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. a. A given voltage-sensitive preamplifier requires a minimum input pulse amplitude of 20
mV for good signal-to-noise performance. What gas multiplication factor is required in a

xenon-filled proportional counter with 10 pF capacitance if 60 keV X-rays are to be
measured?

b. A cylindrical proportional tube has an anode wire radius of 0.006 cm and a cathode

radius of 2.0 cm. It 1s operated with an applied voltage of 2800 V. If a minimum electric

field of 1.5x10° V/m is required to initiate gas multiplication, what fraction of the internal
volume of the tube corresponds to the multiplication region?



2. Assuming that a collimated beam of 2 MeV gamma rays 1s incident on an intermediate-sized.

gamma-ray spectroscopy detector, sketch the expected pulse height spectrum. Label all
features in the spectrum.

Sketch and briefly describe how this pulse height spectrum would change if the spectroscopy
detector was surrounded by a thick annular detector with length much greater than the
dimensions of the spectroscopy detector and the two detectors were operated in

(a) anticoincidence mode, (b) coincidence mode, and (¢) coincidence mode with the analog
signals from the two detectors summed?




(sJ

Considering the following differential pulse height spectra, a) sketch the expected counting
curve over a high voltage range of 0-1500 volts for a lower-level discnminator set at 2 mV.
and b) sketch the histogrammed multichannel spectrum for each of the three high voltage

settings if each bin or channel is 1 mV wide (i.e., channel 1 corresponds to 0-1 mV, channel
2 corresponds to 1-2 mV, etc.).
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3a) Counting Curve

3b) MCA spectrum for HV = 500 volts




3b) MCA spectrum for HV = 1000 volts

3b) MCA spectrum for HV = 1500 volts
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Cf decays via both alpha emission and spontaneous fission (SF), and the corresponding
branching fractions are 96.9% and 3.1%, respectively. Given that the half-life of = “Cf is

2.64 vears and that each SF in average produces 3.7 neutrons, calculate the neutron vield
(neutrons sec’') for 1 mg of PICE



5. A (n,y) resonance 1s observed for neutron energy at 1.0 MeV 1n a laboratory experiment
using '°O as the target. Use the attached atomic-mass data to calculate the total gamma-ray

energy that will be emitted in this resonance "°0O(n,7)' 'O reaction.
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Atomic
Mass, u

12.018 613
13.005 739
14.003 074
15.C00 109
16.006 056G
17.008 446

14.008 397
15.003 065
15.894 915
16.999 131
17.960 159

19.003 576

17.002 095
18.000 937
18.998 403
19.959 582
20.990 943

18.005 710
16.001 B&O
19.992 436
20.993 845
21.991 384
22.99% 446
23.893 615

21.994 435
22989 770
23.990 983

22994 127

23.985 045
24985 B3Y
25.982 595

26981 54.

27976 928
28.976 496
29973772

23.978 310
30973 763

31.972 Q72
32,971 439
33.967 868
34.960 032
35.967 079

34,968 853

35.968 307
36.965 503

99.63
C.37

09.738
0.038
0.20+

100

90.51
0.57
.22

100

78.99
10.00
11.0]

100
4l.l3
4.67
3.10

100

55.02
0.73
421

0.017
7577

24.23

404 8943753

Half-Life

11.0ms
9.97 min

7103
4.17 3

70.5 5
122 ms

2685
64.3 s
109.8 min
11.05s
+.33 8

1.67 s
17.2 s

37.55
3.38 min

290 v

150 h
11.38

2.3C min

8724

3.01 x 107

P.B82/82



6. A 1-MeV neutron undergoes elastic scattering with a hydrogen nucleus. Assume that the
scattering 1s 1sotropic 1n the center-of-mass system; use the conservation equations of kinetic

energy and momentum to show that all the scattered neutrons are forwardly directed in the
lab system.
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