet MSL for the same pressure.

The radar indicated a peak altitude of 99,500 feet
MSL, at the conclusion of the valving period (Fig. 31). The bal-
loon was over the Sacramento Mountains at this time, however,
Consistently, a deviation in balloon altitude has been noted
here. The constant density surfaces are apparently lifted over
the mountains. Thus the balloon would achieve a geometric alti-
tude peak here, but as expected, there was no definitive pressure
altitude pezk registered on the gondola altimeter., .

Drifting off the mountains, -the fiight descended 900
feet beluw peak in the down wash. It stabilized at 99,150 feet
MSL radar altitude for an hour over the valley. This most likely
represents the undisturbed height of the constant density surface,

The optical network of the integrated Range, which is
amazingly accurate (readability at this altitude was one foot)
indicated that ths radar was 300 feet high. The geometric floating
altitude therefore, should be corrected to 98,850 feet MSL. This
corresponds to 11.86 millibars on the O4L5 MST AFMDC rawinsonde
run, a difference of only .06 millibars from the computed theow
retiocal altitude which assunes 10%C superheat.

8ince the altimeter could easily have been .3 niilibars
off at thia altitude, 11.85 millibars appears to bs the best esti-
mate for the actual floating altitude of MANHIGH IIX. The atmoasw
pheric density at floating altitude would be 18 grams per subie
aotec,
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TABLE 1
SUMMARY OF BALLOON ALTITUDE MBASUREMLNTS

Feet MSL Feet MSL i‘eat ML
Millibars Standard AF4DC Run Radar

Pressure Atmosphere oh1s (corrected)

Radar Floating

Altitude 11,86 98,280 98,850 98,850
Theoretical, Standard

Atmospher? 11,67 98,857 99,460

Theoretical with

-37°C 11.9 98,210 98,750
Same with 10°C Bal-

loon Superheat 11.8 98,388 99,050
Radar Peak

Altitude 99,600
Gondola Altimeter 12.15 97,750 98,50

b. Ascent Rate.

The overall ascent rate for MANHIGH III was 504 fpm.
It was 670 fpm in the troposphere and 400 fpm in the stratosphere,
Four seconds of valving was performed in the troposphere but there
was relatively little effect.

Ascent rate lncremunts in the troposphere were beauti-
fully correlated with the temperature lapse rate. Note the values
for 5000 foot intervals.,

Xilofeet MSL Ascent Rate fpm Lapse Rate (Depgrecs
/%000 feet)
5«10 670 9
10=15 680 10
15-20 680 1l
20«25 ?70 13
33
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23«30 800 12

30=3y 770 9
35=40 k90 6
ho=4s 370 6
k3=50 560 ?
50=5% 4oo b

Looking at the radar data more closely, we note that
the maximum ascent rate occurred detween 23K and 27.5X, at 900
fpm. 7This was also the location of the largest drop in temper=-
ature. At this time, wary of the increasing rate, a little valving
was initiated. A closer look at the temperature spectrum prior to
the flight however, would have indicated a natural maximum ascent
rate at this level and perhaps delayed the docision to valve at
that tame,

Co Optical Data.

Figures 32 through 35 illustrate some of the amazing
capabilities of the vast optical networks of the Integrated Range.
It is beyond the scope of this report to delve into atmospheric
periods of less than one second. However, the illustrations do
highlight the potential of this type of facility for work in de-
tailed aerostatics, and some idea of the stability of such a
manned vehicle at altitude,

These runs commenced at approximately 1200 MST. Only
in the first run was there an appreciable change in altitude,
some 100 feet in 140 seconds. On the rest of the runs, the bal-
loon demonstrated a maximum amplitude of oscillations of 34 feet,
in 40 second periods.

On the one second samples, periods averaged three to
four seconds. On the last sample, with five readings per second,
there were smaller scale oscillations ot .4 second, Maximun
stability appeared to be about a three foot amplitude in tour
seconds.

A definitive analysis of these data will require rige-
orous coordination with the mathematicians associatud with the
Computar Division of AFMDC, Very roughly, accuracy at this alti-
tude and position is about five .o ten veet., Definition is, as
notud, one foot,
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TIME

0655
0657
0700
0705
0710
0715
0720
0725
0730
0735
0740
o745
0750
0755
0800
0805
0810
0815
0825
0830
0835
0840
0850
0855
0900
0905
0910
0915
0920
0925
0930
0935
0940
0950
0933
1000
1005
1010
1035
1045

ANNIX 2

RADAR DATA OF MANRIGH IID FLIGHT

AZINUTH

183¢
177
171
163.5
163.5
166.0
170
177
178.5
172
163
146
139.5
127.5
120.5
113.7
111.0
108.5
106.3
105
104
103,2
98.7
98.5
99
98.7
98.3
97.2
97.2
96.4
94,9
94,9
95.8
96.2
93.4
93.1
92
90.9
67:%
55

61

JDO MILES

2

6

743

9.0
10.5
11.5
13.0
14.0
14,5
15.5
15.0
15.3
17.0
19.0
21.5
23.5
25.
25

30.5
13
32.2
33¢3
33.0
32.0
31

29
27.7
26.
2642
26
23.3
21.9
2l.2
19,8
19.1
12.3
10,6

JEET MSL

11X
13K
16.5K
19.7X
23.0K
27.5K
31.4K
34,0K
36.0K
38.2K
h2.,5x
44,0
46.6K
49.0x
52.4K
54.0K
58K
61K
62.5K
64K
65K
70K
70K
75K
79K
79K
79+6K
82K
83K
85K
86K
90K
96K
98K
99.3K
95.9K
99.4X
99K
99.2K




ANNEX 2 (Cont'Q)

1

1105
1125
1150
1200
1210
1220
1230
1240
e

L.,
13ho
1545
1550
1555
1600
1605
1610
1615
1620
1625

62

DO _MILES

9.6
10,3
15,5
17,2
19,3
20,3
20.8
2h,3
25.4
26.8
34,8
36,0
63
63.2
63.5
64.9
65.5
66.2
66.9
67.1
67.5

JE=D MSL

99.6X
99.2K
99.1X
99.1K
99.2X
99.2x8
99.4X
99K
99K
98.8x
99K
99K
89.6K
89K
88k
86.9K
81x
76.7K
72K
73K
73.5K




ANNEX II

UPPER AIR DATA FROM RADIO SONDE
LAUNCHED 2-1/2 HOURS BEFORE MANHIGH III

Latitude = 32D 8i' N

Date - 8 Octodber 1958

Longitude ~ 106D 053'W

Time -« 0415

rlevation « 4090 Feet

Visibility = 15+ Miles

’ Cloudless
Height Wind Temperature Prcssure. Density | Relative
MSL in Ft| Direction Knots| Degrees C | Millibars{ Gl-M3 | Humidity
Log9o Calm Calm 13.5 874 1060 75
500C M M 17.0 845 1018 Sh
10000 M M 17.7 T 814 980 i
15000 330 21 ~1.6 584 752 MB out
20000 330 17 -13.2 L1 643
25000 360 17 ~26.1 390 550
30000 020 09 -38.3 ' 315 k69
35000 260 22 -4l 4 " 252 385
40000 240 36 -50.4 200 312
45000 250 43 <60.6 157 258
50000 260 34 <6449 V123 206
550u0 270 31 -70.6 95 164
60000 270 1?7 «65.3 74 124
65000 250 o8 ~59.4 58 95
70000 210 09 «58.6 b5 73
75000 190 ob «52.4 36 5?7
80000 010 0?7 «51.,0 28,5 45
85000 090 14 51,0 2.5 35
90000 130 19 «49,0 18,0 28
95000 130 12 45,5 14,5 2242
10€000 140 08 wb3,6 11,8 173
102907 130 07?7 wb2,6 10,0 13.1

()




ONMAPTIR 11X
SELECTION OF PROSPECTIVE PILOTS®

A, JBISTORICAL REVIEW

The pilots for the MANHIGH I and II flights served as
alternates for each other and were selected by the Chisf of
the Aeromedical Field Ladoratory, Colonel J, P. Stapp, who
required the following qualification procedures (1) a Class
I aviation flight physical, (2) physiological training in
use of a partial~pressure suit at high altitude, {(3) one para-
chute jump, (4) a Civil Aeronautics Administration dalloon
pilot's license, and (5) a 24~hour confinement test which
included Captain Erwin R, Archibald's urine steroid study.
Following the MANHIGH I flight, a 24-hour Wright Air Develop-
ment Center low pressure chamber simulated flight test was
added,

Following the philosophy of the previous two MANHIGH
flights, the Project Officer, Lt Colonel Simons, recommended
a pilot and an alternate to General PFlickinger at Headquarters,
Alr Research and Dsvelopment Command. At that time, the prime
purpose of this flight was to obtain data for manned dalloon
capsule development anticipating more sophisticated MANHIGH
research vehicles in the future., The prospective pilot, a
civilian, who had engineering experience was related to the
.project through the contract and his alternate was an Air
Force Aviation Physiologist.

At first, the requirements for MANHIGH III were those
previously established for the MANHIGH I and II flights, with
four differences. The requirement for a parachute jump was
waived for the pilot in view of his civilian status. Secondly,
a contract had been established with the David Clark Company
to provide a modified partial-pressurs suit to provide veantil=-
ation and relieve pressure points to make ths garment more
suitable for continuous use through prolonged periods of more
than 24 hours. Each garment was individually fitted and
tailor=-made in order to provide maximuzm comfort. This fitting
procedure had to be worked into the rest of the sochedule,
Thirdly, arrangoments wers made for Dr. D.V.L. Brown of
Chicago to examine the pilot's eyes thoroughly before and
after flight to detect any possible changes induced by heavy

*By Lt Colonel D, G. 3imons and Captain I, L. Beading, Jr.
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prisary cosmic particles, This required a preflizht visit

to Dr, Brown., Fourth, evaluation at Dr, George Ruff's gtrann
and Fatigue Seation at the Aeromedical Ladoratory, WADC, was
introduced for pesychiatric interviews and psyshological evalu-
ation, including a subject terainated enclosure in the anechois
lightless chamder.

With the almost simultaneous diagualification of the first
two subjects during the first week of June 19%8, two new can-
didate pilots were introduced to the program., At this point,
General Flickinger recommended that they be subjected to a
selection procedure such as would be required for seleoting
an astronaut for satellite flight. The following additional
selection procedures were introduced: (1) a preselection
interview by the Project Officer, (2) a series of phyaiological
stress tests, supervised by Dr., Charles L. Wilson, and (3)
centrifuge tests supervised by Dr. Edwin P, Hiatt of the Aero-
medical Laboratory, WADC. Since thase new prospective pilots
were relatively unfamiliar with the capsuls, an added period
of capsule familiarization was needed. Arrangements were made
for Dr., Herman B, Chase of Brown University to examine each
candidate preflight fsr comparison with postfiight examin-
aticns to determine insofar as possible, the incidence of
hair greying induced by primary cosmic particles.

With the disqualification of one of these two prospective
pilots two weeks later, two additional candidates were intro-
duced in the program and subjected to the selection procedure
now established.

As subjects were eliminated for various reasons and re-
placements had to be found, available candidates were less
aad less acquainted with the program. The original two MAN-
HIGH III subjects had been associated with the program through
the MANHIGH I and II flights. The next two candidates had
been assigned to the Laboratory through the period of the first
two flights, but had not been directly associated with the MAN-
HIGH project. Two candidates were essentially completely un-
acquainted with the projsct prior to their introduction to thes
prograa as prospective pilots,

One candidate had a degres in Ceramics Engineering, with
a broad spectrum of keen interest in the fiesld of science.
Another candidate had had some engineering training and cone-
siderable practical experience with previous balloon flights.

*Now Wright .ir Developmont Division (WADD)
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Threeo were trained Aviation Physiologists, one at the Ph.D,
level, except for completion of his dissertation, One candi-
date was & graduate psychologist with extensive experience in
parachute taeting of experimental personal equipment,

By the time the last two candidates were introduced into
the program, the following requirements had evolved:

1. Preselection interview with the Project Officer.

2, Complete physical evaluation at Lovelace Clinie,
Albuquerque, New Mexico.

3. High altitude chamber and partial-pressure suit
indoctrination in accordance with AFR 50=-27.

L, A 2h-hour confinement (éiaugtrophobia) test at
Holloman Air Force Base.

5. Psychological/psychiatric evaluation under the
direction of Dr. George Ruff at WADC.

6. Physiological stress response under the direction
of Dr. Wilson and centrifuge response under the direction of
Dr. Hiatt, WADC.

7. One parachute jump.

8. CAA balloon license.

9. A 24-hour simulated Plight chamber test at WADC.
10. Capsule indoctrination. i

Each of these selection and training procedures will be dis-
cussed as they were experienced by the six MANKIGH III candi-
dates.,

B. PRESELECTION INTERVIEW

The earliesr candidates had besn preselected by virtue of
their familiarity with the program and their intense desire
to make the flight. As it became necessary to look for candie-
dates among personnel who had had no previous experience with
the program, the need for a presslection interview became ap-
parent. It was conducted to deotermine ths motivation of the
prospect, to exanmine the rdequacy of his scloentific baokground
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and training, and S0 revisw his mediocal snd fazily hiastory,
ehesking for any odvious medical contra-indications to his
becoming a MANAIGH pilot,

02 these, the question of motivation was considered most
important. An attomspt was made to elicit the true reason the
individual wished to be considered as pilot for the flight,

Was the individual interested in proving something to hiamself,
or about himself to others, or was he primarily motiviated to
explore the unknown and advance the frontiers of scientific
knowledge? Individuals with the forzmer motivation would not
only be more likvly to fail under extreme stress, but would

be much less likely to obtain an optimum amount of high quality:
research data.

The ideal pilot should have adequate physiological training
to underatand the capabilities and limitations of the human
body in high altitude flight; have previous experience as a
pilot, understanding pilotage; have a sufficient understanding
of physics to comprehend not only how the capsule itself func~-
tioned; i.e., what actually went on "inside' when a particular
knod or switch s operated in the capsule, but have a hobby
acquaintance with the underlying physical principles of meteor~
ology, astroromy, photography, and communications. These latter
qualifications would be critical for optimum effectiveness of
the panel of exgeris.

Specific medical contra-indications included such things
as a history of claustrophobla, indications of emotional in-
stability, and a history of episodes of unconsciousness.

In addition to the preselection interview, General Flick-
inger required that the candidate not have reached his 36th
birthday. No limitation as to physical size was imposed, but
one subject was nearly two inches taller and 15 pounds heavier
(and much more heavily dbuilt) than the individual for whom the
capsuls was originally designed. He encountsrsd serious dif-
ficulties repeatedly during the chamber flight and during cap~
sule familiarization becauss of his large siza. As a conse~
quencs, there was a serious question of his size being a grave
hasard in the event of an exergsncy requiring an escape exit
from the oapsule., PFigurs 36 illuatrates the $ight squaeze
required toc fit him into the capsule.

The two individuals with strongly positive motivations

had historios charactorizod by significant resoarch accomplish~
aents and an intonse daasire to learn more of the environzent
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and problems of living in space., One of these was elinie

nated because of an unexpected and purely physical problem,

the other succeasfully accomplished the flight in the face e
of overwhelming difficulties.

With respect to the second factor in preselection breadth
and depth of scientific background, none of the prospects lad
adequate training in all of the desired areas. In each case,
it was a question of which factors were of greatest value and
what areas needed to be smphasized in their training program.
The Aviation Physiologists were prone to be weak in physics,
astronomy, meteorology, and pilotage, while the engineering
types tended to be critically weak in the aviation physiolog-
ical area. This emphasizes the extreme importance of publicize
ing the need for broad scientific backgrounds in future astro-
nauts and for establishing educational programs which will provide
adequate training in the previously unrelated required disci-
plines ("cross~training").

The third factor in preselection, medical assessment and
contra-indications, began with a general medical and family
history. Each subject was assessed in terms of the aggres~ .
siveness with which he undertook unfamiliar and physically
hazardous tasks. He was asked to cite an emotionally trau-
matic claustrophobic experience to determine the degree to s
which he has been able to withstand or not withstand enclosure
and confined spaces in the past. Finally, he was interrogated
for any specific contra-indications for making the flight as
previously mentioned.

C. PHYSICAL ZXAMINATION ,

In addition to meeting the requirements for an Air Force
Class I flight physical, each candidate was processed through
a four day evaluation procedure at the Lovelace Ciinic, Albu-
querque, New Mexicc. The series of ekaminations was oriented
specifically to the question: "Is this candidate qualified
for the physical stress likely to be imposed by a flight of
this type?" The type of examination had been developed through
previous expsrience with the Alr Force evaluating the fitness
of pilots to undertake special missions. It inciudud the
following:

l. A thorough medical history.

2, A complete physical examination (including dental,
signoidoscopic and proctoscopic), = complete eye, eur, noae,

-
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and throat examination (ineluding funduscopic, nasopharyngoe
soopio and audiogram), and electroencephalogranm,

3. ' Xeray ovaluation of teeth, chest, apine, and abdomen,
inocluding upper and lower gastrointestinal series.

b, Cardiac evaluation, ineluding Double Masters Two=Step
electrocardiogram and dallietocardiogranm,

5. Pulmonary function tests, including nitrogen clearance,
ventilation reserve, resting lung capacities, and maxinmum breath-
ing capacity.

6. An exercise (bicycle ergometer) test rated as percentile
of oxygen uptake per minute per kilogram body weight. During
this tecs, the heart rate, systolic and diastolic blood pres-
sures, and the oxygen-CO,> gas exchange rates were carefully
measured.,

7. Complete laboratory studies, including gastric analysis.

8. Additional special examinations were added by the exam-
ining physician as indicated.

All six MANHIGH III candidates experienced this evaluation,

Candidate A was disqualified by the physical examination.
He had a body weight in excess of normal for body size, com-
bined with a positive Double Masters Two-~Step of a definite
type and a Ballistocardiogram of Grade III abnormality, based
on Grades I to IV, Prior to taking his physical at lovelacs,
Candidate A was known to have complete myopic astigmatism, suf-
ficient that without corrective lenses, he would be unable to
read dials and see controls in the capsule in the event of an
emergency. For this reason, he had contact lenses fitted and
was practicing using them so that he c¢ould wear them during the
flight. Vision was 20/20 bilaterally with contact lenses, He
wore them successfully during his parachute jump.

Candidates B, D, E, and F were all normal with the added
observations that Candidate B had an unusually high exercise
test rating and Candidates D hsd an exceptionally high maximum
breathing capacity. Candidate F had a normal rating on his
exercise tolerance test, but the test had to be discontinued
because of elevated blood proessure, rather than elevated pulas
rate, which 18 the usual response. 1In addition to the above
examination at the Lovelace Cliniec, Candidate D was meticuliously
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oxanined dy Dr. Reinrich Rose of the Ophthazology Deparsaens
0f the Sohool of Aviation Mediolae for color visioa, Re was
found to have eompletely normal color viasion,

Candidate G was found to have a high frequency psrceptional
dealness seccondary to acounstic trauza (undesiradble dut not dise-
qualifying), a moderate red-green color weakness (very undesire
able, dut not disqualifying), a positive Doudle Masters Two-Step,
and a Grade II abnormal Zallistocardiogram, His dlood choles-
terol level was high, 351 mg percent, He also was physically
too large to fit well in the capsule,

For the above reasons, thia candidate was returned to his
home organisation as physically disqualified for the flight.
There a re-run of his Double Masters Two-Step was reported neg-
ative and his blood cholesterol reported within normal limits
(later found to be associated with medication). Based on these
observations, the positive Double Masters Two-Step and high
blocd cholesterol levels observed on initial examinations were
considered transisnt observations and not diaqualifying. Thus,
the candidate re-~entarsd the prograa and continued through his
24%-hour WADC chamber run. Following tuis run (despite medi-
cation), his blood cholesterol was again above acceptable limits.
Prior to this finding, he had been designated the pilot for the
MANHIGH flight, but at this point he was redesignated standby
or alternate pilot.

An additional study conducted through the Lovelace Clinic
was a whole body gamma ray activity count at the Los Alamos
Socientific Laboratory. This indicated the candidate's lean
body weight and the gamma radioactivity level of Fody tissues,
particularly radioactive potassiuxm.

D. PREPARATORY TESTS

l. High Altitude Chamber and Partial-Presssure Suit Indoce
trinntion

This is & training and indoctrination procedure which
wag prervequisite to the Skycar dballooa training flights and
the 24-nour flight-simulating chaaber runs,

2, Dwenty-Four Hour Confinomsnt (Claustrophobia) Teat

This test wasz satablished at Colonsl 8tapp's request
s a requirement for qualification as a MANHIGH pilos, At
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first, it oconsisted simply of confinement in a umetal shamder

the size and shape of the MANHIGH capsule with no tasks or
physiological monitoring, After several runoc, the oppore

tunity for making physiologiocal measurements became irresiste
ible, Toward the end of the program, psychological tests were
insorporated, Tive sugh 2u=hour tests had been conducted prior
to those desorided here, Of the aix candidates considered for
the MANHIGH III flight, only three experienced this test., The
third candidate who did not experience thios test was being ex~
anined at the time when there was a profound sense of urgency

to qualify candidates as quickly as possible. It was necessary,
at tismes, to conduct tests when convenient, rather than in their
logical sequence. This third candidate who did not receive the
AMFL 24k-hour confinement test was eliminated at WADC during the
2h~hour chamber run for claustrophobia. It is most unfortunate
that he missed this claustrophcbia test since it would have
helped grsatly to establish its usefulness for this purpose.,

Of the three candidates experiencing the 24-hour con-
finenment test, one was given this test at the contractor's
plant at Minneapolis, using the MANHIGH capsule itself. Un-
fortunately, the command van, containing the ground receiving
equipment for the physiological telemetering circuits, was
not available at the time of this test, so no physiological
data were recorded on this subject. The transcription of com-
munications between the candidate in the capsule and those out-
side during the test, indicates that he maintained a high level
of performance with short periods of sleep throughout the run,
His performance was entirely satisfactory.

The remaining two candidates, C and D, experienced
this test at AFNDC. Captain Erwin Archibald, previously Project
Physiologist, was responsible for development of most of the in-
strumentation used during this test. Dr. Harald von Beckh super-
vised the fina) checkout of :the instrumentation system and as-
sembled the protocol as used. Ee ably supervised ths runs
themselves,

The procsdure for the tests called for the candidate
to eat only a low residus diet for three days before the test.
A protocol was establishsed by Captain Archibald for obtaining
blood and urine samples to evaluats the corticoateroid hormone
exoretion of the candidate to correlate this excretion with the
str2as lmpossd by the test, It required that the candidate have
a faating blood asample drawn the day betfore the test and that he
start colleoting all urine exorsted each l2«hour period in sep-
arate containers., The urine sample collsction continusd throughe-
out the tast and thras days following it with faasting blood same
ples drawn ons day befors and thros days following ths teat,
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The candidate was dressed in a partial=prossure suit
which covered most of the torso with impermeadle rudbber bdlad-
ders, He was then placed in the simulated capsule which was
80 positioned that he oould hear or see no one directly, bus
could communicate to the operators through the radio systes.
While confined in the capsule for 24 hours, the candidate was
required to perform three tasks which were evaluated in terms
of time it took him to amccomplish each task, The tasks re~
quired that he extirguish a small light, called the '"panic
light" whenever it came on; maintain a mock cabin pressure
gauge a: a prescribed reading; and indicate whenever an oxygen
blinker meter failed to function at its usual frequency. Each
task was administered at least twice every 30 minutes.

The following psychophysiological data were recorded
during each run: electrocardiograph tracings, galvanic skin
sssiztance, pulse rate, respiratory rate, and systolic and
diastolic blood pressure.

Three items were evaluated every 30 minutes in an effort
to assess the candidate's alertness: (1) degree of wakefulness
(candidate's rating), (2) operator's evaluation of candidate
(of the manner in which the candidate spoke and gave reports),
and (3) mttitude toward tasks (candidate's rating).

Degree of wakefulness was evaluated on a five-point
scale defined as: (1) wide awake, (2) somewhat sleepy, (3)
sleepy, (4) difficult to stay awake, and (5) unable to stay
awake,

The operator's rating was rated on a five-point scale
defined as: (1) bright, alert, precise, (2) reasonably alert,
some sign of fatigue, (3) tired, flat, but coherent (obviousl
tired), (4) mumbling, halting, incompletely coherent, and (5
incoherent, trailing off,

The candidate's attitude toward his tasks were rated
on a six.point scale, defined as:

Alpha =« Thoroughly enjoying doing tasks - would
like more of then.

Beta « Enjoying taskas, kept just busy enough.
Gamma < Drefer doing them « mildly enjoyable.
Delta = The number of tasks don't bother me or

leave me particularly bored - I am in=
different,

74




Epsilon =~ Nuaber of Sasks causiag some straia.

Leta » This is t00 much =« I am overloadsed
with effors,

At the conclusion of the testa, each candidats was given
& vareful physical evaluation and debriefed dy those reasponsidle
for the test,

The results of the test of adrenal cortical reaponse to
stress are not yet availadle, The results of the two runs con-
ducted in this manner showed revealing 4dlfferences in the ate
titude and perforaance of the candidates. Ixamination of Tadle
I shows that Candidate D consistently out-perforasd all other
candidates with a more marked tendenoy to improva throughcut
the test period with scne loss of performance efficiency during
the third quarter. The oxyzen blinker is probably the most sensi-
tive indicator of the individual's alertness since it is the most
subtle, requiring the greatest vigilance to detect the adbsence
of the blink normally ocourring once every three seconds. The
superior performance of Candidate D as comparesd to Candidate C
is especially marked on this tsst. The previous confinsment
test subjects, No. 1 and No. 2, are included in Table I for
comparison only, and were not candidates for the MANHIGH IIfL
flight.

TABLE I

MEAN REBACTION TIMES FOR CAPSULE TASXS
FOR PERIODS OF SIX HOURS

02 Blinker Preasurs Gauge Panic Lanmp
st] 2nd] 3ra|tth] Avzl] 1at] 2nd|srd[Fth[Avt] 1st]| 2nd] 3rd| Gth]| AV
"2 Usal 25| 66l eal nall 1ol 22| 25l 2ol 2l Wl sl 6] 2]
u;. 3091115342 255“_ 11} 211 18| 22 18!, Ll et 211116
n9916281840“61220612‘61223
c |65 &sliisiiny 110", 8] 621 80| %3 51!v bislol3s]s
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Pigure 37 illustrates physiologioal data obtained for
both Candidates O and D during their tests, There 1is nothing
remarkadle about the pulse rate of either candidate, The some~
what elevated pulse rate of Candidate D at the end of his rua
was liksly due to this deing overheated dy having to wear the
pressure suit at a temperature of 85 dezrees with practically
20 ventilation ocaused by the failure of the blower fan notor.

The remarkadly constant akin resistance values for
Candidates D may de significantly related to his constant aad
bigh level of perforsmance throughout the run., It correlates
with this desoription recorded during the dedriefing of his
approach to the run

"Istablish immediately a routine adequately cover=-
ing the tasks required but requiring no additional effort and
maintaining exactly this level of effort throughout the whole
period, thereby conserving energy when feeling well to help
carry over during the sleepy periods.”

The steady increase in resistance of Candidate C suggests a
steadily declining level of alertness and correlates with his
declining total overall performance.

Pigure 38 shows the return of both subjective and oper-
ator judzment ratings to higher values with sunrise of the soc-
ond day. The prospect of termination of the test is correlated
with increased performance scores or at least no loss of average
performance which is characteristic of the fourth quarter for
all candidates. The degree to which an operator's assessment
and that of the candidates themselves agree in Figure 38 is
noteworthy. It is also very interesting that both candidates
rated their tests much more enjoyable at the end of the flight,
probably becausc the accomplishment of them became identified
with termiaation of the test.,

The tendsncy for individuals to become irritable with
prolongsed slseplsssness is well established., When asked &
leading question concarning his feeling toward the operator
throughout the run, Candidate D replied with the significant
comment, "Any opsrator (at the control console) that had some
Jest in hias voice, a little bit of lightnsss, waan't too ap~-
precisted”, This reflests the doep aseriousness with which this
candidate approachsd all tasks required of him,

When askad aboul his generul lapressiocuns of the test,

he replied: M™Wull, whon I startad the teat I knaw the importance
of the teat itaell, espscially if I was going to bs a sudbjoot
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in MANRIGH., 80 I resolved not to force myself to take it,

but since I had already stayed in the suit oight hours Sun-
day just for the practice, I figured it would de pretty easy,
dbut after adbout the ninth or tenth hour, it was a totally dif-~
ferent matter, It still wasn't a matter of whether you kad to
grit your teeth and bear it, hold yourself or anything, it was
Just a difficult job and you just had to sit there and do it.
I never forced myself to do it, 4f I had had to, I would have
come out of there because I don't think you should go on the
MANRIGHE flight when you are under that much strain", This is
a profound commentary on the nature of this individual's mo-
tivation,

3. lsolation Stress and Psxchological(Pszchiatric Evaluation

The evaluation of each candidate carried out under the
direction of Dr. George Ruff, Chief of the Stress and Fatigue
Section of the Aeromedical Laboratory, WADC, included parallel
psychiatric interviews by two psychiatrists, a clinical psycho-
logical evaluation, and placing the individual in isolation for
a8 long as they were willing to remain, The psychiatric portion
of the interview was done primarily to gain a clinical impression
of the individual, his motivation (kind and degree), his psycho-
dynamics, emotional maturity, emotional stability under streass,
etc. The psychological test battery was selected to measure
motivation and personality and ircluded such tests as the
Rorschach Test, Thematic Apperception Test, Draw-A-Person Test,
and the Minnesota Multiphasic Personality Inventory.

The individual's response to isolation was evaluated
by having him voluntarily enter a dark, sourd-proof room, and
stay as long as he could. The length of time that he remainsd,
the degree of stress the test impossd, lis manner of handling
it, and the reasons for and manner in which he terminated the
test were all considsred in his evaluation.

A part of the psychiatric evaluation program included
a psyc :atric interview of each candidats every several hours
during his 24-hour WADC simulated flight ochamder run in a man-
ner analogous to the intarvisws conducted during the actual
MANHIGH III flight. The psyochiatriast conducting ths inter-
views on a given ocandidats during the chazaber test, was expectad
to, and did, asrve as a member of the pansl of exvsris during
his flight.

Candidats D ran through both the chanber run and iao-
lation astudy without significant evidanca of stress froa &
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peyohiatric point of view., Candidate 0, over 10 years older,
had less of his youthful capacity to overoome all odstacles
but denonstrated great stadility. None of the four candidates
evaluated psyshiatrically were reportod inadequate for the
MANHIGH mission.

b, Physiological and Centrifugze Stress Responses

The physiological stress responses of four of the six
candidates wore measured. Captain Charles L. Wilson of the
Physiology Branch, Aeromedical lLaboratory, WADC was responaidle
for the tests and their evaluation. Although all of the desired
tests available within the Physiology Branch were not included
because of time limitations, the ocbservations that were nade
were considered valuable. The stress tests dbegan with & Harvard
Step Test to insure adequate cardiac reserve to perforzs the
subasequent procedures.

The MC-1, Partial-Pressure Suit Test, required that the
candidate dress in an MC~1lsuit, and MB-5 helmet, denitrogenate
for two hours on 100 percent oxygen, then sit in the low pres-
sure chamber which was evacuated to 42 millimeters of mercury
(equivalent to 65,000 feet altitude). The candidate remained
at this barometric pressure one hour (or less depending on vari-
ous objective and subjective data). The ECG, blood pressure
(indirect strain gauge), pulse, as well as suit and capstan
pressures were recorded.

The cold pressor test required that the candidate
plunge both bare feet into ice water and hold them there for a
period of seven minutes while the pulse and blood pressure were
recorded. An increase in both pulse and blood pressure has
been considered by Dr. Terrence F. McGuire as advantageous and
an expression of a responsive aympathetic nervous and hormonal
system which nmore effectively maintains the body homeostasis,

The 30 mm Hg Pressure Imbalance Test was administered
by having the candidate denitrogsnate on 100 percent oxygen for
one hour, then breath against 30 millimeters of mercury pres-
sure at 40,000 fest wearing an A-13A mask breathing 100 percent
oxygen. This test rates the individual's cardiovascular re-
sponse to increased intrathoracic pressure, as well as :ild
hypoxia.

Thres of the six candidates progressed sufficiently
far in the program to exporionca thia group of tests., A fourth
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was elimizated at $hia point decauae of unfavoradle reactions
during the inisial phase of these tests. All three candidates,
6, D, and B, achisved averaze scores, ranging froa 73 through
79 on the Rarvard Step Test., Those ia good physical condition
routinely soore 80 to 95, while those in top physical condition
score 95 to 125, or rarely detter.

The results of the cold pressor tests on each of the
three candidates are presented in Tadbls II. The response by
Candidate G is a mild yet definite trend toward increased pulse
>ate and inoreased dlood pressurs considered favoradble by
Dr. McGuire. Oandidate D evidenced a very dynamic responsse,
otarting with a somewhat elevated pulse, presumadly from antici-
pation and terminally experiencing a quite high blood pressure.
Candidate E was responding quite favorably by the end of the
first minute of the test, at which time he withdrew his feet,
complaining bitterly of the intense coldness and pain., This
was only the second instance of interruption of the test by
the subjeat because of discomfort in 100 sudbjects. The pulse
and dblood pressure response are considered favorable bdut the
prematurs termination had unfavorable implicationas with respect
to motivation.

TABLE II
COLD PRESSOR RESPONSE READINGS

Fandidate Resting Response Resting Reaponse
Pulse Pulse B/P B/P
c 7S 86 112/78 146/90
D 100 112 108/72 170/100
4 68 92¢ 118/78 130/96°

*Reading at end of one minute when candidate withdrew his fest,
complaining bitterly ol the intense coldnsss and pain,

Candidate € perlormed the MC-l Partial-Prassurs Suit
Test very well wilth no appreaiable changs in pulse, bdlood praose
sure, o> adverss symptoms or signs, Ha remainad at 6%,000 foot
the roquired 60 minutss,
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Candidate D started with a base lize systolis dlood
pressure of 110 mu Ng which maintained itself well durisg 5%
of the proposed 60 minutes, and then suddenly dropped to 50
sillizneters of meroury systolic and resained low os recheck.
The base line pulse of 76 had inoreased to a maximum of 140,

At the 54 minute point, the candidate had a very sweaty, slightly
pale fsce; and in view of the hypotension and tachycardia, was
oconsidered to be in a presyncopal state. Prudently the test

was tersinated., This was interpreted as a poor response to the
test. The candidats had a tachycardia consideradbly higher than
had been seen in many months.

Candidate E started with a base line pulse rate of
84 which gradually increased to 108 at the end of 38 minutes
at 55,000 feot pressurs altitude. At the same time, he de-~
veloped definite sweating, marked light-headedness, nausea,
and a mild hypotension of 100 millimeters of mercury systolic.
Because of these presyncopal symptoms and signs which experience
had taught would lead to unconsciousness with continuation of
the test, the test was terminated at the end of 38 minutes.
This was considered a poor reaction to this test.

The 30 millimeter mercury pressure imbalance test was
accomplished satisfactorily by Candidate C. The pulse change
was less than 10 beats per minute increase and the blocd pres~
sure remained steady.

Candidate D's test cannot be considsred valid decause
it was terainated due to a burst of ECG waves which appeared
on the oscilloscope to be of low ventricular origin (not written
on paper). The test was inzediately aborted. 4lthough there
is no good evidence that this was an arrhythmia, since the un-
usual pattera could havs been causad by temporary electrods
grounding, it was potentially a serious emergsncy and explor-
ation of this possibility sould not be pursued., At no time
did the candidate denmonstrate unusual syaptoms, and closs ex-
aminztion upoa his return to ground levsl, revealed no evidsace
of abaoraality.

Candidate ¥ exporisnszd an jincrease c¢f pulss rate froa
112 at ground level (not an uanusual base line tachycardia for
the uninitiated in the low preasure chamber) to 132 beats per
minuts. Ths blood pressure ronzained satisfactory and the candi-
dats did not develop nausea, pallor, sweating, gunbarrsl vision,
or syncope, Thiaz was a zood reaponse and would have deoa ratad
excsllant had the tachysardia not rasachad 132,
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Candidate 3 waz required 30 wear the MB35 pressure
helmet during the Swo hours of denitroganization preceding
the MC~1 partials=pressure suit stress test, On the first
sorning, while $he candidate wore an A-13A oxygen mask for
1-1/2 hours predreathing i00 percent oxygen, he beoaue pals,
sweaty, nauseated, and had two 100se bowel movenents, and
finally retched, The test was postponed at this point to ode
serve the candidate. There were a0 further syaptoms vf illness.
Porty~eight hours aftier the firat attempt at denitrogeniaation,
the candidats was again available for test. He dressed in the
MC-1 pressure suit and M3-5 helmet and denitrogonated for approxi-
mately one hour, at which time he decided bhe sould not tolerats
being confined in the helmet., He removsd the helast and refuased
to continue the test. It appeared to thoze monitoring the test
that the candidate waz unabls to tolerats the confiaement iuposed
by the pressure suit garment and helaet.

Candidates were exposed to acceleration on the huzan
centrifuge under the direction of Dr. Edwin P, Hiatt, thern Chief
of the Biophysics Branch, Aeromedical Laboratory, WADC. Dr. Hiatt
evaluated their vesponses. Three of the six candidat~s (B, D,
and E) experienced this test, This was an initial exposure to
the human centrifuge for all the candidates., Generally, candi-
dates approach this awesome device with cauntion if not soune
trepidation and require repeated runs to become accuatomed to
it. Although the number and type of tests done are probably
isadequate to make a real estimate of each manr's responsas to
centrifugation, nrone of the candidates showed evidsncs of ua-
usually low tolerance to the accsleration experienced. Candi-
date E confirmed a known tendancy toward motion asickness which
did not seem to impair his G tolerancs. Candlidata D thorougkly
snjoyed the experience, appearing disdainful, rather than awed !
by the acceleration, considering it a form of amusemenat.,

In addition, a heat stress test, undsr thes direction of
Dr. Paul Webdb, was included. All candidates experiencing it
performed satizfacotorily, although details are not available
as to their perforzancas.

$. Parachuts Jumsp

This test was introduced into the programz initially
by Colonel Stapp to insurs that the pilot would know how to
use the parachute succassfully with ainizua dangor of iajnry
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iz the event of an emergency, Ne considered it essential
that the pilots have confidence and bde sufficientiy familiar
with 3he parschute system to use it without hesitation should
the requirement arise.

Four of the aix oardidates, namely, A; G, D, and &,
auccessfully performed parachute jumps as required. Candidate
F had this requirement waived and Candidate B did not progress
sufficiently far in the selection procedure to experisnce this
teat. Candidate D jumped into the Salton Sex from an altitude
of 6,000 feet, opening his parachute after a aix second delay,

It is of particular interest that Candidate A made his
jump wearing contact lenses with no adverse effects. Candidate
C was already an experienced parachute jumper on active jump
status and was not required to make an additional Jjump for this
program.

6. Skycar Training Flight

This requiremsnt was initially established by Colonel
Stapp because he considered it essential that the pilot of the
MANHIGH flight be familiar with balloon flight techniques be-
fore a“tezpting a high altitude flight. He required that the
candidates qualify for a Civil Aercnautics Administraticn free
balloon pilot license. These requirements are: (1) a CAA medi-
cal examination, (2) successful completion of the CAA writtem
examination, (3) 14 hours total free ballocn flight time, (4)
one flight to 10,000 feet or higher, (5) one solo flight in the
presence of a CAA observer, and (6) six landings.

Only two of the six candidates completed the require-
ments for the CAA license, ilthough all six of them recaived
some Skycar training.

Balloon pilot tzraining was conducted in the Skycar
gondola which is a five foot diamster open baskat constructed
of steel tubing. It was normally flown with a 3C foot balloon
which gave it a maxinum altitude capadbility of approxinately
14,000 feet. It could readily accommodats an instructor pilot
and astudant pilot, with adequate space for a third obsarver.
It was ussd spscifically for training in free balloon flight
tschniques,

Candidate ¥ kad success?ully complsted ell of the

selootion and training vrogram with the exception of ths final
Bkycar flight and part of the capsuls indootrination training
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when Be was eritically injured in a Skycar flight aceident.
Eis injuries were of such a nature that he could no longer
o considered as a pilot for the MANAIGE III flight.

7. Zwenty=Foup Nour Simulated Flight Chamber Run

a, Qeneral,

This test proved to be the most valuable single
selection and training technique used in the prograa., It gave
& clear indication of the quality of performance to be expected
of the candidate on the uctual flight and revealed problem areas
ia operational procedures, equipment, and emergency procedures,

The Chief of the Armament Laboratory made available
the large refrigerated low pressure chamber located in that
Laboratory at WADC, This was the only Air Force chamber kmown
which was capable of accommodating the capsule and producing
the =70°F temperature at 100,000 feet pressure altitude required
to simulate space conditiona. The cylindrical low pressure
chamber was approximately 30 feet in diameter and 17 feet high,
and readily accommodated the MANHIGH capsule which measured six
feet in diameter, including its collapsible tubular supporiing
structure (the capsule itself was three feet in diameter) and
approximately ten feet high, including under carriage.

The purpose of the chamber test was to simulate an
actual balloon flight as realistically as possible. For this
reason, the total time schedule was divided in a manner com-
parable to that of a flight. The activity-asleep pattern and
total workload was also patterned after that expected on the
actual halloon flight, The capsule atmosphere control problen,
in terms of both composition and pressure regulation, was a true
reproduction og‘the problems which the pilot would face at alti-
tude.

The candidate was fully instrumented physiologically
and required to meks all subjective psychic reports and psychiatric
interviews expected during the flight. Coomunication was by means
of the same ocapsule radio which would be used on the flight, Phys-
ical data were transmitted by the same capsule telemetry radio
which would tranamit the heart beat (electro-cardiograa), respire
atioa, dasal skin resiastance, and capsule taaperaturs during the
flight. This inforzation was recaivad on a telemataring recaiver
and writton out directly on a drush recordsr, using equipasnt
loansd by Mr, Miles Molannan, Chisf of the Instrumentation Section
of the Aeromedical Lzxboratory, WADU. The candidate was monitorud
outaide the chanmber at all times during a run.
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The Aeromedical laborasory supported these tests
ful:{ providing ohamber opecators 80 monitor the capsule.
AS i tiznes Swo men were prepared $0 enter the ohamber from
8 30,000 oot intermediate look in the event of an emergenocy,
The laboratory also provided medisal monitors, as well as
personnel to operate the physiological monitoring electronie
apparatus.

The candidate was required to make hourly reports,
which included measuring and reporting the concentration of
cardbon dioxide within the capsule; the oxygen partial pressure;
the instrusent panel temperatures; five points of capsule surface
temperature; three physiological temperatures, including foot,
thigh, and internal; and five subjective ratings of his paychic
state, inoluding alertness, drive, efficiency, tension, and com-
fort,

In addition to the adove reports, the candidats was
encouraged to make as many comments as possible to the dictst
portable tape recorder placed deside hin in the capsule. Al~
though this was used during the chamber runs, a transcripiion
of the material dictated to this tape recordsr is not available
at the time of writing this report. In addition, & camera was
provided to take a picture of the candidate on 35 millimater
film every five minutes throughout the flight. The candidate
was illuminated with filtered infrared light so that the flash
was invisible, and recorded on irfrared film. This permitted
monitoring of the candidata's appearance throughont a chamber
run and during the flight. This apparatus is described in an-
other section of this report. Figure 39 illustrates the ap-
pearance of a subject taken witk this unit,

The monitor outside the chambe: was required to
keep a running log of all noteworthy events, records of the
pilot's hourly reports, including graphing of the pertinont
data, and notes as to the condition of the candidate. Captain
Eli Beeding, Project Physiologist at the time of the chamber
runa on Candidates C, D, and E, supervised the monitori.g and
sost of the time servad as monitor of the chasber rua himsel?,
All conversations betwsen the cauvdidate and the monitsr wers
recordsd na a vox operated tape recorder,

The candidate was dedbrisfed immediately aftyr each
chaadbar rua to clear up any quastions that had not bdeoen »3solved
during the run, and to elicit the candidate's feelinza toward
the sinulated flight experionce. These conversations wersz alse
tape recorded.
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0f the six eandidates in $his program, three eonm~
pleted 2bshour shamder runs, C, D, and ¥, and one candidate,
B, aborted a chamber run after 14 hours in the capsule, The
candidates completing the test spent at least seven hours in
the capsule bdefore starting to altitude., 7This period was re-
quired to complete sealing of the capsule and to cold soak
the chamber before goizng to altitude. Onoce the chander ap-
proached the 100,000 foot level, the lcss of heat conduction
through air made it impossidle to 600l the ohamber, dut once
chilled at ground lavel, the cooling coils were adble to keep
it cold while at altitude.

b, Candidate E.

This candidate had fully qualified in all selection
procedures and was-confident of making the flight at the {ime
of this chamber run. At 1142 hours, the candidate had been
completely dremsed and began prebreathing oxygsn to denitrogenats.
This time was 12’ hours out of phase from the time that he would
be undergoing this procedure on an actual flight. This occurred
for the convenience of sleep schedules of the candidate and the
operators. The candidate commented later during the run that
he had had only four hours sleep during the day preceding this
run. He was sealed into the capsule at 1345 hours and the simu-
lated ascent began at 2100 hours. Throughout the test, he was
alert and interested in the scientific observations to be made
and capsule operationa procedures with the exception of the
short periods during which he slept. For instance, he took a
keen interest in comparing the performance of the experimental
School of Aviaiion Medicine direct reading, two scale, oxygen
sensor, comraring it to the standard Beckman unit. He rated
this School of Aviatioa Medicine unit far supericr in conven-
ience and the eass and accuracy with which it could be read.

The' reaction of Candidate E to the test is illuas-
tratad most clsarly by quoting conversations between him and
the psychiatrist when intsrviewed to evaluate his psychic state.
At aprroximately 0500 (12 hours after simulated ascent), the
following conversation was racorded between the interrogating
psychiatrist and Candidate E::

INT (Interrogator): BHello. How's your baock?

CAN (Candidate): It's a little better, George.
I'11 telld you what I did to relieve it. I drought a newspaper
along which I was going to use for inaulation and I foldod it
into aort of a squars and I stuffed it down and put it in ths
arall of my dack now, and it holps z9 a little bit,
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INT: That sounds like flexidle adaptive dehavior,
Do you notice anything different now adous your feslings now
thas you are ia aspace and up there as 100,000 feet?

OAN: Yeah, George, now that I've been thinking
about it here for a while, I think I'm & great deel more cala
about it than I expected to be, Oh, it's a dig thrill no less,
but I think I'm beginning to act tired. I can look at things a
1ittle bit more objectively than when I was sitting down on the
ground sweating out getting underway, if you know what I mean,

INT: B8ure thing. Sounds good. Are you pretty wide
awake, or are you a little sleepy?

CAN: Right at the present time, I'm a little sleepy.
I got about four hours sleep last night and I think that's the
reason.

INT: Sounds reasonable., I'll turan you over to the
next man. See you a little later. So long.

About 1530, 6~1/2 hours later, the following conver-
sation was recorded:

INT:: The psyche people again. The last few times
I've been interested in what you were doing. You answered all
my questions just by dcing sczs activity. That's why I haven't
talked to you, but I thought now I'd bstter ask the usual ques-
tions, such as, "How are your spirits?n

CAN: Oh, spirits fine.
INT: How's the fatigue?

CAN: Uh, it's growing, George. I'm getting tireder
by the half hour.

INT: 4Are you really having to push hard to stay
avake?

CAN:: Yeah, I find that I really would like to sleep
at each (gardled) again,

IN?t How are you able to concentrate?

CAN: Well, I just think about somsthing else but
slaep.
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INT:. Okay, fine. What sort of things have you
boon thinking adout moatly?

GAN: Oh, ah, ah, things in conneotion with the
projest. Going to David Clark's for the pressure suit fitting,
and going to see Dr. Brown and the things to de done froa here
on out, mostly.

INT: Well, sounds fine. 8ee you later on.
CAN: Okay.

Up to this period, the candidate had been actively
interested in operating the equipment on doard for conducting
the numerous experiments. For several hours through this period,
his activity level reached a low edd, He made his half hourly
reports on schedule and responded immediately to all inquiries
except during a few snatches of sleep. At nearly 2000 hours,
some 23 hours after the dbeginning of simulated ascent, the fol-
lowing conversation took places:

INT: This is George. You look pretty strong from
what I can see out here. How do you feel?

CAN: Just waiting for descent.

INT: You sound a little more lively than you did
& couple of hours ago.

CAN: TYeah, I've got a second wind now, I think.

INT: How are your spirits now?

CAN: Fine.

INT: Anything you taink important to tell me?

CAN: Uh, no, I'm looking for descent with antici-
pation because I'm trying to fight off a BM and I sure woulda't
vant to try to tackls that in this capsuls with this MO=3 partial-
pressure suit on.

INT: BSounds like the best of motivation., Will get
you down when we can. 8See you later,

The following comments were recorded during the de-
briefing:
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INT: I want to ask you about the neck aeal,
CAN: It was not only too tight, it was choking me,

During the run, Candidate E, had casually mentioned
the disconfort of the neck seal several times., It was not until
he took the helmet off after this debriefing that it was dis~
covered that the original neck opening had never been cut open
to his size, 80 that in fact it literally was choking him because
it was several sizes too small,

INT: How did you feel in regards to being removed?
Losing actual contact with people, being isolated?

CAN' No, I never really lost coatact.
1

INT. How do you feel now?

CAN: I feel wide awake. The thing that I think
was most constructive in thinking was because of the pain in my
back that set in, oh, after the 24 hours I was in, and this was
the thing that really got me to thinking. I had to get myself
out of the fatigue I was feeling. If you will notice that towards
the end there, I reported my drive was usually No. 3, but I was
content to sit there and do whatever I was doing.

If the candidate was thinking that he had to get
himself out of the fatigue he was feeling, by definition he was
fighting fatigue. His subjective drive ratings illustrated in
Figure 40, never fell below 3, although a No. 4 rating of "strong
effort" was available to him. This tendency to overestimate one's
effectiveness when fatigued is characteristic.

Upon undressing the candidate, it became apparent that
the reason for the intermittent reception and unsatisfactory ECG
telemetry signal was a loose electrode in the back, It had slipped
completely out of its tape so that it was dangling within.the suit,

The neck seal incident is a atrong commentary on the
intensity of his motivation, Throughout the run, he sxhibitsd
conaiderable ingenuity and spontaneous activity, e.g., he fre-
quently asked questions concerning the operation of equipnment
and designed a makeshift solution for a maladjustment of the seat
with puper available. Throughout the flight he came up with num-
erous asuggestions of how to mount and arrange items in the czpaule,

It is interesting to note that his foot tamporuture,
prosonted in Figure k) dropped and romainad low throughout the
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run, while his thigh temperature gradually increased through-
out the run in spite of a nearly constant capsule temperature.
The foot temperuture correlates with his comment during the de~
briefing that his feet were ocold throughout the flight, Neithey
the respiration nor pulse rates are remarkable other than for
their stability and moderate values. The subjective reports

of Pigure 4O indicate the marked stability and sensitive ine
sight of this candidate.

¢s Candidate C.

At the time Candidate E conducted his 24-hour chamber
test, Candidate C was considered the standby pilot. Therefore,
when Candidate E had his accident and was no longer available for
the flight, Candidate C became No. 1 Candidate and Candidate D
his backup. At the gimo of his WADC chamber run, Candidate C
expected to make the flight. The two WADC chamber test runs
described here for Candidates C and D were done one after the
other with Candidate D considered backup alternate pilot,

Candidate C entered the capsule on 1 September and
began the seven-hour preflight cold soak period. When ready
to start the ascent the oxygen converter spewed liquid oxygen
into the cabin, requiring that the run be aborted. It was dis-
covered that the converter had been inatalled without adequate
tubing between the converter and the suit connections. This
discrepancy was corrected and the run initiated again the follow-
ing day. By 1800 hours, Candidate C was dreseed in his pressure
sult and was sealed in the capsule. The ascent started at 0100
hours the foilowing morning, approximately six hours ahead of an
actual flight'schedule.

The candidate's reaction to the situation is clearly
illustrated by the following conversation between him and the
monitor cutside, recorded at 2000, several hours before ascent
began,

INT: How did you feel when you started the teat?
Did you feel tired, or average, or what?

CAN: I wasn't as enthusiastic today as I was yester-
day. Today I had the attitude that this was a job that had to
be done and 1 was ready to do it, and I think I was a little more
determined to get the damn test off,

At arproximately 2200 hours, the last interview with
the paychiatrist monitor went as followa:
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INTt Rello, how are you?
CAN: Hi, Fd.
INTt Everything good in there? How are you feeling?

CAN:t I feel all right., It's awfully wara in here,
The temperature now is about 68 degrees and about 55 percent
humidity, and I'm aweating as much as possibla; it is still un=-
comfortably waram. '

INT: Are you getting tired?

CAN: No, not yet. I fell fresh physically. I was
Just taking out the water when you called. I felt that I probably
should be drinking some kind of liquid in order to keep up my body
fluids,

INT: That sounds like a good idea. Did everything
get started smoothly this time?

CAN: This afternoon everything went all right.

It is interesting to note that Candidate E reported
a capsule temperature of 60 degrees throughout his capsule test
and reported feeling comfortable throughout the simulated flight.
Consistently, 68 degrees has been an uncomfortably warm temper-
ature for the pressure suit in the capsule.

Frequently during this chamber test, there was a
great deal of background noise in the radio communications cir-
cuit so that the monitor and the candidate had considerable dif-
ficulty understanding each other. This occurred during ascent
when the time arrived for stabilization of the capsule atmos-
phere at an equivalent pressure altitude of 26,000 feet, Due
partly to the difficulties in communication, the monitor on duty
lead Candidate C through a pointless 15 minutis exerciase on ma-
nipulatingthe capsule pressure controls. Throughout this period,
Candidate C passively followed the directions given him as best
he ocould with no apparent effort to understand the nature of the
prodlem or to evaluate the situation for himself,

Shortly before 0400, when the chambsr had reached
simulated ceiling altitude, the following conversation with the
monitoring psychiatrist was recorded:

INT: This is Eds Good morning.
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OAN: Well, you got up early!
INT: How are you feeling?

CAN:t Pretty good, kd., We just got settled down.
We had a little trouble, and I had one hesk of a time getting
into the parachute, getting the parachute harness on, ets., dut
now things are getting more normal and relaxed,

INT: You should be feeling pretty tired by now, Are
you?

CAN: No, I feel fairly alert and efficient about
this whole thing. I have a couple of pressure points on my helmet
and that's the only thing that's bothering me., I wouldn't say
that I'm tired yet.

INT: Well, good enough. Is there anything else about
the way that you are feeling that you want to tell me?

CAN: Stand by a minute., I have been writing some
stuff down here over a period of time, and I*1ll see if there is
sanything here. Everything is going real well, but now I think
I'm going to start to get a little bit cold. It's 52 degrees
in here, and I still have a long way to go. That's about all
I've got, Ed.

INT: Do you feel pretty alert and able to handle
any new situations that might come up?

CAN: Az of now, yes.

INT: Do you feel any laziness as far as your think-
ing and actions?

CAN: None whatsocever.
INT: Okay. I'll see you about 8:00 o'sclock then.
CAN: Okay. Goodalght.

Through the next 12 hours the candidate responded
methodiocally to requests and commands, spending the usuval amount
of time having the monitor reviow emsrgency progedures. The
1400 hours pilot report was 17 minutes late, The 1500 hours
report was 42 minutes late. There was no report at 1600 or
1700 hours, The 1800 hours report took the longea: of all for
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the candidate to prepare and transmit, By 2000 hours, he
seenmed to come back to 1ife again, As can be noted in FPigure
b, the 1800 and 1900 hour reports of this candidate indicated
an efficiency level of 82 and 84 percent respectively, All
other reports were in the nineties throughout the flight, The
monitor's log contains a 1715 entry that the candidate reported
an upset stomach.

At 2100, the candidate was told that he would start
descent in four hours (at 0100). He had apparently figured out
for himself that descent should start at 2X00 hours as evidenced
by the following comment recorded at 2400 hours.

INT: How arve you feeling?

v CAN: Oh. I was asleep.
: INT. Sorry. I thought you were up.

CAN: Uhhh, well, I thought I was coming down a
little sooner than I found out I was. That was kind of a dis-~
appointment. At the last minute I thought I was going to start
down around 2300. Nobody told me this. I had to figure it out
in my own mind. I find it's 1:00 o'clock, which ia too long
from now.

INT: You go ahead and get a little shut-eye.

During the debriefing, the following very revealing
conversation was recorded:

i INT: Do you want to elaborate any on how you felt?
You have the impression that you were really having to push to
do \anything, especially that one pilot report you gave right
along in there. It was real slow and your speech was sort of
slurred.

CAN: Yes, I, this nausea that I had, I; now as
I think back, the only thing that I can attribute it to, is the
coffee drink., Because I think the records will dear out that
there wasn't any particular anxieties at all, and this thing
suddenly came on to me, and I was asick, and I wanted to throw
up, but, of sourse, I couldn't, and I don't know whether I could
have if I had tried, rsally, but I had that feeling, that I wanted
to throw up, and this stayed with me for about four or five hours,
and it got progresaively worse, and thon the thing that cleared
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up was I slept, or ad least I didn't do anything, for at least
almost two hours, from about %:00 until 7100 and then I seened
to snap out of it,

INTt We purposely left you slone after that, Yeah,
Quite a length of time.

CAN: Yes, it was a long time that you left mo alone,
I knew that, and again I wasa't sleepy, dut I was, I had my head
down, and I wasn't doing anything, and the lack of exertion
seemed to help, bui, why this came on all of a sudden, I don't
know = one reason that I think maybe I got sick, was the pro-
cedure that had preceded the previous 36 hours or so. I had
been in, I came out, I almost went back in again, I came out,
I was in that pressure breathing for a long period of time. I
went home and had not a good night's sleep. Back the next day,
and then I had planned to sleep all afternoon when I thought we
were going to be all day in getting this hose on, and I got about
45 minutes and then back here, and personally, I believe it was
the buildup of all of these things and suddenly the bottom fell
out from under me., Because all at once I had nothing at all to
go ons If you hadn't let me rest, I don't know what would have
happened. I was miserable - and while, to be very truthful
about it, there was a while there when I was at that very, very
low point when I thought, "Boy, I'm not too sure this is worth
it and I'm sure that there is not a subject that ever goes in
this test that doesn't experience the same thing some time in
the thirty-some hours. My God, this is terrible!" But, when I
bounced back and talked to Dr. Levy, what time, 9:00 o*clock -
7:00? = when I bounced back, then, I was determined that I was
all right and there would be no problem particularly in finish-
ing the test, but between 2:30 and ?7:00 why, I wouldn't have
bet a nickel on it.

INT: I was thinking the same way. I was real glad
to see you bounce back.

The degree to which the caniidate was emotionally
dependent upon the monitor requiring kis reassurance is clearly
revealud in the following ctatement made during the debriefing:

CAN: There is one thing., 1If, I have to maka this
plain, I den't want to be presumptious. I mean, this is the
histcry of this program. You don't want to be presumptious
about making a hot flight, and this is no disreapect to anyons,
'cause, boy, I could have been washed out of here this afternoon
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at 2130 4f someone had sxid, "Do you want out?¥ I would

hRave said, "I want out." I mean, I was that close and I
think this is the odligation of any subjects to de honest
about your reactions in this thing snd, doy, I was just about
at the end of ny rope but the point I wanted to make was that
12 I make this flight, I want one monitor on duty on that
intercon with me all the time, because you make more sensa

to me than anyone I've ever talked to over that interccnm.

You and I seem to communicate real well, and I think it's
Just by your experience and your description when you say
something I know precisely what you are talking about right
away. Somebody else gets on there and says about the same
thing and I have to stop and think, This, as far as I an
concerned, is a must because you are the No. 1 boy on that
communications if I go up. That's just about it.

The physiological data illustrated in Figure 42
reflects this candidate's highly stable unreactive nature.
The skin resistance (if these are valid readings), heart
rate, and respiratory rate are all remarkably steady. Thes
foot temperature is particularly interesting for its contin-
uous high level as compared to Candidate E. This doubtless
is a reflection of the higher capsule temperatures and the
fact that Candidate C felt hot during a major portion of the
run.

The alertness and drive graph illustrated in Fig-
ure 43 confirms the impression obtained from the debriefing
that the candidate had to "drag'" through most of the test.

Despite the candidate's very low assessment of
his effectiveness during the debriefing and the confirmation
of his complete loss of effectiveness by the monitor, the
cacdidate still rated himself greater than 80 percent effi-
cient throughout the entire run on a 0 to 100 percent scale,
This again emphasizes the difficulty individuvals have recog-
nizing at the time their low level of performance induced by
fatigue,

d. Candidate D,

At the time of this chamber run, Candidate D was
alternate pilot to Candidate C, As it later turned out, Can=-
didate D made the MANHIGH III flight. This run was made after
one day of rest for monitoring personnsl following the chamber
run of Candidate C,
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The $ime of $his chaaber run was direotly oom=
parable to an actual bdalloon flight, The candidate was dressed
in his pressure suit and in the ocapsule by 2243 hours, Dif-
fioulties with the oxygen hose connection to the X=90 kit une
expeatedly bdreaking, and the failure of the Strode light of the
subject camera to funotion properly delayed the procedurss until
it was 0015 when he was sealed in the capsule. Pressure-ascent
began at 0633,

At 0430, two hours before the beginning of ascent,
the following conversation was recorded dbetween the monitor and
the candidate:

INT: Okay, Mac, how do you feel about the whole
thing about now?

CAN: Real great now. 8Say, I'm going to figure out
when is the best time to sleep here. I'm not as sleepy as I
could be, but I think I'1l take an hour here. Can you get two
hours before the test starts?

INT: I think you probably have about two hours,
now, before the test starts.

Shortly after the 1100 pilot report (five hours
after ascent), the candidate volunteered:

“Roger, I am not sleepy now, but if there is nothing
to do and if you can't find anything to do I'm going to try to
take a nap. I'd like to have something to do, if there is any-
thing."

Shortly after noon, the following conversation was
recorded with the psychiatrist monitor:

- INT: How are you doing, old man? What do you know?
Just blew in from Virginia last night, but the monitor said he
had things well under control so we've let him control them, I
hear though, that you are really the man who'!s got them under
control, Oh, ysah, says you're sharp as a tack. That's debat-
adle, I guess. How do you feel?

CAN: About like a tack.
INT: You mean you're sharp as one, or sitting on one?

CAN: Sharp as one,
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INTs I'm glad to hear things are going well,
We'll see you later,

CAN: Roger.

Shortly after this, the candidate volunteered the
following request:

"8ay, how about getting out that list on the spot
photometer., Let's go through a trial run, eves though it won't
work. Let's try to start familiarizing myself with it, the dials
and their funoction. How do you use it? What do you do? 1Is it
hard to get down? Or hard to put back up? What are the knods
for?"

This is typical of the acope and depth of the curi-
o8ity of this candidate concerning the apparatus and the ex-
periments to be conducted on the flight. The Project Physi-
ologist, Captain Eli Beeding, normally reviewed emergency pro- .
cedures with the candidates during the chamber run., The question
of the critical timing of releasing the capsule from the balloon
upon landing was mentioned several times and the importance of
knowing the terrain altitude to assist in this function were re-
iterated in several different conversations. The doudbts and con-
cerns ‘expressed at this time were well learned, as demonstrated
later during the pilot's descent on the MANHIGH III flight.

At approximately 1515 (nine hours after ascent, the
following conversation with the psychiatrist monitor was recorded:

INT: How are you doing, Okay?
CAN: Yeah, if you can be comfortable in a mummy box.
INT: I understand you had a little trouble urinating.

CIN: No trouble after I got the bottle and the ma-
chine up to do it with.

INT: That was quite exhausting, wasn't it?
CAN: It needn't have been,

Int: But you're feeling okay now and quite comfort-
able?

CAN: My inexparience in this capsule would have
made quite a difforence., But it was more exhausting by far than
I expeoted,
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INTt I sees Everything ocomfortabdble for you though?
CAN: Yeah, rather than say exhausting, let's put
it this way, the position, plus everything else, the position
you have to hold plus all the other operations I had to go
through to get ready to do thiu, were by far very atraining and

strenuous, you know, As if you were straining to hold up a big
load or something.

INT: I see. Well, your pulse rate's down now to
about normal and everything reads okay so I assuze that every-
thing's very comfortable for you,

CAN: Roger.

At 2100 hours (15 Lours after ascent), the following
conversation was recorded with the monitor:

INT: I might tell you, Mac, that in the event that
your power gets low in there, we will be able to feed some to
you so you don't have to worry about an aborted run dbecause of
it.

CAN: Uh, I'm not worrying about anything, old buddy.

INT: Real fine. That's the kind of characteristics
we like. Mac, have you slept any since way early this morning?

CAN: Negative.

INT: Real good. How do you stay so super?

CAN: Training, man.

INT: That's fine. What are you doing, Mac?

CAN: Checking out this light,

INT: What light?

CAN: That one.

INT: Ok, Okay, now I know what one you're working
withe I'm getting the whine from the motor in the headset here
and I couldn't rfigures out what was happening,.

This illustrates the sonstant pressure of spontansous
sotivity expressed by this candidate throughout the run and his
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irrepresaidle intersst to know and to experience how everys
thing worka and to understand its operation coapletely,

Since this candidate was doing so well and the
emergency suit pressurization systems had never deen teated
in the capsule under chanber flight conditions, it was decided
to have a decompression test during descent, The chaaher was
levelad off at 65,000 feet, at which point the capsule was
vented through the manual decompresaion valve to the chamder,
reducing its internal pressure to the 65,000 foot level of the
sain chamber requiring that the partial-pressure suit inflate.
The chamber was then dropped down to 40,000 feet, at which level
the candidate could safely bdreathe the nearly 100 percent oxygen
atmosphere within the capsule, if necessary. This experiment
was conducted without mishap despite the profound level of
fatigue of doth operators and candidate.

During this decompression test, the candidate's pulse
rose to 160 beats per mi-.ute which was a source of considerable
concern to the monitoring personnel at the time. It had reached
only 140 on the MC-1 partial-pressure suit, which indicates that
the higher value of 160 had a primarily psychic origin since the
MC~3A suit is a much better garment physiologically.

Unfortunately, the transcription of the debriefing
recording is not available for this report.

The extremely labile pulse rate of this candidate
was a source of some concern at times during the run, as it had
been during his physiological stress tests. As shown in Fig-
ure 44, it ranged from 51 beats per minute to 115. Unfortunately,
the skin resistance telemetry circuit was inoperative during this
run. It is interesting to note that this candidate's foot surface
temperature dropped shortly after the deginning of the run and
then gradually clinbed to approach that of his internal temperature.
The variation in internal temperature during the early part of the
run is doubtlass attributables to instrumental error, since the
candidate was expsriencing serious difficulty zeroing the bridge
circuit which msasured the resistance of the temperature sensing
thermistors. His respiration was more labile than that of the
other subjects and the capsuls tempsrature, while nearly identical
to that of the previous run, was intarpreted by this candidate
as being wara during most of the flight.

The subjeot effioiency ratings illustrated in Figurs
b5, again ranged betwoen 80 and 100 percent on a O to 100 percent
scale, Obdviously, much more decroment occurred during & 24=hour
grind such as this., As a result of thias "optiniastie" blas iatro=-
duced by the candidatea, the pilot, during the flight itaelf, was
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requeated to ohange the center point from 90 percent effi-
eiency, which had desn par for the course to date, to 50 pere
cent, This should provide a wider range peraitting a more
sensitive indioator of sudjective feeling,

¢, OCandidate B.

Candidate B had donned his partial-prescure suit
approximately three hours defore the ocapsule was sealed. He
predreathed pure oxygen approximately l-3/k hours in his hel-
met with a0 apparent difficulties., Neo was sealed in the cap-
sule at 1400 hours. 80 far as capsule performance was concerned,
the chanber run was essentially uneventful. By approximately
0300 hours of the following moraing, he began to indicats that
it would be desiradle to terminate the flight because of extreme
discomfort caused by the wiring harness for the physiological
instrumentation. This was essentially the same harness wora
with moderate discomfort by other candidates. At 0500 he in-
sisted upon termination of the flight, 15 hours after being
sealed in the capsule.

. When carefully examined two hours after removal
from the capsule, moderate irritation was observed but no evi-
dence of cutaneous injury.

8. Capsule Indoctrination

After Candidates C and D had completed the WADC simu-
lated flight pressure chamber runs, they returned to Minneapolis
where they still had the capsule indoctrination to complete and
several Skycar flights to accomplish. Since the Skycar flights
could be made only under favorabls weathar conditions (relatively
clear skies and low surface winds), the time spent waiting for
favorable weather was spent being checked out in the capsule and
becoming completely familiar with the position of all controls,
their operation and the mechanisa they control., At the sanme
time, the pilots were encouraged to practice using the scien-
tiftic instruments for conducting the various experiments ine
cluded on the flight,

9. Suprlementary ¥xaminations

A part of the preflizht schadule of each pilot includad
examination by Dr. David V. L, Brown of Chioago, Illinois. Dr.
Brown conducted a thorough ophthamalogical examination, inelude
ing a meticulous alit lamp exazination of both eyes in ordar to
have as thorough a knowledge as possidle of the interzal eye
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struotures aand visual acuity of she sandidate defore f1ight,
Correasponding exaninations acsozplished as regular intervals
postflight were soheduled to deteot any ohanges attridutadle
to expoasure to heavy primary cosais rays.

In addition to the above examination, Candidates €,
D, and B vere sxamined by Dr. Nerman B, Chase of 3Brown Uni-
versity for evidence of grey hair on the head, forsaras, and
chest., This exanination served as a oontrol for postflight
exaninationy to detect any evidencez to greying caused by ex-
posure to heavy primary cosmis rays. This was especially im-
portant when the flight was initially expected to take place
from a aorthern latituds where the pilot would be exposed to
heavy primary thindowns during flight.
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CRAPTER IV
FLIGHET SURGION'S RIPORT®

A+ THE PANEL OF EXPEIRTS

Atter the MANRIGH II flight, it was common for me to be
speaking to an expert in some scientifio discipline in which
observations were atteapted during the flight and to have the
scientist ask a question about whether I unoticed so and so, or
whether such and such was the case. Although a major effort
had been made to anticipate as many questions of this type as
possidle, naturally, many of them were missed. In addition,
the odservations that were made frequently generated nev ques~
tions or emphasized aspects that had not been anticipci:c re=
fore the flight. It is obviously not practical to take aling
a group of scientists to stratosphere altitude at the present
stage of development of balloon technology. However, it did
appear reasonable and feasible to provide a selected panel of
experts with an opportunity to converse with the pilot during
the flight, letting him be their eyes, so to speak, so that
they could ask their questions while the balloon pilot is act-
ually making the observations. In this way it was expected that
the number and quality of observations made on a given topic would
be equal to that attainable only after two or three consecutive
flights, using ordinary flight-debriefing - repeat flight tech-
niques.
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In principle, this technique worked very satisfactorily on
the MANHIGH III flight. Unfortunately, the scientific obser-
vations made by the pilot had to be discontinued shortly after
the observation program had started because of unexpected crit-
ical hyperthermia.

The Panel of Experts included:

1. Psychiatric Consultant - Captain George Ruff, Stress
and Fatigue Section, Aeromedical Laboratory, WADC. Dr. Ruf?
planned to observe the pilot's performance through the manner
and content of his answers to other panel members' interrogation,
as well as through specific interviews similar to those held
during the WADC ochamdber runs. His presence on the panel, during
the flight, turned out to be most fortunate,

T By Lt Colonel D. G. Simons
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2, Aviation Physiologist = Captain B, L. Beeding, as
Project Physiologist at the time of the MANAIGR IIXX 21ighs,
was responsidle for recording physiological data, inoluding
supervision of the telexetry data deing monitored by cone
tractor techniscians and data trananitted verdally by the
pilot. Becauze of his expsrience in maintaining the monie
tor logs and pilot report data sheets during ths chasber runs,
he was girven prizary reaponsidility for this function during
flight. In addition, he was responaible for ensuring the
collection of the corticosteroid stress expsriment samples
pro;ionsly described in the MANHIGR II Report® for Captain
Archidald,

3. Flight Surgeon = Lt Colonel Davld G. Simona., As
Project Officer, and having had the experiesnce of making
the MANHIGH II flight, the author was dasignated Flight Sur-
geon for the flight. In addition, I waes responsible for the
schedule of observations and arrangements for the Panel of
Ixperts. Because of my previous flight experience and research
interests, I was the panel member resporsible for the visi-
bility experiments included on the flig: ; and for the eye and
hair greying cosmic radiation experiments previously mentioned.

4, Sky Luminance and Radiance Experiment - Dr. S. Q. Duntley
of Scripps Oceanographic Institution was reaponsible for this
sxperiment through the auspices cf Dr. Vincent Stakudis, of the
Air Force Cambridge Research Center. Mr. Boileau represented
Dr. Duntley during the flight. They were primarily interested
in the data obtained from the spectrum apot photoneter.

5 ¢

5. Stability Experiment - Mr. George Nielson represented
Dr. Allen Hynek of the Smithsonian Astrophysical Obaervatory,
Cambridge, Massachuaetts, in conducting telescopic monocular
and night star track photographic studiess of the frequency,
direction, and magnitude of capsule oscillations. The last
tvo experimants producsd scanty data because of the short
period availabie at altitude during the flight in which to
maks obaervations.

6. Metsorologist = Mr, Bernard Gildenberg, who, in addition
to being primarily responsible for meteorologiocal data obtainsd
by ths pilot during the flight, offsred a nunber of suggsstions
in the astrononical area and served as officinl project mstaore-
ologiast forecaating high altitude winds,

S HANAIGA LT, USAY Manned Balloon Flight into the Stratoaphere,
ATHDC=TR=59-28, Juus 1959
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7+ Astronomer = Hr. George Nielson represented Dr, Des
V:ucouicuru of the Narvard Observatory as Panel Astronomer iy
absentia,

8, OCosmic radiation monitoring experiments were conducted
by Dr. Herman Yagoda, now of the Air Force Cambridge Research
Center. He also conducted a micrometeorite experiment recently
reported®.

9. Ixperiments conducted without panel participation =
(a) The Eastmen Xodak Company supplied equipment under contract
for a classified Air Force experiment, (b) Dr. Dyme and Beatrice
Finkelstein of the Nutrition Section of the Aeromedical Lab-
oratory, WADC, provided the food and diet recommendations dur=-
ing the chamber runs and the high altitude flight and (¢) Major
Carl Ferriby, Reconnaissance Laboratory, WADC, expended a great
deal of effort in preparing a camera package which included a
group of cameras that took pictures with various types of film
and filters, a strip camera which recorded pictures from horizon
to horizon, and a Scaterrometer. Unfortunately, the complications
introduced by including this large, heavy, but valuable package
were more chan could be handled (Fig. 46). As the time for
flight drew near it looked very much as if it had become a
question of fly without this experiment or don't fly at all.
Unexpected difficulties, such as change of launch site dictated
this decision. The primary purpose of this experiment was to
provide data which could be correlated with the pilot's visi-
bility observations after the flight, so that there would be
both objective and subjective data for comparison.

In order to permit this groun of Panel Experts to monitor
the balloon flight aituvation, a vus was equipped with a speaker
8o that when the bus and communications trailer were parked,
the speaker could be plugged in and all panel members could
listen to conversatioas between the ground and the capsule,

The communication trailer used by the command group had one
microphone available for the use of whichever panel membsr's
expsriment was being conducted at that time.

In the event that the balloon traveled too fast at alti-
tude to permit adequate monitoring with the mobile grouand
equipment, a C-47 was equipped to carry the command group and
the Panel of Experts. It had an eightweplace table with two
miorophones and eight sets of sarphonsa. Thias provided a
place for each of the command group and a place for whiche
ever pan¥l menber was “on deck',

"Yagoda. Herman, "Obaarvations on Nickel«Bearing Cosmiec Duat
Colleoted in the Stratoaphore", AFURG=TN=39=200, Marsh 1959,
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Scheduling of the pilot's time to make optimum use of
the flight opportunity was a major prodlea, While waiting
for satisfuctory fl1ight weather, Mr, George Nielson very kindly
assisted in the proparation of the following achedule which was

used during the flight:
PRELAUNCE

WWV Time Check
Wind shear and coid temperature altitudes
Desired ascent rate

ASCENT

10
10 - 20
20
20 - 25
25 - 4o

R o T B I A ]

&
'

&
=

45 « 65

=

65 - 68 K

o
(0]
]
-~
(o)
=

78 - 82

82 - 90

Yagoda 90
g0

90 - 92 K

92 X

92 - 94 X

9h X

9% « 96 K

_ xR XN

X-100 movies

Hasselblad pix out and down
Antenna release

Establish ascent rate

Check photo panel camera
Hasselblad pix out and down

Wind 30 sheer alert - check action
of ducts

K-100 movies

Establish capsule atmosphere - pilot
report

Hasselblad pix out and down

Air temperature - 3 per min - check
ducts

Pilot report

Air temperature - 1 per min
Pull first film tad

Check ducts and poly strips
Air temperature = 1 per min
Check ducts and poly strips
Alr temperature = ) per ain
Check ducta and poly atrips
Hasselblad pix out and down
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Nielson
Ruff

Kielson

Nielson

Nielson

- 1l b . e T PP vae

96 X OCheck duots and poly strips
96 = 8 X Air tesperature = 1 per ain

e
¢
¢

CEILING ALTITUDE

Cheok ducts and poly strips
Pilot repors
K=100 movies out and down

Time ~ 0800

bs
bs - 48 Cfs
48 - 53 CA8
53
53 =~ 55 CA8

35

55 - 58 CA10
58

58 - 60

Check marker dbeacon off
Stabilization of ascent rotation
Dr. Ruff

Pull 2nd film tad

Stabilization of ascent rotation
(x-100)

Check thermistor

Check balloon action; folas, ducts, etc.
Check photo panel camera

Hasselblad pix out and down

Time - 0900

00 - 08
08 - 10

10 - 12
12 - 15
15 - 17

17 - 23
23 - k5

45 - 60

Pilot report

Stabilization of ascent rotation
(x-100)

Urination
K-100 movies down and out

Stadbilization of ascent rotation
(X~100)

Check balloon action

Quadrent pictures visibility and
stadbilization

Time « 1000

00 - 08
08 - 10

Pilot report
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Yagoda

Nielaon

Boileau

Yagoda

Boileau

Nielson

Boilsau

10 = 35
a3
2% = 50
30
30 = 60

00 - 08
08 - 30
30 = k5
b5 - 55
55 - 60

08 - 10
10 - 25

a5
25 - 30

00 - 08
08 - 23
23 - 28
28 - 43
k3 - 60

00 - 08
08 - 10
10 - 25

23

subjestive remarks / window frost
OGheck photo panel camera

Pull 3rd f1ilm tad

Time =« 1100

Pilot report

Monocular stadility check
Quadrent pix - visibility
Silencs and introspection

Light level in and out of capsule

Tine - 1200
Pilot report

Spot photometer
Check photo panel canera

Pull 3rd film tab
Eastman experiment K-100

Time - 1300

Pilot report

Spot photometer

Subjective remarks # window frost
Quadrent pix -~ visibility
Monooular stadbility check

Time - 1400
Pilot report

Spot photometer
Check photo panel camera
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Ruft

Tagoda

Boileau

Yagoda
Nielson

Boileau

Yagoda

23 -3
3 =3

50
50 = 60

00 - 08
08 - 10
10 - 25
a5 - %0
30 - b5
45 - 50
50 - 60

00 - 08
08
08 - 10
10 - 25
25 - 35
35
35 - 38
38
38 - ko
ho
ho - 55
55 - 60

00
00 - 08
08
08

Dr. Muft

Pull bth £4ilm tad

Time = 1500
Pilot report

8pot photometer

Lye patch on

Quadrent pix - visibility

Check retinal flashes

Daytime star color and scintillations

Time - 1600

Pilot report

Balloon duct check

Air temperature

Spot photometer

Subjective remarks £ window frost
Check photo panel camera

Air temperature

Balloon duct check

Pull 5th film tab
Quadrent pix ~ visibility (-UV Filter)
Light level in and out of capsule

Time - 1700

Thernistor on
Pilot report

Cheok air ducts
Check balloon ducts

18
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08 =10 Aly semperature

Boileau 10 = 25 Spot photometer
2% « 30 Bilence and introspection
30 Oheck balloon ducts
30 - 32 Alr temperature
Boileau 32 « 60 Zastzan experiment X-100
Time - 1800
Nielson 00 ~ 02 Hascelblad sunset pix
02 - 08 Pilet report
08 Check marker beacon on
o8 Check air duct
08 - 10 Air temperature
10 Check balloon ducts
Nielson 10 - 13 Hasselblad sunset pix
Kielson 13 - 17 Sunset timing
17 - 22 .
22 - 25 Approximate time - green flash xovies
Boileau 25 - 29 Spot photometer arch observat.ons
29 Check balloon ducts
30 - 32 Air temperature
Boileau 32 - 36 Spot photometer arch observations
36 Check photo panel camera
36 - 42 -
Boileau b2 - 46 Spot photometer arch observations
Yagoda 46 Pull 6th film tad
bé - 60 Quadrent pix - visibility (-UV Filter)
Tine « 1900
00 - 08 Pilot report
08 Cheok air duot
08 Chsck balloon ducts
08 <« 10 Alr temperature
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Mielson

Nielson

Nielson

Rufft

Tagoda

20
10«28
28 - 27

27
27 - 35
35 = 45
48 = b7
47 - 50
50 - 55
55 ~ 60

08
08
08 - 10
10 - 20
25 - 30

30 - 32

32
32 - 38
38 - 39
39 - 42
42 - b5
b5 - 55

55
55 - 60

00 - 08
08 - 25

Cheok thermister

Air temperature

Cheok balloon ducts

Sudbjective remarks £ window frost
Approximate time Jupiter sets
Aly temperature

Zodiacal light

Time - 2000

Pilot report

Check air duct

Check balloon duct

Alr temperature

Approximate time -~ Mars rising
Alr glow experiment

Check buxlloon ducts

dir temperature

Check photc panel camera

Star track camera goes on
Air temperature

Zodiacal light

Dr. Ruf?

Pull 7th film tad

Tize ~ 2100

2ilot raport

Scintillation experizsent £ retinal
flashes
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2% - 27 Cheolk deacon viaidility
27 Cheok Shermistor
27 - 30 Urination
Nielson 30 = 32 Star track oamera calibdration (Xor.,)
32 - 35 Zodiaoal 1light
36 - 60
Time = 2200
00 - 08 Pilot report
Yagoda 08 - 12 Lucite block
12 « 20
20 - 30 Subjective remarks £ window frost
30 Check photo panel camera
Gildenberg 30 - 35 Clouds
35 - 40 Air glow experiment
ho Pull 8th film tadb
‘ 4o - 60
Time - 2300
00 - 08 Pilot report
08 - 18 Approximate Saturn setting
18 Check thermistor waver
18 - 30 Monocular stability check
30 - 32 Star track camera calibration (Ver.)
32 ~ 37 Silence and introspection
37 = 40 Moon rise pix and timing
Nielson 40 - 60 Visual scintillation check
60 Check VHF raceiver off
Pime - 2400
00 - 60 8leep
Time = 0100
00 Pull 9th fila tad
00 « 08 Pilot report
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] Oheok photo panel camera

08 = 10 Moon rose pioture
10 - 15 Moon = spot photometer
18 - 25 Zodiacal light
Gildenderg 25 = 27 Clouds
27 = 30 Alr glow experiment
30 - 40 S8ubjective remarks £ window frost
4o - 60
Time - 0200
00 - 08 Pilot report
08 - 10
Nielson 10 - 25 Monocular stability check
25 = 27 Star track camera calibration (Hor.)
27 Check photo panel camera
27 = 30 Zodiacal light
Nielson 30 - 50 Hasselblad F 2,8, 1 sec star pix
50 Pull 10th film tabd
Rufy 50 -~ 60 Dr. Ruff
Time - 0300
00 - 60 Sleep

B. FLIGIT PREPARATIONS

To appreciate the psychiological setting and the emotional
context in which Lt McClure performed the MANRIGH III flight,
one must remember that the MANHIGH project was under official
orders to terminate as soon as possible through the final weeks
of the program. The competition between the pilot and standby
pilot in :he sense of '"who will be the one to go' was intensely
keen, It was mid-September, both candidates had completed all
requivemer ts through the WADC chamber test, needing only the
required Skycar time for a CAA license when Mr, Gildenberg,
the Project Meteorologist, set the end of September as a ton-
tative cutsff date for a flight from Crosby, Minnesota, becauae
6: the revarsal of high altitude winds at that time of the year,
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At thia point, Oandidate D, Lt MoClure, beocame the No, 1 pilot
and Candidate C the standby pilot as previously explained, Day
after day was spent rehearaing oapsule procedures, awaiting suf-
ficiently clear weather for a Skycar flight, Finally, the late
Mr. Lee Lewis, the Instructor Pilot, started noving westward
with Lt McOlure and the launoch orew in the hope of finding a
break ia the weather.

Finally, on 25 September, Mr, Lewis and Lt MoClure were
atle to get the Skycar off from Bismarck, North Dakota, complet-
ing that flight the same day. They returned quickly to Minne-
apolis to take advantage of another break in the weather to com=
plete the second Skycar flight or 27 September. Lt MoClure
completed his CAA license requirements by making a one~hour
solo flight the following morning, Sunday, 28 September. Grate-
ful for the good weather that permitted the quick completion
of the Skycar requirements, the same question weighed heavy in
Lt McClure's heart, as in every project member's, '"Would the
surface weather clear for a launch from the Crosby Iron Mine be-
fore Mr. Gildenberg's deadline?"

On 29 September the latest weather reports from Mr, Gilden-
berg made it clear that the operations plan must be modified to
account for an eastward trajectory of the capsule at high alti-
tude. The winds had changed. By afternoon of 29 September, the
prediction for two days hence looked quite hopeful. FEveryone
moved to Crosby the following day prepared for an early morning
1 October launch.

At 1800 on the evening hefore the scheduled launch, Lt McClure
got up to eat and dress in the pressure suit. At the same time,
review of the latest RAOBS (high altitude wind weather reports)
looked quite discouraging. The launch weather looked perfect but
the flight would end 100 to 200 miles south of James Bay, in the
Hudson Bay area. Even with a perfect flight and perfect weather,
this would be a nearly impossibls area in which to recover the
pilot after the flight. The weather in that area was forecast
to be stormy., Might the upper wind picture change in the next
several hours? Might it be possible to reduce the flight time
and land in a reasonable area for recovery? These and many other
possibilities were thoroughly explored. By 2230 it was clear
that a flight from Crosby the next morning was out of the quastion,

The following day a complete review dy Colonsl Hessberg of
the pros and cons of the thres posaibls launch sites = Crosby,
Minnesota, Rapid City, South Dakota (the Stratobowl), and Hollo=
man Aly Foroe Base in New Mexico were thoroughly diacuaased, Mr.
Gildenberg assured us that there was a negligidle chancs that a
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period of satisfaotory high alsitude winds would occeur for a
Orosdy launch during Ootober and would likely ocour several $iszes
in Noveasber., However, tixe limitations ou the projest presiuded
Shis poasibility, The high altitude winds were already too strong
$o perait a satisfastory reaovery Irom Sthe Stratodowl, Golonsl
R;;cbo:g{dcoidod tzat Holloman Air Force Base was the only reason=
adle oholoe,

This seant the loss of the cosmic radiation experiment end
required tha’ the recovery be the responsitility of the AFMDC
Balloon Branch, This group, although well trained and acquainted
with ballovn cracking and recovery teshaiques, had never intae-
grated efforts with this contractor group or been responsidble for
a high altitnde munned flight., The remarkadly fine teaawork ex-
hibited by all concerned in successfully conducting the flight
from Holloman is & commentary on their high level of competence
and the spirit of complate cooperation smong all concerned.

In two days, on 3 October, the Air Force C-47 left Minnesota
loaded with all necessary equipment, including the only two dal-
loons manufactured to manned flight apeciZications.

On Sunday, 5 October, all key contractor and project personnel
met at AFMDC for a briefing of the new operations plan. The next
morning, Monday, would not have satisfactory ground winds for
dlaunch., Tussday morning looked hopeful. Lt McClure returned to
the "night shift® so that he would be arising at 1800, and would be
entering the capsule with as much reat as possible. This was
required by a dawn launch which was dictated by balloon flight
considerations when coaducting a 24-hour flight.

On the afternoon of 6 October, a comnand decision was requirsd.
The launch weather for the next morning looked far froa certain,
but hopeful. The tropopause temperature was cold but tolerable
and the high altitude winds favorable. The decision was to go
ahead and prepare for flight unless the situation deteriorated.
At worst, the project would lose one of the two balloons by going
ahead., If we missed the only flight opportunity for the next
few weeks, it could well mean no flight at all,

Lt McClure was given his final physiocal check and was sealsd
in the capsule. The capsule checked out without difficulty and
was brought to the launch site on schedule, At 0625, the rays
of the rising sun illuminated ths contractor personnel refilling
the dry ice cap on the capaules. Balloon inflation was ready to
begin, committing the balloon. Lt MoClure joked confidently of
the observations to be made later that day at 100,000 feet. Barely
10 minutes belore 3Inflation would have been complated and the
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£iight launshed, a guss of wind caught she dalieen and destroyed
46, Daortunately, the weather predieted for the following merning
was mere faveradle,

Ls NeOlure was given seconal and put 80 bed and preparations
bogun fer another attemps $o launch $he flight she nexs moraing.

Bis preflight physical this sime revealed a slight cold dus
50 temperature. The feoliang common among the project personnel
that this was a last chance try was detrayed by the pilot in a
011322 exaggeration of his characteristically unquenctadle en~
thusiasm.

The pressurs suit checked out without difficulty on the ocon-
sole., Lt MoClure was sealed in the capsuls and the procedurs
started for establishing the capsule atsosphere. Captain Beeding
asked for a reading of Item 7. As Lt MoClure turned to g¢omply
with this request, an accident occurred which Lt MoClure had
imagined and dreaded, but to which he had been unabdle to think
of a satisfactory answer. The chost pack parachute included
for pilot escape from the capsule in the event that the operation
of the emergency capsale parachute was unsatisfactory or unusable,
was one of a kind. It was rigged especially for use in this cap-
sule and tkhere was no replacement at AFMDC.

It is possidle that he had accidently pulled the rip-cord.
The parachute lay in his lap.

Althsugh xot trained as a parachute packer, Lt MecClure,
several months before, had observed carefully tha packing pro-
cedure and satisfied himself at that tine that he knew how each
step was accomplished aiid why. He immediately knew that to re-
port the accident and abort the flight would delay it for at least
one day, doubtless beyond the good weather we were fortunately
experiencing. To try to repack it would require superhuman effort.

He decided the only thing he could do was try. Slowly and
with meticulous care, he carefully repositionsed the silk in his
lap fold by fold, having to interrupt his labors fraquently to
answer requests for readings and to hide his-task Zroa prying
eyas outside th¢ capasule.

The capsule had checked out perfectly, its ataosphere ss-
tablished. 1t was time to tranafer the capsule from the asssndly
bullding to the launch site. Although the parachute was still
aot encassd in its pack, it was refolded and ready for final ase
senbdly. Carefully nursing it during the trip, he anxiously re-
suaed his desperate labor, straining with his last ounce of
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strength to force the atuddorn material into the impossibly
small space of the parachute pack., With strength derived

from pure desperation, he managed to finish the jod, eaoh
landyard and pin in its proper position. GChecking and re-
cheoking his work, he was relieved and confident that it was
done well, Ke was betting his 1life on it., 1In addition, he
had a deep aense of responsidility toward those in charge of
the flight., He fully reported the incident on the tape re-
corder so that should any unexpected complication arise during
the flight, this facet of it would be known.

A soant 20 minutes before launch time, he could relax for
the first time in hours and enjoy the pretflight preparations.
The balloon was again straining high above hilm, nearly inflated.
The wind was calm and all looked well,

Apparently because Lt McClure was reporting a cooler, more
comfortable temperature this morning than he had the day be-
fore, the contractor engineers responsible for the capsule
decided not to repack the dry ice cap but to send it aloft
without additional cooling. On both the previous MANHIGH
flights, thias cap had been repacked with dry ice within an
hour before launch.

C. THE FLIGHT

At 0651, on the morning of'8 October 1958, the flight
cleared the ground. The pllot was on his way.

The ascent went essentially as planned. A slightly high
ascent rate required Lt McClure to valve off excess free lift
during the first half hour. The balloon system responded well
and all turned to their preacribed tasks of observing and ree-
cording data.

The tape recorder of all voice communications between the
command communications trailer and the capsule was working.
The telemetry write-out had.little interference and all channels
seexed to be functioning properly. Only the panel temperatures
read by the pilot were inordinately high, 118°F, It wus soon
established that this was caused by the faoct that the sensing
element was accidently left out of reach on top of the COp2 and
water absorbing air regensration unit which used a highly ex-
othermic chemical reaction, This reading was readily explain=
able, but essentially meaningless.

The pilot reached oceiling altitude of almost 100,000 fest
at 1000, not 0800 hours as plunned on the pilot obassrvation
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schedule, We corrected dy starting his activities at the 1000
point on the schedule, eliminating the observations planned

for the first two hours., We started dy having him degin with
the subject's remarks to the on=board tape recorder., It was
necessary for him to turn the oartridge in the recorder at this
time, having filled the first side with the story of the para-
ohute difficulties, It later turned out that in the process, a
battery lead broke so that the tupe recorder failed to function
from this point on in the flight,

All was going smoothly so we asked him to have a snack to
eat during his silence and introspection between 1140 and 1150
while we evaluated the trajectory situation. He had now been
at ceiling altitude long enough for us to anticipate his speed
and direction of travel, By noon, it was apparent that he was
moving to the northweat at a much more rapid rate than had been
anticipated. It would be necessary to leave the communicatioxns
trailer and fly in the C-47 to a rendezvous point to the north-
west., After the 1200 pilot report, which included a tape re-
corded interview for a mewsman, and while Lt McClure started
his 1215 spot photometer readings, the command group and Panel
of Experts transferred to the C-47.

The command group waas composed of six people; Lt Colonel
Rufus R. Hessberg, Chief of the Aeromedical Field Laboratory
was officer in charge of the total operation. The author, as
Project Officer, was the Project Flight Surgeon and Director
of the Panel of Experts. Captain Beeding was Project Physiol-
ogist. Mrs.V.H. Winzen, acting President of the Winzen Re-
search, Inc., directed the contractor group which included
Mr, Lee Lewis who was in charge of balloon launch and balloon
flight operations, and Mr., Donald Foster, the contractor's
Project Engineer.

Lt McClure later onbserved that he had found the interview
with the press at noon, surprisingly exhausting. He reported
that the spot photometer observations hs made next left him
'really exhausted”, At this point, neither he nor anyone else
suspected the nature of his problen,

While he was completing the spot photometer readings, the
C=47 had become airborne and ths command group was agsin organ-
ized and in communication with him. Starting at 1245 hours, he
was busy with efforts to follow the count-down of a missile
which was scheduled to destroy its target at 80,000 fest,
20,000 feuot below him. The prospect of capturing a downward
looking view of this event captivated everyone's attention un-
til the misaile firing was cancelled 1% minutes later (1300),
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At that time, a review of the sisuation revealed shas
Lt MoClure's volice showed signs of deteriorated performance
and he stated that he felt wara, Nis telemetered pulse rate
had gradually olimbed from a normal 80 deaty per minute res
corded during accent to a high 140 beats per minute, Knowing
his reputation for a labile pulse, this in itsel? was not cone
sidered cause for alarm, However, his reported internal tem~
perature of 101°, if reliable, was a serious omen., The telem-
stered capsule temperature was 76°F, so this made no sense.
In any case, it did make sense to have hia drink water since
Captain Beeding discovered that in all of the excitement, Lt
McClure had failed to take in any liquid since 0200 = over 13
bours before.,

At this point, the tube to his drinking water supply would
not function properly so he was able to get only a tantalizing
few drops of water at a time., After a tense ten minutes, dy
1315, he discovered a method to make it work satisfactorily
and began to force his liquid intake.

Now, he was requested to resolve the contradictions among
the extremely high panel temperature, the normal telemzterad
cabin temperature, and his elevated internal temperature and
pulse rate by reading the cabin air temperature from the mercury
thermometer on the dry bulb side of the psychrometer used to
calibrate the automatic but less reliable panel instrument.

Between communication difficulties and preoccupation with
other matters, the reading was not obtained in the C-47 until
1350 hours. It was 96°F at head level and it was confirned
by the pilot as reliable and accurate because he had removed
the cotton sock from the wet bulb side of the psychrometer and
obgerved the same reading on the other independently calibrated
mercury thermometer.

The 1330 report of his internal temperature had been 102,.3°,
Was this reliable? The check of the earlier transmitted reports
showed normal readings until 1000 when a slow steady rise began.
Knowing that the air temperature must have slowly clinbad to 96°F,
this mads sense.

How serious was the situation? And what action, if any, would
be necessary? From my MANBIGH II experience, I was able to point
out that it had not been until 2200, several hours aftsr sunsst
on ths capsuls, that the temperature in the capsuls began to de-
oresse, It had been ssveral more hours until it becans comfortadla
in tha capsule. One cf ths conalstant observationa made by all
candidatas and previous pilota waz that any environnsntal tem-
peraturs in excess of 68°F, plus or minus just a few degreos, was
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unconforsadly wars, and anything over 80°F was dowaright ine
tolerable for an extended period of tize, The inexoradle ups
ward march of his internal Semperature aonfirzed that 956°F was
well Deyond a Solerable limit, HNe must start down imzediately.

This deoision was reached at about 14CO hours dy Colonel
Hessberg in conjunction with those responsidle for the flight,
It was now'a question of how to tell Lt MoClure he must valve
down. By now, his internal temperature was 103.4°, This was
alreedy a serious fever and he had not dbegun to descond froa
altitude. When he was told that he had a serious tempsrature
prodlea and would need to descond to cool off, he at first asked
if he could not remain at altitude to perforam the observations
that he had come to make. Re was told that the command group
had decided it was necessary for him to come down to a lower
altitude, at least to around 50,000 feet, where his capsule
would be much cooler,

At this point, the lesson learned from MANHIGH I, and
demonstrated by the near tragic game of who is fooling who,
desperately played between Admiral Byrd and his base camp during
his epic winter alone in Antarctica, proved extrerisly valuable.
There had been a firm agreement on the MANHIGH II flight and I
had personally briefed Lt McClure on the sacrosanct working
principle that he was in charge of the flight as pilot, at all
times without questions from the ground as long as things were
under control. The ground command group would respect this and
demand nothing contrary to his judgement unless the situation
reached a point where it was an absolute emergency, life and
death matter, and they felt they had sufficient information to
make the decision inescapable regardless of what he thought.

We would be scrupulously honest with him at all times, expect-

ing the same in return. This was primarily to protect him in

the event the situation had reached the point where his judgnent
could no longer be relied upon. This agreement had besn reached
to cover just such an emergency as this, and upon radio discuasion
with Colonel Hessberg, he respected it, and started to valve down
at that time.

He was instructed to valve repeated small incrasments of the
total valving time predicted and then awaeit results. Again and
again no results were apparent. The contractor's represontative
responsidle for flight operations, was concerned that he had
established too high a descont rate in the stratoaphere, pro-
senting a high velocity landing hazard when the deacont rate
doubled upon reaching the tropoaspheres. By 1500, he had descended
only a few thousand feet end still had not estadblished a consistent
and reliadble desoont rate, His internal temperature had reachsd
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104,1°, Now, the pilot himsel?f appreciated the urgent need
for descent to an altitude where the capsule would de cooler.
Ne was completely cooperative and, except for occasional pic-
tures and comments to the tape recorder, he concentrated on
relaxing to conserve his waning energy to meet the demanding
responsibility of landing the flight.

At this point, there seemed dut slim hope that the dalloon
would dring him safely to earth before his inexoradbly soaring
internal temperature would render him unconsocious,

By 1600 hours, the bdalloon had estadlished a gratifying
descent rate of approximately 500 feet per minute and was pass~
ing through 87,000 feet - still a long way up. Ancther hour
and another degree rise in his internal temperature. One small
bit of encouragement was the fact that his report of the internal
capsule temperature using the mercury thermometer, had shown an
increase of only one degree, 97°F. His heart rate (Fig. 47,
however, was fast approaching 180 beats per minute, the limit
of physiological compensation, This is the point of maximum
response to stress at which physical performance tests are dis-
continued.

The command group faced a most difficult command decision,
In the face of his steadlily rising temperature and his already
alarmingly high fever, no one dared predict how much longer he
would remain conscious. Should he pass out, undoubtedly the
only way of bringing him to earth rapidly enough to have a
chance of saving his life would be to release the parachute
and capsule from the balloon bringing him down on the emergency
cargo chute., This necessarily involves a hard landing which in
itself could inflict critical injury if he did not have his
shoulder harness and safety belt securely fastened. On the
other hand, to request that he strap himself tightly against
the seat and the 2=clo thermal suit, would reduce the little
ventilation he atill had. This would aggravate his therzal
problem and multiply his discomfort. The latter seemed the
lesser of the two evils.

Colonel Ressbderg, as Chief of the Aeromedical Field Ladb-
oratory, again exercised the command prerogative and instructed
him to fasten his zuit belt and shoulder harness., Lt McClure
again respectfully pointed out the disadvantage to hias situ-
ation, but when told that it was the command group's decision
and that it was necessary, he complied without further question,
Later, during the dedrisfing, he stated that he appreciated the
reasoning bdehind our roquast and had by that time ocone to re-
alize that he faced a dosperate situation,
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Ls MoClure and the command group were plagued dy a further
sorious difficulty for the remainder of the flight, Communi»
cation between the 0«47 and the capsule were perzanently inters
rupted when Lt MoClure dropped his spot photometer on the floor
where it jammed the foot switoh of the capsule traasaitter, Ne
could receive dut not transmit, For the next two hours the com=-
mand group had no way of being certain that Lt MeClure was still
conscinus except for one isolated report that a ground station
had contact with hiam around 1700, 8hould they initiate command
separation and precipitate immediate descent of the capsule on
the parachute, or should they wait, assuming that Lt MeClure
was still conscious and in command of the capsule but simply
having communication troudbles. The only hint they had that he
was still in no worse condition than defore was the telemetered
transmission of a steady pulse rate of 180. The respiration
sensor had seased to function at 1245 and the internal body tem-
peratures were reported by the pilot himsel?,

Shortly after sunset, as Lt McClure descended through 25,000
feet, the flashing night marker beacon came on, confirming that
he was still conscious and in control.

A long 40 minutes later, the capsule landed in the dark with-
in a few miles of the runway from which it had been launched
nearly 12 hours before, A recovery helicopter landed beside it
a few minutes later in time to see Lt McClure remove the upper
hemisphere and crawl out under his own power.

The last setting of the temperature bridge was 108.3°F and
Lt McClure remembered that the needle was off zero by an amount
that represented an additional 0.2°. The final internal tem-
perature reading at the time of landing was 108.5°F. It had
continued to increase throughout descent, although the capsule
did feel less hot after he opened the manual decompression valve
at 25,000 feet,

Amazingly, he had performed all the landing procadures to
perfection, including turning the night light on, opsning the
dscomprassion valve at 25,000 feet, attempting to jettison dat-
teries to slow his descent (all but one battary failed to release
becauss of an saginaering error which would have caused aorious
difficulty had he remained at altituds that night), and released
the balloon upon ground impact with perfect precision timing,.

An hour later in the Base Hoapital, his ECG showed no odb-
vious abnormality and his pulse rats had dropped from 180 to
140 beats per minute, By then his internal temperature had
dropped to 100,2°F, He seemad alert dbut undoratandadly tired,
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Ko was given intravenous fluids wish eleotrolytes and seconal

$0 insure an undisturded night's rest., The following morning

he was his usual alert, dright, cheerful self, full of via, vigor,
agd :nth:;iaan about what had happened, and eager to delve into
the details.

At the dedriefing that afterncon, when the gquestion of MANRIGH
pilots failing to eat and take liquids in adequate amounts was
being discussed, Lt McClure volunteered the following comment::

"As far as I am concerned about taking in f00d or water,
the situation that you are put in from 80,000 feet to 100,000
feet, and after then at altitude, was such that only a person
who just really never cared even about looking with his eyes
could stop to eat and drink, and that was something that just
ran on until you almost fell over and you realized, well, if
I don't eat and drink I won't de able to do any more."

Later in the debriefing, L% McClure described the manner in
which he conserved his energy during the descent::

"So I leaned over with my head against the spot photo-
meter, and when I went to tune the transmitter or anything, I
was real careful to be extremely slow, and I didn't try to do
anything I knew I wouldn't have to do, and I would try to relax
and go to sleep that afternoon. To think that my feet would be
relaxed, to relax my hands, tried to make my back feel the asame
way, and my neck, just try to drop everything except what I
needed. And still, I could feel my heart pounding all in the
top of my head, but it was awful hot ~ If you know what I mean,
your heart no longer beats without you knowing it and your pulse
is transmitted to the brain and it kind of hammers in the top
of your head, and I was real hot."

Discussing the visual aberrations that he cbserved during
his stress experience, Lt McClure pointed out that approximately
two hours after he left 95,000 feet (approximately 1700 aours)
he emptied his bladder so in the event hs should experiexce a
rough landing for some reason or another, he would prevent the
possidility of bladder rupture. He went on to say:

"So what I thought was about two hours aftsr 95,000,
after doing a little work for you peopls = very little, you
were s0 conaiderate - I closed my eyes again and all I could
see was little dlue and groen flickers of light « it was gon~-
erally more like aurora or something., It was an area of light
that came and went."
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INT: Under atress, in fact, under extreme stress ascame
people see virsual images, but they appear so real that you
can almost reach your hand out and touoh them,

Lt MoClurer Oh, no, it was nothing like that, No, it
wasn't any image at all = no, these things were just splotches
of light that came because I was so dlamed hot.

INT:t They had no form or position?

Lt MoClures No, it was just the flashes right through,
only when I olosed my eyes at firat, and then afier a while,
well, I would say another half an hour, was the worst, it just
got solid when I opeued my eyes or closed thenm,

INT: Did you see things through them?

Lt McClure: Ob it inhibited a little bit, but I couldn't
dare look out, if I looked out the porthole, boy, it really
got oad,

INT: Did this get better?

Lt McClure: Oh, yes, sven though the rectal temperature
never dropyed until I touched down and got out of the thing, and
then I'm not sure.

That he was able to execute the complicated procedure of
landing the balloon in his state of stress was very remarkable,
During the debriefing, he mentioned a number of things that had
filled his mind during this landing period. He had considered
at great length the possibility of the capsule landing on a steep
sloped mountain side and rolling or tumbling, and the similar
complication of the capsule landing on the edge of a deep-cut
arroyo on the desert floor and falling in upside down after re-
leazse of the balloon. In either case, he realized it would be
a oritical error to release the capsule from the balloon before
the capsule had come to rest. He further considered the impli-
cations of the liquid oxygen reacting with the aluminum should
the capsule suffer damage on landing. He was still able to pro=-
jeot the sicuation and assess hazards realistioally.

The skin resistance pattern during the first 5-1/2 hours of
flight (prior to the severe heat stress) and the first 8 hours
of tho confinement test show essentially the sams pattern., In
both cases, resistancs started low, around 10 ohnms and gradually
but stoeadily incroassd to approximately 30 ohms, No skin resisge
tance values taken during a heat stress ocomparadble to this situ-
ation are known at the present time, The gradual decrease in
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skin resistance t"rough the afternocon may be a reaction to
that stress, During the coafinement test, however, the re-
sistance gradually oliaded through the test, reashing a maxi-
aum value of 70 ohas at time of terminatiorn (Fig. 37 and 48).

Lt MoClure's pulse rate after reaching altitude steadily
elimbed from a moderately high value characteristic for hia,
110 beats per minute, to 180 bdeats per minute, after which
it remained constant at this physiologically maximum value,
It 18 unfortunate that the respiration sensor failed to function
atter 1245, Before that time, there was a light variation in
respiration around the relatively high average value of 25,
The humidity ranged between 50 and 60 percent throughout the
flight. ‘

It should be noted that a significant contribution to
Lt McClure's successful completion of the flight was to the
excellent jod done by Captain Beeding in briefing Lt McClure
on unusual situations and capsule operations and limitations
during his 24-hour chamber run at Wright Field.

The subjective ratings rendered by Lt McClure during the
flight are presented in Figure 48, It is most unfortunate thal
the subjective ratings had to be discontinued because of the
excessive heat stress following 1200 hours, just when they
would be of greatest intarest. It is of particular interest
that at 1200 hours, when the capsule tempesrature had already
exceaded 90°F, Lt McClure registered his subjective feelings
as comfortable, not even warn. This is a strong commentary
on his intense motivation and drive to perform the experiments
plannad at altitude, He utterly refused to &dmit to himself that
his opportunity to remain at altitude was being threatened. The
observations he was making were apparently of such intease in-
terest that his physical discomfort and thirst didn't get through
to his conascious mind.

In his presentation of the MANHIGH III flight, Captain Beed-
ipg® emphasized that our selection procedurse, although not per-
feot, had given us a pilot who was equal to the rigors of the
£light =« rigors far in excess of what had been anticipated. He
also pointed cut that in these space-equivalent type flights it
is essontial to schedule food and liquid intake because the pilots
consistently are too emotionally keyed up and intensely intorested
in the experience to properly attend to their nutritional and
14quid intaks needs.

%Beeading, ¥, L., "8Streass Aapoots of the MANHIGH III Balloon
Flight', Prosentad to tha Annual Aeromedical Asaociation Meeting,
April 1959,
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Disoussions detween Captain George Ruff, Captain Beeding
and mysel? droughs into elear foous the imporsance of lolaotlac
an individual who would de dapadle of handling not only the
planned f1ight profile, but any emergensy that one might ene-
vision. It is absolutely essential that the individual selected
de competent doth in knowledge and emotional stability to handle
the situation alone totally without communications, Lt MoClure
was considered very nearly an ideal subdbject for this type of
nission, Xe was primarily a scientist and engineer with his
motivation primarily 4in these areas, dut with pilot training

and experience, The tremendous importance of this motivation
factor could not be brought out more clearly than it was on

this flight., BEis obliviousness to his physical discomfort bde-
cause of his intense desire to make the observations at alti-
tude demonstrates the depth and intensity of this type of
motivation. It also can be a hazard if indulgsd without ade-
quate spread of attention,

It 18 interesting to note throughout the story of the MAN=-
HIGH III flight, as seen by those responsible for its success
on the ground, that the telemetered physiological data were of
tremendous value in identifying problem areas that had escaped
the attention of the pilot and in giving them a tangible, though
tenuous basis because of incomplete coverage, for making de-
cisions when verbal communications failed.

D, CONCLUSICNS

The selection program described here was a pioneering effort
at correlating the various physical and psychological parameters
that need to be considered in selecting an astronaut. It served
as a preliminary model for the program later established for se-
lecting the Mercury Astronauts.® If this program has emphasized
any one feature, it is the outastanding importance of presenting
the candidate with as reaiistic a combination of conditions sinue-
lating the actual flight experience as possible,

This flight demonstrated clearly the fundamental importance
of selscting an astronaut who has the innate interest, intel-
ligence, and basic scientific training to understand his ve-
hicle and the challenges of its environment. Motivation to
participate in a flight to "accomplish the misaion as directed"
is inadequate. The aastronaut muat be prinarily motivated dy
the challenge of the opportunity to explors the unitnown as a

YRur?Y, Georgs E., "Medical Criteria in the Space Craw Selection",
Presonted to loéth Annual Meeting American Mediocal Aanosiation,
9 June 1959,
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scientish wish adequate enginearing Sraining and 2light ex»
perience 1o perais him to execute the mission, If this is
disregarded, one would expest from the experiense of the three
MANRIOR flights that only a part of the potential sodentifiec
value of a given apace mission will de realized and the chances
0f the astronaut successfully meeting the unexpeoted orises of
space flight will be greatly reduced,

The integrated physiological, sudjestive, and psychological
studies made on the MANHIGR IXI candidates and on the pilot dur-
ing flight, was the culaination of thren years' of effort in
developing methods for correlating thz psychic state of a sud-

Ject with his measurable physiological condition under the stress
of a space flight situation, It was & pioneering effort in the
field of psychophysiology. As man ventures into space, the ime
portance of kxnowing an astronaut's performance or efficiency

level, and his mental and physical reserve by means of telemetered
biocelectric data will decome increasingly important. This requires
integrating such specialized fields of knowledge as electrocard-
lography, various body temperatures, skin resistance changes, and
psychiatric decremeat under the prolonged strasses of fatigue,
isolation, confinement, pressure of critical observations, and

need for a high level of alertness. The meaning of these measures
can be adequately determined only through an integrated progran

of ground space cabin simulator studies and space flight experience.

This flight under space equivalent conditions was the first
to use a "Panel of Experts'" to supplement the knowledge and acumen
of the pilot. This technique provides at least twice the return
of useful scientific information from a solo space flight than
the previous method of preflight briefing, then postflight de-
briefing and diascussion,
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ORAPTER V
PILOT'S REPORT®

Preflig-t procedure began for the pilot on 7 October 1958
at 1330 when one seconal tablet was taken to insure sleep, I
awoke at 2030, and at 2100 ate a large meal consisting of steak
and potatotes. I arrived at the Aeromedical Field Laboratory
building at 2230 and began immediately to dress in the preassure
suit. The pressure suit was completely donned by 2345 and the
sensor circuits were checked out shortly after midnight.

The next step was placing me in the capsule and establish-
ing the seal and cabin atmosphere. Up to this time the pro-
cedure was "old stuff" and no particular mental reactions were
noted; however, I was fairly certain that the flight would go.
Establishing the atmosphere was normal and I went through it
routinely. Everything was normal until 0315 hours when Captain
Beeding asked me for another check on the p0o. I reached to my
right and as I did so, the parachute, for no apparent reason,
released itself with a muffled "flump",

This event caused considerable meatal aud physical strain
before it was satisfactorily resolved. My immediate reaction
was that of complete surrender, knowing the time element that
would be lost if the seal had to be broken, a readily available
chute exchanged for this one, and the atmosphere re-established.
I felt that this precluded the flight, at least on this day. Also,
I knew that the big gears were in motion and all efforts were
being expended to complete the other necessary phases of the
flight; I was afraid the balloon procedures may have gone too
far to be easily reversed. The feeling of surrender passed in
an instant but was replaced by one of complete frustration that
was to last several hours,

1 decided to notify Captain Beeding and Colonel Hessberg
for their decisions and had picksd up the mike within 15 seconds
after the chute deployed, using only enough time to take it down
from the wall hook and carefully place it in my lap. Then, as
Captaln Beeding answered me, I realized that this would allow
no declalon if given to anyone else. I was the only person that
was physically in a poaition tp evaluate the possibilities of
repack; anyone olse would be required to make a deliberate safety=
of-flight compromize with anothar man's life, and this is no

¥By Lt G, H, MoClure
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decision, I brushed off Captain Beeding's answer and withe
drew into the loneliest corner that I could find during the
entire flight, I felt immediate repugnation toward my deoision
not to tell Captain Beeding because dishonesty seemed to lurk
in such a decision, yet I kanew at the same time that, again, I
was the only person alive that had a decision in the matter,

After about 10 or 15 minutes of tearing debate with ny-
self, I realized that emotion had dbecome more a part of ay cone
siderations than reason, and that I had to approach this logically
and from a sound basis. B8hortly thereafter I set up the oriteria
for an answer to myself, Whatever the decision ~ tell Captain
Beeding and Colonel Heasberg, push the chute into the bottom of
the capsule and fly without it « I decided it must not violate
in any szall way the following criteria: First, the decision
must not endanger the project, and second, it must not eadanger
my own life any more than the original flight had always doxne.
The plan that best met these conflicting requirements was to
repack the chute, and upon completion, to be completely assured
myself, that the chute was in as good operating condition as it
ever had been or could be, This approach was followsd, and after
approximately two hours I was satisfied that the repacking had
been done., I finished just after leaving the Aeromedical Field
Laboratory building on the truck for the launching site and used N
the time traveling to the launching site for parachute inspection,
rest, and to record this series of events on the tapes recorder.
I verified operation of the tape by listening to this record.
I was soaking wet with sweat and began to be very cold as I
lowered my activity level and the capsule cooled in early morning
air, I therafore zipped up the 2-clo sult most of the way.

I lay over against the chute, now stored in its normal place,
and attempted to sleep for a couple of hours while the balloon
orew put the final preparations on getting the big balloon up. .
I was not able to go into complete sleep, &s I had beexn the day
before, but the rest did help me. I was now complately over the
indecisive, frustrating feeling that had ococurred because of the
chute malfunction, and becams mildly excited as the final stages
of launch were reached.

The launch itself was smooth and uneventful, In fact, I felt
a little disappointed in not being any more elated. The project
had become not another job, dut certainly just a job in some ree
spects, and with launch thia responsibility actod somswhat as a
stabilizing agont on my emotions. Another fact reducing the
eslation of being off was thse fast that the launch was slightly
sooner than I or the van had antiocipated, and I was in the proceas
of fastening the belt for the firat 500 to 1000 feot of asceont,
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Initial rate of ascent varied around 1000 to 1100 fpa,
which was expected. Also in the prossdures was the valving
off of the gas %o a desired rate of assent of 700 fym. This
was done in four cautious sieps of about 20 seconds of valving
sach, and this rate was fairly well established dy 10,000 feet.
I 2ad a slight cold and my sinuses gave some disconmfort uutil
the cabir pressure began to stabilize at about 24,000 to 26,000
feet MSL. During this part of tho ascent, blewing my nose pro-
duced mostly blood. The pain was not heavy and did not prevent
doing any job that I was to performs within the capsule.

During the first part of the ascent I made special effort
to compare the out and up views obtainable through the port-
holes and up mirror, trying to judge the position of noticeable
change in sky aspect. The sands, mountains and sky presented an
appearance that I was very accustomed to, up to 55,000 or 60,000
feet, Within this range the sky continually grows bluer above,
while the apparent contrast at the horizon increasss. The view
is somewhat softened by the bluish cast given the distant ascanes
from ultraviolet scatter, but colors in the San Andres were vis-
ible dvring this ascent. I noticed at the eastern base of ths
San Andres; where they met the White Sands, a couple of little
lakes that I had never seen before. These were probably due to
recent rains and seemed to be six to eight miles long and about
three quarters as wide. These had a decided greenish color to
them which was easily seen up to about 65,000 feet. At this
altitude the color faded to a dark color not unlike that of the
mountains, but their smooth surface made them discernible above
this altitude if you previously knew that they were present.

The view through the down mirror was amazingly clear during
the ascent, and the entire flight, for that matter. Through this
nirror could ba seen the light white-brown to reddish colors of
the desert, the small specks that were the mesquite and othsr
desert vegstation, the sharp jagged streaks that marked the
paths of the dry streanm heds, and other details of similar die-
mensions and contrast. During the latter parts of the ascont,
the capsule drifted over the edges of the Sacramento Mountains,
approxizately above the Sunspot location. The paasage from light
desert to thess very dark-gresen mountains was also striking through
the down mirror. From extreme altitude the division between these
two zones was narrow, and therefore added to ths unuaual appsarance
of two so widely different terrains existing so near each other.
The down mirror givea a viow almost directly vertically down, yot
even throuzh this amirror the relief in the mouatainous serrain
was clearly evident, Also vizible were the variationas in wooded
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densities, The valloys were ploin in relief and usually
marked by a atreanm bded which was & smull white line winding
its way downward to the desert,

At 24,000 feet MSL I gave a pilot report which ineluded
the capsule temperature from the instrument panel, At this
time the reading was 89°F. From the tapes, I find that I
apparently agreed with myself and with Captain Beeding to
disregard this gauge because "obviously' it wus incorrect as
evidenced by the high reading this early., I stated that I
folt a little viconmfortably warms I found that I had taken
the "job" I had to heart so strongly that I was making more
effort than was nacessary to try to make the flight more
effective, I noted (passing through jet stream) this undue
effort on the tape and made an effort to relax and take every
fact of the job in order, and thereby save energy for the totul
long grind. At about 55,000 feet the cabin temperature read
94°F, and there was some discussion between the ground crew
and myself and we finally concluded the gauge was off. The
telemetry said 76°F at this time. I stated that I was warm.
The feeling was only that, warm, not hot, nor particularly un-
confortable.

The capsule had quite a bit of rotational instability,
rotating from one~quarter to one turn in one direction, and
then stopping to go back the other direction. Up to 60,000
feet it favored the right rotation, and above that altitude
the left was predominant.

As the system approached altitude the rotation gradually
slowed, and after reaching altitude, almost completely stopped.
When at altitude, any movement created an oascillation of the
vertical axis of the capsule. This motion was very evident and
seemed to have its axis just at or above the top dome. I began
to see the "space' sky very definitely different at about 85,000
to 87,000 feet., Here the sky had really lost its blue coloring,
or lost coloring altogether and had become a completely dark void.
The main sky-aspect change from this altitude to ceiling was in
the horizon zone. This area got narrower and of higher contrast
with the dark sky above it as we ascended higher. The horizon
was never a definite earth-sky meeting, never a sharp zone, but
was an area below which earth existed, and above which the aky
was apparent., The earth and sky separation was psrformed by a
very bright dband of atmosphere, apparently lying cut near the
horizon and very effectively obscuring the earth-to=asky junotion.
This band had the =ppearance of a bright cirsular tudbe of light
lying above the earth, and I reforred to this as the halo zone
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soveral times thereafter, This halo zone existed from delow
the earthesky junotion to above it (I would guess adout egqually
lpnacd above and delow this junction) and was about 5 degrees

o 8 degrees in total width,

The view varied greatly from direotly down to directly up,
but I will attempt to explain it., Through the down mirror the
view was always very olear and sharp, apparently oui to about
25 degrees from straight down; this was about the cut~off angle
in looking out the portholes. In the view down through the porte
holes at this maximum angle, the details were still very sharp,
and only a very light haze was apparent from here on out to about
3% degress. However, at 4% degrees down view, the haze reduced
detail, The features recognizable became mountains, the Rio Grande,
White Sands, and the lava beds. These items could generally be
distinguished about 15 to 20 degrees below the horizon; however,
for the last 15 degrees up to the horizon, the bluish-white haze
increased so that little detail was visible. This haze graded
into the very bright white zone referred to before as the halo
zone, Just above the halo zone there was a layer of blue, grading
from the lighter blues (normally noticed at the horizon) to the
heavier blues (as seen at the zenith position when viewing from
sea-level) and rapidly into even darker blues and space-black.
This whole ''blue-~zone' is about equal in width to the halo-~zone,
or about 6 to 8 degrees in angular dimensions. Looking above
this angle into the sky immediately impressed me as the blackest
sky 1 had ever seen, yet - and this is completely beyond my own
poor power to express - thils tlack continued to get blacker as
I elevated my gaze. The darkest area was vertically upward through
the mirror. Upward also provided the sharpest color contrast imag-
inable. The balloon was a snow-crystal, shimmering white, ao
bright that it alone was difficult to look at. This bright ob-
ject was directly contrasted with the deepest space-black beyond
it, and this contrast was so great it caused discoufort in the
eyes when looking back and forth between the two. In fact, after
having the mirror positioned so that only the space~black was
viewed and then moving the mirror over to view the balloon, the
effect was the same as when coming out of a dark movie into the
noon sunlight, and several scconds of squinting were necessary
before the eyes could comfortably accept the new light level,

Shortly after reaching altitude anrnd performing the routine
pilot's report and taoking some pictures, Dr., Ruff came on for an
interview. We began with the very normal frivolities of any con-
versation but shortly, somehow we had moved into the area of deep
subjective feelings., This conversation will probadly be much
better written in some other part of this report; also, it will
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be available as a transoription included in the report. Row=
over, I will make an effort to put down my feelings at that
times I suppose the beginaning of the conversation came when
Dre Ruff asked if I was thinking at the moment about anything
other than what I was looking at, The answer essentially astated
that even though there was a tremendous enjoyment in what I was
doing, I found a persistent feeling of 4insecurity, It had alao
noted this feeling in the smaller balloon rides., Lee Lewis and
nyself had even discussed this and found that it was present
even in the old balloon pilots, as represented by himself, Xa-
sentially the feeling was the same here; it was due, I think,
to the fact that normal references, normal support, are gone.
In a balloon there is no visible mesns of support, unless you
look almost directly up, and it seems that no assurance cones
from this because in doing so all normal references - horizon,
ground, et cetera - ars completely lost with the act of looking
for the asupport,

There was another feeling that persisted during the time that
I was at altitude. This was very similar to the just described
feeling of insecurity but to explain it more exactly would be
to describe it as a "reverent" feeling. More than once, as I
looked out on this strange scene, I recalled the often used
words ''conquer space', and came to the conclusion that this was
a very irapplicable phrase to apply to this region which I viewed.

Lee Lewis came on and I had a short conversation with him,
He was very elated over the smooth launch and climb, and with
the worst over and no apparent problems, he was expecting a very
easy, perfect flight. This struck ne as just a little out of
text. I had no forebodings of 1ll, but I made several statements
to the effect that the flight was not over yet and could not be
considsred smooth sailing until completely ended with the landing
sccomplished., I made a note of this point only because I had made
such depressing statements at a tims of apparent accomplishment.
I had no information nor thought of "trouble to come™" at this time.
My previous flight experience had several times shown me that when
your feet are off the ground you are inherently in an unsafs po-
sition and any approach other than one tempered with this thought
is not the proper one,

Sometime after the diascusasion with Lee Lewis, around 1145 to
1200, I suddanly realized that I was hungry. Immediately with
this thouzht came the consoclousnezs of fairly strong hungsr feel-
ings and also extrems thirat, I made nots of the fact that the
engrossment of capouls praparation, launch, olimbd, and being at
su . an altituds had causod me to forget completely such normal
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procedures as eating and drinking, I had eaten on 7 Ootoder

at 2100 hours and it was now 13 hours later with a contiaued
high activity over the enitire time. The only intake during
this time was a small can of juice sometinme in the early morae
ing prelaunch hours and nothing at all to eat, I immediately
took time out to eat, and oconsumed a tudbe of chicken, & ocan of
Juice and two oookies. The juice tasted especially refreshing
and cool, and I reocall now that I put the hand from the coold
ocan to my face several tizes and passed off the fact that I

was wara, to be a fairly normal condition for such a flight,

I was not as comfortadle as I would pormally prefer, and if I
had been in any normal situstion, I think now that I might have
registered a small complaint, but here it simply passed as part
of the project,

After drinking the juice, I had & request from the ground
for a short interview with the press. I had answered several
questions from the interviewer when he requested that we start
over because of poor communications or recording. I did so, and
1 found that the verbal dissertation required of me left me fairly
exhausted. When finished, I sat back and found that I needsd the
rest. I was dreathing rather fast and could tell that my heart
rate was up, a similar feeling as if I had done a small azmount
of work. The fact that some undue effort bad just been expended
must have been at least slightly evident over the radio, because
Captain Beeding came back with "Man, after that blurd you must
be pretty pooped. Why don't-you sit back and rest a minute'.
I felt this was a good suggestion and would give me time to get
some water, as I felt I had not completed my "dinner™ yet,

I then proceeded to pull up the tube, place it in my mouth
and pump up the bulb. I pumped for 20 to 30 seconds, long enough
usually, but this time, no water. So I pumped that long again and
again. I checked the valve position and the tube, but still no
water., I thought perhaps it would take just a little more pumping
this particular time so I continued for adout two more minutes.
The back pressure that was building up in the tank was now evident
as the bulb becams noticeadly heavier to pump. I pulled the tube
out as far as I darsd and pushed it itas full extsnt back into
the receptacle. Still no water. Thean I posed the problem to the
ground orew{ they wesre stumped for any new ideas, but I tried
everything over again that I had just accomplizhed, to no avail,

The problem suddenly took on new proportions. I knsw that I
had ssvaral ocans of juice that would suffice to carry me through
the emergency if no water could be obtainsd; yst I alac know
that this juice would not be gufficiont to carry the flizht as
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originally planned, espeoially with the rate of perspiration
experienced 80 far, so the water had to become available, I
Rad discussed this contingency at Minneapolis in the process

of learning the MANHIGH system. I thought at the time that it
was a highly unlikely possidility; however, I knew I should
think of it in terms of the consequences in case the possibdility
arose. The problem was not answered easily then, but my idea had
been to take the knife and punch & hole in the water tank just
about the level that I expected tho water to be, and to catch
this water in a cup. At best this procedure would de very dif-
ficult to accomplish because of the location of the water con-
tainsr, but it was at least a partial presolution. This alter-
nate solution comforted me somewhat but was ~ertainly not a
desirable thing to have to do.

Now I began to feel not only that the project would suffer
if this water was not available, but also my own physical need
for it. I suppose that I had sweated heaviest for the longest
period of time in my whole life already today, and I had not re-
placed this lost body water. I left the pressure as already
pumped into the tank stand but now I went for some juice cans
and let the tube rest against the capsule wall. Just as I found
a can of juice I saw the meniscus of the water lying far down
the tube and quickly replaced the tube in my mouth .fearing that
it would be in a hurry and flow out all over the capsule. It
was in no hurry - in fact, the rate of movement appeared to be
just above the completely stopped flow rate. I left the tube in
my mouth and began to get the wet and dry bulb plastic case out
for use. During the time that I was trying to obtain water I
had been deferring the other tasks to be accomplished because
I felt that the water was extremely important. The van had be-
come very concerned that I get wet and dry bulb readings, I
supposed so that they might have an accurate reading on the
true relative and absolute humidity in the capsule. By the
time I had the thermometer wet bulb saturated and had hung it
up to wait to get equilibrium wet and dry bulb temperatures, the
water had inally gotten to the end of the tube, and I waz getting
a pitifully small amount of water « but at least some water. It
wasn't running out, only slightly dripping, and I was able to
swallow a small mouthful only once every three minutes or so.

I now returned to the water problem to try to increase this
flow as I knew that it still wasn't sufficient. This method
of taking it also precluded good communication with the ground,
as I could not stop the flow. I would have had to romove the
tube from my mouth to anawer the van's questiona, I did not
want the water to drop on any electronis equipment; nor, did I
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want $o waste it by letting 4t just drip away into the capsule,
Therefore I had to sit, tube in mouth, adle to perfora most op-
erations and to listen, but not very able to tranamit, I de-
oided that I should suck the tubs. I applied a little pull and

a slightly greater flow evidenced itself, but only for an instant,
Then a very unusual condition was obsarved. Almost simultaneously
with suotion, the tube's contents jumped to life and & series of
breaks ocourrcd in the water column., It appeared that the column
was suddenly filled with alternate lengths of water and air; the
colunn now contained several air bubbles, I released the tube,
very puzzled, and as I did so, the column immediately jumped back
to a solid water condition and the anawer came to me - vapor lock!
Here was something happening before my eyes that was a physical
result of the lowered atmospheric pressure within the capsule.

I applied suction again; the cbedient little gas-bubble scldiers
Jumped to attention, serviung effectively to stop the flow; I re-
leased and they again magically disappearaed. This fascinated nme
for several seconds befors the realization came = this is no
solution. I must get higher water flow. Since I had been able

to consume some, I waited about five more minutes for a couple

of mouthfuls, and then began to experiment with hose positions
trying to trace them to the container, Finally I gave up and
Just started pulling the tube out. I stopped after I thought

I surely had pulled the tube out so far that it would come out

of the container. Just as I did so, the flow suddently jumped

to a very high rate and served almost to choke me. The problenm
was not solved and I consumed as much water as possible in case
the situation occurred again.

During this time, the van had requested that I take my own
pulse. I did so. My pulse was 128, I knew that this was high
but it made no particular impression. We were off schedule be-
cause of many small things, and I wanted to return to and clear
up these items. I proceeded to shoot out all the anscochrome
movie film so that I might load the camera for an Eastman ex-
periment. I had been alerted during the water problem for pos-
sible observance of high altitude missile burst, and now while
loading the camera also was trying to orient myself with some
known items on the ground. White Sands and the lava beds were
behind me, the San Andrecas Just directly below me, and all of
these references wers very difficult to view becuuss of their
position. I noticed that to hold the K-100 camera up to the
window tired me slightly.

Captain Beeding asked if my heater awitch (or as the switch

was labeled on the control panel, "air conditioner") was in the
center or off poaition. I checkod it} it was neutral., I looked

147




up to see 42 I ocould flick it on and off and get corresponding
increases and decreases in the meter., I did gt those verifying
the off position. I turned baock and reached for the air re-
generator hose to dirseot its flow onto my face and on switshing
from window=directed flow to hose flow, I got a dlast of very
hot air Zrom the hose. On replucing the hose, I decane immedi-
ately aware that the cabin temperature gauge had deen reading
high because it was situated just adbove the hose outlet and was
reading the high temperature of the air, I called back to tell
Captain 3eeding I knew why it was reading high, and he told me

he knew it was reading the air regenerator temperature., I didn't
remenber then that the sensor for the temporature gauge was sitting
on top of the air regenerator box, but we were now aware of the
reason for the high temperature reading. I got the dry duld
reading at 96° - I didn't believe it ~ Captain Beeding had to
have a couple of repeats on this as if he didn't understand me.
Then when he understood 96°, he said simply, "Take another drink
of water',

It became obvious to me that considerabls discussion was
going on. The delays in answering my transmissions were much
longer now; different people answered as if it was whoever was
nearest the microphone. Captain Beeding came on and I told him
I was going to start to get the 1400 position report. He said
to sit back and take it easy. This bothered me considerable as
I knew we would drag further behind schedule, but Captain Beeding
made a point of iansisting on this. The C-47 asked the van for -
my pulse rate; it was 150. The van then asked me to check my
own pulse rate; I got 148. In tuning the omni for better re-
caption I had found that the metal face of it was too hot to
touch comfortably. Since I had been told to rest, I felt I
night as well try to lean carefully over agalnast the parachute,
taking care not to lean on the photometer.

Shortly Colonel Hesaberg came on and I was completely sur-
prised - in fact, somewhat amazed - to hear him say that the
decision was to have me descend to a lower altitude, that we
nust ¢ool off. The fact that this would come up had never oc-
curred to me, There were only 3-1/2 to 4 more hours until sunset
and it would teke me almost that long to descend to any altituds
that would give me any aid. Since surely heat would not be a
problem at night, the least we could do was to wait out the time
till dark and thereby get in most of the work. I made a request
to inject these opiniona for their consideration. I was allowed
to do so, and after only short discussion again, Colonel Heasberg
told me that we must deacend, to a lower altitude to cool off.
Lee Lowis took over and adviased for descent with his apologies,
yet alao his concurrence in this decision., I still did not eoncur
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but deodided that if I could lose only a slight amount of gas
to provide the descent called for, and was sareful to eontrol
Shis descent so thad it wasn't rapid enough to take in air, I
oould atill easily return to altitude with loss of perhaps one
additional battery later on during the night,

The valving degan with a 4-1/3 minute, both-valves=-open
shot. The advice from the ground was that it would take some
time to initiate descent after the valving., I understood com=
pletely, intending to wait as long as possible to observe the
beginning of the descant, for two reasons. First, if I was going
to descond I wanted very much to do it properly and always under
complete control. I was convinced difficulties with balloon op~-
eration are usually the result of over control. Second, I knew
that these necessary delays were delays that allowed me to stay
at altitude a 1ittle longer and would also result in a higher
altitude on termination of this descent, allowing an easier re-
turn to maximum pressure height during the night or the next day.
I was not considering a complete descent at all.

The time was now about 1330 and my rectal temperature was
approximately 102.8°, with a heart rate of 145 to 148. These
items did not impress me as being impossible, as my pulse rate
had been recorded this high previously. I was in such a state
that activity tired me greatly; I decided to conserve my energy,
keep up my water level and perform the descent as accurately as
possible. This would tend to make my return to a high altitude
more possible. From this time until about 1410 I spent alter-
nately valving and waiting to see what effect the valving would
have. By then a very slow descent could be detected. I remember
looking at the clock at 1410, then leaning over to rest against
the parachute, disturbing my rest only to valve or read the al-
timeter as directed. I made a mental note to read the clock again
in about an hour. I looked again when I thought one hour had
passed, and the time was 1428 - slightly less than twenty minutes
had gone by. The effect of this slowing of time was very marked
on me. The condition I was in was becoming more difficult to
bear, enough so that I imagined much more time passing than usual.
The time began literally to drag by, and the clocks slowing bee
cam? as much an onemy as the real conditions that were causing
my problem. I now concurred with the decision to cool off; howe
ever, the descent atill did not seem the solution. A statement
made by me at the time to Lee Lewis indicated my conception of
the situation, "I'm glad I don't have to make a night landing",

I continued to look out and be completely amazed by what I

saw, Once, on looking up to read the altimoter, I caught sight
of a striking sight. The red inflation tube was hanging down
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fron adove, seemingly out of nowhere, and was brilliantly 1it
by the sun and contrasted with the dlack sky background. A
dittle later I caught sight of the moon, It was standing about
10 degrees adove the halo sone on the horimon and oompared in
surface brightnesa about equal with that drightness witnessed
in the halo sone,

Later during the descent, between 80,000 and 70,000 feet,
the sun had desoended to an angle low enough to d¢ seen through
a porthole. To be able to view the sun, I had included a dark
solar filter in my own equipment. However, thic solar filter
was stowed along with a polarizing filter, in the bottom of the
food container, and I felt I was not able to get to it., I wanted
very much to observe the sun at this altitude and to see if any
of the corona could be observed with the naked eye., I remembered
that I had asked one of the photographers for a piece of un-
exposed sheet film and had put this film in the film container,
which was easily accessible, This film was to serve as a rough
sun filter, one that I could vary by using different layers of
it. Through one layer the solar disc was reduced in intensity
but not enough for comfortable viewing. Through two layers com~
fortable viewing was obtained, The sky remained very black up
to the sharp edge of the disc and no filamentary structure was
ever seen.

The radio reception had slowly grown worse. The C-47 was
the weakest receivable transmitter on the air, and some trans-
mitters were so much more powerful as to make it extremely un-
comfortable when they cut in. In fact, once when I had the volume
up to a level so that reception from the C-47 was just audible,
an airliner came on calling Phoenix Sky Harbor tower with a volume
so intense as to leave my head ringing for several minutes. The
receiver also began to drift as it heated and had to be frequently
retuned, The face of it was so hot that a weted finger placed
against it for a few seconds, sizzled. Because of the frequent
non-projact use of 122.8 we had now switched to 121.5.

Heated debate in the van was obvlous to me even though there
was an evident effort to spare me the mental strain of being in-
cluded in it. The frequent pauses in answering my queries, the
carry-over of voice inflection and volume into the replies I re-
neived, the more frequent changes in people relaying, were very
good indications, I thought. The time was 1525, altitude 91,000,
body temperature now up to 104,2°, the heart rate 170. The effect
of these faots on the decisions from the van as to termination
began to bother me, I then injocted oy opinion that termination
and parachute landing in the terrain we were now over waa extremsly
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dangerous and should be avoided 4if at all possidle, Outting
down would be of value to save ay 1ife only if we were over
epen terrain,

The pulsations of my heart, which had been felt since adout
1430, were now pounding against the roof of my head, and even the
small effort to reach up and to turn the potentiometer to the
center position caused a marked inorease in this pulsation and
tired me noticeably, Now I was too weak and tired to care i I
lay cgainst the spot photomster or not, and spent most of my time
lying forward and thinking to each part of my vody, relax and con~
serve, a trick I frequently use to relax and sleep at night., This
procedure seemed to help, I became concerned lest this weakness
become more evident on the ground, and each time I answered the
ground queries I put everything I had intc my voice to keep it
apparently aharp and ready. My voice became a very great aid
to me now, about the only one I had. I began to become detached
from myself, it scemed. My brain functioned as well as ever as
far as I could tell then or can estimate now by listening to
flight tapes. I was mentally able even to question the physical
cause of my predicament, and I gave the ground this dissertation.
It was as if I were two people; one alive and alert, the other
dying and unable to respond to the simplest tasks. The lack of
response of this physical self to my mental self added consider-
able frustration.

I had long considered that I would like to observe my face
in the mirror, dbut the mirror was stowed in the food case and
I didn't think I could expend the energy to retrieve it. I re-
membered the polished mirror of the Hasselblad, and did expend
enough energy to use it. I had expected exactly what I saw, a
very flushed faced, sweating profusely, with an extremely 'beat"
appearance.

Around 74,000 feet Captain Beeding asked me to put on my
shoulder harness und lap belt. My rectal temperature was now
up to 105.6. I accomplished this and found immediately that the
harnesa pulled the 2~¢clo suit up tight around my back and sides
of my legs, making me feel much hotter. I requested to take of?f
the harness., Colonel Hessberg refused this request in an ex-
ceptionally nice manner, and I again got the impression that the
chance of my passing out and being ground-terminated was very high.
Again I made commeat as to the dangerousness of such a move over
the mountains, I definlitely did not want to impact, even second-
arily, in a negative direction,

I turned the conutont flow on in the hopo that the 02 evape
oration rate from the converter would increass and absord some
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heat from the capsule atmosphere., Bhortly thereafter I asked

She ground for confirmation of the chance of this., They agreed
and advised me to turn it onj I left the constant flow on for

the rest of the flight, B8hortly after this I received instructions
from Oaptain Deeding to perform an unusual operation - to keep the
face plate handy, dbut off, and to switch from capsule to suit on
the selector awitoh, I understood the physical nature of the
attempt; the capsule atmosphere would expand by being released
through the Firewel vent. Expansion implies adiabatic cooling;
however, this effest would be partially nullified by the fact

that the cooled gas escaped and was not available to absord heat
from the capsule, I performsd this operation and as soon as I
noved the switch from vapsule to suit, a very active white cloud
appeared outside the No., 2 porthole - just where the Firewel vent
was situated, The cabin altitude began a rapid climd and I im-
mediately closed the switch back to capsule, I felt the Firewel
valve cover and it was still as warm as the rest of ths capsule
walls,

I had not urinated the whole flight and now realized that
I had a quitec natural push to do so. I knew what an effort was
required for this process from the Wright Field experiences,
but the need was great, and in the back of my mind was the idea
that somewhere in my association with the medical groups I had
heard that it was a suspected but unproved fact that a full bladder
may burst and cause death in impact type accidents. Knowing the
good chance of a high impact, I decided that it would be necessary
to follow natural impulses as well as the impact considerations.
I gset about to perform this task. This job in itself nearly com-
pletely exhausted me; where before I was trying to conserve, now
I was trying to recover. During the time I was urinating, the
ground crew continued its suggestions for proper preparation ob-
viously in case of my passing out and being terminated for para-
chute impact. The request now was for me to stow the spot photom-
eter,

Just after finishing urinating, I lost contact with the C-47
and could neither transmit to them nor receive them. Finally
an answer to my callc came from NCA 40, This turned out to be
Lt Roger Winquist of the Holloman Balloon Branch, who was in the
recovery control point at Holloman. Kncwing that I might lose
complete communications if the radio deterioration continued, I
gava Lt Winquist my personal plan in order that he, at lsaste
would be able to tell the project control officers my plan in case
of radio failures, This was the first time that I considered a
complete deascent, Even now I considered it only bocause of pos-
sible radio failure along with the other probdlems at hand., If
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left to my own decisions, I would, at the time, have levelad

at some capsule cooling altitude, rested, eaten food, and drunk
water, until aftsr sunset; then gone back to altitude., I knew,
however, the control people in the O=47? wore bdecoming more and
woPu concerned about my condition and might even request a full
descont oven Lif the capcule were now to cool to normal., Lt Wine
quist repoated the plan for personal descent after much effort
on my part to transmit this to him, and I returned to the task
of reatoring the urine bottle to its proyer place.

The C=47 communications returned before I was able to stow
the bottle, and the voice from that end was now almost militarily
insistent that I stow the spot photometer. I was now becoming
oxtrenely exhauoted and wanted to defer this task, dbut when I
was unable to return the urine bottle to its place, I gave up,
dropped it o1 the floor and went at the photometer. I was com~
pletely exhausted and only with a great effort was I able to sit
up. If I had not practiced the removal of this instrument, I
probably could not have gotten it loose, but I crossed hands and
puched hard against the pin holding it. It came loose immediately,
and simultaneously I felt a terrific desire not to drop this in-
strument. However, I was too weak to hold it and it crashed to
the bottom. I had remembered that the bag I had been insistent
on having was put in specifically to hold the photometer on the
floor and away from the foot switch so that normal communications
could be kept. Now the photometer was lying precisely where it
shouldn't - making the foot switch inaccessible.

Captain Beeding now was asking about the photometer, '"Has
it been stowed"? I tried in vain to answer him; then I tried to
pick up the photometer, but felt that I would not be able to hold
it, and there was no place to put it., The effort was more than
remajned in me. I could not lift this seven pounds of instrument,
I tried to flip it over, away from the foot switch, but there was
not enough room in the bottom of the capsule for my feet and legs,
the urine bottle, tape recorder, and felt boots. I then found
that I could get a transmitter cl.ck by rocking the photometer
over toward the right with my foot; I could operate the trana-
mitter awitch with the photometer itself! 1If I had had enough
energy I would have screazmed out an answer to the C-47, but this
was not posaidle. Now I was just barely able to muaster an answer,
much less to make the voice defense that I had kept up so ’ong.
I answored Colonel Hessberg. He didn't receive me. I answered
him again and again., Re ended up giving me another long count,

Now I realized that something had to change. The bright

porthols area was not very different {rom the rest of my field
of vision, It was all bright; thore was only a little greener

133




-

cast in the shadow areas inside the capsule away £rom the

portholes. I was unable to sit up, except with extreme effort,

and then only for a few seoconds, dbut falling forward provided

no relief now, The floor was oluttered and there was 10 place

for my feet. The elevation of ny feet, because 0f the itens

on the floor, caused strain in my legs when leaning forward,

It was no longer possidle to got any relief and rest by closing

a8y eyes, for when I did, very uncomiortable bdright green flashing

areas filled my vision, as if I had only dright lights to view.

These flashes were less disturbing if ny eyes were open., I de-

¢ided to relax and listen to ground instructions, just so that

I might be more informed. This also proved to be impossible,

Every call from the ground invoked an involuntary effort to .-
reply; the irability to reply frustrated me and I “?‘nally re-

alized that continued effort simular to the last 20 minutes

would surely cause me to pass out or die. Therefore I pulled SN
out my communications plug., The silence was absolutely startling

but unbelievably welcome. I could now concentrate on repairing

some physical ability to operate. The silence and complate in~- '
activity seemed the means by which I might be able to do this.

My heart rate was about 180, breathing was fairly heavy .
and I knew that much more activity would cause me at least to
faint; mores than ever I felt the separation of mind and body,
and it was almost an eerie feeling to let my mind wander off 1
to some cool spot and to sit there and watch the body slowly
and helplessly going into thermal oblivion. I lay as comfort-
ably as possible against the parachute and was completely limp
and exhausted for at least 30 to 40 minutes. Then I made the
emall effort of lowering the drinking tube down to my mouth and
pumping the bulb up; I lay there now very slowly taking on water
and continued to absorb it long past the point of being full of

it, because I knew that my internal water supply was very much i
depleted. I stopped only when I felt that I would vomit with
any more iantake, v

The communication failure occurred at 1710 hours at about
59,000 feet and with a rate of descent of 400 fpm, arnd now it
was 1750 hours. I had recovered from the very uncomfortable
bright flashes and the feeling of going out Irom exhaustion,
Hy mind had turned over and over the various possibilities and
consequences of my position, my condition, and any errors that
I might make., Several new aspscts ol the problem presented
themselves, and by the time I began to feel as if I would not
go out, I had a concrote set of plans for whai I felt were ny
only cholces,

Firat, I now knew that I would have to perform ths ground
tormination at the end of this deasent, This meant a night
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lunding, and sinoce I was not sure of my position, heading or
speed, possidly a night landing in the mountain, To this I

had what was to me a unique solution, I kanew that I must land
with a controlled rate of speed and renmain upright, no matter
what type of terrain I landed on. A secondary negative impact,
as zight ocour if the capsule toppled from the side of a olif?
into a ravine, could provide the most dangerous situation., This
condition had been the worst preflight emergency that I could

.- ,ures it was 80 bad that I had resolved to level off at
grout 10,000 feet over the terrain if I found myself landing

an mountainous country., I would then hold altitude until I
drifted over a more desirable spot to land. I had decided to
follow this procedure even if it meant total ballast drop to
level off, taking a chance then that I could satisfactorily
valve my way into more suitable terrain., I had never considered
landing in any mountains under any conditions but now I was
faced with this possibility. With this consideration I decided
to make a very normal and very cautious approach to land at 200
to 300 fpa as a desired rate of descent, but that I would not
ballast to obtain this rate unless I was above 400 fpm. This
was as prebriefed. However, I planned to determine in the few
seconds of initial ground contact whether or not to release the
balloon normally or to retain it., If I hit normally, remaining
upright or falling over and remaining that way for a few fractions
of a second, I would consider this a solid normal contact and
squib the balloon. If I hit on a slope or on the side of a very
steep wall, I hoped that I would he able to feel the sliding or
rolling effect received and be able to distinguish this contact
from the desired solid impact. In this case I would retain the
balloon. If I retained the balloon its lifting presence would
stabilize the directions of possible secondary impacts so that
the chance of negative application of these impacts would de
greatly reduced., I hoped then to impact, slide, retain the bal-
loon and even to bounce the two or three thousand feet expascted,
and then, knowing the altitude of first impact, to open both
valves 300 to 400 feet above the altitude on the way in the
second time., This landing would be a series of shorter and
shorter bounces, working the capsule slowly down the slope, to
terninate when the bottom, or solid impact, was reached.

I considered the possibility of a mountain peak or olif?
edge ripping the bag and rapidly but not immediately drop me.
I thought that there was no choice other than to acoept this
poasibility, If I impacted and could not decids positively
that I was on solid flat ground or on sloping ateep ground, I
declded that I would do at leazat one high bounce that would
give 2me & faw more soconds and anothar impast to decide, The
aoognd impact would probably not be too bad and I osould terminate i
on it,

155 '




I2 the ground sontrol terainated me, I decided to dlow
the capsule apart at 22,000 feet and slowly and calaly step
out at 15,000 to 20,000 feet after pulling the red apple. The
procedure was as predriefed and therefore the ground orew
would know exactly what to expect.

These considerations inoluded all possidilities for tern-
ination that I could imagine., I slso realized that the only
indiocation of personal condition, now that communications were
out, was the balloon performance. I resolved to accomplish
this so that the command group would have no cause to believe
that I was in any other condition than the condition I was in
on our last contact.

I continued to make only the minimum effort necessary to
make the descent and landing. 1 reset the potentiometer to
gero deflection and decided not to touch it again until landing
80 as to remove this small effort from the list of energy con-
sunming necessities. The temperature reading as it was last
set was 108.7°F. The potentiometer needle had deflected more
by impact time but I did not read it. The only energy consuming
tasks that I allowed myself were to read the altimeter and verti-
cal speed, and valve and ballast as necessary for balloon control.
I had gained enough strength and lost the vision difficulties
by now even though my body temperature was still rising and the
capsule was still as hot. However, it was not getting hotter.
I allowed myself to perform the last termination rites by stow-
ing every other loose item, including the Hasselblad, into the
bottom of the capsule. It really hurt to put the Hasselblad
away, and I shot the remaining film quickly as the sun was near
setting, The altitude and time was respectively 38,000 feet and
1740 hours.

The vertical speed was now a very steady 1000 fpm, having
stabilized at this new rate froa the {OO fpm I carried in the
stratosphere. This rate was by far higher than I intended to
impact with, and as the sun was now setting, I knew that the
vertical speed would soon increaze. I wantod to place all my
current thoughts on record so I unhooked the dictet microphone
from its capsule hanger and set it in my lap within easy reach.
I recited all my considerations and thoughts and all activity
within the capsule for the record. I atarted to retriasve the
dictet itael? from the bottom of the capsule and to inatall s
fresh tape for the descent and to check ita operations, dut
energy and aotivity considerations stopped me from this and I
foroed myself to accept the faoct that it was operating,
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The aeat decane very unocosfortable with sy feet elevated
froa the floor level, The many items stowed on the floor caused
this 1ifting of the lower part of my thighs from a large area
of the wedbing of the seat, This increased the sitting pres=
sure on my buttooks and made sitting in this nne spot very une
confortable, even though I only Bad one or two hours that way.

Just as the sus set I 1ifted the guard on the dallast
dnitiator and selected 12-volt battery No. 1 on the selector
switohe I had decided to wait until the vertical speed degan
to increase, even the slightest amount, and then to bdallast this
battery. This happened just defore the sun was fully set and
the vertical speed was 1000 fpm when the first battery was bdlown
off. I noted the time, altitude, vertical spsed, and which
battery was being blown on the dictet, and also the time again
when the vertical speed degan to drop and at what valus it re-
stabilized. When I blew the first battery, it went with a loud
“gpang", a light red flash and considerable oscillation of the
capsule. Within four or five minutes the vertical speed dropped
to 900 fpm or a little less., I thought that this small response
was due to the continued natural intent of the balloon to descend
faster with loss of more super heat. I decided that 900 fpa was
slightl; fast and that I might start early to approach the more
normal impact speeds; I selected 24-volt battery No. 1 and
“spanged" it off as before, holding the dictet against the metal
wall of the capsule to record this event. The red flashes and
capsule shaking were evidence enough for me that this ballast
was away. I became somewhat concerned about the tracking crew
below me in aircraft and choppers but dismissed this with the
thought "I have my problems, they have their problems", .

I really felt proud that I had been able to out-guess the
balloon, for now the vertical speed remained precisely 900 fpm;
I thought this indicated exact compensation of loss of super
heat with ballast, After allowing the ballooan to descend a
couple of thousand feet to be sure tha it had reached a state
of equilibrium, I started to ballast to reducs the vertical
speed to the desired landing valus. I selected 24-volt bdat-
tery No. 3 (No. 2 was not selectad here because it was a doudle
ballast load of about 100 pounds) aad on initiating it I got
only a muffled sound; no oscillation was imparted to the capsules.
I decided to descend another 1500 fest to be positive, I would
make all decisions while lying forward against the parschute
and was extremely slow and deliderate with all movoments, Even
when perforaing the nesessary tasks I would lie againat the
right side of the capsule and try to reat. After deascending
another 1500 feet the vertical veloolty was atill the same, and
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I shoae 12=volt dastery No. 2) it apparently went with normal
indications. The versical rate did not change. After another
2000 feot or so I selected 2hevolt dattery No. 4 and upon inite
iating it I got adselutely no response, and shortly thereafter
got the sume with 2h=vold No. 5. Then I lay forward for awhile
trying to see 42 I could find an anawer to the prodlem of why
these items had malfunctioned. No answer came and I oould not
think of any means to trace the ballast circuits for possidle
trouble check. I considered that the selector and/or initiator
switch were not making contact, yet some batteries had gone,
indicating good contact. Since I knev algo that I could not
afford the effort to make any sort of investigation involving
any prolonged activity, I dismissed the possibility of a trouble
checks I decided to try to find at least one battery that would
go out of the remaining ones so that I might fulfill my intentions
toward reducing the vertical speed. I then switched over to in-
ternal emergency dbattery on both 12.and 24-volt systems and
turned on the rotating beacon, as I was now coming down below
30,000 feet. The selector switch positions to blow all remain=-
ing batteries were alternately chosen and initiated, but no re-
sponse was obtained. I thought that I heard one small unusual
sound on initiating 24-volt position No. 9 or No. 10 but nothing
definite, I concluded that I had no other ballast available ex-
cept possibly the double weight ballast No. 2 on 24-volt battery.

I thea took a long rest, some of which was done lying against
the right side and looking out the No. 2 porthole. The mountains
to the west were still sharply silhouetted against the background
glow of the western sky. These loomed up so large that I decided
to be prepared for the worst; I would land in these mountains.
However, I could not tell if I was drifting toward or away from
them now, as I had been able to tell when it was lighter. I could
novw see several towns, apparently to the east. I could never de-
cide if these were Alamogordo, Carrizozo or Artesia. The more
southerly town had a very beckoning beacon and I remarked to the
dictet how I would prefer to land near this beacon; however, I
was more concerned that if I came this close I could easily come
down in the town itself, and I definitely wanted to avoid this,

In watching the light patches that were towns in the distance, I
found that I had started using them to help judge my altitude.

I also estublished the idea that if I should descend below a moun~
tain peak, the cutoff of thease lights might indicate this and pre~
pare ze for impact. I had no ability to judges height or see the
impact coming otherwise.

At 24,000 feet I got the only instant of real confuaion or

panic on the flight., I had established the use of the lights to
tell me if I descended below & mountain peak; howaver, I had
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decided the maximua height that this could oscur would be
12,000 feet or lower, the maximum height of the mountains in
the area, HNowever, the lights suddenly vanished defore my

oyes at 24,000 feet of altitude, and for an inatant the present
plans were completely disrupted, It took me a few seconds to
discard the fact that no mountain could have intervened, es~
peoially for two such widely separated towns., I concluded it
aust be a oloud layer, yet I had not seen one on the flight and
could not see one now, Bhortly I came out of this condition
and apparently had gome through a very heavy haze layer,

From 24,000 feet down to 15,000 feet I went over again and
again all landing possibilities. I located the top and bottom
Marman clamp release switches and the valloon squid initiator
switches many times, both with lights and in the dark.

I reached back to open the manual decompression valve at
23,000 feet and got a terrific pain and cramp in my muscles of
both thighs. This pain almost doubled me up but I forced myself,
in spite of it, to take the valve cover completely off. The pain
continued to come and go and seemed to be just a cramp caused by
my unusual leg position. I now monitored the pO2 closely as I
descended. It remained very high and I stopped monitoring it at
about 18,000 feet. Somewhat below this altitude I performed the
landing procedure of clcsing the air regenorator valves and
shutting off the blower. The windows immediately fogged over
and could not be wiped fast enough to see thfough them; I de-
cided to forget the outside and simply wait it out following
my own plans.

I had been dict- “ing all the movements and mental ideas to
the dictet and it became my companion that provided for data
storage. I suddenly realized that it provided communications to
the outside, even if of a delayed sort, and that the only use I
was making of it was as communication to myself. I imagined that
it provided a way to review the flight after I returned to good
shape. I realized that in the situation it would perhaps be
normal to leave some note on this undying tape, since it would
surely survive. I became aware that I had considered the things
that might cause my death in an almost unholy passive way; from
a roview of the tape it might even seem as if there was no ap-
parent difference between my existence on this or the other side
of death, It disturbed me somewhat that this little parrot that
I was speaking to might leave such an impression, and I made sonme
commentas to try to leave a true record of my feelings. I had,
during the whole project, considered many very disastrous re-
sults = to overlook them would have been foolish « and this cone
tinual assoclation with the idea of certain emergency events had
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reduced them to objective evaluation, Now it was the same,
oxcept that the conditions were more conorete, I was not pray-
ing to live or even concerned that dying or being injured was
80 definite a possidility, I remarked that I felt I had plans
and the capability to augment thea that would allow a reason-
able probability to accommodate my unusual position, If I had
not been satisfied with the abilities of myself and the facil-
ities at hand to compensate for this situation, I would have
sade other procedures that should have provided the compen=-
sation, 1In short, I thought that my outlook was the exact
opposite of fatalistic,

The vertical speed varied between 850 and 900 fpm and I
decided I would not initiate the large ballast unless I got an
increase to 1050 fpm., I felt that the impact could be made at
700 to 900 fpm and that 41f I used the single large remaining
ballast, I must use it at a speed which would be high enough
to insure a continued descent after ballasting., At 12,500 feet
I set a light on the instrument panel to be able to see the
altimeter and vertical speed, and leaned over into a very aecure
position kept tight with the safety belt and shoulder harness;

I selected the position for the large ballast and placed my

thumb on the ballast initiator switch, lifted both guards on

the ground termination and termination actuator switches, and
carefully slipped both fingers under the guards. I sat viewing
the altimeter for impact and possible termination, and the verti-
cal speed in case I should get into an area of downdraft in which
case I would initiate my remaining ballast.

I descended from 12,000 to below 6,000 feet fully expect-
ing to impact at every S~foot increment on the altimeter. At
4,300 feet I felt a light bump or swing as if I had brushed a
tree or gone through a wind shear, and shortly after, about
100 feet lower, I saw the vertical speed decreasing. It was
passing through 750 fpm when I hit with a good solid impact.

The capsule rocked up as if it were on a slope, and then bazck;

I knew I was down and blew the squib. The noise of the asquibd
punctuated the beginning of a very loud silence, The gauges were
dead, the altinster and vertical speed wers astopped and I was
through. Then I got a flash -~ I might just be starting, as I
counted on no one reaching me until moraing. I would get out,
take off the helmet, put on the 2-clo suit, build a fire, eat
something, and build a small sheltar with my parachute, Then

I heard the helicopter and flashed the Grimes light around the
portholes, I hoped that if I was in the mountains the heli-
copter would not have an accideant landing. Then I got a strange
compulaion = if they landed to retrieve me now, I wantsad to de
outaide, to descend the last 6 feet under my own power., I got
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the pliers and dikes and out away all wires dut the photo»
flash wires, unhooked all my connections and dlew the upper
Marmasn clamp. Vpon shoving the top off I met Dr. Ruff, Lee
Lewis and Do Foster, I had to insist that I be allowed to
Jump down, and upon doing so found that this jolt made ay knees
shake and gave a light pain in ny stomach, In fact for a couple
of minutes I fought the urge to lean or rest osn anyone or any-
thing. It was a complete relief to remove my helmet and only
then did I get a chance to feel how hot I really was. The cool
night air provided a tremendous comparison to the air I had felt
for the last few hours.
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CRAPTIR VI
PHYSIOLOGICAL ASPECTS OF MANHIGH III®

Because of such factors as high capsule air temperature
and a non-ventilated partial-pressure suit, this flight was
from the buman factors aspect an extremely strenuous stress
test for the pilot. The physiological data recorded adds in
great measure to our knowledge of body function under space
equivalent conditions and closely approaches the upper limit
of huban endurance to stress of this nature,

The simulated flight performed in the WADC low=~-pressure
chamber gave us baseline type impressions for all physiological
and related data which were invaluable in decision making during
the hot flight. Most interesting and of greatest value was the
noting of a labile pulse rate, Variations between rates of 53
to 115 were common with a high of 180 beats per minute observed
during a planned rapid decompression of the capsuls,

Also worthy of note during the chamber test was the ex-
treme eagerness displayed by the subject for the entire 32-hour
run with the obvious intent of doing a good job and making a
good impression on the people conducting the test. At this
time Lt McClure was the alternate pilot for the fligh%. This
desire to always make a good impression was still evident during
the latter stages of the hot flight. In the pilot's report
(Chapter V) he states "I became concerned lest this (his weakened
condition) be more evident on the ground and each time I answered
the ground queries I put everything I had into my voice to keep
it apparently sharp and ready',

Data discussed in this section are best understood by con-
sidering events in chronological order beginning with subject
preparation preflight.

Three days preflight the pilot was put on the low residue
diet described irn Chapter XI, Nutrition of the Pilot. The
reasoning behind this low reasidue diet is discussed latar,

At approximately 1300 hcurs on each day preceding an exe
pected launch day, the pilot was sedated and put to bed isolated
from any diastractions. The long preparation time preflight plua
the anticipated long flight duration make a wellwrasted pilot a
neceasity,

¥ By captain B. L. Beeding, Jr.
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Lt MeQlure was awakened at 2030 and given time for a homes
dooked meal and to shower and shave, At this stage every effort
was deing made to insure a relaxed, physiocally fit pilot at launch
times, As the preparations progress, this relaxed stute can de
smaintained only by encompassing the pilot in an orderly, efficient
operation,

After arriving at the preparation area the pilot took a so~
dium phosphate-biophosphate enema an & last minute precaution
againat any in-flight defecation necesoity,

A digression is in order here to discuss the inadoquacies
of the partialepressure suits in common usage in the Air Force
when they are worn continuously for more than 24 hours, Although
no difficulty was encountered on the shortened MANHIGH III flight,
during 32-hour chamber runs the urge to defecate has presented a
problem. With no access out of this suit the pilot feels a natural
reluctance to relieve himself., This means that for soms houre he
must consclously fight thia urge, and what begins as a minor ire
ritation ends as a major problem.

A deficiency which does apply to this flight is the lack of
suit ventilation. At the beginning of this program, a contract
was written for partial-pressure suits to be speclally fitted to
potential pilots with provisions for ventilation and a built-in
zipper to permit defecation. This ventilation port permitted a
low power blower to circulate air around the subject's torso under-
neath the suit., This provision would have been of great value to
the pilot as a cooling mechanism. Once his suit became perapir=~
ation-soaked, and with no air flow around the bladders, skin cool-
ing came to an end. As can be noted from the chapter or Pilot
Selection, Lt McClure was the sixth candidate for the MANHIGH III "
pilot. A lack of time prevented the securing of one of these
special suits for him.

The author wishes at this point to ingert the very firm opin-u
ion that for flights of 36 hours or longer nc type of partiale
pressure suit should be worn. The day must come when the pres-
surization capabilities of the vehicle have to be trusted. For
long duration flights the disadvantages to the pilot outweigh the
potential advantages. To invest so much time and money in a ve=-
hicle and then to have so little faith in its capabilities that
a partial-pressure suit must be worn is inconpatibdbloe.

A drief preflight physical examination produced the following
information: blood pressure sitting - 128/78, standing - 128/82,
prone =« 120/64; pulse - 76 beats/minute; respiration - 23 per
minute; temperature - normalj weight - 174,0,
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Putting on the physiological sensors and dressing in the
partialepressure suit was begun at 2230 hours. This operation
was oompleted at 0030 hours the morning of the flight., This
phase is time consuaming bdecause of the great care with which
each step nust be done, The LKG electrodes must be properly
located, covered, &nd attached so that they will not dry out
or shift position., Further, any item put on the pilot must be
properly fitted to produce minimum irritation. A chance crease
in the helmet neock sesl may be only annoying initially, but
after 10 to 15 hours, and after fatigue has set in, these an~
noyances can become a maddening distraction,

Thermal ridbbons were taped to the instep of the right foot
and to the inside of the right thigh for skin temrerature re-
cording. A plastic encased probe was inserted in the rectum
for internal temperature recording. EKG electrodes were located
on the right ankle, over the apex of the heart and just under the
right scapula corresponding to a non-standard trans-thoracic lead.
To prevent drying of the electrode paste during the flight, the
electrode face was grooved so as to provide a reservoir of paste
and a small sponge was attached to the back of the electrode and
moistened with water, After preparing the skin with paste the
electrodes were first attached to the body with a waterproof
tape which was in turn covered with strips of adhesive plastic
tape. Finally both trunk electrodes were held down by Ace band-
age wrapped around the chest. This procedure keeps the electrodes
moist for 34 hours, in place and the configuration is not irri-
tating to the pilot. GSR readings were taken between a dry cloth
electrode on the right instep and a ground lead on the left ankle.

The wiring from each sensor was led out of the partialepressure
sult by the shorteat possible route to a conduit running beside
the capstan up the leg and trunk.

The respiration sensor, a pressure sensitive carbon mike, was
belted to the subject over the partial-presaure suit. Itz lo=-
cation was on the front right side of the trunk at the lower edge
of the rib cage so as to record its movoments during the breathing
cycle., After the pilot was completely dressed, the capstans and
bladders were inflated to check the suit fit., The sensor outputs
were checked with an oscilloscops and adjusted,

At 0037 hours the pilot began situating himself in the capsule,
Thirty minutes was consumad loading auxiliary equipment which can-
not be installed until the pilot is seated,

Composition of the capsuls atmosphere and the method uced to
obtaln this compoaition was the rosult of experience gained on the

165




two previous MANSION f£1lizhts and from several chamber tests,
This method of establishment insured (1) check of the cag-uio
seal for leaks, (2) denitrogenation of the pilot, and (3) a
physiologically adequate atmoasphere for the pllot at altitude,

After the upper and lower capsule halves had deen sealed,
the only connoction between capsule and amdbient atmosphere was
through a specially duilt Firewel oxygen regulator. The pilot
can manually geal off this connection.

Considering the altitude at Holloman Alr Ferce Base as
4000 feat, our calculations began with a total pressure of 656
mm of hg, The procedures are shown step by step as follows:

1. The capsule was flushed with Op from an external source
until the pilot gets a reading of 500 mm hg partial pressure
0> on the capsule Beckman 02 aunalyzer. The mixture was then
500 mm Op + 156 mm Ny = 656 mm.

2. After the pilot had closed the Firewel vent, thus
blocking any gas exchange with the outside, helium was introduced
from an external source until a pressure differential of 5§ psi
between inside and outside was reached. Then the mixture was
500 mm Op + 156 mm N2 + 250 mm He = 906 mm. As a check for a
proper seal of the capsule halves the differential was left at
5 psi for 20 minutes. The attached gauges are watched for any
drop in pressure.

3. Since the psi did not drop, the pilot then opened the
Firewel vent allowing the mixture of gases noted in 2 above,
to escape to the cutside until capsule and ambient pressures
are equal. Allowing for subject consumption during the 20 min-
ute check period zhe mixture then was 358 mm 02 + 114 mm N> +
184 mm He = 656 mm. The No content had been considerably re-
duced.

4, The procedure noted in 3 above is repeated. Firewel
vent closed, introduce He until 5 psl is reached, thus adding
250 mm He to the mixture noted in 3 above, Then the Firewel
vent was opened, the pressure equalized, and we had 260 mm Op
+ 314 mm He + 82 ma N2 = 656 mm. Again the N2 content had been
lowered,

5 Again using external oxygen the capsuls was flushed

with 02 until the pilot reads 415 mm Op P, P. on the Beckman
analyzer,
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The rect of the mixture is composed of 191 mm Ne
and 50 mm N>, The pilot dreathed this mixture for four hours
prior to launch, This serves as the denitrogenation period.

6. As the copsule ascended, the capsule atmosphere dled
off into the lower ambient pressure until the regulator seals
off automaticully at 26,000 feet., The final mixture was 170
mm O3 + 79 mm He + 20 mm N2 = 269 mm.

As can be seen in Figure 49, the increased cabin air
temrerature caused a lowering of the 02 partial pressure. This
was overcome by the pilots introducing Op directly froi: the
oxycen system through a constant flow valve,

It can be noted that if one is considering the stresses
imposed on the pilot timewise, the launch time is an unrealistic
point at which to begin this consideration. By launch time the
pilot had already been sealed in the cansule for five hours,

From the time he was sealed in and got his gear properly stowed,
the rilot had little to do except think, "Are we really going

to make it this time? Will the surface winds stay within pre-
established limits? Don'%t let the balloon tear during inflation',
The actual launch probably came as a relief,

The data presented in the remainder of this sectionarc in
the main the result of exposing a man with a reduced fluid re-
serve, clothed in an unventilated partial-pressure suit to a
capsule air temperature which reached and stayed at 96° to 97°F
for several hours. .

From launch until approximately 1300 all information re- B
ceived indicated that although in an excited state, the pilot
was in good condition. Unfortunately it was during the period
in which the command personnel were transferring from the van to
the C-47 that the pilot's condition began to deteriorate. The
reader, may, at this point, have the impression that the situ-
ation deteriorated rapidly. This was not the case. Three methods
of measuring the capsule air temperature were available: (1)
pilot's report from a gauge on the instrument panel, (2) telem-
etered, and (3) from a manually operated dry bulb thermometer.
The latter was not to be used routinely. See Fijure 50 for a
plot of all capsule air temperature data.

The panel gauge began to give what was assumed to he er=-
roneous reading early in the flight. By 1200 hours the needle
was against the peg at +120°F. Postflizht the discovery was %
made that the sensing element for this gauge had been inad- &
vertently laid on top of the air regeneration unit, the hottest &
itam in the capaule, .
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Figure 9. Oxygen Partial Pressure Versus Total Pressure

1
0300 0500

o0




"

29934 IIT HOIHKVH 3O w3eq sanjexedmer

(ssn0y u)) owyy

°0$ eanSyg

008 008t 0O COL! oo 00l GO0l 0089 0080 0040 0O0OPD




-

[ 1

This obviously erroneous reading scaused us to plase our
faith in the telemetered senmperature data which seemed to be
stabilising around 80°F, Unfortunately, this tco was erroneocus.

Tinally, Lt MoClure's report of excessive sweating led us
to doubt the telemetered temperature, A dry duld reading was
taken and we were in trouble with an air temperature of 976°F,
Worthy of note¢ before going into a detailed analysis of the
data is the faot that activities were scheduled for the pilot
to keed him dusy constantly, In practica this turned out to
be about 70 minutes of work for every hour. As & consequence
such normal, but unscheduled, activities as drinking were for=-
gotten and no fluids were taken from 02CO hours to 1300 hours.
This is the bdest example of one of the most important lessons
learned on this flight. Those connected with the flight were
in the hadbit of subconsciously considering flight activities
in the context of everyday living., Normal ground or aircraft
activities are not necessarily good guides for this type of
endeavor., That man will eat and drink when he feels the need
is a well-known fact. No one even considered that the pilot's
workload, his personal interest in this workload, and the over=-
all excitement generatec by the flight would cause him to for-
get such a vital activity as drinking.

At 1400 hours the situation was as follows: partial-
pressure suit completely soaked with perspiration, hsart rate
fluctuating between 140 to 160 and rectal temperature up to
101.5°F. Apparently the combination of high capsule temper-
ature and the soaked partial-pressure suit preventing skin
cooling had become too much for the body to combat and Lt McClure
was headed for heac exhaustion unless his environment couléd be
changed. The only way this change could be made within a reason-
able length of time was to terminate the flight. The decision
was then made. i

At approximately 1500 hours the subject was judged to be
in a condition approaching exhaustion and collapse and the de-
cision was made to drastically limit his sctivitiea. Conse-
quently ths subject was required to report only rectal ten-
perature, altitude, and descent rate. He was also ianstructed
to drink as much water as possidle. All other data recordad
after 1500 hours were telomstersd,

The last radio communication betwsen the C-47 and the ocape
sule at 1710 gave us this picturet altitude 59,000 fset, a
descent rate of 400 feet per minute, capsule tempsrature 96°F,
rectal temperature 106,5°F and a heart rate of 180 per minute,
Approximately an hour and a half still to go until landing,
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One of the reasons for this loss of communications serves
$0 1llustrate the pilot's ocondition, As a safety measure, the
pilot was instructed to remove the spot photometer, an instru=-
nent weighing seven pounds, from its location in front of him
and to place it on the floor, After getting it loose from its
pooring he was too weak to hold the instrument und it fell on
the radio foot switoh,

Dats on physiological condition and on factors effecting
the physiological picture were gathered through three media -
telenetry, radio voice communication and film from automatic
cameras (Fig. 47). Thus the first two were our sources of in-
formation during the flight.

Telemetered physiological and related data included time,
respiration rate, XXG, BSR, cabin air temperature, and cabin
altitude. These were recorded both on tape and on paper, the
latter affording a source of immediate read out.

Information routinely reported by radio included pressure
differential between cabin and ambient atmosphere, cabin alti-
tude, oxygen partial pressure, carbon dioxide percentage, rel-~
ative humidity in the cabin atmosphere, capsule air temperature,
a subjective opinion by the pilot of his personal condition,
pllot's skin and rectal temperatures, and inside capsule skin
temperatures.,

One can readily see that great gaps in information would
result from loss of radio communications. That is precisely
what happened on this flight. As is mentioned later in this
section, sufficient information was available from telemetry
to show that the pilot was near collapse., After the radio fail-
ure we in the command post were in the position of the foot
soldier fighting from a trench suddenly called upon to direct
the entire battle. Only a portion of the facts were available,
but decisicns had to be made. Other difficulties could have
arisen without the knowledge of the command post which would
have dictated the use of the large cargo parachute as a quicker
means of bdringing the capsule to the ground.

As examples of the esaentiality of having all information
telemetered, consider the following possidilities. Had the air
regsneration system failed, the CO2 percentage build-up would
have ocourred without our being aware of it. This and the oxygen
partial pressure sensor systsm atrikingly illuatrate the noed
for complete automation that will permit telemetry. Using &
standard Beckman analyzer tho pilot takes the reading indicated
by & spot of light on the scale, This light burns only during
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the time a button is depresaed by the pilot, In hopes of having
& complete record postflight the pilot was inastructed to line up
a sliding metal marker with the light spot location following
each reading, thus giving the automatic cameras a target. The
author and other pilot candidates found that this lining up of
the metal slide after each reading is routinely forgotten when
the pilot 4s fatigued or immersed in other activities. There-
fore, Lt McClure was cautioned many times adout this requirement
but to no avail, Consequently after the loss of communications
only one reading is available for O, partial presoures,

The dangsrs inherent in combining radio communications with
readings taken by the pilot are many. The chance for human error
is present at both ends of the line, gauges are misread and when
reported the error can be magnified by incorrect recording.

Sensors which are not automatic open up another avenue for
error., The pilot had been reporting a COp concentration in the
capsule of 0,0 percent. Suddenly he reported a percentage of
0.8 percent. liot a dangerous level but perhaps indicative of a
trend and the first sign of air regeneration system failure., The
author and pilot went through a step by step check of the pro-
cedure used to get this rcading. The pilot had left a plunger
in the up vosition that should have been down. This simple error,
although easily found and corrected, disturbed the pilot and ground
crew and wasted. valuable time,

Experience from this flicht shows that the need for telemetry
from automatic physiological and related sensors cannot be over-
stressed. Automation and telemetry offer the best source of com-
plete data and the best chance of obtaining data free from error,

Judging from the information available to us our pilot was
probably on the verge of collapse from heat exhaustion. DRectal
temperature was 106.5°F. A considerable loss of sodium chloride
in his perspiration had to be assumed. Tulse rate was steady at
180 per minute which is the borderline for cardiac decompensation.

This speeding up or shortening of the cardiac cycle at the
expense of the diastolic (rest and filling) phase and the period
of ejection is energy wisc a wasteful process. Although the abe
sence of a blood pressure measuring device made & definitive analy-
sls impoasible, it is not unrsasonablo to as.ume that the reduced
stroke volume output due to the high rete and consequent inconplete
filling of the ventricles plus the dilation of peripheral blood
vesasels aa a roflex attempt to cool the skin would reduce hia blood
presaure to a point bordering on c¢irculatory collapse,
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The belief that the piloth's dlood presaure was lowered
was reinforsed by the reporting of visual "apparitions" dy
the pilot, Just prior to the onset of these visual phenomena,
Lt McClure had gone through the tiring procedure required to
use one of the urine dottles, This inoludes getting into a
hal? standing position and remaining there for sevoral minutes.
This endeavor was followed by the spot photometer episode, After
dropping the photometer, now discouraged and exhausted, he closed
hids eyes and tried tc get some rost. He then noticed what he de~
scribed as '"green globs" in his visual field. These were inter-
aittently present for the next twenty minutes, both with eyes
closed or open., They did not track eyeball movement. These
visual phenomena were probably the result of ceredral iachenmia,

In apits of the conditions deascribed above and without any
outside advice for the last hour and one-half, Lt McClure was
r-t only able to continue to function but brought his balloon-
capsule system in for a perfect landing. This was a truly mag-
nificent performance considering the fact that he had become the
subject for one of the most rigorous stress tests ever recorded,

One hour post impact, the pilot was in the hands of the
Base Hospital personnel. His blood pressure was 120/70, rectal
temperature 101.4°F, pulse 140 and respiration rate 22. The
admitting Medical Officer gave a diagnosis of early heat ex~
haustion. Lt McClure was given 1000 cc of 5 percent glucose
with KCL intravenously and sedated with seconal. An hour later
he was given another 1000 c¢c of the same solution.

The next morning he was discharged from the hospital his
usual self - high on the tiger index scale.
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CHAPTIR VII
PBYCHOLOGICAL ASPECTS OF MANHIGH IIXe

A, QENERAL

Paychiatric aspects of the MANRIGH experiments are of
particular importance because behavorial reactions to space
flight cannot be thoroughly studied in a ground emvironment,
Bigh altitude balloon flights provide the best means currently
available for simulating psychological stress conditions ex~-
pocted during expeditions in space. Information from these
experinents can be applied in planning satellite and other ad-
vanced missions with less speculation than if one were to begin
with laboratory data.

During the MANBEIGH III project, therefore, paychiatric studies
were included in thoe selection, ground testing and flight phases.
Objectives during the first two phases were to select a candidate
qualified for the mission and to estadblish a baseline for evalu-
ating reactions to the flight itself. Objectives during the
third phase were to describe the subject's behavior and to iden-
tify features of the mission which appeared psychologically stress-
ful. An attempt was also to be made to measure changes in per-
formance and to determine which conditions of the flight produced
such changes.

B. SELECTION PHASE

Six potential subjects received the full battery of procedures
devised for psychological screening of candidates for demanding
missions. The techniques employed were:

1. Psychiatric Interviews -~ In most cases two interviews
were given by each of two psychiatrists. These were intended
to evaluate the subject's personality structure, with emphasis
on motivation and emotional stability. Attention was directed
to past experiences in order to define methods customarily en-
ployed by the subject for solution of life problems and for adap-
tation to environmontal demands.

2. lsolation - Each subject was placed in a dark soundeproof
room containing only a bded, toilet and refrigsrator. He was
asked to rexmain as long as poasible, This procedure provided ine
formation on his capacity to a&dapt to situations sontaining few
features of his usual environment,

¥ By captain O, Ruf?
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5 ﬂ;chslor Adule Igtolligonoo 30ale = Because of the
MANHIGH pilot'’s respons y for conducting experiments and *
operating complex equipment, a high level of intellectual ability
was required, This test of intelligence was adminiatered to meas-

ure a variety of verbal and performance funotions.

be Minnesota Multiphasic Personality Inventory = This is an
objective, paper-and-pencil test which offers a description of
personality based on responses to a 566-item questionnaire.

S5 Rorschach Polydiognostic Test = By observing the nature
of a subject's assoclations to ten anbiguous ink dlots, a psy=~
chologist 41s able to prode relatively deep levels of the person~
ality. Important informatioan on emotional conflicts and defense
mechanisms can be obtained by analyzing what is seen and how it

is seen,

6. Thematic Aperception Test = The subject is asked to tell
stories suggested by a series of pictures., This test yields in-
formation about inter-personal relationships on a fairly deep
level.

7. Draw-A-Person - In this projective test, the subject is
asked to draw male and female human figures. Information is
thus given on his body image and feelings about his place in the
universe.

e

8. Sentence-Completion Test ~ This consists of incomplete
santences which are completed by the subject. His choice of
conclusions offers further information on his personality.

All subjects recommended for the MANHIGH experiment showed
superior intelligence, motivation and emotional stability. It
was also felt that each of them had intellectual and personality .
resources to meet the specific demands of the mission. Isolation
experiences, which varied in this group from 22 to 43 hours, re-
vealed no undue suscoptibility to prolonged isolation or confine-
ment,

C. GROUND TEST PHASE

Observations of changss in psyrhological functiona were made
during simulated missions in the WADC high altitude chambar,
These were supplemonted by self-ratings made by each subject for
"alertnesa", "drive', "effioiency', "tension", and "comfort",

A fourw-point soale was employed for these ratings, 20 that
"alertneas", for example, would be rated "1" if subject felt that
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he was maximally alers; "2, if at an average state of alerts
ness;) "3", 1if sleepy; and "z" 42 darely awake,

Data from this ground test are presented only for the sube
Jeot who subsequently made the flight,

Lt MoClure viewed the chamber run as an opportunity to ine
orease his familiarity with the syatem. He worked at this task
conscientiously, maintaining a high level of efficiency through-
out his 31.5 hours in the capsule. A drop in drive and elert-
ness at 0500 during the first day and from 2200 of the first day
to 0300 of the second day was consistent with his normal diurnal
oycle. Improvement in drive, efficiency and tension scores after
0300 on the second day could be attributed to a short period of
sleep, plus anticipation of the end of the run.- Occasional peri-
ods of euphoria during the last 10 hours also arose from the feel-
ing that the mission had been successfully nccompliahod and was
approaching termination.

It was noted throughout the run that Lt McClure's autonomic
functions were highly variable. The effort of arranging urine
bottles, for example, was sufficient to raise his pulse to 160,
This observation subsequently proved important in interpreting
the significance of pulse rate changes observed during the flight.

D. FLIGHT PHASE

It was planned that psychiatric observations would be made
throughout the flight. Particular emphasis was to be placed on
changes in performance capability and emotional status. Since
it was not feasible to equip the capsule with psychological test
faclilities, these assessments were to be made by questioning and
testing the subject from the ground. In addition to thease sched-
uled contacts, information was to be gained from psychiatric moni-
toring of all the subject's communications with ground personnel.

The emergency arising early in the flight prevented systsmatioc
evaluation of the sudbject's status. Psychiatric impressions, there-
fore, ware based on monitoring radio transmissions and discussions
with the pilot after the flight, supplemented by his subasequent
written report.

Early phases of the flight were uneventful, The subject ap-
peared highly stinmulated by the expsriences of the launch and ascent,
This subsided after the first hour, and was replaced by a bdusiness-
like but more relaxed approach to his duties, These were performed
in a routine, efficient mannar., He was highly alert,; and reported
aew experisnces in exteansive detail,
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During the 2irst psychiatrio "interview!" the sutjeot re»
ported a feeling of uneasiness at the absenoe of any "visidle
mneans of support’. This arose from his inability to look down
and see the reassuring presence of an aircraft wing, It was not
alleviated by looking toward the balloon, because the ast of
looking upward provented the use of horizon and grousd as ref-
erence points,

As a result of his preoccupation with his duties and odb~
servations, the subject neglected to take food or liquid until
1200, At that time, after finding that his water supply was not
functioning, signs of mild anxiety were evident. He also seemed
to require excessive effort to accomplish simple tasks. This,
it was apparent, was caused by overheating of the capsule, In
spite of these difficulties, however, the subjcct's problem=-
zolving ability and other higher intellectual capacities were
unimpaired.

Instructions to descend were received with respectful pro-
teats. Although uncomfortable, the subject was convinced he
* could continue. By 1400, rectal temperature had risen past
103°, and pulse to 150, Activities required increasing exertion.
Time seemed to slow down and a feeling of depersonalization was
noted.

Along with mounting evidence of exhauastion, the asubject
showed increased seriousness. By now he had ceased questioning
the necessity for terminating the flight &nd had begun thinking
through all phases of the descent. Although unable to escape
the sensations of pounding in the head, ringing of the ears and
flashing lights before his eyes, his preparations and calculations
were highly effective. Each eventuality was considersd and ap-
propriate plans worked out. Even though cut off from contact
with the ground, his descent rate was accurately controlled.

Severe anxiety appeared only after passage through a haze
layer led him to believe that he had passed below the level of
the mountains. This passs? almost immediately as he realized his
mistake, The possibility ¢ death was considered with detachment
and balanced by his confidence in himself and the balloon system,

After landing, the sudject felt a "compulsion'" to open the
capsule and descend the final six feet without assistance. Once
he had reached the ground, he struggled against the urge to lean
on anything., He then consented to return to the base only after
he had regainsd possession o? the dictating machine he had en-
ployed for recording his thoughts and observations.
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Upon reaching the hospital, the sudjest's apparently good
physioal condition made it possible to cheok his weight and
obtain an electrocardiogram. He cooperated in these proceds
ures and effectivoly directed the removal and disposition of
his equipment., It was apparent that his state of conssclous-
ness was olear, No impairment of memory or other intellestual
funotions ocould de noted.

In conclusion, it oan be stated that this subject's ca-
pacity to withatand streas was unusually high. Even though
body temperature, pulse and respiratory measures indicated
that extreme tolerance limits had been reached, a high level
of intellectual efficiency was maintained. In spite of con-
ditions which might be expected to produce effective changes,
no adverse emoiional reactions were noted.
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CEAPTER VIIX

PILOT'S OOMPARISON BETWEEN CONFINLMENT 7187,
CXAMBIR TZST AND ACTUAL PLIGHT®

A, QINERAL :

There were a number of differences between the 24-hour
oonfinexent test, the 32-hour Wright Field Chamber Test, and
the MANHIGR III flight, which can be broken down into two cate
egories, the physic and the physical differences.

The first of the series, the confinsment test, was performed
within a metal can 3 feet in diameter and 6-1/2 feet tall., Avail-
able were a single chair, food and water, and a series of three
different gauges to monitor. All contact with the outside was
removed except through the communications link installed. The
period of time was exactly 24 hours from start to finish of
sealed condition, The subject wore a standard Air Force partial-
pressure suit,

The Wright Field Chamber Test was simulated flight accom=-
plished by including the pilot in~capsule within the large ex~
perimental test chamber and depressurizing the chamber to approach
the flight profile. In general, the same preparations are needed
as for the actual flight, including capsule preparation, cozmuni-
cations, pressurization, prebreathing, etc.

The flight to altitude was started aftsr precooling the chamber
to the stratospheric temperature of -55°C, and was accomplished
in about 2 hours from start of ascent to the attainment of the
100,000=-f00t pressure altitude. This pressure altitude was main-
tained and the flight activity schedule, including pilet reports
and hypothetical emergencies, was simulated for 24 hours. Then
a descent laasting approximately 3 hours was made.

In the actual flight the preparations were almost exactly
the same as for the chamber test, with the exception that the
prebreathing period was shortened. The olimb to altitude took
3 hours 45 minutes. The system remained at altitude for 3 hours
1% minuvtes, and a deacent weas then initiated whioh took approxie
mately 6 hours.

v By Lt G. N. HoOlure
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| INEMENT TI3

This test degan as a novelty, The idea was new, the pres-
sure suit was new, and I feel this newness carried me through
the "game! of the first six or seven hours o. the test, During
this tizne I was mentally oriented to outdo the outside, which
was competing with me to maintain control of the gauges I was
facing, The gauges were three &ifferent displays of information
that could be controlled by myself and also dby the project person-
nel. One was a continuous scale with a needle pointer on it.

The needle was to be kept centered on the value "6" on the scale.
If moved off this value I was to move it back. Another gauge
was & anall neon lamp that glowed when activated by the project
personnel. The subject's reaction was to press a button which
extinguished the lamp. The other gauge was an oxygen flow
blinker with a set rate of 12 times per minute. The rate could
be varied and was to be corrected dby the project people when
notified by the subject that he had noticed a changed rate.

The time for correction was logged on all gauges as data for the
test.

The newness of the situation and the game with the gauges
soon wore off and after this interval the suit became a problem.
The suit was not fitted to me, but was of approximately correct
size., It was an MC-3 partial-pressure suit, but had seen its
better days. The helmet was warped and would not sit squarely
upon my head and the suit had been repaired in saeveral places.

I had two pressure points, one on the head just above the
left eye, the other on the left knee. After about 14 hours the
pressure points became numb and no longer were a big problem, and
the routine settled down to just another job. The sleepieat time
that I encountered was about 1500 to 1630 hours the afternoon of
the first day. I did not request to go to sleep during this time;
however, the reaction times to the gauges rose to their highest
values during this tinpe, .

I might add that my own opinion, adopted before this confine-
nent test and lasting throughout the MANRIGH III program, was
that if at any time, a test became effective enough to make my
performance, upon exit, less than that requirsd for the balloon
landing at the end of the actual flight, I would voluntarily ex=
cuse nmyself from the program. I felt that this condition would
:o realized by myself even bafore the project people would notice

t.

I requested sleop early in the morning hours of tho sacond day
because I felt that projesting mysel? heyond this point without

182




sleep night cause me to de unadle to stay awake near exit time,
This, in particular, as I stated above, I did not want to happen,

During the last hours of the test the gauges became somewhat
of a diversion from monotony, I ate more 4in snacks now instead
of definite meals., There was a definite need for more diversion
from monotony.

During the test I felt a single twinge of resentment toward
one of the operatora. During the last few hours of operation
this individual seemed to adopt a joking or kidding attitude
toward the test. I did not appreciate such an approach by the
persons outside.

The seat became uncomfortsble after about five or six hours,
and from then on thore was considerable repositioning onm it. I
did not become particularly tired or feel the need to stretch
or to stand up, but I noticed that the ssat was unccmfortable.

The suit discomforts during the run were only the two pres-
sure points discussed. The pressure point above the left eye
left a large contusion. The discomfort from this remained for
approximately two days. The pressure point on the left knee
caused a slight limp for the day following the test. Another
discomfort that evidenced itself following this test was an
itch. This itch was noticed the day after the test and lasted
for about six or seven days total. The condition was present
on most of the body except the head, but was more severe on the
back and chest., Heat aggravated this condition and upon stepping
from an air conditioned building into the summer air, the dis-
comfort was especially evident.

C. THE WRIGHT FIELD CHAMBER RUN

In the chamber run no diversion was consciously found to be
necessary, even though the time of the test was longer than either
the confinement test or the real flight,

It was during this chamber test that I experienced both being
slightly toc warm, before starting and during the first part of

the test, and being cold, during the cooling phase before starting

to altitude.

A certain point noted during the cooling phase should be
brought out bere, as it bears more relation to the diffioculty
with heat sncountered on the real flight than it might have if
the flight temperature had been as expected., #s the chamber was
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000led and came very olose to the equilibdrium temperature
desired, I felt a ohill which ocaused me to utiline the 2-¢l0
suit, When the pressure was reduced outside and the cabin alti=
tude climbed to and sealed off between 24,000 and 26,000 feet,
almost immediately I felt warmer, and noted this feeling bdoth
on my notes and over the intercom, This warm feeling occurred
when I was still in the same condition of being wet with sweat
and with the same inside temperature reading, I decided the
reason vwas the fact that convective transfer of heat from my
body was lowered when the inside capsule pressure was lowerad,
There was no discomfort at all experienced from sitting and
being soc physically restricted from movement for so long., My
pressure suit fit me better and the wed seat installed in the
capsule was exceptionally comfortable. As compared to the
confinenment test, the only increased inconvenience came with
use of the urine bottles, since I could neither sit nor stand
completely, but could only half-crouch. 1

I feel that discomfort might have been noticed more with
this pressure suit had I not been introduced to these by wearing
such an ill«fitting sult as I did in the confinement test,

In the chamber flight no pressure point ever reached the
condition of being foremost in my mind as the two did in the
confinement test. In that test those two points occupied much
consclous thought for several hours,

Iy mental attitude had the advantage of being conditioned
both by the confinement test and by my realization that if the
primary subject were to be lost to the program, there would be
another unprogrammed step~up in tempo to qualify another sudbject
for the flight. Since this second subject would be myself, I
tried to push as hard as I could diring these tests to learn as
much about the systems as possible, always as if I were going to
make the flight. This attitude supplied uses for my time during
the chamber run that allowed very little time or need to look
purposely for diversions.

D. MANHIGH III FLIGHT

The flight had by far enough activity to be anything bdut
boring. In fact, the work schedule was almost impossible to
accomplish, I experienced no apprehsnsion during the flight,
or beforej in fact, it was an xtreme pleasure to be launched
after so much delay. Othor than the heat, no physical discomfort
was found during the normal part of the flignt, However, during
the last ono and one=half hours of deascent, whon the capsule
floor was baeing used to atow looase items in anticipation of im-
pact, the muscles in the lower part of my thigh becams oramped,
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I think this cremp and pain was precipitated dy my having to
reposition my feot on top of the items on the floor, 1ifting
ny logs off the web seat, and incroasing the seat pressure
felt by my buttoocks. This small change in position caused
this discomfort,

Never was any feeling of recentment or anger felt by nye
self toward any member of the project on the ground. During
the trying period of the descent I could easily guess that
certain discussions were going on among the project group.

I knew that these discussions were spared me out of consider=
ation for my position, especially since there was no real need
for me to contribute to them, I had my own definite opinions
as to the plan that should be followed; however, I knew that
all persons involved had my best interest at heart, and I never
felt any animosity because of a difference of orinion,

That the flight aspects were interesting and absorbing to
me in the extreme was evidenced in many ways. One of the most
outstanding examples is the fact that I grossly over extended
myself in neglecting both food and water intake. When I re-
called this fact, I suddenly realized my great hunger =2nd thirst,
but I was never conscious of approaching these conditions.

E. SUMMARY

The confinement test tested clausirophobia well, However,
for me, it was simply a test of long duration in a small place
with little diversion. Even though the gauges were monitored
during the whole time, they did not provide enough diversion to
prevent monotony.

The chamber run was more strenuous than the confinement test,
and longer in duration than either that test or the flight. No
test was as interesting or as stressing as the actual flight.
However, it was so enjoyable that the heat atress condition it~
self as well as some necessary functions became so relatively
uninportant as to be ignored or overlooked, No diversions were
necessary; in fact, I cannot believe that boredom could occur
on such a flight even if only a few basic scientific instruments
were available, EIxcept for beirg tired and nesding liquids in-
mediately after the flight, no difficulties remained. The lack
of a good in-capsule volics recordsr was noted on both the chamber
test and the real flight. Notes had to be taken in the chamber
run in place of this recordesr, Note-taking is more time con-
suning, and for this and other reoasons, may not allow the true
subjootive feelinga to be obtained lor later analysis. The radio
failure which occurred Auring the psychologically interesting
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landing phase of the real flight left only the dictet and the
subject's nemory for recording cudbjestive data, The dictet
did not operats properly and all theue itens of interest had
to be reocalled from tha fallible nmemory,

During the real flicht, from the time the temperature rose
above about 90°F, and when my activity dropped low enough to
allow time for reflective thinking, I noticed something that
had been first noticed in the Wright Field test = the greater
retention of dody heat when under reduced pressure oconditions.
This fact would not have been as svident to me personally at
these higher temperatures if notice of it had not occurred at
cocnstant temperature during the chamber run,

As further evidence during the flight, the command radio
heated up to a temperature far in excess of that which would
normally have been the heating situation within the radio.
However, the radio became almost too hot to touch, while other
metallic items within the capsule never approached this con-
dition. Even the walls of the capsule exposed on the sunny
side never became this hot. This high temperature condition
was a result of the fact that the heat output of the radio it-
self, combined with the higher capsule atmospheric temperature,
could not be transferred away effectively because of the re-
duced convective ability of the inside atmosphere at its lowered
pressure. In order to accomplish thias transfer, the temperature
rise would have had to be greater than a normal temperature rise.

This same condition of reduced convective transfer ability
was undoubtedly operating against my body cooling system, lower-
ing my tolerance to heat and causing a faster rise in my tem-
perature once the body was no longer able to compensate, In
substantiating this possibility, I would like to quote from my
‘'right Field chamber notes.,

The conditions were as follows: I was in the capsule, seczled
off, with the atmosphere established. The capsule was sealed
inside the low pressure environumental chamber at Wright Field,
For several hours both the chamber and the inside capsule pres-
sure had been maintained at the local pressure altitude (approxi-
mately 800 feet). During this time the refrigeration coils on
the chamber walls had been cooled down and the air ianside the
chambar circulated over them to reduce its tempersture to the
stratospheric temperature (=55°C). I was sweaty, and as the
temperature dropped, I donned the 2-clo suit for warmth. The
teamperuture inside the capsule had otabilizoed at 57°F when the
depressurization of the chamber began. The inside temperature
remained constant, but the capsule atmosphoric pressure dropped
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with the ohamber preasure until 23,000 feet was reached. At
this point the capsule valve that vented it to the chamber
avtomatically sealed off, leaving the capsule pressure at
&5,000 feot for the remainder of the run., The following note
was nade at this time:

"0947 = Unsipped the 2-0lo suit = dry and very comfortable.
The warmest that I have felt since the coid runs started.
Checked for hypexia because of the warm feeling., COa okay,
PO3 210 okay., Went on mask for four minutes anyway. Warm
feeling proved to be natural retention of body heat."

There was a definite change in body feeling at this point
that caused the above questioning approach associated with a
constant inside capsule temperaturs, I can contribute this
marked increase in coafort from cold to'comfertably cool or
warm to reduction of convective transfer within the capsule
caused by reduced capsule atmospheric density. I had noticed
the condition of "feeling warmer'" when only the capsule atmos-
pheric pressure had been changed and the temperature had re-
meined conctant, This change in feeling was so definite and
rapid as to cause me to consume considerable time making sure .
this warm feeling was not that accompanying my own peculiar
reactions to hypoxia onset. It was so definite as to provide
reason enough for me to take steps against hypoxia even though
the reading on oxygea partial pressure was available to me.

F. RECOMMENDATIONS

The following recommendations muy be made from the results
obtained and lessons learned during the MANHIGH III flight and
some of the preceding tests: <

4

l. BHave in-capsule automatic voice recorder.

2+ Use experienced crews on all tests and the flight. Keep
the same team if possible,

3+ If communications apparently fail, assums the in-flight
receiver ias still operating. Keep talking and constantly re=-
peating any information that could possibly be of any value to
the pilot.

b, Data read-out should be more rapid, even to automatic

warning of potential dangers as indicated from tranamitted physe
lological data,
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8. Dstablish the danger areas, such as temperature limits,
with the total operation in mind, For Anstance, in this cuse
the dangerous temperature to whioh the body san be subjected
osour much lower on the thermometric scale than under normal
oconditions, This fact is true not only decause of an excited
subjeot condition and heavy work load, dut also because of the
physiological effects on the dody sooling mechanisms by the
pressure suit and lowered capsule atmospheric pressure.
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CXAPTIR IX
008SMIC RADIATION STUDIES®

A, INTRODUCTION

8ince the observation by Chase in 1954 of the greying of
hair on mice exposed in the stratosphere for periods of about
one day, it was deemed advisable to monitor the ara and chest
hair of pilots on the MANRIGH balloon program in order to cor-
relate changes of hair pigmentation with the passage of hLeavy
primary cosmic ray auclei. This program was initiated on the
MANHIGH II flight piloted by Colonel D, G, Simons and similar
emulsion preparations were fitted to the prospective pilots
for the MANHIGE III flight., This flight was originally planned
to take place frox Crosby, Minnesota, at geomagnetic latitude
55°N, an area where the low energy heavy primaries can reach
undeviated by the earth's magnetic field. Owing to delay in
the program, unfavorable flight trajectories during' the fall
necessitated the transfer of the operaticn to Hollioman Ailr
Force Base, New Mexico, located at geomagnetic latitude 41°N,
where the biologically effective low energy primaries are devi-
ated by the magnetic field.

et S v ¢

Nevertheless, the skin emulsion monitors were mounted on
the arms and chest of Lt C. McClure and processed several days
after the flight termination. These particular emulsions de-
veloped with an excessively high background of slow electron
tracks whose density was such as to render the cosmic ray re-
cording visible only at high magnification, in excess of 500 X
diameters. This high electron track background did not origi-
nate from flight in the stratosphere, as a ground control plate
of identical history showed an identical electron track back-
ground. Two other units of emulsion, B and C, described in
Table I, mounted on the outside of the gondola developed with
& normal background and furnished a measure of the atar pro=
ducing radiation for this flight,

The mysterious blackening of the akin monitor emulsions
appears to be explicable on the basis of the following obaer-
vations. When the balloon launching operation was transferred
from Crosby to Holloman Air Force Base, the capsule and all
its externally mounted instrumentation (inoluding emulsion
blocks B and 0O) was placed on a C=123 transport plane at a dis-
tance of about 15 foet from the cockpit. The skin monitors,

: By Dr. He Yagoda
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TABLE X

DESCRIPTION OF EMULSION BLOCKS MOUNTED KXTLRNALLY
ON THE MANHIGH III CAPSULL

Description

Block B -

Block C

Components

Age at time of
development

Volume scanned

Star Tally of 3
3 prongs

Stars per cc in
flown emulsions

Stars per cc in lad-
oratory control

Stars per cc due to
flight

Star intensity per
cc/day*

Ilford G 5 pellicles Dual circulcor caste

600 miocrons thick
62 days

0.259 co
96

370
50
320

895 ¢ 91

ings prepared from
Ilford G 5 gel

31 days
S0

0.138
58

420
50
370

1030 1135

)

*Computed on a basis that the balloon spent 8,538 hours at ela-

vations 3 60,000 feet.
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however, were ocarried in the writer's handbag which was stored
during flight near the pilot's cockpit at a distance of about
three to five feet from the radium activated luminous dials on
the control panel, It would thus agpour that these preparations
were spoiled as a result of adbout 18 hours proximity to the
numerous radioactive gamma ray emitting sources on the control
panel, The lesson learned from this experience should be made
known to all personnel concerned with the rcoovery of emulsion
following rocket and satellite exposures. The recovery crews
on the Atlas and Discoverer programs have been alerted to keep
the emulsion blocks as far as possible from the plane's cockpit
and to avoid wearing watches with luminous dials, This ine-
formation should be made available to similar programs such as
the X-15 and the DYNASOAR.,

B. SKIN MONITOR PREPARATION

The emulsion units worn by Lt McClure represent an improve-
ment in design over those mounted on Colon¢l Simons. On the
MANHIGH II flight some sweat penetrated the flexible protective
housing causing adhesion of about 10 percent of the emulsion
surface to the black paper wrapping. This difficulty did not
occur on the MANHIGH IIXI flight, despite the excessively high {
body temperature of the pilot, owing to the incorporation of a
layer of polyethylene sheeting between the emulsion and the
black paper. This additional waterproofing did not increase
the bulk or rigidity of the monitor appreciadbly, and on post=-
flight questioning the pilot stated that the units did not cause
discomfort or interfere with his operations during the flight,
Since these special skin monitoring devices may prove useful on
other manned flights near or above the top of the atmosphere,

a complete description of their construction follows:

1. Ilford G 5 unsupported emulsion sheets 600 microns thick
are cut into rectangular pieces measuring 5 by 10 cam. In order
to secure adequate pliability the sheets should be maintained
at 60 to 70 percent relative humidity for one to two hours, This
dces not reduce sensitivity appreciably but permits fitting the
final preparation to the contour of the arms and chest,

2: The emulsion is placed with its dull side uppermost bee
tween two sheets of thin polyethylene sheeting and covered with
sheets of thin light-tight paper. The edges ure rendered light-
tight by sealing the periphery with a band of 10 mm wide black
nylon adheaive tape. The unit is then wrapped in a sheot of
watereprool "Parafilm" measuring 1l by 12 cn, overlapping odges
and sealing them with cellulose adhoaive tape, To provent tearing
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of the thin "Parafila" material it is covered with a atrip

of white surgical adhesive plaster 5 dy 20 om. Al) iden=
tifioation and orientation marks are insorided on the asurgical
tape surface,

3. A particularly useful orientation mark is to insaride
a8 circle 10 mm in diameter near a corner of the preparation,
The compass aneedle should de pressed into the emulsion layer
80 as to produce a mechanical latent image. The largs external
cirole defines the internal position of this point and is more
readily visible on photographs of the preparation mounted on
the body. The units for the right and left ara should de iden-
tified by an "R" and "L" mark, respectively,

4, The skin monitors should be placed on a relatively flat
portion of the arm and oriented so that the edges are defined
by characteristic skin pigmentation marks such as A and B of
Figure 51, This serves to define the corresponding coordinate
of point C with reference to the skin., In the absence of natural
pigmentation marks, four tattooed points at the corner of the
emulsion can be imprinted with indelible ink.

5. The monitor is then fitted to the arm contour with the
aid of three bands of one inch wide adhesive tape. The final
tension should be applied by the pilot so as to feel comfortable
and not to interfere with circulation of the dlood. 'The rud-
berized sleeve of the pressure sult worn by the pilot is largely
instrumental in keeping the monitor in place. The arms should
be photographed before and after flight and the region under and
adjoining the monitor should be carefully inspected prior to
flight, for the presence of background greying hair,

6. After flight termination and removal of the pressure
sult the skin monitor preparations are usually bathed in sweat,
After removal they should be blotted between absorbent paper and
allowed to air dry before being opened in tks darkrooa. Prior
to development, appropriate identification marks should be in-
scridbed on the emulsion proper. As is well known, pencil in-
scription marks on the uppsr emulsion surf{ace make permanent
markings on development, The emulsion sheets are mounted on
subbed glass and developed by any of the standard methods for
600 micron thick pellicles as practiced in cosmic ray nuclear
emulaion research, Since the bright lower surface of the emul-
sion adheres best to the glaass support, sare should be taken in
preparing and orienting the monitor, that this particular surface
is adjacent to the skin,
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Pigure 51, Sketch Showiang Orientation of the Honitor with
Reference to'Natural 8kin Pigmentation Marks
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7. The proocessed emulsion is exaained mioroscopically for
the characteristic tracks of heavy primaries and the coordinates
of the points where the tracks enter and leave the emulsion layer
arv plotted on graph paper. The distance between the two points
reprosents the horizontal projection of the track and is pro-
portional to the obliquity of the incident heavy particles, The
steep tracks are most suited for correlation with changes in hair
or skin pigmentation, A typical graph of track orientation is
reproduced in Colonel David G, Simons' report '"Observations in
High=-Altitude Sealed-Cabin Balloon Flight! page 83, Volume 10,
No. @ Ai> University Quarterly Review.

C. EXPOSURE TO STAR PRODUCING RADIATION

Two blocks of nuclear emulsions, described in Table I, were
mounted on the outside of the capsule. These developed satis~
factorily and star counts of auclear disintegrations constituted
of three or more prongs were tallied along measured swaths of
emulsion using a 40 X oil immersion fluorite objective and 10 X
eyepieces. The two independent results of 895 * 91 and 1030 ?
135 stars per cc per day are in good agreement within the limits
of statistical error. The average value of the two analyses of
946 ¥ 76 stars per cc per day is essentially identical with meas=-
urements made at Pyote, Texas (A = 41°N) on stratosphere balloons
launched in 1951 and 1954, whicn averaged 815 t 104 stars per cc
per day. This suggests that the star producing radiation does
not vary markedly with the solar sunspot cycle at 41°N geomagnetic
latitude. On the MANHIGH II flight conducted at geomagnetic lati=-
tude 55°N a very pronounced time variation was observed. The re-
sults of the two piloted flights are compared in Table II.

D. SCINTILLATION OBSERVATIONS

The pilot of MANHIGH III was provided with a zinc sulfide
phosphor screen and a 7 X prefocused magnifying glass in an attempt
to note the nature of the light emitted by the phosphor as a result
of activation by the cosmic radiation. The observations of the
scintillations necessitates a dark adapted eye and this program
was scheduled for the night hours of the flight, Since the bal-
loon was forced to descend during daylight these visual obser-
vations could not be made,

Lt MceClure was also provided with a seccond zinc sulfide ascreen
mounted between two film pack containers in an attempt to record
light emission photographically. On one set of films, exposed
for two houra, a pair of grey apots developed in perfect registor
on the oprosing films. Microdenaitometer tracings of thess spots
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are exhibited in Pigure 32,

The dlackening may have been proe

duced as a result of the disintegration of a 3ine or sulfur
nucleus in She phosphor screen, the secondary alpha purticles
&nd protons traversing the sinc sulfide grain producing the

duninescent reaction.

TABLE II

COMPAZIATIVE STAR PRODUCTION ON MANHIGH FLIGHTS

Flight Data

MANHIGH IX

MANHIGH IXIX

Pilot
Date

Launching Area

Geomagnetic Latitude
Maximum Altituce

Duration at 5
60,000 feet

Star Intensity per
c¢c per day

Large emulsion block:

Skin monitor:

Lt Col D, G, Sinmons

19 August 1957

Crosby, Minnescta

55°N

. 101,000 feet

29,2 hours

1170 * 42 .
1435 * sS4

Lt C. M., McClure
8 October 1958

Holloman Air Force
Base, New Mexico

h1eN
99,000 feet

8.58 hours

olé % 76

No reading

E., COLLECTION OF RADIOACTIVE AND METEORITIC DUSTS

During the summer and fall of 1958 a number of settlod dust
samples were collected at high altitudes during the flight of

stratosphere balloons,

These samples were tested for radioactive

agaregates and nickelebearing particles by nuclear emulasion and
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miorochemical techniques, Advantage was taken of the MANHIGN
IIT flight as an upper atmosphere sampling device., In pars
tisular, it was possible to locate the collaection dishes on

the top-most metal valve plate theredy avoiding the shadow
introduced by the body of the balloons The results of these
observations are summarized in Geophyaical Research Directorate
Laboratory Reports No., 9 and No. 10,
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GNAPTIR X

ANALYSIS OF PHYSTOLOGICAL AND CABIN TEMPERATURE DATA®

An examination of the temperature data from the MANHIGH IXI
flight shows that heat was stored in the pilot's body to a degree
sufticient to cause termination of the flight. The anzlysis will
be made in terms of a non-standard physiologicsl index, because
standard indices, as developed at UCLA and the Aero Medical lLab-
oratory, WADC, are based on severe heat exposure for relatively
short time periods., In the MANHIGH III flight, the time period
was long and the heat load externally was relatively mild., While
it would be helpful to be able to use either the UCLA "Body Stor-
age Index" or the "Index of Strain' as used at the Aero Medical
Laboratory these indices are meaningless because of the long time
involved in the MAMHIGH III flight. The "Body Storage Index" is
an expression of heat storage at an hourly rate., The "Index of
Strain" uses an hourly rate for rise in rectal temperature and an
hourly rate for secretion of sweat, which was not measured in the
MANHIGH III flight.

The very high level of heart rate and the high rectal tem-
perature mean that the pilot was well into a state of "impending
heat stroke" as defined in reports from the Aero Medical Labe
oratory, WiDC.** This state of impending heat stroke is syn-
onymous with the physiclogical tolerance limit as used in ex=-
perimental workx in severe heat exposure.

Another way to define the physiological end-point is by cal-
culating the total heat stored in the body. When storage has
reached 100 kcal/m2, the critical level has been reached. The
calculation of heat storage is made according to the formula
shown as equation (1),

" By Dr. Paul Webd

¢* Veghte, James H. and Paul Webdb, "Clothing and Tolerance to
Heat", WADC Technical Report 57-759, 1957,

Veghte, James H, and Paul Webb, "Extending Human Tolerance

to Heat by Prior Body Cooling", WADC Technical Report
58-412, 1958,
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W, x 0,83
et

w 8Le2 kg x o83 4 060 ¢ (1)
2,04 ne

= 134 koal/m®

q, is body storage in”kcnl/na
W, is body weight in kii;grgaa
S.A., is surface area in n?
Atb is change in mean body temperature

0.83 is a constant to convert body weight into an
equivalent weight of water,

Values from the MANBIGH III flight hate been substituted intc the

formula for body storage and a solution of the equation shows that

134 kcal/m2 were stored over the entire flight. This is obviously
above the critical level.

Body storage ic based upoﬁ'a calculation of the change in the
mean body temperature. The mean body temperature (t,) has been
computed by using the Burton equation, shown as equagion (2).

]
Atb = 0,67 Atr + 0.33 At’

® 067 x 4416° C + 0433 x 3.9°C (2)
L 4.06' c

Atb is the change in mean body temperature

Atr i8 the change in rectal temperature in degrees ¢
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At. is the ohange in mean skin temperature in degrees 0.

The change 0f 2our degrees C in mean dody temperature is also
quite high,

A prior experiment under labdboratory conditions, on the ground,
with the same subjeot, was made at the Aero Medical Laderatory on
30 July 1958, The conditions were quite diffurent from those in
the MANHIGH III flight, However, in bdoth exposures a very groat
heat storage level was reached. In the laboratory experiment
the subject was exposed nude to a temperature of 160°F in the
experimental chamber at the Aero Medical Labdboratory. In 60 min-
utes the sudbject 1ad reached the beginning of the state of im-
pending heat stroke, and the experizment was terminated. Cal-
culations from that exposure were made using the same formulas as
shown in equations (1) and (2). e change in body temperature
was 2.5°C and a total of 83 kcal/m~ was stored. The terminal
heart rate in this experiment was 160, All the values were lower
in the labdoratory experiment than in the MANRIGHE III flight but
we purposely stop at the beginning of the state of impending heat
etroke, and termination of the experiment is possible immediately
after the decision is taken. In contrast, in the actual balloon
flight, after the decision was made to terminate the flight,
another period of hours was needed to bring the balloon back to
earth.

There are some interesting differences in the data for the
laboratory experiment and the actual MANHIGH IXI flicht. In the
laboratory experiment the terminal rectal temperzture was 102.8°F,
compared to 106.5° in the flight. However, the measured mean skin
tempersture reached 102.8° in the laboratory experiment since the
external heat load was extremely high - air/wall temperature of
160°F. In the flight, the very high rectal temperature was dbal-
anced by what must have been a somewhat lower (although not
measured) skin temperature. An assumption has been made that
the skin temperature at the end of the MANHIGH III flight was
approximately 100°F. A calculation of the mean body temperature
in the two experiments shows that in the laboratory experiment
ty, = 102.8°F and in the MANHIGH III flight the terminal tp =

10h4.3°F,

If the decision to terninate the flight was made on the ground
at about 1630, then valuss can be taken from the data to determins
body storage and mean dbody teaperature at this time. The rectal
temperature at 1630 was 105°F, and we can assume a mean skin tem-
perature of 99°F, Parenthetiocally it should be pointed out that
theae akin tempsratures for the flight are pure guesawork, bdut
they are dased on experience with somewhat similar exposures in
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She laboratory. Oaloulating the mean body temperature we find
$b = 103°F and bdody storage was 111 koal/z2, A% this point

the pilot's heart rate had already reached the maximum level of
180, For the next two hours heat storage continued, only to
stop when the balloon had landed.

It i not hard to f£ind causes for the excesaive heat storage
which caused the flight to terminate, First, the sudject was,
of course, producing metadbolic heat, at a level well above dasal,*
Although his activity level was that of a sitting man, there was
the added excitement of the pioneering and potentially dangerous
flight., The pilot's norzal heat loss was compromised dy the une
ventilated partial-pressure suit which was worn. This suit had
rubberized bladders which covered the torso and part of the legs.
The pilot can lose heat by radiation, conduction and convection
as long as the cabin air and wall temperatures are lower than his
surface temperature., As thcse temperatures approash the surface
temperature, and this happened early in the flight = about 0900,
then the gradient fror surface to cabin diminishes to O, When
the cabin air and wall temperatures go above the pilot's aurface
temperature, a heat gain results, the magnitude again depending on
the gradient from environment to man.

The evaporative pathway is the normal way to lose heat in a
warm environment, both the heat from metabolism and the heat gained
from the environment. As noted above, evaporation is already
limited because parts of the body (40 to 50 percent in a partial-
pressure suit) are covered with rubberized bladders. Sweat secreted
in these areas cannot cool because it cannot evaporate. However,
cooling is proceeding on the rest of the body surface - face, hands,
arms, and parts of the legs - where evaporation can take place.

This water is taken up by the cabin atmosphere.

The cabin, or gondola in this case, is sealed. Water vapor
added by the man must be removed if a dry air is to be maintained.
Dry air is vital to the evaporative heat loss process. If cabin
air becomes heavily laden with water vapor, then this final means
of losing heat is lost. The data tell that soon after 0900, when
heat could be lost only by evaporation, this avenue of heat loss
also was lost. Heavy sweating probably began betwsen 0900 and
1000 hours. By 1100 the relative humidity was 55 percent and the
dry dbuld temperature was 93°F, Thias is equivalent to a water
vapor presaure of 22 mmHg - a moist atmosphere., Evaporation from
the skin is seriously reducsd at this partial preasure of water
vapor. As the flight continued even more water vapor was tuken

* Best eatimate is 100 kocal to 120 koal/hour, No inorease with
the high internal temparature.
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up by the air, which was gradually heating, and therefore ocould
hold more water vapor, By 1400 the dry duld temperature was
abous 99°F, and the relative humidity 52 percent, so that the
partial presaure of water vapor was about 25 maHg. The vapor
pressure gradient was very small in a physiological sense. IKvap~
oration of sweat was ninimal,

The offect of this high water vapor content in the ocadin,
plus the restriotion to evaporation imposed dy the partialepressure
suit, was to virtually eliminate heat loss by evaporation. This
means that all the metabolic heat had to be stored instead of dis-
sipated. The curve of rectal tespera’ure showed that this is what
happened, Storting at 1100, the internal body temperature began
& precipitous and a steady oclimb, to terminate only at the end of
the flight.

T

The amount of heat stored by this pilot was a good 30 percent
above the usual level of 100 kcal/m2, This is a heat exposure of
heroic proportions.’ That this man was able t . perform even simple
flight tasks in the difficult and tense period of landing is a
testimony to his determination and ability. The pilot was cer-
tainly well selected for his job.

In summary are the following observations:

l. Cabin temperature control was inadequate, and this per-
mitted a gradual temperature rise to above the level of the body
temperature.

2. The system, for removing water vapor became overloaded,
pernitting the partial pressure of water vapor in the sealed
atmosphere to rise to a h}gh level.

3. The high water vapor pressure, the warm environment, and
the rubber bladders in the partial-pressure suit all combdined to
prevent loss of metabolic heat. This heat continually produced
was stored,

4, When sufficient heat had been stored (over 100 koal/z2)
and the mean body teamperature was above 103°F, the state of
impending heat stroke had arrived. The high and rising rectal
temperature and the high pulae rate are pathognomonic of this
state, By surmise, active sweating had diminished, and the pilot
wag in an anxious, restless and distresaing mental state, just
short of collapse froa full dblown olinical heat stroke.
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OEAPTZR XI
NUTRITION OF TME PILOT®

A, CHAMBER TEST
1, Introduction

The primary goal of this experiment was to study the
subject's reactions when placed in an unusual situation, i.e.,
a setting which lacked most of the features of his accustomed
environment. The following data pertain to the subject's re-~
action to food while alone in the absence of light and sound
for an undetermined period of time.

2¢ Procedure

The subject, Lt Clifton li. McClure, as part c¢cf a psycho~
logical test program performed by the Stress and Fatigue Section,
Bio-Physics Branch, of the Aero Medical Laboratory, W.DC, entered
a dark, soundproof chamber, 2 September 1958 and came out after
an approximate two day stay. This chamber was furnished with a
bed, chair, table, refrigerator, and chemical toilet.

Sufficient food for a five day period was precvided in
advance, Table I lists the inventory of foods, type of packaging,
and code used to distinguish one food from another. Some foods
were packaged in plastic containers. For these, foods within a
similar group were packaged in similar shaped containers, Covers
of containers of different foods within a specific group were
coded with masking tape. Thus, foods were identified by touch.
Other fcods which could be rescognized by their natural shapes were
wrapped, if necessary, in waxed paper or aluminum foil. Prior to
the test period, the subject was apprised of the code syastem and
the arrangement and placement of food, both in and out of the
refrigerator. Food requiring no refrigeration was systematically
arranged on the table., This aresz was also used for the storage
of acceasory items such as paper ocups, plates, straws and napkins,
spoons, can opener, and Wash n Dri packets,

Table II cites the caloulated nutritional value of the
food as provided and a comparison with recommended daily allowances.

' 53 Miss B, rinkelatein
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TABLE I

DARK = IBOLATION 8TUDY
FOOD3 AND METHOD OF PACKAGING

Food Unit Ant Type of Paokaging Code

Beverages

'HIIQ 8 os b Carton

*Toddy 8 os b Can
Bread

White 8lices S Triangular container
Candy

Carazels Cubes 12 Cellophane

Chewing gun Package 1 Original wrapper

MMty 2 oz 2 Carton vw .

Peppermints 2 0z 1l Carton v
Cake and Cookies k¢

Brownies 1-1/2" x 1-1/2" 6 Wax paper

x 1" squares

*Fruit Cake S o0z carton 1l Round container x

*Pound Cake 2 oz carton 1l Round container xx

Sugar Wafers 6 per package 2 Aluminum foil
Dairy Products

*Eggs (Hard Cooked) 1 2 Aluminum foil

*Cheese, Swiss 2" x 2" x 3/4" 2 Aluminum foil .
Fruit, Fresh or Dried

*Pears Medium size 3

Raisins 1.1/2 oz 2 Carton
Fruit, Canned

SApricots 6 oz 1 Rectangular container =

*Peaches 6 oz 1 Rectangular container wew

*Pineapple 6 oz 1 Rectangular container mms
Fruit Juice

neapple b o3 ¢ Can

*Apple 5-1/2 os 2 Can

*Orange 5-1/2 os 2 Can

*Toaato 5=1/2 os 2 Can

T Toods stored in the refrigerator
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PABLE T (Cont'd)

Pood Unit Ant Type of Packaging 'Oodo
Meat
eafsteak 6 o 1 Square container 0

*Chicken 6 oz 1 Square container 00

*Turkey 6 oz 1l S8quare container 000
Nuts

Assorted 5 oz 1l Carton
Sandwiches**® ’

Ham S e 4 Rectangular container
Vegetables

*Carrot Sticks' 1-1/2 oz 2 Aluminum foil

*Celery Sticks 1-1/2 oz 2 Aluminum foil

T Tooda stored in the refrigerator

** Two sandwiches prepared with white dread; two with rye bdread

L}
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During the 40-1/2 hours the sudject remained in iso-
lation he consumed 4,754 calories, When computed on a day's
basis, this quantity is equivalent to approximately 2,800
calordies, an amount adequate for an individual performing
l1ittle physioal activity,

Much satisfaction was reported with the amount and
variety of foocd. Food was eaten partly in the form of meals,’
and partly as snacks. An inability to identify white and rye
bread used for sandwiches interfered with taste satisfaction
and thus the enjoyment of food.

A considerable degree of preococupation with food was
indicated by the opening and closing of the refrigerator door
at approximately one hour intervals. This was also illustrated
by the remark, "Eating hadbits really change in here. You never
know whether you are eating because you are hungry or because
you want something to do*,

k. Conclusion

Food, for this test subject, was a means of counter-
acting the stress of darkness and isolation. It was a method
of obtaining personal satisfaction. Despite this psychological
tie with food, caloric intake compares favorably with recommended
daily allowances for persons engaged in sedentary activity. Fre-~
quently, under these circumstances, inordinate amounts of food
are consumed.

B. PREFLIGHT DIET

MANHIGH balloon flights require the balloonist to wear a
pressure sult assembly. Stuch protective clothing makes defecation
difficult during flight. 1In order to cope with this problem, a
low residue diet was recommended. These recommendations are in-
cluded as Appendix A.

The low residue diet was adhered to both prior to the Low
Presaure Chanber Flight Profile conducted at Wright Air Develop-
swent Center, 5 to 7 September 1958, and the actual balloon flight
of 8 October 1953, In the first instance, the low residue diet
was consumed for a 72 hour period; in the second for a 96 hour
period because of an adborted mission on 7 October 1938,

There was no need for defecation during eithsr the simulated
or actual balloon flight,
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¢. 1OW PREJSURE ONAMBLR PLIOHT PROFILE TEST

1. Introduotion

The MANHIGE IIXI project includes a preliminary simu-
lated balloon flight., This phase of the project was conducted
in the low pressure chamders at Wright Air Development Center.
The purpose of the trial was to check the operation of gondola
asystems and equipment under ¢onditions of time and altitude which
were anticipated in flight, At this time, the acceptability and
functional utility of foods considered for use were determined.

2+ Procsdure

A feeding program forithe MANHIGH flight was established
according to the following criteria:

a. The balloonist will spend a minimum of 24 hours 4n
the air and approximately 48 hours in the capsule.

b. During flight the activity level of the subject will
be extremely high and will be accompanied by considerable streaa.
Yot, maintenance of peak efficiency is nececsary.

¢e The weight of food should be maintained «t the lowest
level compatible with good acceptability and adequate nutritional
value.

d. The gtorage space for food and accessory items will
be limited,

e. Weight and space iimitationu preclude the use of any
food service oquipment:

f. Ths temperature range of the gondola will be 40 to
75°F. Humidity will average 50 percent. Capsule pressure will
approximate 24,000 feet,

Table III presents an inventory of food and amsunts pro=-
vided for the trial test., Accessory items are also included.

Table IV gives tha caloulated nutritional value of the
food as providad,

A conaliderable period of time was involved in preliminary

preparations, donning the pressure suit, prebreathing of oxygen,
and slosure of the oapsule, Henoe, many hours elapsed betwoon
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TABLE IIX

SIMULATED MANNIGN III BALLOON FLIGHT
INVENTORY OF FOOD AND ACOESIORY ITEMS

“ b

Yood Unit Amount Provided
Beverages .
'50?500 Drink 8 oz bottle 1
Milk 8 oz can 2
Toddy 8 oz can 2
Candy

Chewing gum Package 1

M&M's 2 oz package 1
Cake, Cookies, Crackers

Chocolate Oreoca Package of 5 1

Pound Cake 1-1/2 oz carton 1

Ritz Crackers Package of 5 1
Fruit and Fruit Juice

Raisins 1-1/2 oz carton 1l

Orange Juice 5-1/2 oz can 3

Pineapple Juice 6 oz can 3
Meat

Beef Cubes 3 per package 2

Beefsteak (IF) 3 oz package 1

Beef, Semi-solid 3-1/2 oz tude 2

Chicken, Semi-solid 3-1/2 oz tube 2
Nuts

Assorted Nuts 5 oz package 1
Accessory Items

Ca:i. Opener 1l

Napkins Individual 6

Straws Individual 10

Wash n Dri Packets 6

¥-A high protein beverage propared with Suatagen.

ell




*6gG UOTIWITIqnd ‘Tyouno)

woaesssy TYEOTINY *#edueTOg JO Lmepwdy TPUOTIEN Q56T posTAsy ‘seouvmorly LI1e33TQ PIPUINWOIIT ..
: *9G6T *uoangd °4 °D

puwe ssmog Ieawwrieq °V ‘UOTITPL U@ ‘Pesn LTuUOWOD SUCTIIOL FO,SINTEA POOJ WOIZ PIUTIIQO IINTEA .

)

<L 0°9t 009°T  009‘T 000°G 0°2T 008 - - o 000°¢ 230UEAOTTY

QQ”U”QO'OOON
<cT 0°91 ge8't 0£9°'T £96°T g*2T 90T'T g¢2 goT %6 geR*2 £Leq
Ia] PIPTAOCIZ
se poog
o~
~ )
e 0*2¢ 959°¢ 192°¢ L2T'€ 6°G2 222 €l 9T2 68T 0SH*Y POTId Q-G
; I0J pIpTAOII
sS® poog
S ou Jom Jom  °Q I o™ - sm3 sus  oud
PI97 WpOelN NTACTJOQIN UTNEIYL ¥ 3TA UOX] WUEITED s3vapiyoqIe) 3wy UFe301d $OTIOTED
PR ICITY

<INOT'T MOOTIVE III HOIHKYR (3IVIAHIS H0J QIATAOYL SY QOOI d0 JaTVA TYNOILITHIOR

Al JTEVL




N s em e -

s

sonsuaption of the last meal and the onset of the test period,
In order to provide the subject with a conoentrated form of
sustenance, eight ounces of a high protein beverage (coffce
drink oontaining Sustagen®) were made available to him. Bee
Appendix B and O for ocomposition and nutritive value,

3. Results and Disoussion

The acceptability and functional utility of the food
provided is best illustrated by the subject's report on this
phase of the project, ~

10915 « 1 beefsteak tube ~ Initially did not like this
method, I think this was due to breaking the old eating habit
of solid foods: I must admit my first impression made me think
of eating something someone else had chewed., This distaste for
the method of food lébrage disappeared before the tube was fin-
ished when I had gotten used to the idea. I was extrsmely
plee sed with the final waste product, the rolled-up tube. Space
was . critical item both actually and mentally, and the impor-
tance of having a small, easily stowed waste container cannot
be overemphasized. If it had remained a large item, I would
not have been able to store it completely out of the way, and
it would have become one of those annoying items to be moved and
relocated every time I went for another item.

"Also drank one toddy with this -~ refreshing but a little
heavy. This 'heavy' feeling may well be due to the fact that I
seldom drink chocolate.

“Also ‘drank small amount of a coffee drink, perhaps one-
third bottle.

[
1145 - 1 can pineapple juice
\ & chocolate crackers
2 juice cans water - thirsty but didn't want

Just water., Generally, water was consumed by being transferred
into juice can first so as to give some measure of the volume
consumed. However, the capsule tube method was used directly
some because of the inability to store open juice cans. This
can be measured only as total consumption after the water was
weighed at the end of the run,

11428 « Four beef cubes. I think thezs were enjoyable
in the zmore normal form only because of normal habit, since chewing
becomes a task when in the presaurs suit. I do believe this task
would soon make the luxury of remaining with habi¢, jJust to be

T 3ustager. produced by Mead, Johnaon and Company, Evansville, Ind, .
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able to shew, undesirable to the orew member and would dbring
him repidly to the point of recognising the value of the tube,
This was the case here with me,

"l can orange juice

1 juice ocan water

Another one=third bottle soffee drink - normally I
do not drink a lot of coffee, although this drink did not seen
very strongly. coffee, and I drank it mainly for variety.

"One~half tube of chicken = consistency was little
thinner than other type tube foods, and I felt my own personal
opinion to be in favor of the higher consistency.

11935 - 2 guico cans water
1/4 of small pound cake
Some nuts and M&M's
The cake was very welcome by then. It appeared almost
like a Christmas gift and gave me a small 1ift in spirits. This
item was easy to consume even in the pressure suit.

70215 ~ 1 can pineapple juice - suspected that I drank
this to have something to do and for a taste change. I was not
particularly hungry or thirsty at the time.

"0220 - Dentyne gum ~ again for diversion.

10310 - 1 sweet cracker
1 juice can water

"O440 -« Other one-half tube chicken

"The food in the isolation test was of more normal type
and particular facts were noted as to container methods, etec.
The food was adequate both in variety and quantity, and in this
test provided a much greater degree of diversion since this was
Just about the only thing available to be accomplished., I will
state that thias food was eaten more as snacks rather than as
definitely spaced msals."

During this trial period 1750 calories were consumed,

4, Conclusions
Food provided during the Low Pressure Chamber Flight
Profile was adequate in quantity, variety, and acceptability.

However, a need existas for familiarizing future subjects, prior
Lo flight, with foods or forms of food which are not commonly

a4
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eaten, Usually inoreased acceptability will occour with ine
oreased familiarity, Data again indicate the emotional and
social role of food in situations of streass.

D, MANHION IIT BALLOON FLIGHT

1, Introduction

Ixperience gained from the simulated balloon flight
desoridbed in seotion C permitted provision c¢f a suitable means
of sustenance for the subject of the MANHIGH flight. Only minor
cLanges based on sudbjective food preferences, were necessary.

2. Procedurs

Foods suitable for consumption in the sealed capsule of
the MANHICH III flight were provided by the Aero lMedical Labe
oratory. -An inventory of these, along with accessory items, are
included in Table V. Table VI cites the calculated nutritional
value of the food as provided. Inatructions for preparation of
the high protein drink were submitted to project personnel. Con-
sumption of eight ounces of this beverage was recommended during
the period of preliminary preparation prior to teke-offt.

3. Results and Discussion

Food consumed, and its acceptability is again best recorded
by direct quotation of the subject:

"On the MANHIGH flight the items consumed are few for
two main reasons. First, the flight was cut short, and second,
the pressure and pleasure of being launched provided almost come
plete diversion so that at about 1130 on 8 October (the day of
the flight), I realized that I had overextended myself both in
food and water requirements. Most of the food consumed on the
flight was consumed shortly thereafter. As far as I know, only
one can of orange juice was taken before this, and this juice was
taken about 0420, before launch.

"The following is the food consumed:

2 cans orange Jjuice

2 cans pineapple julcs

1 tube AP chicken

2 chocolate Oreo cookies
5 pounds of water
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MANRIGE III BALLOON TRIAL
INVENTORY OF FOOD AND ACCESSORY ITEMS

Yood Unit Amount Provided
Beverages
*Chocolate Drink 8 os dottle 2
Toddy 8 os can 2
Cand -
Chewing gum 1 Package 1
Lifs Savers Package 1
MiM's ) 2 08 package 1l
Cake, Cockies
Chocolate Creos Package of 4 2
Fruit Cake 2 os carton 1
Pound Cake 1-1/2 oz carton 1l
Sugar Wafers » -  Package of 6 2
Pruit and Fruit Juice
Applesauce 3-1/2 oz tube b
Raisins 1-1/2 oz carton 1l
Orange Juice 5-1/2 oz can 4
Pineapple Juice 6 oz can 3
Vegstadle Juice 3-1/2 o3 tube 2 \ ]
Meat .
Reef Cubes Individual package 10 .
Beef, Semi-solid 3-1/2 oz tube 2
Chicken, semi-solid 3-1/2 oz tube 2
Nuts
Aasorted Nuts 5 os package b
Accessory Itens
Can opener b
Napkins Individual 8
Straws Individual 8
Wash n Dri Packeta 6

¢ A high protein’ beverage prepared with Sustagen
‘ 216
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The only comment on this was again that the conaiste
enoy of the ohicken was a little too light for my own taste.
This is a personal point and, of course, could de reversed
with another individual,

"One overall point might bde that some method might de
developed to provide liquid containers as rugged as the cans but
which are able to be reducel easily to small volume for storage
as that which has been accozplished with tude fooda., An alter=-
nate might be to provide a good method of compression of the
can after use. I did try to orush these cans which helped to
reduce them to storable size, bdut a great further reduction was,
of course, still possible.”

Only 600 calories were consumed in flight. The untimely
termination of the flight was precipitated by failure of the
capsule's heating system. This condition imposed severe heat
stress and dehydration. These conditions demonstrated a necessity
for systematic feeding, both during the preliminary period of
preparation, and during the flight itself. The possibility of
extreme stress arising suddenly and unexpectedly during flight
suggest:s the need for scheduled consumption of food during all
phases of unusually demanding missions. Permitting the pilot to
regulate intake according to personal desire for food and fluids
may mean that an emergency can arise when the subject's hydration
and nutritional status are already inadequate.

4, Conclusion

Data, though inconclusive, indicate that food and liquid
requirements can be met during high altitude balloor flights.
However, limited storage facilities create a need for packaging
liquids in more suitable containers. Containers when emptied
should be easily compressed and reduced in size. In addition,
an organized feeding program, both prior to and during flight,
should be mandatory. Such a requirement is based on maintenance
of an optimal physiological state at all times.
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APPENDIX A
TOW RESIDVE DIET

Recommended 1v: Use k...or to Flight Requiring
Use of Piu~nusre Suit Assembly

I, OBJECIIVE

Consunmption of a low residue diet for 72 hours pricr to a
flight which requires the use of the pressure suit assembly is
recommended to eliminate the urge for defecation. In order to
provide fodds which will be completely absorbed from the gastro-
intestinal tract thereby leaving little or no bulk for the forma-
tion of feces, a high protein low residue diet is required. ‘'he
basis for such a diet is meat, rice, eggs, sugar, small amounts
of fruit juices, tea, and coffee.

a. Foods Allowed

Beverages: Carbonated beverages, coffee, tea

Bread: White (toasted or plain), soda crackers

Cereals: Rice, cream of wheat, ncodles, macaroni
,,Cheese: Cottage cheese

Desserts: Gelatin, sherberts, angel food cake, sponge
! cake, sugar cookies

Vpggs: Soft or hard cooked, scrambled, poached

Fat: Butter or margarinz, not to exceed 3 tablespoons
per day

Fruit: Strained fruit juices, canned peeled fruit,
such as peaches or pears in limited amounts

Meat=Fowl=Fish: Beef, liver, chicken, fish
Soup: Clear broth flavored with rice or noodles
Sweets: Sugar, Jelly, in limiced amounts
’ Vegetublea: Strained vegetables suon as tomutoed, pangy

. sarrots, (not more than one servain; per day)jy
poiatoea (baied or boiled),
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% [Peods to dvoid

Coarse or whole grain dreads and cereals
Cheese, other than cottago\;hoono

Riok desserts

Tat in excess of 3 tadleapoons

Fried foods

Fruits except strained fruit juice and canned pesled
fruit such as peaches or pears

Milk*

Toﬁgh cuts of meuts

Spices, condiments, highl? seasoned foods
- Susar‘gné sweets in excess

Vegetables except strained vegetables such as tomatoes,
peas, carrots, and baked or boiled potatoes.

¢ Recommended Low Residue Menus

Menu 3rd Day Prior to Fiight Amount

Breakfast Orange Juice 4 oz
Creaz of Wheat 1/2 cup cooked
Sugar 1-2 tsp
Cinnamon or Nutmeg faw grains
Scrambled Eggs 2
Crisp Bacoa 2=3 slices
Toast (white bread) 1.2 slices
Butter e taps
Strawberry Jelly 1 Tbap
Coffee = Cream ~ Sugar -

Lunch Chicken Rice Soup 1 oup
Hamdburger Pattie 3= o3
Baked Potato (no skin) 1 mediun
Cottage Cheese 2 rounded Tbsps
Bread 1«2 slices

$ Milk is a high residus food and should not be used in Zood
preparation or conasumed as a beverage,
220




[P L PR R T3 RIS S 70 v PEMIVEyater-+orgy~ Wroviber, SIFY SENEVIUEECI R AU S GRNECT T TR SR o

Luneh {eont'd)

tter 2 taps
Apple dutter 1 Thap
81iced Peaches (canned) 1/2 oup
Coffee or tea = Orean = BUgAr o=
Dinner Tomato. Juice b os
Baked Chicken Breast be8 o3 raw
Steamed Rice 1 oup
Pureed Peas 1/2 cup
Bread (white) 1-2 slices
Butter ‘ 2 tsps
Lemon Sherbert 3/% oup
Sugar Cookies 2=3

Coffee or tea - crean - sugar -

Menu 2nd Day Prior to Flight

Breakfast Orange Juice . b oz
Cream of Rice 1/2 cup cooked
Sugar 1«2 tsp
Cinnamon or Nutmeg few g ains
Soft Cooked Eggs 2
Crisp Bacon 2-~3 slices
Toast (white bread) 1-2 slices
Butter 2 tsps
Grape Jelly 1 Tbsp
Coffee ~ cream = sugar -

Lunch Pineapple Juice 4 oz
Broiled Liver 3=l oz raw
Buttered Noodles 1 ecup
Tomatoes (stewed and pureed) 1/2 cup
Bread, white l=2 slices
Butter 2 tsps
Canned Pears 2 halves

Coffee or Tea - cream = SUgAr ===

Dinner Beef Consonne 1 oup

Broiled Sirloin Steak
(lean, no gravy) 4=5 oz, raw

Baked Potato (no skin) 1 medium

Cottage Cheese 2 rounded Tbsp

Melba Toast 2 slices

Butter 2 taps

Angel Food Cake w/Lemon 2 oz plece W/ 1/3
3auce oup sauoce

Coffes or Tea = orean = sugar w=

»
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Henu 3et Day Prior to Fight

Coffee or Tea - cream - sugar

Menu for Morning of Flight

Orange Juice

Sirloin Steak (lean)
Scrambled Eggs

Toast

Butter

Stravberry Jelly
Coffes - cream = sugar

Breakfast Orange Juice b os
Orean of Wheat 1/2 oup cooked
Bugar 1/2 tsps
Cinnamon or Nutmeg few grains
Hard Cooked Xggs 2
Crisp Bacon 2=3 slices
. Toast (white broad) 1-2 slices
Butter 2 taps
Coffee ~ cream -~ sugar =
Lunch Apple Juice b oz
Baked Halibut 3=l 0z raw
Parsley Potatoes 1 medium
. Hard Roll 1
Butter 2 taps
Cottage Cheese 2 rounded Tbsp
, Strawberry Jello w/Whipped 1/2 cup plus 2
Crean Tbsp creanm
Coffee or Tea - cream - sugar ==
Dinner Chicken Noodle Soup 1 cup
Roast Beef (lean without
gravy) . 4 oz
Steamed Rice 1 cup
Sliced Canned Peaches 1/2 cup
Toast (white bread) 1-2 slices
Butter 2 taps
., Orange Sherbert w/Sponge 3/4% cup w/2 oz
Cake of cake

4 oz

4-5 oz raw
2

2 slices

e tsps

1 Tosp

ds ALl preflight feeding should occur at a controlled
dining faclility, preferably one at the Base Hospital where the
preparation of special dieta is a routine activity., Between
meal snaocks other than carbonated beverages, coffee, tea, or

clear soupas, should de avoided,
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d, It is desiradble that srews be maintained in a state
of water balance, The recommended preflight diet provides
liberal amounts of liquidm 2nd beverages., OCarbonated dev~
erages such as Cooa Cola, gingerale, 7=-UP, tea, coffee, and
cloar soups are permissadle dbetween meals., It is strongly
recommonded that no alcoholic beverages be consumed during
the 24-hour period prior to flight. This recommendation is
based on the dehydrating effects of aloohol,

e, Subjects participating in this program should be
apprised of the objectives and need [or covulrviled feeding,
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APPENDIX B

COMPOSITION AND METHOD OF PREPARATION
OF HIGH PROTEIN BEVII ndZ3 )

Coffee Drink =~ 2/3 oup Sustagou®
2/3 oup cold waler
. 1/3 cup coffe, strong
1/2 tsp vaniila

Combine coffee, wuser and vanilla. Add Sustagen.
Mix wall., Chill dafore serving.

Chocolate.Drink - 2/3 cup Sustagen®
2/3 cup cold water
1/3 cup chocolate milk
1/2 tsp vanilla

Combine chocolate milk, water, and vanilla,
#dd Sustagen. Mix well. Chill before serving.

¢ Justagon produced by Mead Johnson and Comypany, iLvansville, Ind,
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CGHAPTER XIX
PHOTOGRAPHIC EQUIPMENT®

A, INTRODUCTION

The following is a list of photographic equipment, ex-
periments and special problems encountered on the MANHIGH IIX
flight,

1. A method of photographing the subject, and certain
areas of the capsule, without effecting the sudject's night
vision, was a requirement. Two Praktina cameras with infrared
£ilm and filters and electronic flash, proved satisfactory for
this purpose.,

2. A standard Photo Research Inc., spot photometer, equipped
with a Robot camera was utilized to tuke pictures and sky bright-
ness readings simultaneously.

3. A K-100 Eastman-Kodak motion picture camera, with a re-
movable revolving filter wheel which contained red, green, orange,
yellow and neutral density filters, loaded with experimental
black and white film, was utilized in photographing the horizon

‘and the ground. The same camera, with the filter wheel removed,

was used for color motion picture photography at the subject's
discretion.

4, Two modified K-100s mounted on the capsule landing gear,
were used to photograph the ground and the balloon simultaneously,
and at intervals to record rotation and oscillation.

5. A Star Track camera was nounted on the outer side of the
capsule to record rotation ant oscillation- during the night.

6. A Hasselblad camera, and three magazines, were to be used
at hourly intervuls taking thrcc picturcs at different exposures,
of the cardinal headings and the ground during daylight hours
with color film. The esame comera was to be used with a high sopeed
black and white film to photograph certain conatellations at night,

7. Two film packs and one cosuic plats (phosphor betwoen thin

sheets of glass) wore used to record any fluorescence sccurring
fron cosmic hits,

V- By 1798t Fe & Hensley
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Because of the disruption of night viaion by the flash
of the photo panel camera during previous flights, it was deenmed
necessary to provide a means of photography utilising an invisidle
portion of the spectrun for exposure.

The use of ultraviolet light was tested firat, since Air
Force flight instruments are fluorescent. The power drain for
this method proved excessive and part of the required equipment
produced heat in great amounts. Ixposure would have to be re=-
adjusted during the daylight hours to prevent overexposure. Thias
systea would not photograph the subject during the hours of darke
ness.

Zastman Kodak High Speed Infrared (HIR4LOS) was tested pre-
vious to the flight. An electronic flash of 120 watt second out-
put was covered with an 87C filter. The light transmitted through
the £ilter was darely discernible, for the duration of the flash
(1/1000th of a second), and did not affect the subject's night
visior. Further tests were run with an 89B filter over the lens.
This provided sufficient light to use the same exposure for night
and day.

The two Praktina cameras, equipped with 50 foot magazines,
(loaded with HIR4O8), electric motors, and release solenoids, were
mounted on brackets inside the upper hemisphere of the capsule
(rig. 53). Ring-type "Ascor Lights" (electronic flash) were
covered with 87C filter material and mounted above the cameras.,
This type of light provides very flat lighting to avoid hot spots
or flares from shiny surfaces. A sheet of 89B filter material
was placed over the 28ma Angenieux lens. The caxera mounted be-
hind the subject coversd the flight insiruments, p02 and humidity
instruments. The other camera was mounted on the opposite side
of the capsules to rescord the head and shoulders of the subject.
An exposure of £-8 at 1/25th of a second was used, The film was
processed in D-76 at 68°F for 20 minutes. This included the 25
percent over-development recommended for this type of photography.
The cameras were controlled by ths intervalometer located in the
electronics section of the capsuls, Two intervals were providsd -
two minutes and six aminutes., The short interval was intended for
accent and descent, The cameras were timed so that the flash from
the iastrument camera would not fog the film in subject canmera,
and vion versa.
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Pigure 33, Two Praktina Cazeras Mountad on Brackets Inside
the Upper Healaphere of the Capsule
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2, fpok Photometer

The Spot Photometer is a standard Photo Research Ino,,
instrument, modified with the addition of a Bausch and Lomd
Interference Wedge for continuous spectral filter selection over
the visibdble region, (4000 to 7000A). A spring operated Robot
canera was attached to the photometer with a mechanical linkage
80 piotures could de taken simultaneously with light readings.
The oamera could be disconnected if pictures were not necessary.
An Abney Level and a Devil Level were attached to accurately
measure angles of both photography and readings. Thirty-five
am Super Anscochrome Film was provided in 36 exposure caussettss,
Only one of the several sessions scheduled for use of the photonm-
eter was completed during the flight. Readings in photopic
blue and red filter ranges were taken at elevations 15 degrees
above the tangent level and 15 degrees below the tangent. A
Spectra computor was furnished with the photometer to convert
photometer readings to photographic exposure.

3. K-100 Filter Wheel -~ Black and White and Coloxr Photography

The K-100 camera equipped with a removable filter wheel
and Devil Level was provided by Eastman Kodak Company. An ex-
perimental black and white film was to be exposed through each
filter at specified times and directions. The same camera, with
the filter wheel removed, was used for color motion picture pho-
tography at the subject's discretion. Ten rolls of Anscochrome
film was provided for this purpose.

4. Hasselblad Camera and Magazines

This standard single lens reflex camera was equipped with
a metal mirrar mounted at a 45 degree angle above the ground glass
to facilitate focusasing and viewing. This is necessary to properly
use the camera through the portholes and to permit the subject to
move effectively and use the camera when wearing the partial-pressure
suit,

The three magaaines were provided to enable the sudject
to accoaplish the hourly programm:ed photography without stopping
to reload. Three color photographa were to be nade of the card-
inal headings every hour. One frame was to be exposed according
to the Weston Metar reading and the other frames taken a stop
above and a stop below the normal reading., Three more pictures
were to be taken of the ground in the saze manner., Aay unusual
phenomena would -be photographed at the sudbject's discretion.
Twenty rolls of Anacoohroms color film and two rolls of Ansco
Super Hypan were providad, 7The camera wes to be uszad during the
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aight so photograph selected asar field areas (Super Hypan
predoterained exposure as one second and £-2,8), and to obe
tain very under=exposed photographs of the setting sun = under=
exposed deliberately to delineate the Dright solar dlsk,

5s K=100 Un and Down Camerag

The two K=100 oameras were mountod on the landing gear
of the capsule. They had been previously modified for single
frame exposure, provided with a tripping solenoid, and an
electric motor to wind the aspring. The two cameras and one
battery were inclosed in a standard styrofoam package. Plastio
water bottles were provided to wara the battery (Fig. 54).

A 5.3un 84 degree lens was used on the "up" camera and
a 25na lens on the "down" camera. UV-1l7 filters were usel on
both lenses. BSimultaneous exposures were controlled by the
photo intervalometer inside the capsule., The cameras were
loaded with Kodachrome film., The exposure was 1/20th at f£-11.
Simultaneous photographs wers to be taken of the balloon and
the ground. Both oscillation and rotation would therefore be
recorded. i

6. The Star Track Camera

The Star Track camera was attached to the ocutside of
the capsule and was a modified identification-type camera.
The film would move continuously, once sztarted. No shutter
was utilized. A high speed black and white film was used.
The camera, timer and battery were packaged in styrofoam and
formed a self-contained unit., The timer wuas set to atart the
camera after dark, and would xecord oscillation and rotation
during the night (Fig. 55).

7. Cosmic Ray Experiment

A specisl plate was made with two thin pieces of glas®
with a phosphor layer between., This was placed between two
2-1/4 by 3-1/hk inch Tri-X film packs with the edges sealed to
prevent the film being struck by light. When the protective tad
was remcved from each pack, the film would be in contact with
both sides of the phosphor-"sandwich'', The time each sheet
of {ilm was in contact with the plats was to be recorded. Utile
ising fila packo for this experiment permitted 12 different exe
posures on sach side. It was expected that cosmic hits would
causes sufficient fluorescence to be recorded on the film,
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Both cameras operated interaittently during the flight,
Consideradle heas fogzing oocurred in doth cameras. The film
in the photo panel camera fogzed the most. This camsra was
looated about one=eighth inch above the ventilation ring in the
upper hemisphere of the capsule. Fogging was caused dy the
wara air from the air regeneration systeam that flows through
the ventilation ring, The film was approxizately 50 percent
usable. The negative density was heavy because of the fogging.

2, S8pot Photometer

Photographs were not odbtained during the takiag of
light readings because of a malfunction of the mechanical
linkage bstween the photometer and the Robot canmera.

Readings obtained with the spot photometer were sub-
mitted to Soripps Oceansographic Inatitute for evaluation.

3e K=100 Filter Whee) - Black and White and Color Photography

The experiment with the filter wheel and black and white s
film was not accomplished.

Two rolls of lémm Anscochrome film were exposed during
azcent and at ceiling. The footage exposed utilizing the down
mirror is very good and shows both rotation and oscillation.
The ground detail is excellent, especially during ascent over
the mountains. The footage taken toward the horizon tends to -
be over-exposed. Footage taken from the horizon up was satis-
factory.

4., Rassslblad Camera

Five rolls of Anscochrome film were exposed. Pictures
taken through the capsule up mirror of the dballoon were excel-
Jent, Pictures taksn toward the horizon are over exposed. The
only usable photographs were tha stopped down portion of the
quadrant picture seriss, These wers one stop less than the ex-
posurs indicated by the Weston Light Meter reading, and even
some of these exposures were light and not fully color saturated,

%, K«100 Un and Down Camaras

Both cameras operated interaittently during the flight,
but skipped frames bdecause of =malfunstion of the photo intere
valometsr; also, the shutter roemainsed open at tizes. Approxizately
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bO feet of film was exposed, The exposure is excellens on
the film froa the "up' ecamera, Fils from the "down! samera
was usable but is slightly under exposed at the teginning
of the flight and elightly over exposed while the oapsule
was over light colored terrain, The ground detail was good,

6. Star Track Camers

No data were available from this camera because of
the early termination of the flight.

7. Cosmic Ray Experiment

Film packs were released to Dr., H. Yagoda, The re-
sults are included in Chapter IX,

D. DISCUSSION AND RECOMMENDATIONS

l. Praktina Cameras

Cameras using infrared film should be mounted as far
as possible from heat or any high intensity infrared sources.
The power supply should be as near the camera as possible and
protected against low temperatures., A positive mechanical inter-
valometer, not effected by cold, heat, or pressure conditions
should be used. The intervalometer used for the MANHIGH IIX
flight continually malfunctioned under low temperature and
presnsure conditions, yet operated perfectly under normal ground
conditions.

2. Spot Photometer

A more positive mechanical linkage should be designed
if the photometer is to be used in conjunction with a camera.
A means of mounting the photometer on an arm and tripod head
should be added so it need not be supported manually by the
subject. The instrument was much too heavy, cumbersome and
awkward to be operated efficiently in a confined aspace,

However, the photometer gave readings of a very narrow
fisld of 1-1/2 degrees and the readings were readily converted
to photographic expoaures, Use of this vermits the sudbject to
take Light readings of relatively small areas und obtain a cor-
rect exposure of that area,

The Weston light meter pave headings of much too wide
a field, uwaually 67 degrees horizontal and 5% degrecs wertical,
'This type of meter nmuat be hold at an angle ao none of the aky
is inoluded if correct exposurea of the ground are to be mrde,
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3. k=100 = 81 Photo

A oamera equipped with an automatic exposure control would
simplify motion picture photography, and would give better overall
exposure control. Jcenes covering the ground and sky in one frame
would still tend to be over axposed, A telephoto lens and matohs
ing exposure control would help regulate this condition, but would
cover a much smaller area., Lxposure, otherwise, should be come
puted for the brightest portion of the scene being photographed.

4, Hasseldlad Camera

Specific areas should be frazed as much as possible for
each exposure., If both the ground and the sky are being photo~
graphed at the same time, the exposure should be computed for
only the brightest area. Again, a means of reading light in-
tensity of small areas is needed to produce perfect exposures
of certain selected areas.

5. K-100 Up and Down Cameras ..

Automatic exposure control would be helpful on the "down"
camera. Otherwise, a mechanical control could be provided to be
operated by the subject to compensate for changing light con-
ditions. The predetermined exposure seems satisfactory for the
"up!" camera. A reliable intervalometer should be provided.

~

6. Further Recommendations

More importance should be attached to photographic func-
tions on future flights. Also, a sufficient amount of time
should be allotted to the subjects to familiarize themselves
with the photographic equipment before the flight,
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