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Characteristics of alpha beta and gamma

Characteristic Alpha Beta Gamma
Nature Helium nuclei or 2 He2 ——— _(1’ e Electro_mggnetic
pand 2n ’ radiation.
Mass 4 1/2000 0
Charge +2e -e Neutral
Speed Slow Fast Speed of light
Ionizing ability High Medium Low
Penetrating power Low Medium High
Stopped by A few cm of air or a A few mm of aluminum | A few cm of lead
piece of paper foil
eflected by electric and Yes LQ Yes No Q
q 4 © ©
V1 magnetic fields q()l' >
AV A {
& S S
S o7 q?
o\ o] RS
X &5 R
N EN 2
?° & &
N
(o) Interaction w:thﬁkctrtc field (bO
Q:b o.-particles Q~
;Heﬂ
Lead Shield
P 7-rays
Radnoactnve Sample H‘ + + + + + + +] B
Electric Field \; !Y
: rrrrv ) a
[s-pamcles ed.
18 sarry opposite charges. The
deflection of beta is larger than alpha because mass of beta is less than mass of
alpha.
¢ Gamma rays are not deflected because they do not carry any charge.
Interaction with magnetic field
Y X X X X 32T x x x X X XX
Alpha a X X
X XXX X X
a ¥ X X X X X X
o XXX XX X
X X X X X XX
X XX X X x
B XXX X b
Magnetic field
into the paper
ayp
. a particles and beta icles are also deflected when they pass through a
Q :alzgnelzic tt'xlelld whilc:e Zatjmflaal?a)lrs are uar;laﬂt‘:ictgd.t th e i @Q
(1/@ ¢ The direction of the deflection of alpha particle e magnetic field can be found (']/
(b using Fleming’s left-hand rule. ‘-{/b q(})
/\(1/ 4| Page b/(\ b/‘\
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Penetrating power

¢ The penetrating effect of alpha, beta and gamma radiation depends on their
ionizing power.

¢ Radiation which has a stronger ionizing power will have a lower penetrating effect.
¢ The radiation emission loses some of its energy each time an ion pair is produced.

¢ Alpha particles lose energy very quick as they move through a medium. After a
short distance in the medium, the alpha particles would have lost almost all
energy. So alpha particles have the lowest penetrating power.

a & —
B (€] >
VAVAVAVAUA JAVAVAVA! NANAL
JAVAVAVA! JAVAY AVA)
Y R ARR RARAR e

Paper Aluminium Lead

¢ Alpha particles can be stopped by paper; beta particles can penetrate through
paper but can be stopped by thin metal (aluminum). Gamma rays can go through
paper and metal sheet and can only be stopped by thick lead or concrete.

o %
Radioactive emissiqig@an be detected with the help of Geiger-Muller tube (GM tube), \l_"b
O

gold leaf electroscﬁ) , cloud chamber and spark counter.

> >
Geiger-MuﬁEr tube (GM tube) tQ‘
iine : neon gas a
thln/mxca idow lower pressure
el
G-M tube ++++ 44+ 4
—-n = o3/
Eﬁm"' \ cathode VLT
metal wall
source /
Am-241
I ampﬁﬁerl
5 7 ralemete:l
ratemeter hrough the mica window and ionizes the
coIn gdas.

¢ The electrons and positive ions are attracted towards the anode and cathode
respectively.

* When electrons are collected by the anode, a pulse of current is produces.
¢ The pulses of current are counted by a scaler or rate meter.

¢ The scaler gives the number of counts over a certain period of time that is counts
per minute / counts per second.

¢ Initially the GM tube is switched on without the presence of any radioactive
substance. The reading displayed by the rate meter is known as the background
count rates.

* When the GM tube is used to detect radioactive emission, the background count
rate is subtracted from the count rate obtained.

Notes:

Background radiation gives reading to the GM tube even though there is no
radioactive source.

Background radiation is always present due to natural radioactivity in the ground,
bricks or buildings and cosmic radiation.
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Gold leaf electroscope

ions ., radioactive
00 source
O O

@
g

gold leaf
falls

When an electroscope is charged, the eaf sticks out, because the charges on
the gold repel the charges on the me iﬁ

When a radioactive source comes @%r the air is ionized and starts to conduct Qb‘
electricity. Q

This means the charge can }ék away, the electroscope discharges and the gold x
leaf falls. RN
QO

Cloud Chamber \[3’%
O

It shows the path traveled by the ionizing radiation in air.
The radioactive produces ions in the air that is saturated with alcohol vapor.

The alcohol vapor condenses on the ions to make the tracks of the radiation
visible. Alpha particles are best for this because it ionization power is high.
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Background radiation

The radioactive radiation present around the environment because of radioactive
materials in the environment.

Background radiation can be produced by natural sources

* The Rocks of the Earth ( Vc(ﬁl()"ﬂ ‘>
* Cosmic radiation from space

* Radioactive gas within our atmosphere

Background radiation can also be produced from man-made sources
* Nuclear reactors
* Nuclear waste

« Fall out from nuclear weapon testing

. (b(‘g{ges of radioactive materials in Medicine (bq?Q (bq/@g
b"\q’ Uses of radioactive materials in Industry b/‘\‘l/ ,\‘1/
5 q %QQ %QQ
qfl, Radioactive decay qfl, s\xoglz
Radioactive decay is a self-disint,gé}atmg process which an unstable nuclqu}%rmts
nuclear radiation like alpha bsﬁ or gamma so as to become stable. £
+ When a radioactive nuclgis decays, its nucleus breaks up, emits aﬁz‘alpha
particle or beta particle and energy, and forms a new atom of a different element.
« A parent nuclide X changes into a daughter nuclide Y.
Q Q Q
5 % %
& & 5
A A 4
X X X
Q Q Q
S S S
% %
O )
‘KX ‘KX
‘l‘(b ‘L“(b



Half —life

The half-life T of a radioactive substance is the time for half of the radioactive nuclei to
1/2

decay.

All radioactive substances decay with the same pattern, as shown in the graphs below.

Parent  Daughter
isotope isotope

(rec) (gray)
- 4 -4 el
33 t3: tH ..; 322
o° E sof
- - -
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Number of half-lives
11 | Page
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AV Qv
X
S o>
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The graph shows that ammét\ of substance decrease rapidly at first and then more 2)
and more slowly. We ¢ say when the last atom will decay. Different radioactive @
substances decay at gerent rates some much faster than others. ’bo
Worked Examplesm
Question 1: The count-rate from a radioactive source falls from 400 to 50 in 3.0
minutes.
What is the half-life?
Ans : Iminutes
Question 2: The half-life of a radioisotope is 2400 years. The activity of a sample is
720 counts / s.
How long will it take for the activity to fall to 90 counts / s?
Ans: 7200 years
Question 3: The half-life of a radioactive material is 24 years.
The activity of a sample falls to a fraction of its initial value after 72
years.
What is the fraction?
Ans: 1/8
Question 4: A radioactive isotope has a half-life of 6000 years.
How much time passes before the rate of emission from a sample of this
isotope falls to 1/ 16 of its original value?
Ans : 2400 years
v
,\n;bq/ AV
X X
Q Q
O A )
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Half —life

The half-life T of a radioactive substance is the time for half of the radioactive nuclei to
1/2

decay.
All radioactive substances decay with the same pattern, as shown in the graphs below.
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\J:u' and more slowly. We ¢ ot say when the last atom will decay. Different radioactive \l‘
O substances decay av@Terent rates some much faster than others. O
N3 3
Worked Examplesms=
Question 1: The count-rate from a radioactive source falls from 400 to 50 in 3.0
minutes.
What is the half-life?
Ans : Iminutes
Question 2: The half-life of a radioisotope is 2400 years. The activity of a sample is
720 counts / s.
How long will it take for the activity to fall to 90 counts / s?
Ans: 7200 years
Question 3: The half-life of a radioactive material is 24 years.
The activity of a sample falls to a fraction of its initial value after 72
years.
What is the fraction?
Ans: 1/8
Question 4: A radioactive isotope has a half-life of 6000 years.
How much time passes before the rate of emission from a sample of this
isotope falls to 1/ 16 of its original value?
Ans : 2400 years
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Alpha decay

When a nucleus emits alpha particle, the atomic number decreases by 2 units and it
mass number decreases by 4 units. And huge amount of energy is released.

Example 1:
alpha decay
*iPu 52U
240 236 4

—

a-particle =3iHe

23 226 , 4
Example 2:
9:;21;7"%’ 85;'+?21Fj!é2.p ‘9'1¢;rs1),
Q

"ISO 238 234 4 > (1/@6
,\q‘,b nU—>Ih+,He+ € /\ng?’gy /\qr/b
KNy g KNy
qq?’ Eﬁtﬂ dﬁﬁ@lgus emits a beta particle mass number does not change but the Q)‘{,b
X atomic number increases by 1. And Fuge amount of energy will be released. « X
S S N
\l:bé(\ Example 1: \gfo \l_‘b%
,00 ,00 ,bO
& o & &
550CS /
137 137 137
@ ge Ba Cg —p» Ba +% + Energy
55 56 -1
\ng(g" 'I'F)
beta-particle Z/ .
(electron) On
14 14 0, &+
Exggggle 2: 6 C—) 7N+_1e energy
O Pb—’%Bi+ e + energy
Q Q Q
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> el el
Y AV AV
= ™ >
Q Q Q
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Nuclear fission

Nuclear fission is the splitting of a heavy nucleus into two lighter nuclei, when the
nucleus of an atom is bombarded with a neutron.

VS

V 4 Nuckar\\

collision

& -

The energy of the neutron causes the target nucleus to split into two (or more) nuclei

that are lighter than the parent nucleus, releasing a large amount of energy during
the process.

* A neutron hitting a uranium-235 nucleus, causing it to split producing strontium-
90, xenon-143 and three neutrons + energy.

12 | Page

Q
(99
s g €8 +on—>”3Xe+33Sr +3 n+ %b%'gy
o_,q/

X

Use of nuclear fission \(\‘\\

Electricity can be generateb@rom the energy released by fission reactions. A nuclear \lib

power station consists p nuclear reactor and a generator. >

— HOtgas steam Turbine  Coils and magnet
Boron control |
rods

BN

Graphite core

Uranium rod Cold gas

\\Pump
Pump Water “Heat

Concrete shield exchanger
\ —— . " )
Nuclear reactor Generator \/_
Nuclear -
Nuclear energy | "1™ ~| Heat energy Heat energy of
i —_
of uranium T - Y oo
reactor —
turbine
Electrical / - ZLe:rhamcal
energy ay
Nuclear fusion

Nuclear fusion is the combining of two lighter, Qlei to form a heavier nucleus,
releasing a vast amount of energy during t ocess.

Qb/‘\
Nuclear fusion is believed to be tg:i{ﬁess by which energy is released by the Sun.
When two hydrogen-2 nuclei movi t high speeds collide, they can join together to
produce heavier nucleus. A lar, ount of energy is released.
A hydrogen bomb uses the pngs\iple of nuclear fusion for its design.
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Carbon dating

Radioactive substances decay at a rate we can determine, we can use them to discover

how old objects and animals are. The best-known example of this is radiocarbon
dating.

All living things contain carbon. Plant gets this from atmospheric carbon-dioxide, which
they use in photosynthesis. Plant-eating animals get it from the plants they eat to byild
their bodies. Meat eating animals get it from their prey. Most carbon is carbon - 12 ({C ),

which is not radioactive. A tiny fraction is radioactive carbon — 14 ( "c ), with a hali-life of
5370 years. (It emits beta radiation) 2

The idea of radiocarbon dating is this. When a living organism dies, the carbon - 14 in
its body decays. As time passes, the amount remaining decreases. If we can measure
the amount remaining, we can work out when the organism was alive.

There are two ways to measure the amount of carbon — 14 present in an object.

By measuring the activity of the sample using a detector such as a Geiger
counter.

By counting the number of carbon - 14 atoms using a mass spectrometer.
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