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FOREWORD

“This document describes in technical detail the Air Force Radiation Experi-
ment DB, carried cut as a part of the 631A Program on the NASA Gemini flights.
This experiment was concerned with gathering dose dat; and developing techniques
furthering the art of manned spacecraft radiation dosimetry systems. Informa-
tion from D8 should be of significant value in insuring menned mission safety and
success in the future. From this effort new and highly sophisticated space-
flight-wof£hy radiac systems have evolved. Their versatility in manned space
operations was demonstrated for the first time on Gemini IV. D8 was the initial
effort to place a complete dosimetry system cn-board a manned spacecraft. This
radiation experiment consisted of the latest available passive devices compli-
mentary to (and correlated with) active ionization chamﬁers giving instantaneous
dose data. The information gathered in this experiment has been used to per-
form vital empirical checks on existing compu:tational techniques and is presently
providing corrections for application to theoretical prediction capabilities for
radiation hazards associated with future msnned spaceflights.
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ABSTRACT ./

A prerequisite to the successful coumpletion of Manned Space Missions is the
gathering of adequate data concerning the radiation environmen: and its inter-
action properties with the matter comprising the spacecraft system. It has
beenn demonstrated that the most important parameters associated with the radia-
tion field are a measure of the time, depth, and accumulated abscrbed dose dis-
tributions in a tissue equivalent material. The Gemini 4 and 6 flights provided
the initial opportunity to perform these critical dose measurements under the
actual environmental conditions of space and within realistic spacecraft shield-
ing configurations. The important properties of the space radiation environment
which goverred the design and extent of the experiment are discussed in detail
in this report. The experiment was divided into two separate instrument systems
to accomplish the fundamental measurements. A specially designed active tissue
equivalent ionization chamber system incorporating portable sensors was utilized.
The active system measured all absorbed dose levels above 0.1 millirad/hour at
many astronaut body shielding and spacecraft cabin locations. The most sensi-
tive currently available passive dosimeters, e.g. thermoluminescent devices
were coupled with film emulsion packs and activation foils to record the
radiation within the Gemini spacecraft. Measurements of Primary Cosmic and
Inner Van Allen Belt Radiation provided excellent agreement between the response
of the active and passive dosimetry systems. The total dose received on the
Gemini L Mission was measured to be 82 millirad while for the Gemini 6 Missio:
only 20 millirad was recorded. The instantaneous dose rate reached a level of

107 millirad/hour during revolution 7 of the Gemini 4 Mission. The highest dose

rate recorded on the Gemini 6 Mission was 73 millirad/hour curing a pass through

the Inner Belt. The spacecraft shielding was found to have influenced dose levels

by more than a factor of two on both missions. Film emulsion data coupled with

iii




special shielding experiments conducted using the active dosimeters show that
the doses received on both the Gemini. L and 6 Missicns were predominately a result

of the eneréetic proton comporent of the Inner Van Allen Belt and point out the

dangers of manned operations deeper in the radiation belts.
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I. TINTRODUCTION:

I.A. Title of Experiment: DOD Experiment, D-8: Radiation in Spacecraft

I.B. Purpose of Experiment:

It was the purpose of this experiment to perform a series of precision
radiation measurements to obtain reliable empirical dosimetry data for use in
spaceflight planning studies where accurate prediction and interpretation of

biological radiation effects produced in man are vitally important. The gather-

ing of adequate .ata concerning the radiation environment, shielding interactions,
and dose rate levels encountered in space is a fundamental prerequisite to suc-

cessful space mission nlanning. It provides the only means of insuring astronaut t
protection against an often hostile radiation environment. }

I.C. General Description of Experiment:

The specific measurements performed in this effort comprise a quanti- !
tative and qualitative characterization of the spacecraft interior radiation
levels encountered in the Gemini missions. The expected radiation environment !
consisted largely of the energetic protons and electrons previously observed !
in the Inner Van Allen Belt. The spacecraft encountered this Belt each time |
it passed through the South Atlantic Anomaly: that part of the belt which dips ;
close to the earth due to an anomalously low strength of the earth's magnetic [
field. Ths low altitude of this trapped radiation region and the short duration
of the mission through it provided an excelleat opportunity to study radiation
interaction characteristics without exposing Gemini astronauts to the undesirably
high levels encountered deeper in the Inner Belt. For these reasons, tha instru-
ments designed for the experiment were optimized for response to the radiation levels

anticipated in this geamagnetic anomaly. The dynamic range of the instrumentation
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was extended in lower sensitivity limits to detect all energy deposition rates above
0.1 millirad/hour. This permitted measurement of the very low cosmic radiation in-
tensities that contribute in lesser degree to the total mission dose.

The experiment also determined the ionizing and penetraiing power of the
varjous primary and secondary radiation present in the Gemini capsule as well as
measuring the contribution to dose according to profile, particle type, time and
position or location within the spacecraft.

The experiment was accomplished through the use of two distinct types of
dosimetry systems. One system had active response to ionizing radiation, while the
other provided a passive response. The design, fabrication, testing, spacecraft inte-
gration, flight plan incorporation, and fin-l data analysis program associated with each
type of dosimeter system will be discussed in the following sections of the report.
II. BACKGROUND:

IT. A. Source of Experiment:

The problar of space radiation has posed a potential obstacle to space
missions for many years. Radiation likely to be encountered in space missions
is, moreover, quite complex when compared to sources available on earth; the
effects on biological systems exposed to it are also complex. The parameters
associated with the biological effects of ionizing radiation were, therefore,
the primary concern of this experiment.

The knowledge of radiation effects on biological targets has been observed
over the last half century, beginning with the introduction of the X-ray machine
as a research device with primates, mice, guinea pigs, rabbits, sheep, and other
animals. The effects of radiaticn in man were first observed in the early 1900's,
when persons working with X-rays and naturally radioactive radium became

exposed to their ionizing fields and developed a variety of symptoms common to
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radiation sickness. Early observations and resultant experiments provided several
avenues to describe the effects of ionizing radiation on matter. One is the
assessment of the total energy deposited by the radiation field in the irradiated
material. Another is the local microscopic or spatial distribution of ionizatimn
density of the radiation. The latter concept determines the quality or effective-
ness of the total energy deposited in producing a given effect. Comparison subse-
quently showed the total energy deposited, that is, the "dose", to be the most
important single measurable factor associated with the radiation field in deter-
mining fundamental biological effects.

For the purposes of this report space radiation may be divided into three
categories: Van Allen radiation, cosmic radiation, and solar flare radiation.

II.A.1 Van Allen Radiation:

The Van Allen particles, although a relatively recent discovery, have
been subject to intense study and measurement since 1958. The existence of the
Van Allen particles, however, was predicted by Stormer from studies of the trap-
ping mechsnisms associated with dipole fields as far back as 1955. Van Allen
radiation populates a large region near the earth and is divided into two
separate regions or belts. Figure 1 shows a cut-away view of the Belts and

their general composition.

stgrmer, in 1907, (Ref 1) formulated the problem of charged particle
motion in dipole fields to study the behaviof of cosmic radiation and auroral
phenomena. Stgrmer's theory was later utilized to predict the existence of trap-
ped particles in the earth's magnetic field.

According to Stgrmer, a particle will spiral about a magnetic iine of

force in a dipole field as shown in Figure 2.
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COORDINATE REPRESENTATION OF A TRAPPED CHARGED PARTICLE
IN A DIOPOLE FIELD

N

Figure 2
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The particle gyrates about the guiding line of force

2
P = T, 88 A
-with a cyclotron frequency
w=j.__-B
YM
-%
2
= \Y
where il = =
e 2
A A A
B =y X A
A
A =Q5Mp I‘-3
. .m 2 %
B—r3 (l+35j-nA)
M = downrard magnetic moment of Figure 2.

The particle moves along the line of force which imparts to it helical motion.
In addition, when the particle moves into a region of stronger magnetic field
at higher latitudes, it is reflected back toward the equator. The point at
which a charged particle is reflected back by the converging lines of force
is called a mirror point. The value of the magnetic field at this point is
shown to be B = B/sin2 o . The particles will drift slowly west if they are

positively charged, east if they are negative. They trace a shell around

P




the earth. The two “.mensional equations of motion for a system of trapped
particles is given by

Z +_16_(p D)z s(2)
P

B ek (o) (2-p) = 4(22)
p5

The equations of motion form a non-linear system of coupled, second order
diffefential equations, for which no simple solutions exist. One very useful
method of describing trapped particle motion of this type is given by the

guiding center approximation vectorially illustrated in Figure 3.

A % A c A A
b= Yo = c————(bxP)
By
P C=BeYc
rc=P C/Be
& A
~
r. =P C/R (E.’P‘,_P)

Using this approximation, the following expression for the average drift

velccity of the guiding center of the particle can be written:

A
L
d

ct

2 A A A
A P Cd BEW S
= +§x% [m%‘-vﬁ'*Zm b + // 9b +_;.. (ExB) + b
/" , p° 98 B ot] B
This expression may be written in another useful manner by a transformation.
In order to accomplish this transform, we note first that the magnitude of the
field due to a dipole of strength i:can be written:

B= wu -\/300829 +1

r 3
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Where r is the distance from the dipole and 6 is the polar angle or the angle
that the positiun vector of the particle mskes with the axis of the dipole.
If we choose the time ¢t = 0 to be the time that the psrticle is in the equatori-

al plane and define y so that the angle the particle momentum makes with the
magnetic field at t = 0 is _'_ - ¥, the equation is transformed into the
2

following quantity:

r3=r3 cos2 Y1+ 3cos?o
This equation expresses the altitude, r, at vhich reflection occurs in terms
of the polar angle at reflection 6 and altitude r, and pitch angle y vhen t!;e
particle is in the equatorial plane. This means that the rarticle injected at
a high altitude with a pitch angle which is not too large will remain at high
altitudes, oscillating along a fi>1d line with a relatively small amplitude.
Figure 4 illustrates the spiralling motion of a typicel case for . trapped |

charged particle, vhere Gl is the velocity component parallel to B.

b [ n ] = correction to B due to curvature of the field

lines.

o(EXB) . Hall current drift.
BZ

z (m % V B) = Drift current arising from the variation of

the Larmor radius during the cyclotron motiom.

P ~ P
Y c [2m-—/-/- ob_+ //;J.Dg]_
08 B 53t

p2
-J— inertial effects of P// motion

a term erising from the

which carries particles across

the field lines.
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It can be shown that for motion in a pure magnetic field the energy of a
particle is constant. This leads to the adiabatic invariant m vhich is

defined by

pZ
2mB

The point on a field line at vhich reflection occurs is given by

P R
2mB 2mB

t=0

The second or longitudinal invariant is defined by:

eV

The integration is tsken along the guiding center path between the rirror points.

This invariant restricts the drifi. of a charged particle to field lines on vwhich
I is a constant, and occurs only for slow perturbations. This slow variance
means that the time variations of the field must be small compared to the mirror
period, that is, the tim: it takes a particle to complete an oscillation from
one mirror point to the opposite one and back. Since a particle makes many
gyrations around a field line in each bounce period, the second adiabatic in-
variant is more easily disturbed than the first, in a time dependent field for
instance, and may lead to the particle's loss in the atmosphere.

The third adiabatic inariant is the total flux or the magnetic "B" field
inside the surface formed by the particle as it drifts in longitude. This
invariant guarintees that ths surface will be closed. The magnetic flux is
is invariant only wvhen the field is almost constant for the time it takes the
particles to drift in longitude around the earth, or its drift period. Thus, a
total of three adiabatic inveriants can be used to predict the behavior of

trapped particles in the earth's megnetic field. Since the trapped pariicles

n

-




are confined to a shell of magnetic field lines having a constant I and B, these
tvo parameters may be used instead of geographical coordinates for mapping the
fluxes of particles. By using I and B as the basic coordinates, the number of
necessary coordinates is reduced from three to two. McIlwain formulated the
concept of a parameter vhich retained the geomagnetic significance of I and
also vas approximately constant cn a given line of force. In a dipole field
such a parameter is called R,, the radial distance to the point where the field
line crosses the magnetic equator. It follows that trapped radiation in a
dipole field can be entirely specified in terms of R, and B, where R, specifies
a field line and B specifies a point on that field line. Since a dipole field
conctrains the particles to motion along field lines having the same R,, and
oscillations in a manner such that their pitch angles are the same at the same
value of B (as a result of the magnetic moment), the flux at a point in space
having magnetic coordinates (B, R,) is the same as the flux at every other
point having the same geomagnetic coordinates.

The real geomagnetic field is, unfortunately, not a dipole field. McIlwain,
however, devised the magnetic field parameter L which is analogous to the di-
pole parameter R . The real field is in practice approximated by a multi-term
expansion given by Jensen and Cain. This expansion was used by McIlwain to
calculate B and I and in turn L, vhich is generally found to vary by less than
one per cent along a field line. A reverse transformation leads to the following

relationship between the real and the B - L coordinates:

B= M h - r_ L cos2)
r3 L

The B - L coordinate system is based on the assumption of the conservation of
th.. adiabatic invariants, whic . is not valid during large geomagnetic or solar

storms or at high latitudes and altitudes where the magnetic field lines are
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distorted by the solar wind. However, the concept of B - L napping of the

Van Allen Belts is very useful and has msde it possible to relate widely
different experimentsl measurements of the spectra of charged particles in the
radiation belts.

The most reliable proton energy spectrum for the Inner Van Allen Beit
protons is given by Mellvain and Pizzella and tekes into account the softening
of the spectrum with increasing L. This spectrum is:

J (E) E = Ke — ':‘df-

proton °
vwhere

E, = (6% 28) |87 (522 02)pyy
Using this proton spectrum, a flux distribution similar to the one shown in
Figure 5 is obtained. Figure 6 shows the character of the Inne: Belt spectrum
of protons as measured for an L of 1.6 earth radii from Explorer IV wnd
Explorer XV data.

It has been found that a safe upper limit for the natural electron flux
can be represented through the altitude independent integral spectrum of the
form given t, Holly (Ref 5):

J (>E) 0.5
electron =K, E 30<E < 200 K&V

-k.0

(>E) =K_ E 0.2<E < 5 MEV

Jelectron 2
Using this spectral representation of the natursl electron field, cne
obtains an electron distribution in B - L space such as is shown in Figure 7.
In July, 1962, a nuclear device designated "Starfish" was detonated at
an altitude of nearly 400 km over Johnston Island on the L = 1,12 geomagnetic
field line. This device is estimated to have injected some 1025 electrons with
energies betwz2en 0.5 énd 10 Mev in trepped orbits in the geomsgnetic field.
The peak flux at L = 1.2 to 1.3 on the equato~ was given as over 109 per cm? sec
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OMNIDIRECTIONAL PROTON FLUX AT L= 1.6(40<E<110 MeV)
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with large fluxes as low as 100 km. Since the Starfish burst was so large,

the energy density in the particle cloud was greater than the energy density
in the magnetic field, disrupting the magnetic field and allowing the electrons
which would have been contained by the field to be distributed over a large
range of L values, particularly L values larger than 1.12. Electrons diffusing
to lower L values were quickly lost in the atmosphere. Later measurements
shoved that the peak fluxes had shifted to an L value of approximately 1.2.

II.A;Z Cosmic Radiation:

The most energetic source of spaceiradiation now known to exist is
found in the primary cosmic radiation fluxes that reach the solar system from
outside. Particles resulting from cosmic radiation have been measured with
energies extending up to 10'18 electron volts. These particles are found to
be isotropically distributed throughout the solar system. The origin of
cosmic radiation is galactic; hence, the name galactic cosmic radiation is of-
ten used synonymously with cosmic radiation. The tracks of cosmic radiation
have been observed since the discovery of the cloud chamber at the beginning
of this century. Extensive research into the nature and behavior of cosmic
radiation was carried out in balloons and other high-altitude devices prior to
the launching of probes and rockets in the late 1950's. Cosmic radiation has
long provided researchers in nuclear physics with a ready source of high energy
particles for experiments before the existence of high energy accelerators. The
composition of cosmic radiation is similar to that of matter that is thought to
make up the universe as a whole. It is piimarily composed of hydrogen nuclei or
protons which make up about 87 percent of the flux. Alpha particles or stripped

helium nuclei make up about 10 percent, and the remaining 3 percent is made up
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of heavier nuclei particularly nitrogen, carbon, and oxygen. HNuclei of iron
and calcium have also been observed in small traces in cosmic radiation. The
flux of cosmic radiation is extremely iow in comparison to the other two

contributors to space radiation, having a value of only about 2.5 particles

per cm? per sec in free space or at high altitudes over the poles. At lower
latitudés, cosmic radiation is subject to magnetic cutoff from the earth's
field{ and the value of the flux is greatly reduced. Cosmic radiation is
significant in that it possesses an extremely high penetrating ability as a
result of its ultra-high velocity and is difficult to shield against in

many operations. This extremely high energy also leads to a rather large and
complicated spectrum of secondary products which in some instances could be
dangerous, cespecially if a system is exposed to it over any great period of
time. Temporal variations in cosmic radiation have been observed during
periods of solar activity. The cycles show a decrease in the flux below the

2.5 particles per cm?

per sec observed during quiet periods. This decrease
is attributed to magnetic disturbances in the solar magnetic fields which de-
flect many of the cosmic particles. The energy spectrum of the galactic

protons is represented by the expression:

N (>E) = g;é 1.5 particles/cm® sec steradian
This expression is valid over the range 500 Mev to 20 Bev. E in the above
expression is in Bev. It has been shown that this equation also represents
the energy spectrum per nucleon for the other components of cosmic radiation.

I1.4.3 Solar Flare Radiation:

Solar flare pariicles are the remaining constituent of the space
radiation of present concern. Solar flare particles were initially detected

and identified from a combination of research into cosmic radiation and later
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can be represented by the expression N (> E) = KE-Pt-xwhere [* is between

3'5 ‘nd 5.00
Proton peak intensities for the larger events described by the
formula show an intensity of 1.5 x 105 protons/cm2 sec at 1.2 days. Over
9 .

a one-day psriod the total flux above 30 Mev was approximately 5 x 10° protons/

cm™. It has been observed that the yearly average production rate is on the order of

108

protons/cm2 above 100 Mev, or 1010 protons/cm2 per year above 30 Mev. This
corresponds to a dose of about 3,000 rads absorbed dose in unit density material
which shows that the solar flare dose could be dangerously high in a lightly
shielded operation. The alpha particle component of the relativistic flares
has been observed to constitute as rmuch as ten percent of the total flux in
some of the flares. The alpha particles have a much higher ion density than
protons, varying approximately as the square of the charge of the particle,
and such could add significantly to the effective biological hazard of a
given flare.

At this time no adequate warning system exists for detemining
the nature and extent of a flare. There exists a great need to equip space-
ships that will travel at greater distances from the earth with instantaneous
radiation monitoring equipment to provide directly the biolegically-significant
parameters generated vy such radiation, (i.e., a measurement of the total and
specific ionization of the emitted radiation). On-board dosimetry equipment
would not rely on theoretical predictions based on scanty input data of the
flare fluxes to provide instantaneous measurements of the determining mission
g0 or no-go ﬁarameters.

Table I illustratessome of the more important space experiments that
have been carried out in the field of radiation research since 1958. Space
radiation research was initiated with the flying of Geiger counters whose satu-

ration indicated the presence of the radiation belts and has evolved into a whole
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series oi experiments flown on satellites, whose specific missions are to perform
sophisticated directional and omnidirectional spectral measurements in conjunction
with simultaneously measurable depth dose patterns in phantoms. The first serles
of unmanned satellites set ocut to define the nature and extent of the radiation belts.
With the ejection of fission-formed electrons into the Van Allen regions, forming the
artificial belts, emphasis was also placed on determiniiig the dose levels. The later
satellites, were designed with the idea of complete coverage of the »adiation field
and its biological effects and, hence, were set up io measure both dose and spectra.
Since 1962, manned spaceflight has emerged as a prime instrument of space research.
Experiments like D8 usher in new and different techniques of assessing the radiation
problem. These techniques and results are only a beginning of more advanced and
refined methods of attacking the problem of space radiation as man reaches further out
in space.

Thus, in attempting to predict the biological effects of space radiation,
two main factors face the researcher:

1. The radiation environment itself is highly complex and oftentimes
poorly defined--even unpredictable in many instances.

2. The complex way in which radiation interacts with matter makes the
determination and measurement of dose very difficult when complex spectra of
radiation impinge on matter. It was in dealing with these problems that this

experiment was initially ccnceived.
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II. B. Scientific Need for Experiment:

Since 1962 there have been an increasing number of nmanned satellites
which have been programmed to carry 3dosimetric equipment into space. Scientific
interest in space radiaticn dosimetry was spurred by two factors:

1. Nuclear detonations by the Soviet Union and the United States led
to the creation of a nevw artificial rndiation environment known as the Starfish
Ra.dig.tion Belts. The Starfish radiation consisted of fission spectrum electrons
of very high flux density which were subject to magnetic trapping and led to
large charged particle populations in regions of possible manned space opera-
tions, such as the.South Atlentic enomaly. Since no accurate measurements of
the electron population or 1its rate of decay were readily available at the
time, it was necessary to measure the dose or energy deposition directly to
satisfy various spacecraft design and operational criteria which were being
formulated by the Air Force and NASA. The two agencies set out to solve the
problem of measuring this high electron environment in two differemt ways. NASA
instrumented their planned Mercury flights with passive dosimetry interior to
the spacecraft and Geiger counters external to the capsule. The Air Force on the
other hand pursued a program of unmanned satelliites flying shielded and un-
shielded tissue equivalent ionization chamber dosimeters. Neither method of
measurement proved successful in assessing the exact radiation hazard properties
of the space particle environment, and by late 1963 it was realized that there
existed a need to fly a specially designed tissue responding active dosimetry
system in conjunction with an elaborate passive dosimetry network within the
cabin of a manned space vehicle in order to examine closely the behavior of
charged particles with space systenms.

2. Due to intense interest in the possible hazards associated with the

trapped radiation environment and the solar flare eruptions, theoretical

23




rediation transport codes known as shielding codes were developed by various
groups concerned with space flight. These codee utilized mathematical models
of the radiation interaction properties of matter combined with various simple
geometries such as spheres and cylinders to predict the expected dose levels
within the interior of various spacecraft. The initial codes used homogeneous
materials such as vater, tungsten, and alurinum to obtain the dose at the center
point of the spacecraft. Existing flux maps of the radiation envirorment were
utilized as the input data for each code¢. Later codes were improved and the
order of sophistication of the prediction capability was incressed by "second
generation methods,” which allowed the dose to be calculeted in existing space-
craft geometries at many locations within the vehicle. With the development of
more refined prediction methods which account for specific geometries of the
spacecraft and provided versatility in the dose predictions, empirical dose data
vere necessary for known radiation environments to perform corrections in the
codes. This type of data was not available in any usable form. Furthermore,
the dose measurements that would be required for a complete experimental verifica-
tion of the codes would of necessity have to be carried out at various depths in
an astronaut simulating phantom placed in the actual spacecraft and exposed to a
well knowvn environment. This is required because the radiation sensitive organs
of the body are generally all located at some depth, protected by the body self-
shielding, and the skin dose would not suffice in determining any hazards that
might arise from the radiation fields. In charged particle environments such

as are found in space, the depth dose profiles are most often very steep and can
vary by several orders of magnitude across the dimensions of the astrcnaut.
These factors pointed out a critical need for shielding experiments with active
dosimeters which had never been performed before this. Lack of definition in the

flux maps thet vere being used as input data for the codes was recognized as a
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further major obstacle to placing confidence in the prediction capability of the
codes. In order to update theoretical work in the field of spuce radiation
effects and protection, there existed the need for an experimental program which
vould accomplish the following: (1) the measurement of the true tissue dose from
a mixed radiation field; (2) the determination of the dose at a number of varying
depths in a tissue type phantom, and at various locations within the exact space-
craft shielding configuration; (3) simultaneous spectral measurements made in
conjunction with the dose measurements to insure the correctness of the input
data to the transport codes. If these three criteria could bLe satisfied, then

a verification of the existing computer codes would be possible; and the confi-
dence level of such codes to predict the hazards in other environments could be
increased greatly. With these three factors to consider, the Air Force Weapons
Laborsatory embarked on a program of instrumentation that would permit the
fulfiliment of these scientific needs.

The Gemini program called for an orbital pattern which would carry
the spacecraft through the South Atlantic or Brazilian anbmaly of the inner Van
Allen radiation belt. In this region the spacecraft would pess for a few minutes
through a charged particle radiation environment vhose intensity weas quite
measurable in terms of dose and spectra and yet would not pose any hazard to the
experimenting astronauts. lASA had programmed the use of spectrometers capable
of measuring the external environment for selected Gemini flights. In order to
obtain a complement of dose and spectral measurements vhich would permit simul-
taneous comparison, however, it wes deemed advantageous to fly the dosimetry
experimental system on flights also equipped by versatile charged particle
spectrometers exterior to the spacecraft.

Besides obtaining empirical data on the aose profiles, there vas

also a widespread need to test existing passive dosimetry equipment. such as
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thermoluminescert phospers, photoluminescent glass, activation foils, dis-
charge chambers, and newly developed heavy particle detectors which would, when
exposed to a complex field of space radiation, determine their suitability for
mixed field dosimetry. Environments of the type found in the Gemini operating
situations could not be successfully or practically duplicated on earth. Although
it'is true that a limited part of the radiation environmsnt conld be simulated,
the large number of accelerator facilities required for such a project
could bé obtained neither at reascnable cost nor in sufficiently short time.
It was proposed that dosimetric chemicals and phospers be simultancsously
exposed and then be recoverec¢ as a parusite experiment on a manned flight such
as the Gemini. Their response to space radiation thus could be de*ermined eco-
nomically and easily.

1I.C. Military Need for Experiment.

1. Military manned spacecraft will not be, in general, constrained to oper-
ations in radiation environments that are void of hostile components. In the
light of this fact, it becomes extremely important to equip such spacecraft with
elaborate dosimetry systems capable of warning the ship's crew of possible dangerous
radiation enviromment. Such a militarysystem of necessity must be dessigned
to cover all possible ranges of radiation that might be encountered. This dictates
that the dosimetry system be capable of detecting all types of known particles and
energy that might constitute such an environment in space. Particle detection
would have to cover all natural radiation environments as well as any created
from nuclear weapon discharge. Furthermore, any military dosimetry system must
be extremely rugged, long lasting, portable, and unsusceptible to the ambient
conditions of free space pressure and temperature. Prior to design of this experi ment
dosimetry systems were not available to the militury which would meet all of the

criteria described above. This required the design and testing of an entirely new
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system of hardware compatible with military space needs. The only way to completely
insure the feasibility of new instrument systems would be to flight test the hardware
under actual space flight conditions. The Gemini program was ideal. in this respect,
for it would allow the testing of military space hardware in flight and provide the
Air Force with tried, tested flight items -in being- for future military manned
systems.

" 2. There was a military need to test the new proposed Manned Space Dosi-
metry System more than environmentally. Any system used for space flight should
be tested from the point of view of human engineering. This can only be accomplished
through active astrongut participation in instrument design evaluation where the instru-
ment is mated in realistic spacecraft packaging configurations with other spacecraft
systems. Since no military spacecraft program was available at the time design was
initiated in 1963, the only way thst this military need could be satisfied was to
participate in an extensive manned space program of the type available on the Gemini
spacecraft series..

3, Another extremely important requirement in any military spacecraft
program is the existence of technical personnel trained in the methods of equipment
design, testing, integration, and data analysis, who are familiar with the manage-
ment and operation of a mission oriented space progr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>