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Nuclear Physics ...... B
; chapter students will bc able to: -;L:, - f N

o(”' h

t an element can exist in various isotopic forms each with a
nber of neutrons.

umfied mass scale, mass defect and calculatsbmdmg

stein’s equation.
e variation of binding energy per nucleon v
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of nuclear fission and fusion. I "

he key features and components of the standard model of matter
adrons, leptons and quarks.
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by reviewing a few fundamental facts that are

y har. The nucleus is made up neutrons and protons, two
are about 1840 times more massive than electrons. They are

tively as nucleons Fig 20.1(a).

" protons in a nucleus
) its atomic number z, -

number of nucleons A | k. o NEUTRON =

- closest to its mass
ce the number of
—Z. Thus the nucleus |
' a sodium atom which

number 11 and mass I.
contains 11 protons and | .
NUCLEUS  ELECTRONS
atively light nucleus; a

Figupe 20.1(a): atomic nucleus
7 nucleus ,,U**, which

PROTON

I |

%entams 92 protons and 143 neutrons. The mass of the nucleus is
1 to the mass of the atom; in kilograms it is the atomic weight

ac .snumber 603><10“

_ clﬁment X its nuch

(Chas Z=6and A=12.




on, I_H";IH" and 1Ha‘arc three isotopes of hydrogpn

‘number of electrons in an uncharged atom is e
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Figure 20.l(b): mass spectrograph




. b b v ‘1'*
. _ .themassmofthemnlfquandVareknmwe
 in the form.

g/ m ...(20.4)

on shows that if v, B
d g to be constant, r depends
on the mass m of the ion.
ians of different masses
will strike the photographic
“plate at different places, so,
therefore, different isotopes
~ can be separated from one
~ another.

ass Spectrometry
‘he Drug Discovery

4 Nuclear Masses ﬁ

It is known that a kilogram- mole of any element should
_"’_s number of atoms: 6.023x10* atoms/ kg mole. Thus the mass
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Since leV =1.60x10"] "
4 1.49%x107"
1.60x10™"
1u=931x10°€eV =931 MeV

eV=9.31x10%V

lectron, proton and neutron on u —scale are

m, =9.109x10~" kg=5.485x10"*u=0.51 MeV
m, =1.673x10™ kg =1.007u=937 MeV
m, =1.675x10 " kg =1.008u=938 MeV

. efect and binding energy l

~ Why should a large unstable nucleus release energy when it
ioactive change takes place? The potential energy of a system
e position of the particles in the system, relative to each other. A
ne in which the potential energy of the system is at its lowest.
ystem becomes more stable, it changes to a state of lower
he protons and the neutrons in a nucleus are held together by a
ﬂaat prevents the protms pushing away from one anoﬂm. L



The binding energy of the nucleus ¢
ct using Einstein’s famous equation £ =me?

nergy = mass defect xc* ...(20.5)

es are usually expressed in atomic mass unit (u).
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he number of protons in the nucleus,

A = The number of neutrons and protons,

So A-Z is the number of neutrons in nucleus.




o

ito the effects of x-rays on uranium

nergy per nucleons is increased when light miﬁ':é :
B 4 2 hen o2U nucleus undergoes fission, the two fragmep
' eagh comprise about half the number of nucleons. Therefore the
rgy per nucleon increases from about 7.5 MeV per nucleon for

o about 8.8 MeV. per nucleon for the fragments.

théijbinding energy per nucleon increases by about 1 MeV for every
NuC which-means that the energy released from the fission of a single
,'; fissionable- nucleus is about 200 MeV. The mass of a ,,U**® nucleus is

‘about 4x10*kg.

oactivity [

was discovered
ally in Paris by Henry Becquerel
) when he was conducting research

s. He had discovered that
~ substances exposed to
w and continued to glow when
machine was switched off.

know if the reverse effect

ely emission of X-rays




e was described as “radioactive” because it did-
energy to make it emit radiations and was there
ed his research on X -rays and passed the investigation of radio
research student, Marie Curie. Within two years, Marie curie and
: had discovered other substances which are radioactive, .
new elements, radium and polonium. Becquerel and the curies were

e noble prize in physics for their discoveries 1903.

Two Neulions
Ragauon

i Twe Protons and " 4
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Radiabion
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"tom X dismtegratés by OL— emis
the mass number reduces by 4 units. ]

X YAt +, He* +Q
. >

_-dlsmtegratlon enerdy. Which is always positive, as ¢
‘The decay product Y#~*is called the daughter nu

in unstable and undergo further dlsmtegratlon tlll
examples of o decay.

U —— o T +, He' +Q

P Razzé. S Rn** +2: He" + Q




lly to its ground state by emitting one or more -
ss photons, their emission will cause no change
The y—decay process is written as follows.

*
X —(,X") —z X +y

-.-st_ate. of the nucleus.




If -life of a radioactive isotope is the time taken for half the number
of the isotope to disintegrate. Suppose 10000 atoms of a certain
> isotope “X™” are present initially. The number of atoms decreases.
“From 10000 to 5000 after first half life, then
“Frqm 5000 to 2500 second @ further halflife, then

~ From 2500 to 1250 third a further halflife, etc.




18, ANis negative. The value of A for any
h that isotope will decay. |
__ / rate, or activity R, of a sample is defined as the m

. -(_20.8]

large value of ) decay at a rapid rate
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logarithm of both sides and note that Ine =1. We find that

In2=AT¥%

= T}/_——fzz

TE=222 - (20.10)

etween the decay constant A and the half-life T. E l




=5.0x10" s

0.693

T e é:1.4x10"“ s’
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tion of Radiation with Matter

~ Interaction of o particles with matter 5

particle travels a small distance in a medium before coming to
distance is called the range of the particle. As the. particle
throu gh a solid, liquid or gas, it loses energy due to excitation and
1 of atoms and molecules in the matter. The ionization may due
C colhsnons or through electrostatic attractzun. Iomzatxon is




the effectwe depth of penetration into the mcdmm not by
1 of erratic path. If the density of the material is more through
e particle moves, the shorter will be its range. o and B - particles
; nergy as X-rays photons when they are slow down by the
of the charged particles in a solid material.

of gamma rays with matter I

e ’Photons of y-rays, being uncharged, cause very little

i'Photons are removed from a beam by either scattering or
the medium. They interact with matter in three distinct
inly on their energy.

(less than about 0.5 MeV), the dominant process
ns from a beam is the photoelectric effect.

-—
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> substance like zinc sulphide, sodium iod;
screens. o
perty of absorbing radiant energy of high

neutrons with matter I

1g neutral particles, are extremely penetrating particles. To

or slowed, a neutron must undergo a direct collision w1th a
some other particles that has mass comparable to that of
such as water or plastic, which contain more low mass

t volume are used to stop neutrons. Neutrons a







This creates a pulse of current -
C counter. In a typical device, the d

sible to change the structure of nuclei by bombarding them
es. Such collisions, which change the identity or properties
are called nuclear reactions.

a nucleus “X”

is bombarded with some light particle g 3

> place, the product nucleus “¥” and a light particle “b”
Il be represented by the equation. ;

X+a——>Y+b

for 1 was the first to observe nuclear




at; bn it is known that the conservation of

Te

rmmple but is a part.of a mo




S ——
sses before m; fter (
=18.005677 - 18.006958
=-0.001281u
Q=-0.001281x931
Q=-1.192MeV

‘ Knowing the fact that the emission of a B particle increases the
/ one, Fermi and his co-workers (1934) attempted to produce ﬂm

They bombarded uranium with neutrons and found %
ﬂlﬁ'erent half —hves were emitted. Therefore thcy




2d @ tdtﬁitically, it can be controlled and the
> of energy.

tted. In the reaction observed by Hahn that the
d 4, Kr* . Therefore, the reaction can be written as

83" +3,n'+Q --+(20.12)

: 61_1011 which can be calculated from the value of mst
he calculanon is given below

x " Final masses S I
B8a" =140.9139 u
. Kr* = 91,8973y




':"néuuons will increase rapxdly Thus, a i .
‘The fission would produce at an ever —i

= the whole of U would be transfonncd wﬁ,




' ﬁssmn cham reacuon is a cmtmw |
e P any of the several purposes to mduee N
pare radioiso topes, etc. The first reactor was |
I
|

ermi and his co —workers in 1942 in the USA. In
ranium are spread throughout a material, called

owing down the neutrons to thermal energies, so that they
r nuclei. When a thermal neutron strikes a uranium atom,

sess which results in the splitting of the uranium atom and

collision W1th the nuclei of the material and get
S| ‘thermahzed neutrons strike another piece of uranium and
‘I'hus, a cham reactmn is set up. Whenever this cham reaction

'S0 that the neutrons are absorbed and the rate of reaction
.8) shows the schematic diagram of a nuclear reactor.

Steam turbine

Sgcondary loop and electric generator

s

= Condenser (steam from turbine
o) is condensed by cold water)




and (v) radiation sﬁleldmg
_that can be ﬁssnoncd by thcrma.l Ilell&t;is

:-fucl cans are separated by the moderator. As menti ed
or is used to slow down the fast neutrons produced in thés
en thermal neutrons strike the nuclear fuel. The fast lra*,utrt:piug“'l
ns with the materials and come out with thermal energies to 1
s] can. The material of moderator (i) should be light, and (ii)
b neutrons. Usually, graphite and heavy water (water contammg ;
1 of hydrogen) are used as moderators.

t:ham reaction, once started, can liberate an enormous amount of
go out of hand and this can even blow up the reactor. To avoid
aa_nd to regulate the power level of the reactor, control rods are
m | rods can be inserted into or drawn out of the reactor fuel m
aterial that absorbs neutrons, €. g. cadmium, boron or hafmum

ol rods are used. If these rods are drawn out, the acnvﬂy of

i if they are inserted into the fuel core, the aeﬁv:ty

se the neutrons are absorbed by the rm’k it ”'~i¢_ )




! ._ erma]- cnergles *to produce further ﬁ-sstéﬁ,_ he

renriched uranium as fuel. Enriched uranium cont
an natural uranium does. There are several designs of
water reactor (PWR), are most widely used reactors in
reactor, the water is prevented from boiling, being k@t

his hot water is used to boil another circuit of water which ]
bine rotation of electricity generators, ,

macter are df:.mgned to make use of _,U*® which is abom P
Iu _amum Each .. U~ nucleus absorbed a fast neutron aﬁd |

i 1 239 0

U™ 1.0 =l 08
Mm 39 0
23'Yp s 94’;:12 +—1B

S oned by fast neutrons, hence, moderator is not needed in
of fast reactors consists of a mixture of plutonium and

urrounded by a blanket of U?* Neutrons that escape from the
1 the blanket, producing there by o P?®. Thus more

y and natural llram_um is used more effectively.




h fusion power plant have not get been developed, a great
under way to harness the energy from fusion reactions in the

exothermic reaction in stars, including our own sun — and
nearly all of the energy in the universe — is the fusion of
» helium nucleus. This can take place under stellar conditions

s of processes. In one of them, the proton —proton cycle,
protons result in the formation of heavier nuclei whose
eld helium nuclei. The other, the carbon cycle, in a series of
on nuclei absorbed a succession of protons until they
ha particles to become carbon nuclei once more.

in the proton — 2




on of an alpha particle and two posil
247 MeV; the initial ,C'?acts as a ¢

-
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er tube is used in any experiment, it r

ation. Tt is partly due to cosmic radiation which
d partly from naturally occurring radioactive substz
e cosmic radiation consists of high energy charged pa
i¢ radiation. The atmosphere acts as a shield to absorb some'of
well as ultraviolet rays. In recent past, the depletion of ozone
mosphere has been detected which particularly filter ultraviolet
s. This may result in increased eye and skin diseases. The
layer is suspected to be caused due to excessive release of
the atmosphere such as chlorofluorocarbons (CFC) used in
sol spray and plastic foam industry. Its use is now being
onmentally friendly chemicals. Many building materials contain
radioactive isotopes, (radon) radioactive carbon gas enters
ground. It gets trapped inside the building which makes
higher from radon inside than outside. A good ventilation

el inside the building. All types of food also contain a little




0 lwmg organism is primarily
e basic unit of life. Its normal ne
of interaction with the ionizing radi
death of individual cells, or produce.

geuer-a]]y of two types. Somatic and genetic. Somatic
dual directly.. Skin burns, loss of hair, drop in the white
1 of cancer are example of somatic effects. The genetic

nes and may cause mutations. Even very low xad;atwn

ctive organ of the body are potentially ¢
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Fig 20. 10 :the Co®™ source of y-radiation is
rotated around the patient. ;

thyroid is treated with I'’' radioisotope. Sometimes
dioisotopes are planted close to the tumor and can be
A K +




cal application is that a salt contamm'
, in the leg. The time at which the
dy is detected with the radiation ¢

tcchmque is also useful in agricultural
ermine the best method of fertilizing a plant. A c

such as nitrogen, can be tagged with one
fertilizer is then sprayed on one group of :
econd group, and raked into soil for a third. A Geiger

] m:']
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ly abou "a'“ume that of the strong force.
ik 't elgnehc forces are two manif

_. AL
fome is a long —range force that has a strength 9{ %

1Ly

of strong force. Although this familiar interaction is tﬁ@"—' ‘

A

( lants, stars, and galaxies together, its effect on elementary
ible. rThus the gravitational force is the weakest of a].l the

1Y

sics, one often describes the interaction between particles in
ange of field particles or quanta. In the case of the familiar
interaction, the field particles are photons. In the language of
' one can say that the electromagnetic force is mediated by

M' the quanta of the electrometric field. Likewise, the strong

y field particle called gluons, the weak force is mediated by
and z bosons, and the gravitational force is mediated by

__qnal field called gravitons.




. Protons and neutrons are included
ticles with the exception of the pro
e end products include a proton.

4

‘a group of particles that participate i







efect. The missing mass is converted to energy in the
ucleus and is called binding energy.







" 1.2 i-d w1
nucleus A is 7.7 MeV and that for nucleus

s the larger mass?

'b. Nucleus B
A\ d. None of these
there in the nuclide Zn® 7

i b. 30
d. 66




b. De—excitation of nucleus
4. Excitation of nucleus

b.m”
ds’
following basic forces is able to provide an anmctlon

PAEEl LIS

b. Electrostatic and gravitational

and strong nuclear d. Only nuclear force




0 years.
 remains after 4800 years?

more year ago, why is there any radium left now?
er plants use nuclear fission reactions to generate steam to run

1 to atomic number of a nucleus that emits y-rays photons?
to its mass?

atonuc number and mass number of a nucleus that
(b) undergoes electron capture? (c) emits an a-

r in the decay of thorium ¢, Th>”® mto oPb?2 1
| o o oW AR




sive note on nuclear fission. _
ear reactor? Give the principle, construction, working and'
ypical nuclear reactor.

t by nuclear fusion? Discuss how can energy be released in
eess? Illustrate with examples.

radiation detector? Explain the principle and working of GM
r and solid state detector.

technique and use of radio isotopes in the different fields of

e hannflﬂ effects of radiations? What measures can be adopted to
us from the nuclear hazards.
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lin the fusion reaction. H + H —,He

5é [175’“
nuclear reactions.

i

14 -~
N +, He* =, H‘-l*“?‘}'_rl,llr '
11 i '-'.‘“f’l 3

B+ H - C +2 58
5 8 &




[5.32x10% Mey] |

sed in the following fission reaction.

218 - 92 141 I
ot ¥ U™ = Kr™ + yBa ™ +3,n +0

2 3 1
released in the fusion reaction. H + H - ,He' +n

[17.6 MeV]
following nuclear reactions.

14
N +, He* —3 H +?

1" 1 -
B+ H > BC +2

ual to 22. 3 MeV. Knowing masses 0
mass of ]ithium_ isotope of Sl,,ia;

alternd
Ammi
Amp¢
Altert

Cereb
Cond!
atom |
Conwvi
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Curre
Direc!
Dysfu
Dyna
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Dyna
Dyna

Extra
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Elect
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energy, an.AC genem NEE
colorless bodflv ﬁuld found in

the funchon of an organ or part.
A dynamo or generator
1e throat what has been eaten.

the Greek word dynamis, which m
ing to the conversion by induction of




. currents (¢

current cycle.
s absorbed or emitted by a su

inside the limits of the earth.
overlapping AC cycles offset by 1
up) or lower (step down) a volt
ceives blood from an atrium and pu
. chambers that are connected by he
led ventricles.
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sctrum of mercury with diffraction grating and ¥, e
ine the wavelength of several different __'f'_'_"" e
onclusion about the width of visible spectru
e 00 dice, simulate the radioactive decay >t ouel
asure the simulated half life of the nuclei. '
ics curve of a Geiger Muller tube.
background radiation in your surro
4 show the detection of alpha part
ermine the count rate using scal

ical alongwith exercises : \
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