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BHYSZCA!. 

Tiiis aii.icle comp:rrcs the physical dose 
nicasurementa within Discoverer satellites 
X'srI: and XVIII during prolonged orbital 
fiiKiits. Complete and exact dosimct-ry was not 
possibie because of space and power limitations 
in these rocket:;. A number OC passive dosim- 
eters were chosen, therefore, to yield quuntita- 
live information. Thin information provides a 
rncasure of the integrated dose within the 
cn:iuage o i  the rocket. 

Fortuitous events dur ing  the two flights 
provided m opportunity to compare the radia- 
tions during 8 major solar flare with the quies- 
cent radiation. The two flights differed in 
three majc :espects: Discoverer XVII com- 
pleted 31 orbits with a 96.44-minute period as 
compared to 45 orbits with a 93.67-minute 
peliod for Discoverer XVIII. The orbits of 
XVII carried it farther from the earth than did 
the orbits of XVIII. A major solar flare oc- 
curred seven hours before the launching of 
XVII, and although the first surge of radiation 
was missed, the rocket was in orbic during n 
second surge of radiation. There VKIS no solar 
flare detected during or before the launching 
of the Discoverer XVIlI flight. Therefore, 
conditions that prevailed during this flight 
present esse:itially quiescent radiation levels. 
oince the same dosimetric devices w ~ . ~ * c  used on 
both flights, the results provide a mctnod for 
a direct comparison of solar-flare conditions 
and quiescent conditions. This paper compares 
the results of the two flights and describes 
briefly the detection devices used : activation 
foils, the USAF chemical dosimeter systems, 
lend-NTX film detector systems, and gamma 
film in a stepped-met21 holder. 

ACTIVATION FO!LS 

Several materials which appeared to possess 
activation characteristics suitable for use ;is 

o. detector in rocket or balloon flights were 
considered and studikd. Thrce of these foil 
materials (gold, yttrium, and antimony) were 
activ:iterl with 730 Mev proton. a t  the Univer- 
sity of California synchrocyclotron. The 
induced activities were followed using a NaI 
well-counter and a 256-channel analyzer to 
determine approximate energies, activity levels, 
and approxiniate half-lives. Tentative reac- 
tions and cress sections for these high-energy, 
proton-induced activities were assigned on the 
basis of this information. 

Gold was chosen as the foil material to be 
used on the rocket flight of Discoverer XVIII. 
A slight increase in activity above background 
was detected, h u t  activation of the foil was 
much too Iow to positively identify a rextion, 
or its level of activity. Since no knalyzable 
increase in the level of activity was found in 
this foil, \r;e can conclude from our cyclotron 
cnlibrations that the total proton or neutron 
flux encountered was less than 10" particles per 
square centimeter. 

Although the activation foil material for 
the two flights was not the same (antimony 
was flown on Discoverer XVII). our calibrt- 
tions indic:lte that fer either of the foils the 
rnaGimum possible flcx th:tt cou!d occur 2nd 
not be detected by these systems is IO9 neu' trons 
or protons (in the near Bev energy range) per 
square centimeter. Since neither of the foils 
was sufficiently activz! ted to identify the leve! 
of activity, other dosimetry devices xrust be 
used for comparative purposes. 

CHEMICAL DOSIMETERS 

The chemical dosimeter systems flonm on 
Discoverer SVIII were the single-phase, water- 
equivalent, trichloroethylene dosimeter nnd 
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Dosimeter 

Two-phase 

C0,-free single- 
phase 

Regular single- 

Estimatedproton 
phase 

nux 

the  two-phase tetrachloroethylene dosimeter. 
Briefly, the single-phase dosimeter is a trichlo- 
roethylene-saturated water system to which a 
water-soluble dye has been added. The two- 
phase dosimeter is a tetrachloroethylene 
system which has been overlayered with a 
waterdye solution. Both of these dosimeters 
measure a pH change in the system as a result 
of the acids produced when the system is ex- 
posed to  ionizing radiations. This pH change 
may be measured by back-titration or by 
spectrophotometric measurements of color 
changes. A linear log-log relationship exists 
between measurable parameters of the dye 
spectrum and dose. These systems are  tem- 
perature independent from 5 O  to 5 5 O  C. and 
dose-rate independent over a wide variety of 
dose rates. The Single-phase dosimeter is 
energy independent from 50 kev to 12 Mev and 
shows a response approximately one-half the 
gamma response. Two-phase systems have an 
energy response similar to that  of film and are 
neutron insensitive. 

Response 

Flight XVII Flight XVIII 

30.7 rads equiv. No r e s p o w  
730 Mev 
protons 

730 Mev 
protons 

25.3 rads equiv. No response 

No response No response 

6-8 x 108 <4.0 X 10s 
p/cm.2 p/cm.z 

Carbon dioxide-free, single-phase, chemical 
dosimeters have been made sensitive down to 
25 rads. Two-phase dosimeters can be made 
sensitive down to 15 rads. Using back-titration 
methods of evaluation, these two-phase and 
regular single-phase dosimeters can measure 
doses up to one million rads. The upper dose- 
range of the carbon dioxide-free, single-phase 
system is limited since back-titration methods 
of analysis cannot be used. 

Chemical dosimeter results of the two 
flights are indicated in table I in t e r n  of rad 
equivalent 730 Mev protons. The use of this 
reference radiation appears justified since 
authorities on cosmic rays generally agree that  
the radiation at the flight altitudes of the Dis- 
coverer rockets consists primarily of Bev and 
near Bev protons. Further qualification of this 
choice will be made in the discussion and sum- 
mary. Basic high-energy calibrations of the 
USXF chemical dosimeters were accomplished 
at the University of California synchrocyclo- 
tron. 

As noted in table I, the chemical dosimeters 
flown on Discoverer XVIII showed no response. 

TABLE I 
Comparative response of  dosimeters on 

f l ights  XVZZ and XVZII 

This indicated a total dose measurement of less 
than 15 rads within the capsule of Discoverer 
XVIII, which means that the actual dose could 
vary between 0 and 15 rads. Based on the re- 
sults of the chemical dosimeters, we can only 
say the dose for flight XVIII was less than 
one-half the dose for flight XVII. 

LEAD-NTA FILM SANDWICH DETECTOR 

The lead-NTA film sandwich detector con- 
sists of Kodak neutron sensitive film, type A, 
sandwiched between 0.017-inch lead sheets. 
This emulsion has been designed by Eastman 
Kodak to  detect lowenergy neutrons and other 
particulate radiations. Since the NTA emul- 
sion is not very sensitive to the higher energy 
particles normally encountered in space, 0.017 
inch of lead was placed between the film layers 
to increase the probability that a nuclear event 
would be recorded in the emulsion. The over- 
all effect is to increase the sensitivity of the 
total detector system to high-energy particu- 
late radiations. Calibrations of this system 
with 730 Mev protons and 900 Mev alpha parti- 
cles were accomplished at the University of 
California synchrocyclotron. Results of these 
calibrations are reported elsewhere (1). 

Since a positive identification of the par- 
ticles producing the tracks in the emulsion is 
not possible (because of emulsion thickness) 
the results of this detector are reported as the 
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number of tracks per square centimeter. Micro- 
~copl’c analysis of the film from this flight 
indicates a track flux of approximately 4.00 x 
104 tracks per square centimeter. Comparing 
this track flux to the track flux found with the 
California 730 Mev proton calibrations, one ob- 
tains a dose measurement less than 0.8 rad. 
This evaluation agrees well with rad dose 
measured by the gamma film in a step holder. 
On the other hand, the track flux for the Dis- 
coverer XVII flight ranged between 2 to 4 x 
lo5 tracks per square centimeter, or a dose of 
4 to 8 rads. This value is approximately one- 
tenth the measured dose of 30 rads obtained 
using other types of dosimeters. These results 
emphasize the difficulties of measuring doses 
greater than 3 to 5 rads with the lead-NTA 
film detector. 

Further microscopic examination of the 
tracks from the film flown on Discoverer XVIII 
indicates that  no tracks started or stopped in 
the emulsion. The statement that  no neutrons 
were encountered cannot be made since it is 
possible for a neutron-proton collision to occur 
in the hydrogenous material surrounding the 
emulsion. If, however, the observed tracks 
were the result of a neutron-proton recoil in the 
emulsion wrapper, the neutrons would then 
have to  have been more energetic than those 
observed on flight XVII. For flight XVIII, 
15 percent of the tracks started or stopped in 
the emulsion, with 2 percent lying completely 
wlthin the emulsion. This is indicative of low- 
energy neutrons. 

STEPPED-PLATE FILM PACKET 

This detector is similar to one described by 
Tochlin (2) in which Dupont film pack, type 
552, is divided into four differently shielded 
areas. The first area is unshielded, and the 
second, third, and fourth areas have, respec- 
tively, the following shielding: 0.020 in. Al; 
0.020 in. A1 and 0.010 in. Cu; and 0.020 in. A1 
and 0.020 in. Cu. The metal echelon array is 
placed on both the front and back of the gamma 
film packet. Effective energies of x-radiation 
or gamma radiation can be determined from 
the ratio of film densities under the adjacent 
shielding areas. If a difference in the densities 

of the shielding area is not observed, the single 
density is used to determine dose. Again the 
730 Mev proton calibrations were used as the 
reference radiation. 

The corrected net densities of the experi- 
mental film on flight XVIII indicate a dose of 
0.6 rad equivalent 730 Mev protons as compared 
to a 30 rad equivalent 730 Mev proton dose for 
the Discoverer XVII flight. On the basis of 
this dosimeter alone, i t  would appear that a 
specimen orbiting during a solar flare would 
receive a dose 50 times greater than it would 
receive under similar orbital flights during 
quiescent conditions. The absence of a stepped 
effect for the two flights has been interpreted 
to indicate that  little or no lowenergy x-radia- 
tion or gamma radiation was encountered dur- 
ing these flights. 

DISCUSSION AND SUMMARY 

The response of the detector systems used 
on the flights of Discoverers XVII and XVIII 
are reported in terms of rad equivalent 730 Mev 
protons. This has been justified on the basis 
that three of the four detectors used respond 
similarly to 730 Mev protons and 900 Mev alpha 
particles. Furthermore, authorities on cosmic 
rays are in general agreement that the radia- 
tions encountered at the altitudes a t t a i n d  
during these flights consist mainly of Bev and 
near Bev protons and alpha particles (85 per- 
cent protons, 14 percent alpha particles, and 
1 percent heavy primaries). Therefore, the 
assumption of 730 Mev protons as the reference 
radiation for these determinations appears 
justified and, in any case, it  introduces an 
error in dose determination of less than 10 per- 
cent. 

A comparison of the results of the two 
flights supports the hypothesis that solar-flare 
conditions are  more hazardous than quiescent 
conditions. The magnitude of the hazard may 
not be as great, however, as previously antici- 
pated. Estimates of dose to an unshielded 
specimen during solar-flare conditions have 
been made that  are  several orders of magnitude 
greater than the 30 rads measured on flight 
XVII. Robey’s estimate for the solar flare 
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of 10 May 1959 was 4,272 rads during the 
29.5-hour maximum of that solar flare. Admit- 
tedly, however, there are several inherent fac- 
tors present that would render Robey’s estimate 
more comparable to our actual dose measure- 
ment. Primarily, it should be noted tha t  the 
Discoverer XVII rocket was launched seven 
hours after the first surge of flare radiations 
occurred. Therefore, only the second surge of 
flare radiation or approximately one-half the 
total flare radiation was measured by our 
group. Secondly, the earth shielded the detec- 
tors aboard this rocket for one-half t o  two- 
thirds the total flight while Robey’s estimate 
was based on an unshielded specimen in space. 

Finally, an additional barrier to flare radiations 
was provided by the geomagnetic fields of the 
earth. Consideration of these factors would 
tend to equate our measurements and Robey’s 
estimate. Our measurements indicate that a 
man on an orbiting mission similar to that of 
Discoverer XVII could survive an unexpected 
major solar flare of two or three times greater 
magnitude. Thus, an unexpected major solar 
flare may not necessarily be an insurmountable 
problem for limited orbital flights, although, 
of course, doses of the magnitude referred to 
above are greater than recommended working 
levels for ionizing radiation. 
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