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INTRODUCTION

Throughout the Geminl program & number of radiation monitoring devices
have been employed both inside and outside the spacecraft to measure radiation
exposure to the astronauts. These have been both active and passive devices,
sensitive to a variety of radiations expected in near earth orbit. In general
it has been the object of these devices to determine the spectra of radlations
outslde the spacecraft and the physical dose due to those radiations inside the
spacecraft, However, on Geminl X a bremsstrahlung spectrometer was mounted in-
side the cabin to better define the radiations inside the craft, and as a re-
sult uf electron penetration data on the Gemini hatch, a combination beta-
bremsstrahlung spectrometer was flown inside the vehlicle on Gemini XII. It is
this latter device that will be described in detall in this report.

Deta relating to electron penetration through the Gemini III hatch was ob-
tained early in 1966 at the LTV Research Center using a Van de Graaff prsticle
accelerator. This data indlcated that electrons with energles above 1.0 MeV
lost only about 0.7 MeV in the hatch and entered the spacecraft with their re-
maining degraded energy. It became important to determine the relative inten-
sltles of electrons and x~rays inside the spacecraft. Since LTV, under Contract
NAS9~M013,provided a device to NASA {or eveluation, which wazs capable of measur-
ing both electrons and x-rays in a single instrument, 1t was declided to place
that device inside Gemini XII. The flight instrument utilized an original
principle devised by LTV scientists for separating and analyzing electrons and
X~-rays (a patent has been applied for covering this apparatus) and only those
design changes necessary to conform to the physical, interfacial, and environ-
mental requirements of flight were made. The unit was designed to operate with
a NASA modified data processor unit of the type flown with the bremsstrahlung
experiment on Gemini X. The major design difficulties in the program were en-
countered in mating the LTV unit with the data processor. The fabrication,
calibration, and calibration data reduction efforts in this program were carried
out under National Aeronautics and Space Administration Manned Spacecraft Center
contract NAS9-5T765. |

The Beta-Bremsstrahlung unit, serial number 3, was successfully flown on



Gemini XIX November 11-15, 1966. Data was received as planned during the flight
and post flight calibration of the ingtrument demonstrated that the function
of the unlt and its data processor was identical to that prior to launch. Data
was not available in a form suitable for analysis at the time of publication

of this report.




THEORY OF OPFRATION
GENERAL

The LTV Beta-Bremsstrahlung spectrometer sensor unit is a scintiliation
device which was deslgned to analyze electron and bremsstrahlung radiations
in the region from approximately 0.2 to 4,0 MeV, It combines the application
of a complex scintillation crystal assembly with high speed electroric circui-
try to identify and separate the two radiations when the device i3 used in a
mixed field.

PARTICLE DETECTION PROCESSES

The basic principle of a sclntillation counter employs the lact that the
interaction of radiation with various materials produces exclitation or ioniza-
tion which is followed by the emisslon of light. This light is converted,
usually by a photomultiplier tube, into an electronic 3ignal, Different ma-
terials have different phosphorescznt decay times which vary over several
orders of magnitude, Particle ldentification was made possible in the Beta-
Bremsstrahlung spectrometer by the use of two such materials in the configura-
tion shown in Drawing N100-10001. The plastic scintillation material has a
decay time of approximately 3 nanoseconds while that of thethallium activated
ceslum~iodlde 1s 1.1 mlcroseconds. Gince electrons can enter only through
the collimator shown in the drawing they must pass through the thin plastic
crystal before entering the CsI. On the other hand, a gamma ray may enter
from any direction and those passing through the plastic have a very low in-
teraction probabllity in the material. Typlcal pulse shapes for electrons
and gammas are shown in Fig. 1 for the curves labeled "Anode". The fast
negative spike in the upper figure resulted from the electron interaction with
the plastic and the remainder of the trace corresponds to energy lost in the
CeI, No spike is seen for gammas in the lower figure because they interact
only with the CsI. It is true, however, that some gamms interactions can
occur in the plastic, plus the fact that a small number of the electrons which
are produced by interactions in the CsI can escape anu traverse the plastic,
Due to the relative volumes of the two secintillators and the dependence of
atomic number of interaction probabilities, the chance of particle confusion
from this mechanism is small. To allow particle separation the pulse from
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the photomultiplier anode was shaped wlth a shorted delay line giving the
regultant signals shown in Fig. 1., The aifference in these resultant signals
for gammas and betas i3 seen to be the presence of the positive spike pro-
Juced by the betas, These types of' signals were amplified, as will be de-
geribed below, and ntilized for particle identification in the Beta-Brems-
gtrahlung apectrometer,

SLECTRONTCH

A zeneral explanation of the operation of the electronles may be made
by referring to NDrawing N190-10900 which indicates in block form the relaw
tive assoeciation of the individual electronic clrecuits. The linear slgnal,
originating at the last dynode of the photomultiplier tube, pin [, was ampli-
fied by the linear amplifier, circuit A%, From there the signal went direct-

v Lo PL for interconnection to the analyzer-processor,

The particle identification signal originated at the anode of the photo=-
multiplier tube and was shaped by the delay line before it entered the high

gpeed amplifier, circult Al, The amplified signal then went to the upper level

detector, ULD, and the lower level detector, LLD, circuits A2 and A3 respec~
tively., The outputs of these circuits then went to the logle eircuit, Ak,
wkere the particle identificaticn signals, gemma inhibit and beta enable,
were produced, The particle ildentification signals went directly to FPL

for interconnection to the analyzer-processor.

Monitoring of all the spectrometer output signals was possible through
interconnections provided at P2, the AGE test connector.

A detalled discusalon of the operation of these circuits plus the power
supply and control ecircults is glven in the following paragraphs.

L
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ELECTRICAL DeESIGN

AENERAL DEVIGN STECIFICATIONS

The spectrometer was required to operate within the following final
design specifications over a temperature range of 0° to 120° Fahrenhelt
from n filtered but unregulated power source of 26 = 4 volts, The linear
slgnal was required to have nominal rise end fall time constants of 1.7 us
and ¢ u3 resnectively, and a dynamic range of T volts., Tt was requlired to
have a sensitivity of approximately L.6 volts,MeV with a stability of £7%
over the range of temperature and input voltage. The gating outputs re-
quired a rise and fall tLime of approximately 1 us when loaded with the
snalyzer-processor and a width of approximately 8 us. The amplitudes re-
quired for the logle levels were 4.5 *+ 0.5 volts for ‘the inhibited condition
and 0.2 % 1),2 volts for the uninhibited condition. These parameters were
attalned over the entire environmental conditions as evidenced by the suc-
ceasful completion of the qualification testing at NASA-MSC,

PHOTOMULTIPLIER CIRCUIT (NL00~10900)

The photomultiiplier circultry consisted of an RCA-4L4E0 photomultiplier,

8 Pulse Engineering Corp. PESLOO photomultiplier power supply, a shorted
delay line, and the nccessary clrecultry to -2t and stabilize the required
phototube galin., The linear signal was derived from the last dynode cur-
rent, across the effective dynode capacitance to ground. The high speed
gignal was derived from the anode current driving the delay line and high
speed amplifier. In order to minlmize effects of photocathode nolse, the
"Co-netic" magnetic shield surrounding vhe photomultiplier was elevated to

photoecathode potential through a high impedsnce filter network.

The RCA-UU6E0 was plcked due to its small size, ruggedness, and simi-
Jarity to tubes used in the past in laboratory applications. The PE 5400
power supply was utilized becauge of 1ts past history as reliable space
hardware. The PE 540C was designed to operate directly drom a 26 + b
volt power supply and was compatible with the sensor unit power specifications.
Additional filtering was required on some of the power supply outputs and
was accomplished by the addition of externsl capacitors.




The output voltage of the piwer supply, which directly determined the
gain of the photomultiplier, wns controlled by the network attached to pins
1l and 2 of the B 4400 power supply. Feedbsck through ity and (Ri provided
the voltage control teedbask from the high voltage clrouit. ue to the highly
unstable and non-linear gain charasteristic of phototubrs with temperature,
it was necessary io generate an external temperature sensitive signal which
would vary the high voltage apnlied to the phototube 1in a manner that would
compensate for gain shifts in the photomultiplier. For example, if the vol~
tages on the phototube were held eonstant, pain change of anproximately
300% over the temperature range of O°F to 120°F would result. For compensa-
tion, A& correction eurrent was fed Into the feedback summing Jjunciion of the
PE 5400 power supply, Pin 1, which, along with the voltege iseedback network,
would keep the system gain constant. A network was then designed to ereate
a temperature correlated current, which closely matched that necessary for
congtant system gain, .ilnce the temperature sensitive element and the photo-
tube did not have preclse ahsulute values at a given temperature, it was
necessary to select the network resistance values for each individusl yensor
unit. High stability resistors were utilized to assure that the network re-
talned 1ts characteristics throughout 1ts life and expected environment. The
characteristics of the phototube and the correcstion network were such that
rather sluple selection technliques were developed which stabilized the system
to within the design limits, * %%. A seriles of adjustments were made at
room temperature and the temperature extremes. Values of the various com-
ponents were then picked which would give the best temperature compensation
within the design limits.

The characteristic shape of the linear pulse was determined solely by
the impedance seen by the last dynode. The pulse amplitude was primarily
a function of the capacitance from the last dynocde to ground, which consisted
of €2 (N100-13900), about 30 pf of cable capacitance, and a few pf of stray
capacitance. This gave a total capacitance of approximately 220 pf. The
decay time of the pulse was determined by the above capacitance shunted by
the effective discharge resistance across it. This consisted of R3 (NlOO~lO900)
in parallel with the input impedance of the linear amplifier. This gave a
decay time constant of about 8 us. The rise time of the pulse was approximately
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1.2 ug, which was the combination of the 1.1 po O3T light deeay constent and

the » no RO deeay eonstant,

The high cpeed mulse, used for particle ddentifiention, was derived from
the anode eurrent., This ourrent drives simultaneously a shorted delay line
nnd the high opeed amnlifier input. The characteristie pulse shapes, as
seen at the amplifier input, are shown in Mg, 1, The pulse of interest, the
positive gpike reculting from a reflected betn interaction, had approximately
A 3 no rise vime oand o 19D ng deeay time, It was prececded by a negative
pulse eorresponding to the normal signal lasting for 10 nc which was twice
the time of propagation of the delay line.

LINGAR AMPLIFIRR (W1'0-13000)

A the bopTauing of the program the eutput sensitivity requirement was
1.25 volts per MeV. Tn order to obtain this original sensitivity, the linear
amplifier was denigned with a maximum gain of 10.5, a dynamic range of 5.5
volts, and a decay conctant f 5 3., After the compatibility tests with the
analyzer-processor, it was determined that proper operation required an out-
put pulse with an 8 us decay constant, a 7 volt dynamiec range, and an output
sensitivity of approximately 1.6 volts per MeV. In order to increase the
input sensitivity of the amplifier and the decay time constant of the output,
the amplifier gein had to be increased. This wag accomplished by increasing
the inverter gain by approximately a factor of 3. Since the dynamic range of
the amplifier was sufficient, no change was required to mezt the new dynamic
range specifications. The actual output sensitivity was adjustable through
the use of an adiustment potentiometer, R5.

The circuit utilized had very good linearity and stability and a low out-
put impedance to minimize the effect of load impedance., The instability and
non-linearity characteristics were within * 0.6% of full scale over the
temperature range of -10°F to 130°F and unmeasurable with the equipment
utilized over the temperature range of -10°F to 110°F (see Figure 2). This
was well within the design limits of % 1% full scale maximum deviation of
the best straight line. The output impedance of the amplifier was matched
as closely as possible to the impedance of the interconnection cable used

between the sensor and analyzer~processor by the series addition of 30 ohms,




R12, in the eireunitry., Thioc was done to minimize reflection nroblems between
the two units. The amplifier output was ecapacltively coupled to prevent. damage
if the output line were inadvertently chorted.

HIH JPEED AMPLIFIRR (H100-11900)

The high~speed anplirier was desipned to amplify the positive output
{from the delay line network to such a level that amplitude detectlions could
be performed on the pulses. The amplifier was designed with limited bandwidth
to minimize accidental detertlion due to grass, time variant fluetions on the
signal. The amplifier itself, had a gain of approximately 75 to 80. As it
was designed to amplify the reflected pulse of the delsy line output, which
was positive, the amplifier had to be egsentially ingengitive to the large
negative overload pulse that precceceded the positive pulse. ILinearity of gain
was not a requirement, but gtebility was. Iimits of * 5% gain stability over
the range of ~10°F to 130°F were required for proper operation. Iess than
+ 1.5% change over this range was achleved as seen in Fig. 3.

HIGH 3PERD LEVEL DETECTOR3 (N100~12900)

There were two fast detectors utilized in the sensor unit, an upper
level detector designated ULD, and a lower level detector degsilgnated LLD.
In each detector, there was an amplifier which served as an isolation buffer
and allowed for a final gain adjustment. The detectors and amplifiers were
arranged as shown in Fig. 5. As seen in FMg. 4, the detector circults were
stable to within %1%, when operated at approximately midrange on the adjust-
ment potentiometer. It was desirable to operate the detectors near this
point 1f possible, so a ratio was determlned for the LD and ULD, which
was epproximaetely 10. The gain of the A3 amplifier was then fixed to give
this ratio of pulse amplitudes into the two detectors. The gain of the A2
emplifier was determined by the linear amplifiler gain, phototube gain, and
noise considerations. Of course, typlcal output levels were known prior to
initial design. The particular tube type, crystal configuration, and physical
and electrical configurations peculier to this sensor design were used to
determine the gain of the A2 amplifier. This was found to be approximately
5. With the gains determined for the high speed system and the linear am-
plifier, the gains of the Individual spectrometers were adjusted by setting
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the phototube gains. The output of the LLD and ULD discriminitor circults were
fed into a pulse shaping clreuit to provide the logle pulses required by the
logle circuitry (N100-13900 ), The actual levels at which the detectors were
set were determined by calibration with radloactive sources.

LOGIC AND OUTPUT CIRCUITS ( N1.00-13900)

The logic and output clreultry weredesigned to accept the LLL and ULL
outputs, and generate gamma inhibit pulses and beta enable pulses compatible
with the analyzer-processor. The logic was realized utilizing military-range
RTL integrated clrcuits. The particular elements were picked to optimize the
speed and power requlrements of this device. In order to minimize the number
of component types utilized in the spectrometer, the entire loglc was designed
around duel 3-input NAND/NOR gates. Three and one half devices, seven gates,
were required to fulfill the loglc requirements.

One device was used as a monostable multivibrator, a technique developed
at LTV prior to the initial Beta-Bremsstrahlung sensor concept. As long as
precise +timing throughout the temperature range was not required, it provides
the functions of a monostable multivibrator with s minimum of components.
Another dual gate was used, utilizing the ULL and monostable multivibrator
slgnals, to develop the slgnal which was used to generate inhibits on both
control outputs, The other two devices used the two previously developed
slgnals to generate the control functions for the analyzer-processor. The
outputs of the control logic gates drove output transistors to provide coii-
patible signals for the analyzer-processor. The circult was designed to pro-
vide signals to the analyzer-processor of proper width and sufficlent amplitude
to initiate the inhibit functions necessary to perform the proper analysis of
the linear signal. The control signals were modified, after mating compati-
bility tests were performed, to eliminate a nolse coupling problem. The
width was increased to approximately 9 us and the rise and fall times were
tallored o approximately 1 us. The output circultry was designed such that
a continuous short circuit would produce no damage to the circuitry and would

produce negligible etfccis on power consumption.

LOW VOLTAGE POWER SUPPLY (N100-14900)

The operating voltage requirements for the spectrometer circuits were

Q-
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b volts 3% with 2% regulation and 6.8 and 12 volts * 8% with £3% regulation
over the entire range of temperature and input voltages. To obtaln these
requirements the 4 volts had to be within +1% and the .8 and 12 volts within
+5% at standard conditions (26 V.D.C. input, 77°F, and operationally loaded).
The ripple was not to exceed 50 milliveclts.

In order to fulfill the preceeding requirements, a small relatively
efficlent unit had to be designed. Since the U volt output required the high-
est current,an efficient means of reducing the 26 volt iluput had to be used.
The use of a reslstance series regulator would have consumed much more than
the 3 watts available. The use of a transformer DC to DC converter to lower
the voltage would have required too much space and design time. A switching
regulator was chosen because it offers a combination of efficlent regulation,
simplic’” and compactness. Because the 6.8 volt and 12 volt output required
much less current and less voltage accuracy, zener diode regulators were

found to be adequate,

In order to visualize the operation of the switehing regulator,refer
to Fig. 6. The switch was simply a transistor cutting on and off when com-
manded by the driver transistor driven by a variable-duty-factor multivibra-
tor. The filter was of the low pass, LC type with a diode to return current
during the off portion of the cycle. This essentially supplies D.C. power
with an output voltage equal to the input voltage times the ratio of the on
time to the switching period. Then by varying the time the switching transis-
tor was on to the time it was off the output voltage could be varied.

The multivibrator was an astable type that commences operation upon appli-
cation of voltage. The pulse width was varied by the application of current
to either of its transistor bases. The differential amplifier supplied 4if-
ferential gain of approximately 50, proportional to the difference in the
output voltage and the reference. When the output tried to increase either
by an increase in input voltage or decrease in the load, the duty factor
decreased and the output voltage was pulled down to approach the required
output voltage. The regulator then changed the pulse widths of the multi-
vibrator such that the output remained constant regardless of input and

output variations.

-10-




The owitching regulator performance was typlcally regulated within #1%
over the entire voltage and temperature range with accurate setting ot the
output voltage by adjusting Re., Tts efficlency was approximately (0%, The outw-
put was protected from an overvoltage of greater than 6.7 volts with no load
attached by the 6.4 volt zeaer on the output. An IC filter at the input to
the power supply isolated 1t and the censor cireultry from input current
splkes. The switching transistor was a high current and high voltage type
so that initial capacitor charging transients on cut-on would not exceed the
safe-operating area. A test involving application of 4000 cycles of a 28
volt step input caused no degradation of switching transistor performance.,
Output ripple was tynically less than 10 millivolts at room temperature at
28 volts input. Temperature stabllity was achieved by a low-temperature.co-
efficient zener diode reference and a matched dual transistor in the differen-
tial amplifier. 3witching frequency was approximately 20 KHz and the multi-
vibrator would continue operation even 1f the output were shorted,thus,giving

the output transistor about 5 seconds before 1t opened,

The 12 volt and 6.8 volt outputs were obtained across zener diodes.
The regulation and efficiency obtained was not as good as with the series
switching regulator but was adequate for the circult requirements. The out~
put of the 6.8 and 12 volt zeners could vary within *5% at standard conditions
and regulate within *3% over the entire voltage and temperature range. Power
loss Iin the resistor feeding the zeners was 1 watt maximum,

TESTING AND MONITORING

The sensor unit was provided with a test connector in order to perform
tests on the unit under operating conditions. It had inputs for a linear
signal, to check system linearity and analyzer-processor channel boundaries,

and a high speed signal, to check the high speed circultry and logic cir-
| cultry. All three sensor outputs could be monitored through this connector
and there was a protected 4 volt power supply monitoring point. The power
supply monitor had a series 1 Kohm resistor to protect the power supply and
instrument from accldental shorting of this monitor point. To prevent RFI
problems when the spectrometer was in use, a grounded shield cap was pro-
vided to cover the test connector. A temperature monltor was provided to the
spacecraft connector to provide a signel which was a function of the sensor

internal temperature.

-11-
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PACKAGE DESIGN

DIESTGN OPECTFICATTONT

To insure the sueeess of the sensor unlt in the environment of opace and
launch,the requirements of MAC 8433 for pressurlzed hardware were evoked ex-
cept for humidity, rain, salt nea atmoophere, nand, dust, fuangus and sinucoi-
Aal vibration ac oet out in the eontract. inee the sensor was to be mounted
on the command rilot's hateh vhich was rigeged for explosive opening,a 150g
shock test was imposed,  The unit was to be less than 4,20 lbs in weight and
measure 5.950 inches x 9 inches x 3 inches maximum. The unit also was to have
rounded corners at « Ages near the astronauts in order to avold possible damage
to space~cuits. The interior of the package was 1o be vacuum cealed to insure
operation of high voltage ecircultry by maintaining a dry nitrogen atmosphere
inside the case on exposure to the vacuum of outerspace and the oxygen atmos-
phere of the capsule, ALl quallty control of assembly was to conform to quality
gpecification NPC-200-2 as modified by the contract.

EXTERNAL DE3SIGN

In order to catlst’y the external requirements, a container of the shape
shown on Drawing N1OO-00920 was designed. The mounting configuration consisted
of a back plate which was machined as an integral pert of the container 1tself.
The mounting bracket hole pattern configuration 1s shown on Drawing N1O0-00930.
Adequate ptrength in the mounting back plate and contelner was maintained to
insure that the unit would remain intact on the spacecraft door 1f it were

opened in sa emergency.

INTERNAL DESLGN

The internal configuration of the package also used the back plate as the
main structural member, All heavy members of the internal deslgn were secured
to the back plate or mounted as close to 1t as possible to reduce the torque
produced at the mounting plane. Since the collimator and shlelding for the
photomultiplier tube constituted the majority of the welght in the package,
they were mounted on the bottom plate close to the back plate and secured with

a clamp to the back plate.

-1~
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The major faector; which influence ithe denlgn of the detector head assembly
(¥100~10001-01) were the antieipated electron and bremsstrahlung intensities,
the electron collimator and bremsstrahlunyy shield design, vacuum protection, and
the mechanienl shoek and vibration envirorment during launch.

The crystal and collimator geometries were chosen to glve, as nearly as
possible, equal count raten in the eleetron and bremsstrahlung channels. Based
on a brief experimental otudy of electron penetration through a Gemini hatch
and NASA supplied space electron Intensities it was determined that a
CsI(TL) seintillation crystal approximately 1/2-inch long and 3/b-inch dlameter
was optimum. If the maximum possible shieldlng, within weight limitations,were
used, the ealeulations indieated that the count rates would remsin within allowable
1imits even 1f the space eraft were boosted into a higher orblt than the standard

mission ealled for.

The eleectron eollimator was then designed to have a maximum acceptance cone
angle compatible with thic crystal size. Tantelum was chosen for the collimator
nnd shield material because of itz high denslity, high strength, and machinability;
thus, giving the maximum shielding to weight ratio and allowing the shield to
be an integral part of the mechanical structure,

The collimator deslgn also included an aluminum spacer between the tantalum
apertures to reduce the scattering of electrons from the collimator walls. Each
aperture was mad: thick enough to absorb electrons to approximately 6 MeV, the
maximum energy which could introduce significant distortions into the pulse

helght spectra.

The photomultliplier was guarded against shock and vibration by the use of
gilicone rubber gaskets at each end of the tube assembly, one compressing
agaeinst the scintillation crystal and the other against the base of the photo~
multiplier tube. Thermal expansion problems were eliminated in the detector
head assembly by these shock abgsorbilng gaskets,

The "Co-netic" shield (N100-10010-03) around the photomultiplier tube
served a dual purpose: 1t shielded the tube against the earth's and local
megnetic fields and, since it waes maintained at the potentiasl of the photo-
cathode of the photomultiplier tube, 1t acted as an electrostatic shield to
reduce fleld effect nolse at the photocathode,
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To insure continued operation in the vacuum of gpace during extra-vehicular
activity the unit had to be sesled at cover removal points, input connectors, and
collimator assembly. The vamum geal at the cover removal points were formed by
gaskets of silicon rubber compressed by the mating surfaces. The input connectors
were hermetically senled types and were sealed by "0" rings between connector
bodies and case, To achlieve a vacuum seal at the detector head the electron
window (N100-10006-01) was machined as an integral part of the washer which
pressed against the O-ring., Thils gave the window strength and did not require
the bonding of a foll to the sealing washer.

The printed circult boards were made accessible to adjustment and service,
Since the high speed amplifier (N100-11000-01), level detectors (N100-12000-01)
and linear amplifier sad loglic (NL00-13000-01) were the main active boards and
probably required the most adjustment, they were mounted as plug in boards and
used mivwiature RF connectors where required. The boards were plugged into
connectors at the bottom and were secured to the sides by vibration absorbing
card glides, In addition to the slides, pressure was applied to both the top
and bottom of boards by rubber pads to insure vibration isolation and adequate
structursal strength. This method of mounting reduced the possibility of board

resonances.

The high voltage control board (NlOO-lSOOO-Ol) and HV power supply were
mounted on bases in the top section to allow access to the voard with the cover
removed., The harness wiring (N100-10300-01) to the photomultiplier tube and
to the w.'ring below (N100-10200-01) was made of sufficient length to allow the
board to be lifted out of case for maintenance and case removal. The low
voltage power supply (N100-14000-01) was installed on bosses on the bottom
cover and wired into the N100~10200-01 harness. To gain access to this power

supply it was necessary to remove the bottom cover.

All boards were layed out on artwork per specification M3FC-3TD-154.
Components were mounted on the board with lead spacing to allow conformity to
soldering specification NPC-200-4. The plug-in boards as well as the upper
low voltage power supply board were made of .063 inch thickness glass epoxy
board per Mil-P-13949. The lower low voltage power supply board and the high
voltage power supply control board were made of .093 inch thickness glass
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epoxy board per the same specifieation, To insure added vibration gtrength
and component protection » c@nfénmal coating of leateheast () was used and
applied pey fariand Nvislon of LTV Blectroasystems process speeification
h0.1~00060. T .ch of the three plug-in boards were rhodium plated in the cons
nector area to reduce insertion wear, The unlt was designed to be one com-
plete operating package outslde of the case arnd could be checked out for
proper operation in thic configuration.

The wiring between connectors and bhoards was atcomplished per LIV Aero-
space Misciles and Tpace Division fabrication specification 308-11-2, AllL
wires were per Mil-W-16478 type B and cebles per MIL-C-17. The wiring to the
bigh voltage power supply from the photomultiplier tube used Mil-W-16378 type
E wire covered by teflon tubing on wires exceeding 600V potentilal to prevent
possible voltage breakdown of wires in harness. The entire top of the high
voltage power gcupply was conformally coated to add strength and reduce possiw
bility of high voltage breakdown.
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ANALY TS OF DATA

falibration data wan obtained for both the flight unit (5/N 3) and the
back~up unit (3, N ), The data reduction matrices were determined only for
the flight unit, however, sinee the back-up unit was not required for flight.
This sectlon gives a discussion of the manner in which the calibration data was
taken, the method by whiech it was reduced, and a suggested technique for the
reduction of the actual spaece pulse helight distributions,

DATA REDUCTION FQUATTCNG

Beesusce the exelusion of electrons from the bremsstrahlung channels (and
vice versa)was not absolute 1t is impossible to meke an analysis of one spec~
trum without a considerati n of the other, A complete data reduction technique
is discussed in this ceection which employs matrix algebra. The definition of
the various matrices 1s given first, then the construction and solution of the
equations, and, finally, the method by which each matrix was obtained, We
should define at this point the relevant terms and matrices.

B = Inecident particle energy in MeV

B! = pulse helght given in MeV

Rr = normalized gamms resolution matrix

R@ = normalized beta resolution matrix

CY w normalized matrix of gamma cross~talk in the electron channels
CB = qnormalized matrix of electron cross~talk in the gamms channels
€ = gamma efficlency matrix

eﬂ = beta efficlency matrix

fr = fraction of gamma cross-talk in the beta channels

fﬁ = fraction of beta cross~talk in the gamma  channels

Nr =  gamma pulse height spectrum

NE =  beta pulse height spectrum

Sr = true gamms spectrum

SB = ftrue beta spectrum

The equations relating these terms are as follows:

[} . -~
Nf = RY €f By + C’3 cB fﬂ Dﬁ
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Nﬁ - R{3 5‘3’3 + Cr e . 5 (2)
These represent a set of gimultaneous, linear, matrix equations which may be
solved in a manner similar to a get of simultaneous, linear, algebralc equa-
tions., Terhaps the simplest solution is by direct matrix inversion., We first
write the set as a single matrix equation,

(’Nr\ A T A R AR (3)
N %oty Ba g

The solution of which i

( f‘f \ _ ( R_Y,CY’ CB_G'ﬁ i‘a\-l ( NY’ \ (1)
QB CYﬁTiY RB GB J N@’

which for this case involves the Inversion of one forty by forty matrix.

In the event it 1s impractical tc invert a forty by forty matrix an
alternate solution, which invelves the inversion of several twenty by twenty
matrices, may be obtalned by the solution of Equations (1) and (2) using the
elimination method. Care must be teken with this method when working with
Rﬂ and Cﬁ, gince each has at least one zero row. Either of these technliques
should yleld satlisfactory results. The resulting functions for both electrons
and bremsstrahlung will be the differential spectra in particles or photons

per MeV per square centimeter per second at the detector.

EXPERIMENTAL DISTRIBUTIONS

In any data reduction technique, statistical fluctuations are amplified
when one attempts to remove the effect of response functions from data. Fur-
ther, data reduction is made more complex when unequal data acquisition
channel widths are employed. The data anticipated from the beta~bremsstrah-
lung spectrometer will suffer from both these difficulties; however, a curve
fitting technlgque may be employed to effect a solution. Iet us denote Ci as
the counts received during a given period of time T in channel 1 of width
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N, = (5)
Wy

3

denotes the integral of the pulse height spectrum over the ith channel, or

N, = /; N(V) av (6)

where V 13 the voltage of the pulse., It then remains to determine an analyti-
cal expression for N(V).

Although,at the time of the preparation of thls report, no actual data
was avallable, the brief experimental investigation at LIV of electron penetra-
tion through a fiemini hatch and other electron penetration and bremsstrahlung
studles at LTV have indlcated that the shape of the pulse height distributions
snould be near exponential., If, in fact, the data demonstrates this charac~
teristic a fitting function of the following form may be employed:

P
(V) e~(aV + BV + ¢) (1)

where

a, b, and ¢ are constants. The function may then be written in the form

In NV) = -(aVv® + bV + ¢) (8)

A least squares it may be used to determine the constants if the data points
are weighted according to the statistical fluctuations. 3ince the £it is

made to In Ni’ the proper welghting function Ui mey be shown to he

C
U, = { 0 1n =)t (9)

i i WiT

Since the raw data is actually the integral of N(V) dV over the channel, the

£fit must first be made to the Ni's assuming they lie at the midpoint of <the

channels. Then # first correction may be obtained by integrating the function

~18-
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over each channel, cubtracting the difference from the original Ni's and
repeating the £it with the new Ni's until convergence oceurs.

The resulting Speetrum must be converted at this point to a4 pseudo-
energy cscale before being operated on by the matrix. This seale is defined
in terms of the pulse helght voltage of the center of photo-pesk of gamma rays
in the CsI(T¢) erystal. The absolute value of the conversion constant wags
determined using a thorium-226 gamma ~vurce in g manner described in the
Final Calibration section at the end of this report. The conversion rela-
tlonship was found to he

Vv = 1.53 (volts/Mev)E!' (10)

where we shall use E' as the pseudo-energy relerring to pulse amplitude. If
any variation in this conversion coefficient is found at post-flight calibra-
tion or because of temperature effects, it may be inserted into the program
later, We may then write the final analytical pulse height spectrum as

- follows:

NE') = ~(AB'% 4 BE' 4 0) (11)

where A, B, and C are the constants for the function in terms of BE'.

This function must then be divided into twenty increments to match the
resclution matrices discussed in the followlng sections, This involves in-
tegrating W(E')d®' over each of the 200 keV intervels with the first beginning
at 100 keV.

BETA PESPONSE MATRIX RB

The response of the spectrometer was measured for eight electron energiles
between 0.4 and 2.5 MeV. The information obtained was used to determine not
only the response matrix R_ but also the efficlency matrix eﬁ’ the normalized
5° The deter-
mination of the last three matrices will be discussed later. The spectrometer
wag placed in an evacuated chamber at the end of the drift tube of the LTV
Research Center's 3 MeV Van de Graaff Accelerator. The experimental arrange-

ment is shown in Fig. 7. Approximately six feet in front of the spectrometer, the

B

crogs~talk response matrix CB’ and the cross-talk efficlency f



beam passed through a thin aluminum foil 0,0025 inches thick which seattered
the beanm and caused a homogeneous flux of electronas to fall on the spectro-
meter, The homogeneity of the flux was monitored, prior to the data taking,
with a lithium ion drift (LID) so0lid state detector and was shown to be within
the required t 10% maximum deviations, in accordance with the Quality Control
Bulletin (QCB-CP-001) "Calibration of the LTV Beta-Bremsstrahlung Jpectrometer
for Gemini-12". The seme LID detector was then mounted on one side of the
beam tube slightly in front of the spectrometer and was used as the beam flux
and energy monitor. The LID detector was calibrated for electron energy using
the internal conversion electrons from two sources: Ceslum-137 at .625 MeV and
bismuth-207 at 432 and .972 MeV. The accelerator electron energy was then
determined t'rom this calibration.

Response functions were measured at several incident angles; however, the
deviations in the shape of the response functions were found to be so small, even
near cut-off, that only one matrix was required. The functions were obtained
at elght energies between O.4 and 2.5 MeV by accumulating date directly from
the linear output of the Beta-Bremsstrahlung spectrometer sensor unit in a
256 channel pulse height analyzer. The analyzer was geted by the sensor
particle identification outputs so that the electrons were stored in one half
of the memory and the actual bremsstrahlung plus the cross-talk in the other.
Typical electron pulse height distributions are shown in Figs. 8 and 9.

To obtain the required distributions for the matrix it was necessary
to interpolate between and extrapolate from these distributions. To do this
most accurately the curves were normalized to the same peak position and
integral and cross-plots were made at steps equal to 0.05 of the peak value.
From these cross-plots new pulse helght distributions were determined at
200 keV steps from 200 keV to 4.0 MeV. These spectfa were integrated over
200 keV intervals beginning at 100 keV and ending at 4.1 MeV. These integrals
plus the value from O to 100 keV were then normalized to one. The results are

shown in the matrix for RB given in Table 1.

BETA EFFICIENCY MATRIX €5

The electron efficienciles EB(G) were measured as a function of incident
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electron angle © and electron energy Ii. A typleal curve at 2 MeV 15 shown in
Fig. 10 and compared with the function ealculated {rom pure geometrical con-
siderations. The pulse height distributions were integrated over channel

and the resulting number was corrected for analyzer dead time. The flux wag
determined by the count rate of the LID detector when corrected for the geo-
metry of the collimator and for backseatter from the deteetor's silicon wafer.
With this information the gﬁ(O) functions were obtained as counts per electron
per square centimeter. With ‘this data, 1f angular distributions of elec-
trons which penetrate the Gemini spacecrafv walls are known, one may make an
integration over € to determine the actual flux of electrons at the collimator.
However, electron scattering . xperiments (some of which were carried out at ILTV)
have indicated that the dlstrit .tion is near isotropic. Using this assumption

an electron efficliency function €, Was obtained from the angular efficiency

f
functions ¢, (6) follows:
& or
[, €, () daq
€
e = S B (12)

p j’Q ds

where ) denotes the clement of solid engle. This reduces to

o
6 = % fo cﬁ(@) 5in6G de (13)

This integral was evaluated numerically to obtain eB which 1s a function of

energy. This function 1s shown in Fig. 11 and is tabulated in Tible 2 where
the values represent the average vglues over the 200 keV increments. These
values are then the elements of the diagonal matrix eB.
BETA CROSS~-TALK RESPONSE MATRIX CB

As mentioned above, the data to determine the amount of electron crosgs-

talk recelved in the bremsstrahlung channels was taken during the electron
response function rieasurements. The data received in the bremsstrahlung
channels included not only cross-talk but also the actual electron-produced
bremsstrahlung counts. The latter effect was determined by accumulating data
with the detector at 90° to the beam and the proper amount was then removed

-] -




from the false electron counts. In a manner identical to that discussed for
the R matrix, the normslizations and cross-plots were made and the elements

for the matrix CB were determined. 'These are glven in Table 3.

BETA CROSS-TALK EFFICIENCY MATRIX f@

The magnitude of the cross-talk was determined relative to the number of
electrons detected, After the removal of the bremsstrahlung background, the
integrals of the cross-talk spectra were divided by those of the electron
spectra. These values are plotted in Fig. 12. The average values of this
curve over 200 keV increments are given in Table 4., These values form the

elements of the diagonal.matrix fg

(GAMMA RESPONSE MATRIX Rf

The gemma response functions and efficlencles were measured for the Beta-
Bremsstrahlung sensor using a serles of accurately calibrated gamma ray sources,
listed in Table 5. The spectrometer was mounted on & rotating mill table
with a source located from 25 to 100 centimeters from the center of the crystal.
Response functions for most of the sources were recorded at 26 orientations
using & 256 channel pulse height analyzer. The values of the orientation
indices © and ¢ are defined by Fig. 13. The response functions for the sources
are shown in Figs .14 through 19. For those sources with two or more lines,
the responses from the lower lines were removed on the baslis of a knowledge
of the shape of the lower response functions. For example, the 511 keV line
in sodium~22 was removed from the 1l.28 MeV distribution by normalizing the
511 keV shape to the 662 keV distribution of Cesium-137 and subtracting the
resulting shape from the total spectrum. The data taken in this manner at
the various angles showed that the shape of the distributions was independent
of angle. This allowed the use of only one response matrix at all angles.

The set of pulse height distributions were then normalized to the same integral
and photo-peak position. tnally, in a manner identical to that used for the
electron response matrix, the gamma response matrix RT was obtained and is
given in Table 6.

GAMMA EFFICIENCY MATRIX €

The efficiency function for gamma rays ¢ . was more complex in construction

18
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than that for electrons, since the effilclency varies with angle and the brems~
strahlung intensity is nol expected to be ilsotropic over all angles, The
values of the angular efficiency function FY(Q $) were obtained at O = O and lBOg,
plus several representative directions at & = 45°, 90°, and 135° for most of
the calibration sources by first integrating over the pulse helght spectra

and correcting for analyzer dead time. These spectra were obtained as dis-
cussed in the RY section., The values at the remeining angles were obtained

by simply scaling the pulse height distributions above a certain discriminator
level and comparing these values with those taken at the representative angles.
The flux was then calculated at the crystal for each source, based on the
geometry and source strength given in Table 5. Thils gave er(@ ¢) in counts per
gamma per square centimeter,

The calibration of the sources was determined at LTV es a part of this
contract using a sodium~iodide, anticoincidence spectrometer which has been
used several years for meking absolute bremsstrahlung measurements under con~
tract for NASA-Headquarters. A new calibration of the spectrometer was made
for this work using & series of low level callbration sources with a quoted
accuracy of + 2%. These sources were obtalned from the Amersham Corporation

in England.

For reference the curves for eY(oO,oo) and GT(9OO’OO) are shown in Fig. 20. The
average values over 200 keV increments for these EY(e ¢) plus those for gr(lBOo,Oo)
are given in Table 7. For all angles,except at 6 = 0° and 180°, the shape of
the €. (6,0) functions were identical. It was, thus, possible to obtain these
functions from ET(9O°,OO) by a simple multiplication as indicated by the following
equation:

¢ (0 ¢) =Ny, e (90°,0°)

The values of Né¢ are given in Table 8. The equation relating the functious

to an overall gamma efficiency matrix gr may be written as follows:

1 Z
€ = € 8,¢
Y -2-68(11 Y(’)’
where we have ascribed equal area weighting to the er (e ) functions, since they

are very evenly distributed around the crystal. 39¢ is a function which




deseribes the probability of recelving radla don from the direetion 9. The

PQ® funetions must be normalized, i.e.,

do The = 1

where I is the identity matrix, The values of the ?b¢

proximately by a consideration of the spoceeratt material cemposition and ccn-

meay be determined ap-

figuration. OCme first estimates a source function over the area covered by
each gr(@ ¢). Then thic is abienuated by the averase masc por unit area of the
spacecraft betwen the source and detector. The resulting spectra are then
normalized to give the ¥, values. The derivation of the Pé¢ functlons were
not a part of this program; however, the information required for thelr decter-
mination should be available at NASA-M3C, To make a raplid but less accurate
calculation of the intensity one may asscume an isotropic source and attenuation

function and ingert the constants,

GAMMA CRO53-TALK RESPON3E MATRIX CY

——w e e .

The information required to determine the pulse helght distributions of
falsr gamma counts recelved in the electron channels was obtalned simultan-
eously with response function data for the gamms response matrix. 3ince no
background removal was required, the spectra were plotted and a smooth curve
was drawn through the data to remove statistical fluctustions. In & manner
identical to that used for the determination of Rﬁy the curves were normalized,
eross=-plots were made and the matrix elements calculated by averaging over
200 keV intervals. The matrix for CT is given in Table 9.

GAMMA CROSS-TAIK EFFICIENCY MATRIX fT

The magnitude of the cross-talk was determined relative to the number of
photons detected. The integrals of the cross-talk spectra were divided by
those of the gamma pulse height spectra. These values are plotted in Fig. 21.
The average values of this curve over 200 keV increments, which form the

elements of the diamond matrix fr, are given in Table 10,

TEST SPECTRA

In order to demonstrate the effectiveness of the analysis technique
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degeribed above for eonverting pulse helght information into energy spectra,
two known spectral distributions of electrons and bremsstrahlung were measured
with the IV Beta-~Bremsotrahlung speetrometer and comparisons were made between
the known salues and those obtained from the spectrometer. Hinee the computer
program for performing the analynls of data was not included under this cone
tracted effort, the comparison of test spectra to measured spectra was made
indireetly. This was done analytieally by distorting the known speetra with
the measured response and effieclency functlons of the spectrometer and plotting
the resulting curves on a graph with the measured spectra. The following
parsgraphs detadl this proecdure.

Beta Opectrum

90 - YQO were measured with the

The beta spectra from a thin source of Hr
Beta-Bremsstrahlung spectrometer. The results of this measurement are shown
in Mg, 22. The spectra from the same source were measured with a large
anthracene crystal type spectrometer. The object of this measurement was to

obtain as closely as possible the true shape of the Srgo - YQO

spectra. By
using an anthracene crystal the amount of electron backscatter was minimizer
and this spectrometer!s response was practically all Gaussian. Thus, the
anthracene measured Srgo - YQO spectra had little distortion except that near
the end polnt,which is due to the spectrometer's finite resolution. These

90 90

"true' 3 spectra were then multiplied by the electron efficiency

diagonal matrix e, and the electron response matrix RB. These results were

B
compared with the shape of the meagurement obtained with the Beta-Bremsstrahlung

spectrometer. The comparison is shown in Fig. 22.

The relative meagnitude of the two distributions shown was determined by a
normalizetion of their total areas. The agreement is within the experimental
uncertainties involved in the two determinations except in the last few
energy lines. Here the "true" distorted or smeared distribution takes on
progressively higher values than the beta-gammae measured distribution. This
1s expected though since the "true" smeared distribution also contained the
anthracene spectrometer resolution. A correction for this effect, i.e., the
removel of the resolution, would reduce the last bin by approximately 50%
and the previous bins by progressively lesser amounts. This would bring these

-5~




points in line with the agreement observed at the other points,

§;gmsstrahlunm Opectrum

The bremsstrahlung or x%-ray spectrum regulting from a 2 MeV beam of elec-
trons striking a thick aluminum target was measured with the Beta-Bremsstrahlung
spectrometer. The angle of observation was 30° from the direction of the inci-
dent beam. The results of this measurement arc shown in Fig.23 . The true
gpectrum emitted under these conditions was previously measured in our labora-
tory utilizing a 2 inch by 6 inch Nal crystal and annulus arrangement which
exhibited a high photopeak cfficlency at 2 MeV., This true spectrum was mul-
tiplied by the photon efficiency diagonal matrix ﬁﬂand the photon response
matrix Rf' The result of these multiplications was compared with the spec-
trum measured with the Beta-Bremsstrahlung spectrometer. The comparison is
shown in Fig. 23 and i3 on an absolute basis as indicated by the ordinate
values. On the basis of the many experimental uncertainties which are inveolved
in obtaining these absolute x-ray yields the agreement is well within the

expected experimental error.

FINAL SYSTEM CALIBRATION

B T W e e Leee——

The final adjustment in calibration of the sensor unit was the exact
setting of the output linear pulse amplitude relative to the photo-peak of
a gamms ray pulse height distribution. The source used was thorium-226 which
has a gemme energy of 2.615 MeV. A spectrum was teken, printed out, and
plotted. The spectrum was then hand stripped to determine the proper channel
for the 2.615 MeV pesk. A pulser was then fed into the spectrometer test
input and the amplitude adjusted until the output was in the channel corres-
ponding to 2.615 MeV. The gain of the linear amplifier was then adjusted
until the amplitude of a 2.615 MeV pulse was 4.00 volts giving a calibration
of 1.53 volts per MeV.

With the outputs of the analyzer-processor com =vted to the NASA AGE,
the channel boundaries were determined by adjusting t.: amplitude of a cali-
brated pulser until equal count rates were accumulated . 1 adjacent channels.
This pulser amplitude, was determined relative to the thor. um-226 calibration

and provided the lower and upper channel boundaries. A list of channel

-26-




boundaries and widths whiech were derived from the above tesls are shuwn©in
Table 11l. The boundaric:s nre given in volts with a calibration basis of
4,00 volts for the 2,615 MaV thorium-220 gamms pesk as determined above,
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3.h
3.6
3.8
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4, 03(-1)
Le7(-1)
b, 13 0)
3:95(-2)

3.35(-2)
1.33(~2)
1.3%(-2)
1.25(-2)

Le1b(-2)

1.08(-2)
6.42(-3)
5.94(-3)
h.545(-3)
3.6(-3)

3.08(-3)
2.92(-3)
2. k7(-3)
2,01(-3)
1L.77(-3)

TABLE 1

5D IFTESE T NN 3 TR W ISE S

BRTA ROOPONIE MATRIX - RB
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i' = Pulse Height(MeV)
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3
1.13(~2)
4,00(~1)
3.54(-1)
1.70(-1)

1.38(-1)
9. b6(~2)
3.36(=2)
6.10( ~2)

h.35(-2)

3.23(-2)
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5.16(-2)
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2,30(~1)
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5. 50(~2)
b, 85(-2)
5.33(-2)
k. 89(-2)
L h6(-2)
h,o7(-2)

3.83(-2)

3.67(-2)
3.32(-2)
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3.06(-2)

3.02(-2)

(on't)

i!, = Puloe Helght(MeV)

1.4

‘)

£ |

L6

0
0
0
0

0

0

0
£.80(-1)
3.53(-1)
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9.08(-2)
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2.67(-1)
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2.89(-1)
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5.27(-2)
5.52(-2)
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L.57(-2)
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2.93(-1)
9.73(-2)
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5.35(~2)
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5.31(-2)
h.18(-2)
3.54(-2)
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1.05(-1)
6.73(-2)
5.37(-2)

5.49(-2)
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6.21(-2)
5.61(-2)
L. 78(-2)
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B!~ Puloe, Hodght (MeV)
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0
2,36(-1)
2.56(-1)
1.06(~1)
6.98(-2)

5.87(-2)
5.49(-2)
5.89(-2)
6.29(-2)
6. 1(-2)

2.6

0
0
0

0

1.12(-3)
2,10(-1)
2.33(-1)
1.05(~1)
T.54(-2)
5.87(-2)
5.03(-2)
5.55(~2)
6.07(-2)
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7.57(-2)  1.01(-1)
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k.80(-2)  5.95(-2)
5.10(-2)  L.77(-2)
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TABLE 2

BETA EFFICIENCY MATRIX -~ €

B

B (Mev) %8 (counts/Electron - o)
0.2 0

0.4 2.37(-2)
0.6 2.50(-2)
0,8 2. 34(-2)
1.0 2.22(-2)
1.2 2.2h(-2)
L.k 2.34(-2)
1.6 P.43(-2)
1.8 2.h5(-2)
2.0 2.43(-2)
2.2 2.38(-2)
2.4 2. 34(~2)
2.6 2.32(-2)
2.8 2.32(-2)
3.0 2.32(-2)
3.2 2.32(-2)
3.4 2.32(-2)
3.6 2.32(-2)
3.8 2.32(-2)

4.0 2,32(-2)
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0.6
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1.8
2.0
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2.k
2.6
2.8
3.0
3.2
3.4
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3.8

oy VLTS AT 44

TABLE

BETA CROSS-TALX RES

PONSE MATRIX C

WD PRI TGN

E' - Pulse Height(MeV)

B it

0.k

0
9.65(-1)
1.27(~1)
3.04(-1)
7.94(-2)
1.08(~2)
1.06(-2)
1.23(-2)
1.06(-2)
7.92(~3)
7.59(-3)
7.78(-3)
7.75(-3)
6.37(-3)
5,18(-3)
4.31(-3)
3.67(-3)
3.00(-3)
2.56(-3)
2,18(-3)
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0.6

0
3.50(-2)
7.65(-1)
3.63(-1)
2.06( 1)
1.83(-2)
1.32(-2)
1.73(-2)
1.35(-2)
9.1h(-3)
9.55(-3)
1.22(-2)
1.40(-2)
1.17(-2)
9.72(-3)
8.39(-3)
T.31(-3)
5.99(-3)
5.52(=3)
4.58(-3)

0.8

egn

0
0
1.01(-1)
2.12(-1)
h.36(-1)
5.58(-2)
1.76(-2)
2,52(-2)
1.93(-2)
1.12(-2)
1.15(~2)
1.66(~2)
2,02(-2)
1.70(-2)
1.44(-2)
1.25(-2)
1.08(-2)
9.23(-3)
8.56(-3)
7.06(-3)




TABLE 3

BETA_CROS3~TAIK RESPONSE MATRE&_Cﬁ (Con't)

Inoident n o Bulse Heicht (MeV)

Gy ae a6 18 2o
0.2 0 0 0 0 0
O.h 0 0 0 0 0
0.6 0 0 0 0 0
0.3 0 ) 0 0 0
1.0 ?.59(-2) 0 0 0 0
1.2 5.02(-1) 6.10(-2) 6.76(-3) 0 0
1.4 3.52(-1) 4.81.(~1) 5.81(-2) 8.89(-3) 0
1.6 6.56(-2) 3.21(-1) by bh(-1) 3.20(-2)  1.61(-2)
1.8 4.87(-2) 8.78(-2) 4,05(-1) 3.34(-1) 1.85(-2)
2.0 2.11(-2) 3.48(-2) 6.76(-2) 3.76(-1) b.23(-1)
2.2 1.72(-2) 2. 36( -2) 3.60(-2) G.69(-2)  h,05(-1)
oL 2.38(-2) 2.58(-2) 2.98(-2) 3.85(~2) 6.46(-2)
2.6 3.07(-2) 3.43(-2) 3.63(-2) 3.76(-2)  k.20(-2)
2.8 2.63(-2) 3.03(-2) 3.29(-2) 3.bo(-2)  3.52(-2)
3.0 2.27(-2) 2.61(~2) 2.89(-2) 3.06(-;?\ 3.15(-2)
3.2 2.01(-2) 2. 34(-2) 2.65(~2) 2.86(-2) 2.97(-2)
3.k 1.81(-2) 2.13(-2) 2,40(-2) 2,61(-2) 2.75(~2)
3.6 1.53(-2) 1.81(-2) 2.06(-2) 2.28(-2) 2.43(-2)
3.8 1.39(-2) 1.66(-2) 1.91(-2) 2.13(-2)  2.30(-2)
4,0 ©1.19(-2) 1.43(-2) 1.66(-2) 1,85(-2) 2.02(-2)
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0.2
0.4
0.6
0.8
1.0
1.2
l.h
1.6
1.8
2.0
2.2
2. k4
2.6
2.8
3.0
3.2
3.k
3.6
3.8
4,0

TABLE 3

BETA CRO3S-TALK RESPONSE MATRIX Sy (Con't)

f_‘J
D

1.01( 2)
1.02(-2)
1.38(-2)
3.75(-1)

"3.38(-1)

7.16(-2)
k,00(-2)
3.32(-2)
3.04(-2)
2.83(-2)
2.53(-2)

2.4p(-2).

2,15(-2)

-

E' - Pulse Height (MeV)

b b2(-3)
4.30(-3)
1.46(-2)
3.75(-1)
3.11(-1)
7.35(-~2)
3.83(-2)
3.27(-2)
2,91(-2)
2.58(~2)
2.49(-2)

2.25(-2)

1 o i o

X L A IOt 4

1.13(-3)
h.49(-3)
3.63(-2)
3.13(-1)
2,85(~1)
8.32(-2)
3.91(-2)
3.15(-2)
2.67(-2)
2.53(-2)
2.30(-2)

2.8

2.22(-3)
2.32(-3)
h.86(-2)
3.10(-1)
2.86(-1)
9.52(-2)
3.72(-2)
2.94(-2)
2.64(-2)
2.34(-2)

i el

T 45(-4)
1.23(-3)
1.79(-3)
6.95(-2)
2.88(-1)
2.87(-1)
8.38(-2)
3.53(-2)
2,90(-2)
2.46(-2)
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Energy

AMeV)

0.2
O.k
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2,2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
h.0

TABLE 3

BETA_CRO33-TALK RESPONSE MATRIX C. (Con't)

h,55(-4)
9.72(-k)
2.06(-3)
7.62(-2)
2.68(-1)
2.71(-1)
9.05(-2)
3.57(-2)
2.72(-2)

B' - Pulse Height (MeV)

L,00(-4)
1.01(-3)
2.97(-3)
6.85(-2)
2.71(-1)
2.96(-1)
9.03(-2)
3.45(-2)

T.13(-4)
1.02(=3)
bohh(-3)
8.28(-2)
2.47(-1)
2.46(-1)
9.14(-2)

3.8 4,0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
1.54(-4) 0
7.19(-4) 2.62(-4)
1.04(~3) T.42(-4)
6.80(-3)  1.13(-3)
8.00(-2) 8.23(-3)
2.56(-1)  1,01(-1)
2.26(-1) 2.55(-1)




BETA CROSS-TAIK EFFICIENCY MATRIX » f

TABLE L

B !MeV!

A F

.8
1.0
1,2
1.4
1.6
1.8
2.0
2,2
2.h
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4,0

p

.00052
.0C0T5
.00105
.00148
.00205
.00295
.00kl
.0058
0082
.0115
.0161
0225
032
.Ohs5
.06k

124k
.178
. 245
. 349
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\w 5

GAMM. .0 TION SOURCES
T 3ource Date
m Energy Strength 1200
Source Half Life Config. 5. mgth { MeV) (v/3ec) Hrs, (3T
Na "2 2.58 Yrs.  Needle 1.0 13 1.28  1.15 (8)  8/31/66
Na 22 Bottle 0.1 me 1.28 3.5k (6)  9/8/66
s*3T 3.2 ¥rs.  Bottle 0.1 me 0.662  3.21 (6)  9/9/66
cet37 Needle 3.7 me 0.662  1.23 (8)  9/1/66
0o 5.28 Yrs. Bottle 0.1 me 1.17-1.33 83.51 ue 4/1;66%
Co60 Needle 0.5 me 1.17 1.42 (7) 9,1/66
1.33 1.42 (7)
0060 Needle 4,0 mc 1.7 1.39 (8) 9/1/66
1.33 1.39 (8)
Bg?°>  146.7 Dys Needle 0.5 me 0.2719  9.28 (6)  9,1/66
Hg O3 Needle 4.0 me 0.279  5.29 (7)  9/1/66
Mnsu 301 Dys Needle 0.5 me 0.835 1.8 (7) 9/1/66
Mnsh Needle 4,0 me 0.835 1.02 (8) 9/1/66
3 105 Dys Needle 2.99 me 0.9 T.7L (7)  9/9/66
1.8 8.86 (7)

2.75 5.27 (5)

* 1200 Hrs. GMT
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[Laat LMEINE

B
Incident
Inergy
MeV)

0.2
0.4
0.6
0.8

F W W w w w
(€)Y

TABLE 6

GAMMA RESPONSE MATRIX- R

PO NI AR o . PRI ,

B! - Pulse Height(MeV)

0.4

0
3.35(-1)
1.87(-1)
1.94(-1)
1.60(-1)
1.76(-1)
1.23(~1)
1.20(-1)
9.61(-2)
3.58(-2)
1.69(~2)
7. hh(-2)
7.16(-2)
6.90(-2)
6.75(-2)
6.34(-2)
6.27(-2)
6.06(-2)
5.54(-2)
5.48(-2)

0.6

0
5.38(-3)
2.14(-1)
1.34(-1)
1.10(-1)
1.10(-1)
1.12(-1)
1.20(-1)
9.61(~2)
8.58(-2)
7.69(-2)
7. 4l(-2)
7.16(-2)
7.04(-2)
6.84(-2)
6.53(-2)
6.46(-2)
6.13(-2)
5.90(-2)
5.96(-2)

0.3

0
0
8.43(-3)
1.34(-1)
8.68(-2)
8.98(-2)
9.25(-2)
1.30(-1)
1.31(-1)
9.0k(-2)
7.80(-2)
T.L4(-2)
T7.16(-2)
6.97(-2)
6.80(-2)
6.46(-2)
6.39(-2)
5.96(-2)
6.03(-2)
6.17(-2)

1.0

0

1.21(-2)
8.31(-2)
7.95(~2)
T.77(~2)
1.02(~1)
1.ko(-1)
1.50(-1)
1.11(-1)
7.85(-2)
7.16(-2)
6.84(-2)
6.73(-2)
6.59"-2)
6.46(-2)
5.96(-2)
5.96(-2)
6.16(-2)
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B
Incident
Energy
. (Mev) .

0.2
0. b
0.6
0.5
1.0
1.2
1.k
1.6
1.8
2.0
2.2
2.k
2.6
2.3
3.0
3.2
3.4
3.6
3.8
L,0

TABLE 6

_GAMYA RESPONSE MATRIX- B

J,o?

0

0

0

¢
2,56(~?)
6.22(-2)
6.77(-2)
. Lb6(-2)
8.97(-2)
9.90(-2)
1.21(-1)
9.17(-2)
To16(~2)
6.48(-2)
6.21(-2)
6.09(-2)
6.27(-2)
6.05(-2)
5.73(-2)
5.89(~2)

LR R

E' - Tulse Helght (MeV)

Rt A

»

lch’

R e e o

0

0

0

0
7.10(~k)
2.96(-2)
4.07(-2)
3.08(~2)
9.74(-2)
8.68(-2)
9.09(-2)
9.83(-2)
1.89(-2)
5.79(~2)
5.03(-2)
I, 68(~2)
5.02(~2)
4.97(-2)
5.15(-2)
5.30(-2)

1.6

0

0

0

0

0
1.08(~3)
3.02(-2)
4.80(-2)
7.04(-~2)
9.10(-2)
7.98(-2)
8.77(-2)
1.02(-1)
8.72(-2)
5.35(-2)
4,09(-2)
3.45(.2)
3.25(-2)
3.83(-2)
3.97(-2)

1.44(-3)
2,91(~2)
5.15(~2)
6.25(-2)
8.35(-2)
T.51(-2)
7.78(-2)
9.61(~2)
9.87(-2)
6.73(-2)
3.72(~2)
2.89(-2)
2.57(~2)
2.37(-2)

0
0
3.92(-3)
2.74(-2)
5.15(-2)
5.61(-2)
T.715(-2)
6.85(-2)
6.79(-2)
8.78(-2)
1.0€/-1)
8.38(-2)
4.82(-2)
2.52(-2)

2.32(-2)




B
Incident
Energy
L (Mev)_

O.

0.

O
L O F D

2.0
2.2
2.k
2.6
2.8
3.0
3.2

3.6
3.8
4,0

TABLE 6

GAMMA RESPONSE MATRIX - R_

2,2

S YO ————

0

0

0

T.770(-4)
3.83(-3)
1.66(-2)
b.rh(-2)
5,10(-2)
7.06(-2)
6.17(-2)
5.90(-2)
7.25(-2)
9.90{-2)
1.05(-1)
6.65(-2)
?.39(-2)

R el X o

E' -_Pulse Height (MeV)

oub

PRt

0
0

0

8.70(-4)
2.58(-3)
1.64(-2)
L.eo(-2)
4.86(-2)
6.17(-2)
5.62(-2)
4.92(-2)
5.47(-2)
8.34(-2)
1.10(-1)
8.61(-2)

2.6

P vyt e

0]

o)

9.90(~L)
2.53(~3)
1.86(-2)
3.73(-2)
L.9L4(~2)
5.64(-2)
1.88(-2)
4.85(-2)
h.25(-2)
9.28(-2)

1.12(-2)

9.70(~k)
2.36(-3)
1.46(-2)
3.22(-2)
L,61(~2)
5.25(~2)
h.hig(-2)
L,14(~2)
L.46(-2)
5.65(-2)

1.01(-3)
3.06(~3)
1.29(-2)
2.87(-2)
3.90(-2)
5.06(-2)
3.71(-2)
3.46(-2)
3.62(-2)




E
Incident

Energy
(MeV)

HoR
@ o & D

2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
k.o

CAMMA RESPONSE MATRIX - R

TABLE 6

-

T

LN

0

0

0
1.28(-3)
3.97(-3)
1.33(-2)
1.92(-2)
3.22(-2)
3.95(-2)
3.13(-2)

3.6

0]

0

0

0
T.bo(-4)
1.57(~3)
5.11(-3)
1.16(-2)
1.63(-2)
2.36(-2)
3.94(-2)

metvepnrades

8.20(-k4)
1.74%(-3)
4.82(-3)
1.03(-2)
1.52(-2)

2,02(-~2)

0
0
8.00(-4)
1.63(~3)
5.37(-3)
1.08(-2) -

1.56(-2)




eSS basis s g O s -

TABLE 7

GAMMA EFFICIENCY MATRICES - e . (6,9)

er(e,¢) ( Counts/Photon - Cm"g)

R ST v W

}.E (tev) 6,0 =_0°%° 0,9 = 180°,0° —88 = 907, 0°.
0.2 . 720 .928 .0lg
O.k . 780 .820 2kl
0.6 .68 . 702 . 501
0.8 .753 .690 617
1.0 . 733 .610 .630
1.2 . 708 .595 .583
1.b .685 .583 517
1.6 . 660 . 568 168
1.8 .638 .555 439
2.0 .623 . 545 435
2.2 .610 .537 435
2.l .603 .532 435
2.6 . 601 525 435
2.8 . 600 .519 435
3.0 . 600 .515 435
3.2 . 600 .510 435
3.b . 600 .510 435
3.6 . 600 . 510 435
3.8 ~ .600 .510 435
4.0 600 .510 435




0 (deg)
L5
45
45
45
45
45
45
45
90
90
90
90
90
90
90

. 90

135
135
135
135
135
135
135
135

TABLE 8
GAMMA EFFICIENCY MULTIPLIERS

135
180
205
270

315

b5
90
135
180
225
270

315

45
90
135
180
225
270

315

1.00
1.07
0096

0.61

0.97
1.01
1.00
0.86
0.83




- - e

Inefdent T’ -_Pulse Helght(MeV)

m(lﬁz%._ - Ok 0.6 .0.8 I
0.2 3.32(-1) 0. 0 0 0
0.4 3.65(-1) 6.38(-2) 0 0 0
0.6 3.62(-1) 1.h2(-1) 2.45(-2) 0 0
0.3 3.3%(-1) 1.88( -1) 6.39(-2) 1.25(-2) 0
1.0 3.13(-1) 2.08(-1.) 9.31(-2) 3.06(-2) 9.88(-3)
1.2 2.35(-~1) 2.10(-1) 1.16(-1) 5.17(-2) 2.03(-2)
1.b 2.55(-1) 2.06(-1) 1.33(-1) 7.31(-2)  3.58(-2)
1.6 2.30(-1) 1.96(-1) 1.43(-1) 3.98(-2) 5.04(-2)
1.8 1.93(-1) 1.76(-1) 1.43(-1) 1.06(-1) 7.24(-2)
2.0 1.68(-1) 1.57(-1) 1.35(-1) 1.09(-1) 8.32(-2)
2,2 1.39(-1) 1.34%(-1) 1.23(-1) 1.07(-1)  8.92(-2)
2.k 1.20(-1) 1.14(-1) 1.06(-1) 9.6u4(-2) 8.53(-2)
2.6 1.01(-1) 9.49(-2) 8.95(-2) 8.40(-2) 7.86(-2)
2.8 8.80(-2) 7.98(-2) T.60(-2) T.66(-2) T.60(-2)
3.0 T.63(-2) T.45(-2) 7.05(-2) 1.22(-2) 7.28(-2)
3.2 7.05(-2) 6.53(-2) 6.30(-2) 6.36(-2) 6.36( -2)
3.k 6.48(-2) 6.32(-2) 5.93(-2) 5.93(-2)  5.99(-2)
3.6 5.80(-2) 5.75(-2) 5.65(-2) 5.60(-2)  5.60(-2)
3.8 5.33(-2)  5.33(-2)  5.28(-2) 5.24(-2)  5.18(-2)
4.0 5. 24(-?) 5, 24(-~2) 5.14(~2) 4.86(-2)  4.95(-2)

GAMMA_CROSS-TAIK RESPONSE MATRIX - C

TABLE 9

L. e

T




L Tt A i i ap

iy

Incident
Energy
B (MeV)

B R e ]

2.0
2.2
2.k
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0

TABLE 9

1.2

9.11( 3)
1.78(-2)
2. 7h(-2)
L, 48(-2)

6.10(-2)

S Te16(-2)

T 46(-2)
7.35(~2)
7.22(-2)
6.99(-2)
6.25(-2)
5.93(-2)
5.44(-2)
5.09(-2)
4.91(-2)

GAMMA_CROSS-TATK RESPONSE MATRIX - C_ (Con't)

E! - Pulse Height (MeV)

1.4

0

9.64(-3)
1.55(-2)
2.78(-2)
4. 30(-2)
5.60(-2)

6.45(-2)

6.83(-2)
6.65(-2)

6.00(=2)

5.77(-2)
5,28(-2)
5.04(-2)
h.76(-2)

1.6

0

0]

9.27(-3)
1.89(-2)
2.97(-2)
h.34(-2)
5.10(-2)
6.25(=2)
6.20(-2)
5.74(-2)
5.62(-2)
5.60(-2)
5.23(-2)
4.99(-2)
4, 72(-2)

1.8

N bovans

1.31(-2)
2.05( -2)
3.30(-2)
4.68(-2)
5.67(-2)
6.14(~2)
5.76(-2)
5.56(-2)
5.36(-2)
5.08(-2)
h.91(-2)
h.62(-2)

8.88(-3)
1.39(-2)
2.46(-2)
3.86(~2)
5.06(-2)
5.79(-2)
5.88(-2)
5.73-2)
5.27(-2)
4,92(-2)
h.76(-2)
L.54(-2)

e v et im e s e «aar



E
Incident
Energy
. {MeY)

o oy e e

nN }‘—' |.—a
o o o &= p O

%)
=

A
® o

k.0

9.31(~3)
L1T(-2)

o

.07(-2)

L41(-2)

= W

.19(-2)
L11(-2)

TN

.79(-2)
5.49(-2)
4.98(-2)
L. 66(-2)
L. h6(-2)

TABILE 9

_GAMMA CROSS-TATK RESPON3

B MATRIX

MNP AT W T AN S i e dw

- C. (Con't)

E' - Pulse Height(MeV)

2.4

e st s

0

0

1.2L(-2)
2, 34(-~2)
3.66(-2)
h.h3(-2)
5.18(-2)
5.53(-2)
5.38(-2)
5.08(~2)
L.69(-2)
k.39(-2)

~2:6

0

0

8.38(-3)
1.63(-2)
2.72(-2)
3.67(-2)
4.40(-2)
5.10(-2)
5.11(-2)
4.,92(-2)
L.69(-2)
k.29(-2)

- a

2.8

B

0

9.77(-3)
1.76(-2)
2.78(-2)
64(-2)
.53(-2)
b.75(-2)
4.66(-2)
Lk.56(-2)
L.20(-2)

= W

9.96(-2)
1.80(-2)
2.80(-2)
3.72(-2)
I, 34(-2)
4, 43(-2)
b.41(-2)

4.10(-2)




In;Edent
“Tiew 3.2
0.2 0
0.k 0
0.6 0
0.8 . 0
1.0 0
1.2 0
1.k 0
1.6 0
1.8 0
.0 0
P, 2 0
2.4 0
2.6 0
2.8 1.00(-2)
3.0 1.83(-2)
3.2 2.95(-2)
3.4 3.7T4(-2)
3.6 4,12(-2)
3.8 4, 24(-2)
4.0 3.96(-2)

TABIE 9

B U R it TN W L VY

LAMMA, CROSS-TALK, KESFONSE MAIRIX - c. (Con't)

E' - Pulse Height (MeV)

m

3k

0]

0

_9-90(-3)

2.03(-2)
2.99(-2)
3.73(-2)
3.94(-2)
3.99(-2)

3.6

0

0]

1.05(-2)
2.03(-2)
3.11(-2)
3.59(-2)
3.87(-2)

3.8

0

0

1.02(-2)
2.36(-2)
3.09(-2)
3.61(-2)

4,0

e

1.58(-2)
2.44(-2)
3.18(-2)




TABLE 10
GAMMA CROSS-TAIK EFFICIENCY MATRIX -

E (MeV)

.2
ok
-6
.8

1.0

1.2

1.k

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3ok

3.6

3.8

k.0
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TABLE 11

SYSTEM CHANNEL BOUNDARIES

Calibration Reference - 2,615 MeV = 4,00 volts

Bremsstrahluggrphanne%g

Channel
_Number

1
2
3
M
p

Beta Chgnnels
Channel
Number

Poup mtve m W MRS

VT & W N -

Lower
0.345
0.h27
0.764
1.709
2.627

Lover
0.296
0.709
1.7er
2.854
L.236

Upper
(volts
0. ket
0.76k4
1.709
2.627
5.491

Upper
(voltil

- rve o veow

0.709
1.727
2.854
L.236
5.491

Width
(volts)
0,082
0.336
0.945
0.918
2. 864

Width
0.413
1.018
1.127
1.382
1,25k
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