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Foreword

The purpose of this laboratory manual is to describe nuclear physics

experiments wutilizing the | atest counti

industry.

Precautions with Radioactive Sources

Several types of raglactive sources are required to perform the experiments
described in this Laboratory Manual. These include both sealed and unsealed sources
with a range of activity. When working with radioactive sources, utilize the three

basic principless low as reasmbly achievable

U The simplest way to reduce exposure is to keep the time spent around a
radioactivesource to a minimum. If time is cut in half, so is the exposure, with

all the other factoreemaining constant.

u Distance is another effeeé means to reduce radiation exposiite
formulaisk nown as the Ainverse square | awo
Doubling the distance from a radioactive source reduces the exposure to one
fourth its original value. If the distance is tripJatie exposure is reduced by a

factor of nine.

U SiEmrlShielding is any material used to reduce the radiation reaching the
user from a radioactive source. While a single sheet of paper may stop some types
of radiation such as alpha particles, otheratoln such as neutrons and photons
require much more shielding. Dense materials, such as lead or steel, are used to
shield photons. Materials containing large amounts of hydrogen, such as

polyethene, are used to shield neutrons.
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Theoretical Overview:
Radioactivity:

Radioactive nuclei decay by emitting beta or alpa#icles. Often the decay

IS to an excited state in tldaughter nucleus, which usually decays by emission of
a gammaay. The energy level sequence and theretbee gammaay energy
spectum for every nucleus ignique and can be used to identify the nucleus. The
energy levels and decay proces$?hfa, ©°Co and®*’Cs are given in Figure-1. The
term beta decagneansb- (electron) b+ (positron) emission or electron

capture by the nucleus.

2.506
1173

137Cg B- 1.333

1.333

60N 0 22\ e

Fig. 1-1: Energy level sequences f8fCs,®°Co and?®Na (energy levels in MeV)

Nal(TIl) detectors:

The thalliumactivated sodium iodide detector, or Nal(d6tector, responds
to the gammaay by producing a smalilash of light, or a scintillation. The
scintillation occuravhen scintillator electrons, excited by the energy ofpihaton,
return to their ground state. The detector crystahounted on a photomultiplier

tube whichconverts thescintillation into an electrical pulse. The first pulse from the
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photocathode is very small and is amplified in 10 stages $gries of dynodes to
get alarge pulse. This is taken frtme anode of the photomultiplier and is a negative
pulse

The Nal(Tl) crystal is protected from the moisture inahreby encasing it in
aluminum, which also serves as aonvenient mounting for the entire

crystal/photomultiplieunit. A schematic is shown in Figure2l

optical
light-tight
Nal (TL) shield
phosphor
photomultiplier

Y- Ray

Photons powvier supply pins

output signal
to preamplifier

beryllium photo- secondary
window electrons electron

cascades
Fig. 2 illustration of a scintilldon event in a photomultiplier tube

Geiger-Mtuller counter:

A GeigerMuller counter is a pulsgy/pe radiation detector which gives rise to
negativepulses due to radiations incident on it. The negative pulses are counted
using the counter.

It consists of cylindrical metallic tube filled with an inert gas like Argon or
Neon mixedwith some organic vapm at a pressure of about 10 cm of mercury.
When any radiation igicident on the GM counter, it sets out a primary ionizing
event in the sensitive volumef the counter. The electrons so released are
accelerated by the electric field and calusther ionization. The collective effect of

such phenomena develops into a progresauaanche spreading throughout the
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length of anode causing momentary dischaiides spontaneous discharge lowers
down the potential of the anode, giving rise to a negativee. During the interval
of this negative pulse, which is of the order of-BD@ 0 seands, the counter is
inoperative for any radiation incident on it. Hentés called deadime. This is
approximately equal to resolving time. For an accurate assessnegtivily, the

observed count rate must be corrected for the resolving time.

Interactions with matter:

There are three dominant gamnag inteactions with matter:
1. Photoelectric effect
2. Compton effect

3. Pair production

(1) The photoelectric effect is a common interaction between &fwrgy gamma
ray and a material. In this procefise photon interacts with an electron in the
material losing albf its energy. The electron is ejected with an energy equal to

the initial photon energy minus the binding energy of the electron. This is a useful
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process for spectroscopy since an output pulse in a detector is produced that is

proportional to the gammay energy, as all of the energy of the gantmais

transferred to the detector. This produces a characteristierfetgy peak in the

spectrum that can be used for the purpose of identifying the radioactive material.
(2) The photon can scatter by a freectélen and transfer an amount of energy that

depends on the scattering angle. This process is called Compton scattering.
(3)Pair production can occur when the ganmaaenergy is greater than 1.022 MeV

and is a significant process at energies above 2.5 Me¥ piidtess produces a

positron and electron pair that slow down throlgin 3 scattering interactions

in the material. When the positron comes to rest, it annihilates with an electron

producing a pair of 511 keV gamma rays that are producedtbdick. These

can be absorbed through the photoelectric effect to produeenferly peaks at

511 keV. A component due to Compton scattering can also be observed. When a

photon interacts with the crystal through pair production, one or both of the

annihilation phtons can escape undetected from the crystal. If one of the photons

escapes undetected, then this will result in a peak in the spectrum at an energy of

511 keV less than the fudinergy peak. This is called the single escape peak.

Similarly, if both photongscape undetected, a peak will appear 1022 keV below

the full energy peak, called the double escape peak.
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Incident Gamma ra

Incident Gam

Incident Gamma ray
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Poisson’s distribution and Gaussian distribution of
Radioactive decay

Fig. 1. Experimental setp.

X Purpose

1. To understand the statistical nature of radiation.
2. To calculate statistical quantities.

X Principle
Radioactive decay is a random process. In an experiment, the number of counts
obtained will fluctuatelue to the statistical nature of the data. One can predict the
distribution function that describes the results of many such repeated
measurements.
In this experimentwe will see that the frequency of occurrence of a particular

deviation from this averag within a given size interval, can be determined with
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certain degree of confidence. One hundred independent measurements will be
made, and some rather simple statistical treatments of the data will be performed.

The average count rate for n independeaasurement is given by:

L 14 E ,,,,,
0) eééeéeé(l)

N;: count rate fothefirst measurement
N,: count rate ofhesecond measurement

In summation notation . can be written as:

L L4 U
0] —
E

The deviatbn of individual count from mean is {N Nav). Fromthedeviation of

Navelt is clear that
0 O I

So the standard deviation (SD)

” U

and the experi ment ajevamateddrons quar e devi at

} B —— ¢ééééeée(2)

On the other hand, the statistical theory of error is usually based on the
normal (Gaussian) distribution function. The normal distribution function;\W¢N
a continuous function of Mlefinedin such a manner that the quantity W(bives

the probability that the value of; Nes between Nand N+ dN.

The normal distribution function W({Ncan be written a

10
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] "

W U —Quw ., 6é6ééé(3)
np

Figure (1) illustrates the form of the distribution along with its most important
properties.

10 T | [ I

STANDARD
DEVIATION

—— FWHM
(Full Width at Half

Maximum}

Frequency of Rounded-Off Events

8147

Fig. (1): Typical plot of frequently of roundedi off events vs. roundedoff value.

X  Equipment

1 GeigerMiiller-Counter 1360699
1 GeigerMueller counter tube, type B 0900500
1 Base plate for radioactivity 0920600
1 Source holder 0920200
9 1¥Cs radioactive source

1 Timer & Counter

1 Screened cable, BNC, | = 750 mm 07542.11

11


http://www.phywe.com/461/pid/4682/Geiger-Mueller-Counter.htm
http://www.phywe.com/461/pid/3007/Geiger-Mueller-counter-tube,-type-B.htm
http://www.phywe.com/461/pid/3198/Base-plate-for-radioactivity.htm
http://www.phywe.com/461/pid/3205/Source-holder-on-fixing-magnet.htm
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X Experiment Guide

Take background activity measurensent
Place theCs-137 intothe wooden block.

2 o

The experiment is set up as shown in part I.
Turn on the Geiger counter and allow it to warm up for a few minutes.

Place the Geiger countérO centimetes) from the source.
Record the countger (60 sec)vith the source.

1. Repeat this measuremearid tike60 independent counts f¢60 sec)and record
your values irirable (1) The scalar valueiNnay be directly in the table since for
this experiment Ns defined as the number of cosimécorded for (68ec) thetime

interval, and then find Nefrom eq.(1).

Table (1)
1
2
60
Nave= Ni - Nave

E(Ni - Nave)2

1. Evaluate experiments at (Sﬁ}xpfrom ed.(2) and compatre it witblh.

2. Choose a class interval for your reading (not less than ten intervals), find the

frequency for each interval and draw a histogram. 6 s

obt ai

ned

by

rectangles whose height are frequencies and widths are the interval or ranges.

lllustration

Suppose we take 100 observation of counting rate per minute of radioactive

source, let this observation being as follows

12
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21 44 45 5 67 78 96
31 46 56 63 64 73 87
74 65 41 54 42 32 48

37 54 8 3 é 8 2 74 52
é é é é 71 46 é .
é é é é é é . é .

Total =60 observation.
The above saif data exhibits npattern excephatthe counting rate differs from each
other petweer20and96). If we present this data adifferent way it will provide us

with useful informationfor this, we can divide the data into 8 intervalable (2)

Table (2)

S e o el e Frequgncy of c_)ccurrence of
counting rate in that range

1 20-------mm e 30 3

2 30— 40 6

3 40-------mmmmm oo 50 14

4 50---------mmm oo 60 27

5 60---------mmm oo 70 24

6 TO-mmmmmm o 80 17

7 80---------m oo 90 12

8 S 100 1

The above data calldatlefrequency table. In order to plot this data the interval taken on
x-axis and frequency (f) atme y-axis.

The frequency of evenynterval is marked at the migoint of that interval and all the
points are joined by straight lines. The figure so obtained is called frequency polygon.

3. Evaluatethe histogram area from:

13
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Histogramare&# wi dt h of i nterval | total no.
total probability

P= W (Ni) 4 histogram area

Take midpoint data of interval and draw the distribution on éimeesgraph paper

of the histogram compare between the two graphs.

4. Cal cul ate W(Ni) for each rk®candpotval ue
W(Ni) as a function of Ni, verify that the (FWHM) as obtained from the graph
i's equal t aepreserBifgdnvestigatidn of Ghussian distribution of

radioactive decay event.

Questions

U List the formulas for finding the means and standard deviations for the Poisson
and Gaussian distribution.

U How close are the standard deviation values when catcineth the Poisson and
Gaussian distributions? Is one right (or more correct)? Is one easier to calculate?

U If you make an experiment with the background counts, which distribution can
better describe the data well, Poisson or Gaussian?

U  Which one descritsethe Cs137 data, Poisson or the Gaussian distribution?

14
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Experiment R):

Operating Plateau for the GeigerMuller Tube

Apparatus

RAD Lab Program contained:
GeigerMuller Tube

Shelf stand

Serial cable

Radioactive SourceCs137)
Computer.

[l o e e i

Purpose

To detemine the plateau and optimal operating voltage of a G&jdlier counter

Theory

Basically, the Geiger counter consists of two electrodes with gas at reduced
pressure between the electrodes. The outer electrode is usually a cylinder, while the
inner (pod#ive) electrode is a thin wire positioned in the cewtf the cylinder. The
voltage between these two electrodes is maintained at such a value that virtually any
ionizing
particle entering the Geiger tube will cause an electrical avalanche within &he tub
The Geiger tube used in this experiment is called amendow tube because it has
a thin window at one end through which the ionizing radiation enters.

The Geiger counter does not differentiate between kinds of particles or energies; it
tells only tha a certain number of particles (betas and gammas for this experiment)

entered the detector during its operation. The voltage pulse from the avalanche is
typical>1 V in amplitude. These pulses are large enough that they can be counted in

a Timer & Countewithout amplification.

15
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All Geiger-Miller (GM) counters do not operate in the exact same way because of
differences in their construction. Consequently, each GM counter has a different
highvoltage that must be applied to obtain optimal performance fremstrument.

If a radioactive sample is positioned beneath a tube and the voltage of the GM tube
is ramped up (slowly increased by small intervals) from zero, the tube does not start
counting right away. The tube must reach the starting voltage whessettteon
Aaval ancheo can begin to produce a siggr
point, the counting rate increases quickly before it stabilizes. Where the stabilization
begins is a region commonly referred to as the knee, or threshold vasteh®a
knee, increases in the voltage only produce small increases in the count rate. This
region is the plateau we are seeking. Determining the optimal operating voltage
starts with identifying the plateau first. The end of the plateau is found when
increasing the voltage produces a second large rise in count rate. This last region is

called the discharge region.

Procedure Creating a Plateau Chart)

I. Running the unit as standalone

1. Place the radioactive source in a fixed position close to the wiodowthe

well of the detector.

2. Put the ST360 intGountmode and slowly increase the high voltage until the
first bar of the ACTIVITY paragrapHights.

3. Set the Preset Time to 10 seconds and Q&4$NT.

4. When the preset time expires, record thent®and the high voltage setting.

5. Increase the voltage by 20 volts and count data again.

6. When the preset time expires, record the counts and the high voltage setting
again.

16
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7. Repeat steps 5 and 6 until the high voltage reaches its upper lims (this
determined by the upper operating voltage limit of the detector).
8.CreateanX graph of the data, with AYO bei

voltage, and plot the chart.

The following chart shows a typical detector plateau.

Geiger Plataeu

4000
2000
0 - T T T T T T T T T T T T T T T T T T
O © O Nt N ] £ %] O O

High Voltage (Volts)

9. One way ¢ check to see if your operating voltage is on the plateau is to find the

slope of the plateau with your voltage included. If the slope for a GM plateau is
lessthan 10% per100valt t hen you have a Agoodo pl a
your plateau begins amhds, and confirm it is a good plateau.

The equation for slope is

Slop

2 1

17
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where R and R are the activities for the beginning and endpoints,
respectively. Y and \Land the voltages for the beginning and endpoints,

respectively.

Questions

1. Where within the plateau one should select the counter operating voltage?
2. On what factors do the operating voltage of the counter will depend?

3. How does electric potenti al effect
4. Will the value of the operatingpltage be the same for this tube ten years from

now?

18
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Experiment(3):

The deflection of nuclear radiation in a magnetic field

Fig. 1: Experimental set-up.

X Purpose

To deflect the path of beta radiation by means of magnetism.
X Principle

The Lor enz fparticlesavhiehenbve pemendidularly to the direction
of a magnetic field. At const a-particlesel oci
move through the field in a circular path, the radius of which is dependent upon their
velocity and the magnetic field strength.

A s -pdrticles exhibit a continuous energy spectrum, they are deflected by a
magnetic field to different extents. This makes it possible to experimentally
determine the proportions of the various energy values xample, by evaluating
the count rate€ measured for prdetermined paths as a function of the magnetic
flux densityB.

The simplified experimental sep used here allows the following knowledge to

be won:

19
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X

a. b-radiation consists of electrically chargpdrticles, as it is deflected by a

magnetic field.

b. b-particles have a negative charge, as the direction of deflection is opposite

to that which is to be expectéalform the thredinger rule.

c. The stronger the magnetic field, the greater the deflectioenwhe direction

of the field is reversed, deflection is in the opposite direction.

d. b-particles have various energies, as they are deflected to different amounts.

Btparticles
(positrons)

S

o-particles ——

|

PIIVVRO000RVIVVD

neutrons _—

y-rays
/

P-particles
{electrons)

4

00 6% 60 8 0 8 &\
TTTTITI T

Equipment

9 GeigerMiiller-Counter

1 GeigerMueller counter tube, type B
1 Base plate for radioactivity

1 Plate holder on fixing magnet

1 Counter tube holder omxtmagn.

1 Source holder on fixing magnet

1 Defl.magnets f. plate holder,2pcs

)l

Sr-90 (beta source)

X  Experiment Guide

20
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1360699
0900500
09200600
0920300
0920100
0920200
0920302


http://www.phywe.com/461/pid/4682/Geiger-Mueller-Counter.htm
http://www.phywe.com/461/pid/3007/Geiger-Mueller-counter-tube,-type-B.htm
http://www.phywe.com/461/pid/3198/Base-plate-for-radioactivity.htm
http://www.phywe.com/461/pid/3206/Plate-holder-on-fixing-magnet.htm
http://www.phywe.com/461/pid/3204/Counter-tube-holder-on-fixmagn.htm
http://www.phywe.com/461/pid/3205/Source-holder-on-fixing-magnet.htm
http://www.phywe.com/461/pid/3208/Deflmagnets-f-plate-holder,2pcs.htm

Laboratory Manual: Nuclear Science Experimentsl Qo2 0a ) |

2. Turn on the Geiger counter and allow it to warm up for a few minutes.
3. Take background activity measurements.
4. Place the SB0 (@beta source) into the wooden block.

Notes on seup and procedure:

This experiment only gives satisfactory results when the@eind procedure are

carefully carried out. Pay particular attentiorthie following conditions:

V The magnetic field should be at the cemint of the anglef graduation.

V The exit opening of the source of radiation should be in front of the magnetic
poles.

V The distance between the source of radiation and the countevitwdwev should
on no account be changed when the counter tube is moved on the angular scale,
as this would lead to large differences in the count rates. Mark the position of the
counter tube in the counter holder to avoid displacement of the counter tube.

V AThe counter tube axis runs radially when both of the counter tube holder markers

point to the same angle graduation.

5. Place the Geiger counter eight centireefrom the source.

21
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6. Place the magnet holder so that when a magnet is inserted in it, thd thegh o
beta particles is between the Geiger counter and the source.

7. Take a reading with the source and magnet holder in place but without any
magnets near them.

8. Move the counter tube holder to the 10° graduation on the angular scale, making
absolutely surehat the distance of the counting tube from the source of
radiation does not change and that the axis of the counter tube is exactly aligned
alongwith the angle graduation. Start the next measurement and enter the count
rate inthefollowing table.

9. Placethe two cow magnets into the opening of the magnet holder so that a
magnetic field crosses the path of the beta particles and place the distance  (d
=2 cm ) between them.

10.Record the counts per minute for three trials

11 Repeat this measurement with @fllthe angles from +90° t®0° listed inthe
following table

12 Repeat step@-10) for (d = Em).

22
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Angle Without Magnets With Magnets With Magnets
(d=1cm) (d=2 cm)

in degrees N (count/min) N (count/min) N (count/min)

+90

+80

+70

+60

+50

+40

+30

+20

X Questions:
U Which effect do the magnets exert on the movement af thadiation?

U Compare the experimental results with tidavie of a conductor carrying
current in a magnetic field.

U Which influence does the distance between the magnets have on the

deflection of thed -radiation? Explain this observation.

23
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Experiment (4): :

Absorption of gamma in Matter

Fig. 1: Experimental set-up.

X Purpose:
1 To demonstrate attenuation of gamma rayth@matter.

1 To determine the halfalue thickness @ and the absorption coefficient u of a
number of materials by measuring thgulse counting rate as a function of
the thickness of the irradiatedaterialii L e, mod, aluminumandP | e xi gl as o
areused as absorbers.

1 To calculate the mass attenuation coefficient from the measured values.

1 To calculate the gamma energy usihgmass attenuation coefficient.
X Principle:

The inverse square law of distance is demon started with the gamma radiation
from a C$*' preparation, the halfalue thickness and absorption coefficient of
various materials determined with the narrow beam systed the corresponding

mass attenuation coefficient calculated.

24
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X

=2 =/ = =2 =4 A4 A4 4 -4 4 4 A4 4 -4 -4 A4 -4 A A2 A

Equipment
Cobra3 BASICUNIT

Cobra3 Power supply

RS232 data cable

Cobra3 Radioactivity Software
Counter tube module
Unit-construction plate for radioactivity
Counter tube, magnet held

Source holder, magnet held

Plate holder for demonstration board
with magnet

Counter tube, typa

Screened cable, BNC, | = 300 mm
Vernier caliper

Radioactive sources, set

Absorption plates fordpadiation
Absorption mateal, lead

Absorption material, iron

Absorption material, aluminum
Absorption material, Plexiglas®
Absorption material, concrete

PC, Windows® 95 or higher

25

12150.00
12151.99
14602.00
14506.61
12106.00
09200.00
09201.00
09202.00

09204.00
09025.11
07542.10
03010.00
09047.50
09024.00
09029.01
09029.02
09029.03
09029.04
09029.05
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X  Experiment Guide

1. Set up the apparatus as shown in Fig. 1.
2.St ar tmedsdre@ fBr ogr am, s@bra3xRadidattidtyog a u g e
and sRialrg Y fiNew rie asurséhmevmt i n Fig. 2.

|i!iPhywe measure 4 - — -_— — - E‘EE

Gauge Measurement Analysis Options Window Help

New measurement... Strg+N kg “ Q Q + A H X H B EH l

(£ Open measurement... Strg+0
Save measurement... Strg+5

Save measurement as...

Close measurement
Maobile-Link import files...

Open experiment...

@ Show experiment documentation

&3 Print measurement.. Strg+P

Printer setup...

B4 Send measurement

Program setup...

Exit

1 C\Program Files\PHYWE\measure\expert\2524411"2524411 g.msr
2 CA\Program Files\PHYWE\measure\expert\25244110\2524411f. msr
3 C\Program Files\PHYWE\measure\expert\252441112524411 e.msr
4 C\Program Files\PHYWE\measure\expert\252441112524411d.msr
5 C\Program Files\PHYWE\measure\expert\252441112524411 c.msr

Starts a new measurement

1- Set thefi xdatad  twadth df absorption layer do , s g@itUmt hteo
Aimpulses/® |, s d@itT i inter& t160 oA, s ditBat k g@r otuon d
fisubtract background radiationo and sethefi d i p [tispulsés/® a s

shown in Fig. 3.

26
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( Cobra3 - Radioactivity <Serial no. 91306192-506-19538> (e |
e ——————————————_
X Data '
" Distance x/cm
i+ Width of absorption layer d/
" Timetls
|
[l ~unit
' Impulses/s " Impulses
~Time inter-
Cats { 1s " 10s " 100s
" 02s - 2s " 20s & | s
" 05s " 5s * 50s
—Background
¥ Subtract background radiation
Current value: 7.3#fs Measure value I
—Display
v Impulses /s [V Diagram
ﬂ‘ Cobra3 - 01.20/3

2- Activate measurement by clicking ol€entinue>.

3- During the measuremerihe distance between the counting tube and the
source (C¥’) must not be changed.

4-1nitially, enter o000 in thge3amdput
click on <Measure>. As shown in Fig. 4

27



Laboratory Manual: Nuclear Science Experimentsl Q0@ 202 T) |

(o]
d/mm
2 4 6 8 10
| D impulses SIEHES Cobre3 - messuring

Impulses I s Cobra3 - measuringA

Walit...

Absorption layer

Width: l"j]_ m

|b—

5- After each measurement increase the layer thickness of the lead absorber by
10 mm, enter the new thickness value of the absorber layer in the appropriate
field and click on #leasure>. Continue inthe same manner until the
maximum thickness of5 mmhas been reached.

6- After the last measurement has been made, click onstio@><button.

7- To Determination of the halfalue thickness, both parameters are displayed if
the exponential measurement curmdhe active image can be seen and then
the evaluation functionsAnalysis>, <Half-value time Flayer thickness> are
sel ect ed Halfdaluétimed atylea it has shdwnidig.$.0

28
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# | Unnamed measurement (Unsaved) [e@][=]
A
#is
A
40
30
16.9 mm
e
20 S
A \ o
T T T T T |~ =
0 5 10 15 20 25 30 35 40 mm

8- Repeat the steps-@ for the following absorber materialson,

aluminium, Plexiglas

9- The attenuation coefficient characteristic for the material (and the energy of
the gamma radiation) for a very specific layer thicknesthd initial

guantum flux igreduced to half of its original value.

1 Iy=1,- e~y

2

From this it follows that the haHlvalue thicknessdis determined by the

attenuation coefficient .

dyy = In 2
i
or
In2
-LL - dH
t

29
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Weref is the mass absorption coefficient by unit (g/cm)

10- Range the data as the table shown below:

Material Density | Half-value (layer) Attenuation

g/cm?® thickness coefficient
dy in cm wincm™

Lead 11.11

Iron 7.68

Aluminium 2.70

Concrete 1.87

Plexiglas® 1.19

11- Plots graph between the densgty for that material as a function of the linear

attenuation coefficientu).
12- Find thegamma energyH; ) usingthe mass attenuation coefficient wbn

(um) and using the following graph.

Coherent scattering

10° i
Incoherent scattering
—_— 2 ——— Photoelectric absorption
D 10 Pair production in nuclear field
NE 1 Pair production in electronic field
) 10 Total attenuation with coherent scattering
c 400
o 10
©
3 10"
Q. o <
=10
<
107
10°  10* 10° 10° 10" 10® 10° 10" 10"

Energy (eV)
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Experiment(5):

Verification of Inverse Square Law for Gamma-Ray

X Purpose
1 To measure the impulse counting rate as a function of the distance between

the source rad the counter tube.
X Principle

The inverse square law of distance is demonstrated with the gamma radiation
from a Cd&° preparation, the cobalt isotope €6 a halflife of 5.26 years; it
undergoes betdecay to yield the stable nickel isotop&™Ni

As with most beta emitters, disintegration leads at first to daughter nuclei in an
excited state, which charmg® the ground state with the emission of gamma quanta.
Whereas the energy levels of the beta electrons can assume any value
up to the maximum becaei®f the antineutrinos involved, the gamma quanta which
participate in the same transition process have uniform energy, with the result that
the gamma spectrum consists of two discrete. The impulse counting rate N (r) per

area A around a point source ceges in inverse proportion to the square of the
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distance provided the gamma quanta can spread out in straight lines and are not

deflected from their track by interactions.

2
r=2r Ay=4- A, = (E)-A.,

b

The reason for this is that, as shown by Fig. 3, the area of a spbene the
source through with a beam of ray passes, increases as the square of the distance r.

In avacuum (intheair), therefore

If we plot the counting rate N(r) versus the distance r on a log scale, we obtain

a straight line of slopg 2.

Fig. 3: Law of distance relating to rays which are propagated
in a straight line from a point source.

From the regressn lines from the measured values in Fig. 4, applying the

exponential expression
N(r)=a-
we obtain the value
b=-2.07 + 0.01

for the exponent.

This thus proves the applicability of the inverse square law.
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Fig. 4: Counting rate plotted against distance (log-log plot).

X

=2 =/ =/ =/ = =

)l

Equipment
GeigerMiiller-Counter 1360699
GeigerMueller counter tube, type B 0900500
Base plate for radioactivity 09203600
Plate holder on fixing magnet 0920300

Radioactive sources
Timer & Counter
Suppot rod-PASS, square, | = 250 mm 02025.55

X Procedure

o O A~ W DN PP

. Set up the apparatus as shown in Fig.1

. Turn on the Geiger counter and allow it to warm up for a few minutes.

. Take background activity measurements (Nb) for (1min).
. Place thé®*'Csinto the wooden block.

. Place the C$’ source af suitable distance (r=2 cm) from the detector face.

. Record the counts per (60 sec) with the source.
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7. Change the distance between source and counter face in regular step (1 cm) and
repeat the counting ratel(in2 and n3) with each change in distance.

8. Find the background count rate (without source) and tabulate data as follows.

9. Plot a graph between n-@xis) and (1/X) (x-axis), then from the slope evaluate

N using eq. (3).

x/em Count / sec N = Muen 1/c? (cnt
Ny N, Nave Vet 6
2
3
4
5
6
7
8
9
10
X Questions

u Why it is necessary that the distance between the source and the detector

should be greater than the radius of the detector?
U Give the reason, why the graph between n antidb/ahot pass throughé
origin.
U Is the calculated value of N representing the exact activity of the radioactive

source?

U Explain your answer.
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