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2 INTRODUCTION & THEORY

1 Abstract

In this experiment the absolute activity of a Cobalt-60 radioactive source was
determined using the Coincidence Counting Method. 1t was found to be 10,300+130Bq.
The resolving time for a Geiger-Miiller counter was measured to be (4.440.3)x 10 Cs.
Furthermore, the laminar density of Aluminium needed to block [-particles was
found to be 1.2040.10kg m~2 which is of the same order of magnitude as the accepted

value of 1.08kg m~3.

Finally, the efficiency of the Geiger-Miiller counters at detecting ~-rays and -
particles were calculated to be 26+6% and 12+3% for ~y-rays and 0.3+0.2% for (-

particles respectively.

2 Introduction & The-
ory

2.1 Absolute Activity

The Absolute Activity of a radioac-
tive source that emits two ~-rays can be
measured using two detectors with effi-
ciencies €1 and e, respectively. The
count rates will then be

Nfﬂ = 2A€71 and N’YQ = 2A€,},2 (1)

respectively, where A is the absolute ac-
tivity.

Using a special coincidence counting
circuit to measure the coincident count
rate Ny 42 where

nylﬁg = 214571872

the expression for the absolute activity is
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Figure 1: The Coincidence Counting Cir-
cuit

A Co%® source emits two ~-rays of
energy 1.17MeV and 1.33MeV and a 3-
particle of energy 0.314MeV per disin-
tegration and so the count rate will be
larger. Using an Aluminium sheet the (-
particles may be blocked from the detec-
tor. If an Aluminium sheet is not used,
[-particles will also cause counts and the
equation must be altered as now

Ngy1 = Alepr + 2e41)

SO
Npy1q2 = A(22p1642 + 2641642)
giving
A= (Ngy1 — 0.5N,1)N,yo 3)
Npy142
where N N
1— Ny
S (4)
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since Ngy1 — N4 is the count rate for (-
particles only.

2.2 The Resolving Time

If two particles from two separate
decay events arrive one at each of the
two detectors respectively within the Co-
incidence Resolving Time 7 of one an-
other then an Accidental Count will be
recorded. The total number of accidental
counts is given by

Noi 42, acc = 27Ny 1 Nyo (5)

Using a single v-ray source such as
Cs the coincidence resolving time can
be measured as any coincidence counts
recorded will be accidental counts, and so

(Cs)
S Nﬂ;z acc (6)
o (Cs) A7(Cs)
2N * Ny B

The accidental coincidence count must
be subtracted from all coincidence counts
measured.

2.3 The Range of 3-Particles

As [-particles pass through Alu-
minium they loose energy. For a certain
thickness of an Aluminium sheet all -
particles will loose their energy and will
not reach the detector.

2.4 Detector Efficiencies

Assuming that the Co® acts as a
point source the Actual Efficiency eqe
is the Intrinsic Efficiency €;,; times the
number of particles entering the detector.
This can be calculated as the ratio of the
solid angle €2 subtended by the detector
to the total solid angle of 47, and so the
intrinsic efficiency is given by

47 4 (wd?\
€int = ﬁgact —7 2 €act

7'2
A

where r = 8.5mm is the radius of the de-
tector and d is the distance from the Co%
source to the detector.

3 Experimental Method

3.1 Resolving Time

The single v Cs source was used,
and N,; and N, were measured.

The circuit was set to “coin” and the
accidental coincidence count N, ,» was
then measured.

The resolving time was calculated us-
ing equation (6).

3.2 The Range of g-Particles

The Co% source was used.

The count rate was measured with
no Aluminium sheet. This was then re-
peated using Aluminium sheets of a range
of thickness.

A graph of the thickness versus the
count rate was plotted and the g-particle
range was found.

3.3 ~v-v Coincidence

Using the Co® source, and the ap-
propriate Aluminium sheet as determined
above, N,; and N, were measured.

The absolute activity was then calcu-
lated using equations (2) and (5).

3.4 [v-v Coincidence

The Aluminium sheet was removed,
and the above experiment was repeated.
The absolute activity was then found us-
ing equations (4) and (5).
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3.5 Detector Efficiencies

The distance d from the Co® source
to the detector was measured.

The intrinsic efficiency of detector 1
for both ~-rays and B-particles €, and
eg1 and that of detector 2 for y-rays €,
were calculated using equations (1), (4)

and (7).

4 Results & Analysis

4.1 Resolving Time

The following data was obtained for

the Cs source

Count Rate, R

Bq

N&? 26.94 0.4
NG 9.6 +£0.2
NP | 0.0023 4 0.0002

4.2 The Range of j-Particles

The following graph was plotted us-
ing the data collected as the Aluminium
sheet thickness x was varied
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Figure 2: The Range of §-Particles versus Aluminium sheet Thickness

4.3 ~-v Coincidence

The following data was obtained for
the Co® source using an Aluminium sheet
of laminar density 5.2887 kg m ™2

Count Rate, R

Bq

N, 19.8 +£0.1
N, 8.9+0.2
Ny | 0.010 +0.002

4.4 [(v-v Coincidence

Count Rate, R

Bq

Nay1 19.9+£0.2
N 8.9+0.2
Ngyi42 | 0.010 £ 0.002

The following data was then ob-
tained for the Co% source on removing
the Aluminium sheet
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4.5 Detector Efficiencies

The distance from the source to the

detector d was measured to be 70 &+ 1mm.

ACount =

5 Error Analysis

The standard error in the time ¢ was
taken to be £1s for all counts. The stan-
dard error in the thickness of the Alu-
minium sheets x was taken to be +1um.
The following equations were then used to
calculate the respective errors

v Count

ARate = Rate x \/(

ACount 2+ At 2
Count t

(Cs)
A’T — % (AN'VL')Q, acc)

(Cs)
Nﬁ/l,'yZ, accC

2 2 2
AN AN
+ N T 2
Y

AT\? (AN
ANy 42 ace = Ay—y ace X \/(—) + < ﬂ)

AN 1,92 —
AA’Y—V = Av—v X \/( nyl 72 _N
/’y 77

2
ANvl,'yZ acc) (
v1,72 aCC

(52)
) (52)

AN, AN,5\?
S = N x (27 + (1) (B0

AN, — AN, AN. AN\
Adg, . = Ay x \/( 871,92 By12 aCC) N ( 71> N ( 72)

Ngy142 —

N,Bﬁ/l,'yQ acc

AQ = Q x 2>< %>

Ae o % ACount
5T E “Count

)

Ae AQ
= (—J) (%)
j,int = €j, int \/ £ 0

where 7 is the resolving time, A; are
the respective absolute activities, €2 is the
solid angle, d is the distance from the
source to the detector and e; and €;int
are the respective actual and intrinsic ef-

ficiencies for j € {71,742, 5}.
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6 Conclusions

The resolving time of the detector
was calculated to be (4.440.3)x 10 %s.

It was found that [-particles were
stopped by a sheet of Aluminium of lam-
inar density of 1.204:0.10kgm™2 corre-
sponding to a drop in count rate. This
compares well with the accepted value of
1.08kgm™3 as it is of the correct order of
magnitude!.

The y—~ and fvy—~ absolute activities

were measured to be 10,4004+2,300Bq and
10,20041,800Bq respectively. These inde-
pendently measured values are within the
range of experimental error of each other,
and thus verify each other. The average
value for the absolute activity was calcu-
lated to be 10,3004+130Bq.

Finally, the detector 1 intrinsic effi-
ciencies for y-rays and 3-particles €, and
ep and the detector 2 intrinsic efficiency
for y-rays €,» were found to be 26+6%,
12+3% and 0.340.2% respectively.
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