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the form 7X* protons, neutrons and nuc1cons it contam for the specifieation of nuclcus
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& Explain that an el '
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# Define the term mass scale, V
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& - Ilustrate gra phzcdly the variatic ad - |
iation of binding enerpy per nucleon with the mass number,
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of binding encrgy per micicon 16 nuciear fusion and to nuclear fission.
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&  Describe that an element may change into another element when radioactivity ocours.

¢  ldentify the spontancous and random nature of nuclear decay.

0.693
A

—
o=

&  Describe the term half-life and solve probicms using the equation T}4

&  Determine the release of energy from different nuclear reactions.

‘& Explain that atomic number and mass number conserve in nuclear reactions.

% escri ' onservation in simple reactions and in radioactive deca
&  Describe energy an mass € p y.

s  Describe the phenom

< Describe t the function of va

e the interaction of nucle
use of Geiger Muller counter and sohd state dctcctors to detect the radiations.

ena of nuclear fission and fusion.
arious components of 2 nuclear reactor.

s Describ ar radiation with matter.
L)

&  Describe the
<  Describe ¢ basi

Describe the key feature
and quarks.

s forces of nature. LT
s and components of the standard model of matter including hadrons, leptons
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For your Information
The goals of Nucléar Physics is to

discover, explore, and
tand all forms of nuclear matter. Every star shines
unclersse of the energy provided by nyuciag reactions
tt;:i:au place inside it. It is also nuciag, reactions that
dﬁvgg e spegacular stellar o i
supemovas. Which create nearly gy o the chemical
elements. A SUPETNOVA, which create Nearly all of the
chemical elements. A SUPeMOova is the explosion of a
star. In"an instant, a star with many times the mass of
our Sun can detonate with the i

billion suns.

% ,vaJ
b S AR .5 O

———
e

—

Q.1 Explain the structyre of the nucleys.

j
Atomic Nucleus _
Atomic Nucleus

sitive ¢harge of the atom and $9.9%
ater than the radivs of the nucleus.
Proton has a positive
" mass of proton is cqual to 1.6
Neutron

charge. It is ¢
73 x 107 kg

1 ? % tha ~ - T e — -
1s equal in'magniteds 1o the charge on 2n electron and

cutron is equal t01.675 x 10"
1T . The charge on the pr

electrically neutral, therefore
nucleus is equal 10 the number of electr

kg

oton is positive, while th

N ; 0 a2 of an electron is.

We conclude that the pumber of protons insidz the

ons outside the nuéleys. . ' - ——

Unified Mass Scale .
Mass of atomic particles is generally expressed by using unified mass scale

- . 1 -
By definition 1u is exactly 12th of the:mass of carbon atom (6:

lu=1.6606 x 10" kg
On this scale
m, = 1.007276 u
m, = 1.008665 u
C

Charge Number or Atomic Number (2)

The number of protons inside a nucleus is called charge number or atomic number.
It is denoted by Z.

Neutron Number (N)

i \h..“-—_
(v) instead of Kilogram,

' F = B N . X, ]
The number of neutrons inside a given nucleus is called neutrdn n

T T g e
It is denoted by N.
Mass Number (A)

- v

The total number of protons and neutrons in a nucleus is called mass number. It ts denoted bj;' A

e Mass _ (Number of +(Number of)
" | Nomber Protons } | Neutrons

(%3 CamScanner
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Thus A=N+Z . |
or . N=A-2Z . 1
Now we consider different elements of the periodic table. |
- Hydrogen . R |

Hydrogen is the simplest of all the atoms. Its nucleus has only on¢ proton. S0, Z =

So, Hydrogen is represented by symbol :H .

Thus the nucleus of “;,Na®, a sodium atom which has atomic number
11 and mass number 23, contains 11 protons and 12 neutrons. (> has Z=6
and A=12.
Uranium:

Its charge number Z =92

Its mass number A =235

. So, neutron number N=A-Z
N =235-92=143
So, Uranium is represented by & U -~

Or in'gcneral, any element can be represented by QX

Note: Nucleus

Atomic nucleus

() In light elements such as H, He, N, C, O the number of

neutrons is same as that of number of protons.
(i)  Inheavy elements such as U, Pb (lead) neutron number is greater than the number of protons.

| - The nucleus is made up neutrons and protons, two particies which are about 1840 times more massive thay
electrons. They are spoken of collectively as nucleons Fig 20.1(a). o
> The mass of the nucleus is very nearly equal to the mass of the atom; in kilograms it is the atomic weight dividad

by Avogadro’s number, 6.03 x 10%, '
> The nucleus was first discovered in 1911 in experiment eonducted by lord Rutherford and his students Geiger and

Marsden on scattering of alpha particles by atom. He found that the scatiering patiern could be explained of atom:
consist of a small nucleus, deviation indicate that the nuclear size in of the order of 107" m.

» The mass of nucleus is of the order of 1077 kg,

> In nucleus, protons and neutrons are collectively called as nucleons.

Q.2 Define and explain Isotopes.

iSotopes]

Isotopes are nuclei of the same element having the same charge number (Z) but different mass number (A).
For example, natural uranium mostly consists of the isotopes 5;U™* and a small proportion of the isotopes U™, Both
types of atoms are uranium atoms, each nucleus containing 92 protons. However the isoto;')e o;U* contains three more
neutrons than the isotope U™,

Others examples are (C''; ¢C'’; ¢C"; and (C'* are four isotopes of carbon,

H'; H? and ,H’ are three isotopes of hydrogen etc.

Note that the number of electrons in an atom is equal to the number of protons in the nuclc;us.

[ The chemical properties of an element are the same for all the isotopes of the element.
d = This is because chemical reactiqns are determined by the electrons in an atom.
Atoms of the same element undergoes the same chemical reactions because each atom has the same clectro?
arrangement even if the atoms are different isotopes of the same elements. _
- ' ;‘___,,v-....w-.‘a.-;;or.‘. = :--«_-.- ¥ T A, T Y A_/
MCQ’s From Past Board:Papers
1. The value of 1 umass = . Fodﬂ‘" 2011)
(A) 633 MeV : (B) 832 Me'/ (C) 933 MeV (D) 831 MeV (
2. Both Xenon and cesium have .
A) 33 isotopes (B) 34 isolopes (C) 35 isotopes i
3 \Sw)lich of following has no change? pe ' (D) 36 isotopes
(A) o-rays (B) p-rays (C) y-rays (D) Cathode rays ="

CamScanner
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— X1I (Subjective) : 385.
B ' DERAL PHYSIGS
© Scholar's FE

Ny occurring disintegration involving the emission
A naturs

of high energy electrons is called: '
_(B) Beta Decay ' (C) Gamma Decay (D) Alpha Decay
By emitting § — particle and y — Particle simultanecusiy the nucleus changes its charge by:
y osses by 1 (B) Increases by 1 . (C) Increases by 2 (D) change will be observed
6 :_:’. of B — particie is equal to mags of:
L% = " - (B) Electron -
| roton :
E :A): ys emitted from radioactive element have speag: () Netron © Bc_;ron_
. = -1 () . .
'A) 1 x 10? ms (B) 1 x 10 msd & 8 -1 " \d -1
" w1 gher energie. more than 1.02 Mey e dominant proe (C:)'::.x 10° ms | (D)4 x8°ms
(A) Photo electric effect (B) Compton effaey (C) Pair producti (D) Nuclear fission
S. Mass spectrograph is used for ldenﬁﬂcauon of: preduction ( .
(A) Mass number (B) Atomic numpber (©) Isot D) Isoba
10.  Neutron was discovered in 193, by: ) lsotopes (D) Isobars
(A) Bohr (B) Chagwi I A . : .
11.  Thelsotope 4H' containg: (8) Chadwick _ (C) Dirac , . (D) Fermi
A) One neutron - _
12 '(rho number of protong | an :?g';v::en:m:: lto (©) Three neutrons -7 O NoffuRe
(A) Electrons , ’ equal to number of: PRI )
13. The ",f,"“’ of atom Is of the m(.d)e:q :gt.rons _ (C) Positron (D) Mesons
- (A107m (B) 107°m © 10 b 0y
.“' s . nucleus emits 3 B~ particle, the Proton - neutron ratio :
5. Kucllof an e ) increases (C) decreases (D) equais'1
‘ (A) Isobars aving 8(38")‘7 charge number but different mase number are callea: :
: - S t -
16. Materials can be Identified by me.-.:u?-ip:; their (C) Mass numbers (D) Atomic numbers
(R) Mass  (B)Haflfe . | : o e
C) B >
17. The number of protong in any atom are always equal to ﬂw(ril).un%?r%f? Riipneicti; b', © -
(A) Neutrons g (B) Electrong . (C) Positrons : (D) Mesons -
18. The number of neutrong in Uare '
| A3 287 (C)4 - D)2 .
8. - The number of Neutrong In oY Is:-
(A) 92 (B) 238 C) 146 “ " (D) 330
20. Humber of lsotopes of Neon gas are:- © ©) g}
(A) 2 (B) 3 C) 4 ©) 1 °
21. Mass of proton Is )

(A) 1.67 x 107 kg (B) 1.67 x 10-"°g

(©)1.67x 10> kg (©) 9.1 x 10~ kg

a. The number of neutrons In the nucleus is:
AN=A-Z B)N=A+Z ©N=23Z © N=BZZ |

3, As mass number Increases, which of the following does not change? ’ {Federal 2017)
(A) Mass (B) Volume (C) Density (D) Binding energy

Answers Koyl

1.D 2.D 3.C 4.B 5.B 6.B 7.C 8.C 9.C

10.8 |11.A |12.A

3.8 |14.8 |15.8 [|16.B |17.B |18.Cc |19.c |20.B 21.A |22.A |23.c
Y i inei ss spectrograph, E
Q3 Describe pringiple, construction and working of mass sp grap (Fedsral 2016)

' : clement can be separated from one another but
- . f which not only the isotopes of any ¢l e : but
alsts::i ‘(’:a‘;"xl’gg l\)"'e“(;‘c:z;;;ilf doqu\i\t,c accurately. A mass spectrograph is based upon the principle that a beam of ions

teir m . o e i
"¥ing through electric and magnetic fields suffers a deflection that depends upon the charge an‘dma:sen of ttho ions, -
H . f various masses are deflected differently. A spectrometer separates a mixture of jons into a spestrum
ence ions of various § - .
\ . . - - 0 . .
::Oms havmg different mass.cs. hown in (fig 20.1b). The atoms or molecules of the elements under investigation, in
. Sim - is sho :
. Wple mass-spectrograph ?

ionizati ¢ electron is removed from the particles, leaving
tonized i | BoAsiioRiios S A, ntial difference V
Vi Uar form, ' |om?:d " T: lto}:jcsg:gt‘i:vc ions, escaping the slit S, are »&ccelenjated through a pote
et positive charge +e. .

CamScanner


https://v3.camscanner.com/user/download

6. ..

—

Unit 20 [Nuclear Physics] -

applied bclwcc'n two slits 8jand S,. .
The ion passes through slit S2 in the form of a narr

giverrby
: K-E =Vq
1 2
or —mv: =V
3 q
or mvl  =2Vq
2 2Vq
v T
m
Y e Z—V—q‘ cenes u( l)
m

The ioris are then subjected to a perpendicular and uniform magnetic
field B in a vacuum chamber, where they are deflected in scmi-circglqr paths
towards a detector. The detector records the number of ions arriving per
second. The centripetal force applied by magnetic fields is given by

Magnetic Force = Centripetal Force

F..= Fc
1
A%
r
my
qB T e—
r N
ST LA Q)

v
Putting the value of ‘v’ from cquation (1) in (2) we get

z_q_ﬂr
m
m
Squaring both sides, we get
3 _ QIBJI'I
m =T
m
N 22,2
m* =1 =
2‘,q =]
_(ar) o :
m (IV B [/Q-3)

We can therefore, compute the mass m of the ion if r, B, q and V are
known.
We can also write{Eq.3) in the form =?T'? -,

Taking square root of both sides

- ZVm
r B 3

oo (4)

This relation shows that if V, B and q to be constant, r depends upon the mass m of the ion. Thus jons of different
fferent isotopes can be separated from on¢

masses will strike the photographic plate at different places, so, therefore, di
another.

ow beam. The K.E of single charged ion at the slit Sz will be

]
]
)
LS
° : o[ ]
+ " |
L E Pl
+= :j“
+ +—>1 1
e | ©
+ ; 1
+.E:B:l
Photographic e g,
Plate T, U
% S
° 17 e )

-

£t s

Modemn Mass Spectromatry instruments are
usad in the Drug Discovary and Development
process. . ‘

J—

Q4 What ars nuclear masses? Explain

NuclearMasses

““It is known that a kilogram-mole of any element should contain Avogadro’s number of atoms: 6.023 x 10°
atoms/kg mole. Thus the mass of an atom or a nucleus is of the order of 107? kg. Since it is a small (:‘T,;bﬂ therefore,
atomic and nuciear masses are expressed in term of unified (U) mass scale. The unified mass scale is a scal:: based on
assigning & mass exaclly 12  rest mass of an atom of C". On this scale one, mass unit, called an atomic mass unit of

-}
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energy equivalence relation.

p— ol s . 2
: ke dh“ofﬂl.mmtc » All other
;:"‘*.q:;é“u'bﬂnmm is%dqfo%;

Mhmm-u-ﬁu
Mass of 6.23 x 107 atoms of ¢'* = 12kg |

' 12
‘Mass of 1 atom of C? -—_026.023 <1 kg = 1.660 x lO‘”vkg
It is often convenient, in nuclear

E = me
lu = (1.660 x 19~
, = 149x 1010
Since eV = 1.60 x 1019 §
: 1.49 x 10-10 . i &

M= 931X 10°eV = 031 Moy
The masses of electron, proton an
mMe = 9,109 x 19~3! kg=5.485x10“u=0.51 MeV

mp, = 1.673 x 10~

=1.007u=937 Mey - _
WQ  m, = 1678, 10 kg = 1.008u = 933 Mev

Physics to expregs Certain masses in enérgy unit. According to Einstein mass- -
2

k)3 x 10t ms"2y2 |

Iu =

d neutron On u-scale are-

So

vvwyy

Z = The number of protons in t
A =The number of neutrons

is denoted by Am and is given by the relation. :
he nucleus, ‘ - ’ y
and protons, -

-
: .8 n . g
A=Zis the number of neutrons in nucleys.

1. The mass defect (in atomic m

- -~ - ‘-
ass unit) of the nucleus, : 3
p—

Am = Zm,,+(A—Z)m.,—M(m

pushing away from one another. To separate the protons and neutrons
done on them to overcome the strong nuclear force.

Binding Energy (B.E.)
Definition

B.E,),
ey

¥ the

3

i ass defect Am is convcncd'iﬁto energy during the formation of the nucleus and is called
The missing mass i.c., m ‘ |
mding energy (B.E.). ’ of a nucleus, the greater the work that would be needed to separate the neutrons
The greater the binding energy ‘

i i Each, OtHoe te neutrons and protons.

protons in the nucleus t:rol ss than the mass of the same _numbcr of mmxons :nd (W0 neutrons s 8% less than the
The mass of a nuclsus lz fca helium nucleus which consists of two p _ ‘
For example, the mass ; .

CamScanner
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5“ -7.'- e .-" - .l . e '_ i 2 o am "."‘ ’”‘ 3 [0 .“ e ‘
ated from each other. Thisdlﬁ'mehcdbdﬁemm

“‘-mmmmb ing nuclﬂuwfamed.mmma‘
can be calculated from the mass defect usmg Einstein’s famous equatlonE-mc : : Hoes

Binding energy = mass defect x c’ ... (2)
Nuclear masses are usually cxpmsed in atomic mess unit f")

2. The binding energy E., (inMeV) = in MeV) =1 x Am

3. Thebinding energy per nucleon =§h (Packng fraction) -,

4. The binding cnergy per nucleon of & nucleus is the bmdmg cnergy ofa nucleus deed by the number of nuclepn
‘ (i.=. protons and neutrons) in the nucleus.
5. This quantity is a measure of the stability of a nucleus. It can be casi

‘mass M by following the steps below: v g
6. A graph of binding energy per nucleon number A is shown in fig 20.2 R°m°mb“ thal E'“ m § bmdmg e

per nucleon of a nucleus is, the more stable the nucleus is the graph shOWS that

ily calculated for any nuicleus 2X* of ko

V4 ' | r—:z;guiouc;ofgraatest
10 : , ¢
9 = | T
> sl -
. i £
3 :
BV | &
o N 2
= Ig .
Sl \g)_-‘; ‘ &5
J\r {9 A g
O S |8
- ~ g
® g\’”.b 23
°7Q‘ | @
AT 'zi
1
0

l LRV NS R . ¥ i .
0-20'406080100120140160180200220240
‘ ' ‘ #ass number, A
" BindIng energy curve . -

When & U™ nuclcus undcrgoes fission, the two fragment nuclei each comprise about half the numbcr of nucleom.
Therefore the binding energy per nucleon increases from about 7.5 MeV per nucleon for 92U to about 8.8 McV pery
nucleon for the fragments. A
Thus the bmdmg energy per nucleon increases by about 1 MeV for every nucleon which means that the energy &
mleased from the fission of a single fissionable nucleus is about 200 MeV. The mass of a ,UP* nucléus is sbout § l

% x 107 %kg
P Tacders wsieda tasrass T R ana 2ronp.

Note:
P The binding energy per nucleon is mmmum for iron. So iron is the most stable of all the elements.

P - Mass defect of |H is zero and its binding energy is also zero.

: Onumuluqualto - I Y B Ly o Ay &m0
(A) 831 MeV '(8)9.31 MoV . (C)93.1 MeV - (D)0.931 MeV
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o B mmmhmm : *
. R man () 2.28 Mlev

: ,1x,mmuMMmEmm ; X :"
4. ?:‘l‘lO’J (B)Bu 10”.’ (C)Oxio“J m,gtio.'a o
; ** Kg Is equivalent to the energy of : .
= msb:‘::-., ' Bri kil g ©9x 10" " @9x10%4
ing energy per nuc Is maximum for- T

- |0nA"Tze Jsc l«p 58 )
© You understand by, radloactlvity?

= Give an account of three f radiations Lo, o, B -
- SMitted from radioactive substances. . . - types of ra ;
Radloactivjty - . - ——— »
adioactivity | P S Vg

¢ called radioactiy lements and o 35 s
ndioactivity, ae : © . clemd the process i3 cajleg
Ths radiations emitted. by radioactive cka ;
: ; ' are of thres ¢
{sa,Bandy, - . YPS nameq

‘ Radioactivity is a purely nuclcar‘ph:nomc'nOﬁQ It is n
{physical or chemical reaction. =

Ot affected by
Radioactivity does not '

depend upon physical siate of the icactive

1q;terial such as temperature, prégaurc, density e!c* the N‘ %
\Discovery y T o
" Radioactivity wag discovered by Henry Becquere} in 1885, H '

£ 48 . . - He found
$at an ore containmg-Umn:um (Z = 92) emits an ‘invisible ra;ialion which -
; P,nmtcs through a black paper Wwrapping a photog,mpl:ic plate, and affects the
plate.” - . y : o
£ Afier Beequerel's discovery Marie Curie nnd Pierrs Carie di.;scovcwd

- “monew radioactive elements Polealum and Radinp. '
Becquerel and the

curies were' awarded the nobie prize in physics for
their discoveries 1903, ' : | :

‘Explanation ¢
! The radioactive material s placed et the center of g block' of lead by
#illing a hole in the block. '

m&ldioactivc radiations enter a vacuum chamber after emerging out of this h

i . .

M }hugcd plates )

o1 From this experiment we conclude that: :

W:“ All radiations from radioactive material are not alike (same), ' ‘
§ﬁ) The radiations bending towards the -ve plate are positively charged particles; called a-particles,’
;(?il) The radiations bending towards the +ve plate are negatively charged particles; called B-particles.
™ The radiations that go straight withoat bending have no charge on them,

These are called Y-rays,
\Larticles:

They are helium nuclei. Each a-particle has 2-protons and 2-ncu@ns.
charge number 2= 2
mass number A=4

. % Isensily stopped by cardboard or thin metal.
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b. Has a range in air of no more than a few centimeters.
‘¢ lonizes air molecules much more strongly than the other t0
They are fast moving clectrons (i.¢.,) coming out of nucleus.
charge number Z=-1
mass number A=0

a. Is stopped by 5 - 10 mm of metal.
b. Has a range in air of about Im. . :
¢ lonizes air molecules less strongly than a-particles.
y-Rays: g '

Like x-rays, y-rays are electromagnetic rays coming out
of nucleus. The wavelength of y-rays is much shorter-than the
X-rays. They have very high frequency. * |

a. Is-stopped only.by several cm of lead.

b. Hasan infinite range in air. -

_ ¢ Ionizes air molecules very weakly.

' ~
O pus.-}
N ") X f% &l‘x\
Paper  Aluminum Lead o —
Three forms of radladons withdifferent penetration power t ) >< h/ L V4 z. v

Alpha Emission ) < .

Whenever an atom zX* disintegrates by a-emission, its atomic number reduces by 2 and the mass number reduces
by 4 units. The disintegration reaction is, written as,

A —— Y4, He' 4 Q . '

Q is the disintegration energy. Which is always positive, as the process is spontaneous. The decay product Y™
is called the dsughter nucleus of the parent nucleus zX2. The a particle is often written as ,He'. The daughter nucleus may
also remain unstable and undergo further disintegration till it attains stability. Following are examples of a decay.

nU™ —— 5 TH™ + He'+Q : ‘
”R’m \ ) “an + 1HB‘ + Q
' The process of B emission involve no change in mass number A. It does, however, change the atomic number Z
by =1 or #1 depending upon whether the particle emitted is negative B particle (electron) or positive P-particle (positron).
Thus the P disintegration may lead to cither of the following disintegration.
X —— zgX* +p° + antineutrino + Q,
XA —— 2o 1XA 4 ,)B° + neutrino + Q,
As an example of negative § emission is the decay of thorium into protactinium:
ooTh? —— Pa™ +_,3° + antineutrino + Q) :
The prototype of 8 decay is the decay of heutron itself. The neutron, in free space, is unstable, decaying to proton
and electron with a half life of 12 minutes. -
on' — H'+_,8° + antineutrino

a8

A
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Wm

ost frequently the a; -
to & more ’“b'e);onﬂ.zlfr:ﬁt:::;e:n '53'0"\'“"0_3 the daughter nuclide in an exited state. Such a nuclide may go
ess photons, their emission wi) e, ventually 1o its ground state by emitting one or more y-rays. Since y-rays arc

;l{:,n as follows: S¢ no change either in A or Z of the parent nuclide. The y-decay process is

XA » A
z Atﬁi (XY — XM +y
Where (zX") represents an excited state of the nucleus.

iffspontaneous and Random Nuclear Decay

Wc. know tha't radioactive elements disintegrates and emit o B and y radiations
L B Thls.pl‘OCCSS is called transmutation by spontaneous dhh;tegndon. -
n this process cach of the nuclei of a radioactive sample has a probability of decay into a danghter nucleus.
The probability of decay of all nucle; Per unit time is the same and has a fixed value, characteristics of material.

»  The decay probability of one nucleus s quite independent of that of another nucleus. So in the natural

spontancous disintegration of a radioactiy i e .
: € material not all the atoms disintegrates at the same time. 8
different atoms decay at different times. Ooms disintcgra Contrary

> The process of disintegration takes place randomly.
> When anucleus disintegrates, nobody knows when it will decay.
» It is observed that, on the number of decaying atoms at any instant, is proportional to the number of atoms present

at that l}mc: As ti’mc passes, some nuclei disintegrates and other survive. So the activity continues but with ever
decreasing intensity. ‘

Q7 What is meant by half life of a radloactive eleme t? How |
radioactive element? nt? How It can be determined by the decay of

Half-life and rate of decay

Definition: The time during which half of the atoms radioactive element decay is called half-life.
| 4 The half-life of a radioactive isotope is the time taken for half the number of atoms of the isotope to disintegrate.
Suppose 10000 atoms of a certain radioactive isotope “X" are present initially. The number of atoms decreases.
From 10000 to 5000 afier first half life, then
From 5000 to 2500 second a further half life, then
From 2500 to 1250 third a further half life, etc.
The amount of the un-decay radioactive isotope therefore decreases with time as shown in fig: 20.4 which is a
balf-life curve, Half-life values range from a fraction of a second to billions of years.
For example, the half-life of polonium 212 is 3 x 107" s and that of lead 204 is 1.4 x 10" years.

4 This radioactive decay process is quite random. We cannot foretell about any particular atom as to when will it
decay. It would decay immediately or it may remain unchanged for millions of years, Hence, we do not talk about
2 single atom, but we talk about the group of atoms.
> The decay process is independent of temperature and pressure,
> For complete decuy of an element an infinite time is required.
Imination of half life by a gra 1
At1= 0 the number of atoms in a given sample of radioactive element is N,

. 1
After one half life T, the remaining number of atoms ——_-)R- = 5 N,

-

v
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Aﬁcr n half-hfe thc remaining number of atoms is = (-2-) N,

After 3rd half-life 31.,, the remaining num

Similarly

.

AN s proportional to original number of - :

It has been found experimen

tally that the number of decaying nuclei A
atoms N and decay time At. )

AN
At~ -N

AN

Tl -AN. ... (D)

~ Where A is a constant of proportionality which depend
"nature of the element and is called decay constant.
And the negative sign signifies that N decreases with time, that i is, AN is
negative. .

Definition of decay constant ):

The fracuon of dccaymg atoms per unit time is called decay constant and-

B

s on the’

N

Number of radioactive nuciet (N) —>
nj- - .
3 - N

|- »|-
o2 2

1
:ﬁg ‘.

its unit is s~
Dimensions ol’ decay constant = [T"] ' > ‘ - ZT"3__)Tn S
The value of A for any isotope determines the rate of decay. he ‘half time T Time (;) dioacti
Tae decay tate, ar activity R, af a s'.emp.’e ls defined as the number of B T ot
decaying atoms per: second. From equation (1) the decay rate is idacay,is the Hiie In Wil ST s
ying pe e q ' of the radioactive nuclei dlsintegrate :
R=-3'=AN () 5

Thus we . that isotopes with a large value of A decay at a rapid rate in those with a small X value decay slowly.
A generr"  cay curve for a radicactive sample shown in figure (20.4a). One can show from equatlon (2) that the number

of nucle  .sent varies with time according to the expression.

N=N,e™ > _ B
Where N is the number of radioactive nuclei present at time t,
N, is the number present at time. T =0, and e = 2.718... is the base of the
natural logarithm. Processes that obey equation (3) arc sometimes said to
undergo expor:ntial decay. This is known as decay law of radioactive
element. The unit of activity is the curie (Ci), defined as

Decay of Carbon - 14

1Ci= 3.70 x 10 decay/s 3
Thc S.I. unit of the activity is the Becquerel (Bq): g
- 1Bq =1 decay per second E
lCl=37Gx10'°Bq | 8
By substituting N -3 N., and T=T '/z in the cquatmn (3), we find that %
1y o -\TH% ' i '
3 N, N.e 8 o 1 2 . 4
1 Lo - Number of halflives . °
2 = ¢ - 4 , (1 half-ife = 5730 yoars)
g = MY | . Half - life curve
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Take qatural logarithm of both sides and note that Ine = | w'e find that -

= - Ty = In2

Ty - 069
A

) This is the relation be i
4 ation between the decay constant 3, i ; '
1 I and the half-life T %. o s to
5“ © halfFife for radioactive isotope €™ is §730 years, it Taeins in 5730 years the 10g of carbon ""‘““m: bed to
5 and 5g remain in' given sample, A the time passes, the amount of remain ing substance decreases but never

. The value of half-life i o . . i
iztcsrﬁalf-life - alf-life is constant for each radioactive element and it is possible to characterize the element by using

The rate of radioactive decay is directly Proportional to the stability of the isotope.

e e tha, Lo >urement of stablity of adicactive clements, The halF-life of U is 4.5 x 10% years. So C* is far
less stable than U~*, - ‘ o . .

McQ’
/1. - Half life of U-238 ia: : ) :
A) 2.5x10° years 9 . ;
2. f-ialf life of lzrunlum ~239 is: S, A (€)4.5x10" years © 5'5“0’.”8“
~ (A) 26.5'minutes (B) 24.5 minutes - (C) 25.5 minutes (D) 23.5 minutes
3. Half life of radon gasis
(Azj.a.minutes . (B) 3.8 days ' (C)3.8 months " (D) 18 years
4. If = Usz is decayed twice by a-omission, then the resulting Isotope Is: :
AN (B) Pis ©™™Ne. (D) e
5. A sample contains N radioactive nuclel, After 4 half lives number of nuclel decayed is____,
" g (8 10N S of - of
6. . - Thehalfdifeonn g; Sris 9.70 hours. What Is Its decay constant? * (Fed 2011, Fed 2012)
(A)1.88 x 10 5~ (B)18x10*s" (€©)25x10°s" - (D)None of these
T. Half life of a radioactive element T% Is given by: h : . (Federal 2017, Federal 2011)
(A) 0.693). (8) 2522 | ‘ © 5255 . Oges
8. When y-rays are emitted, the nuclear mass w |
. (A) Decreases by 4 units (B) Does not changs - (C) Increases by 2 units' (D) increases by 1 untt
9. The activity of radloactive sample :
(A) is constant . (B) Increases with time
. (C) Decreases linearly with time ; (D) Decreases exponentially with time -
10. - 1am.u.lsequalto $ . . i
 (A)1.66x 10""°kg (B)1.66x10%'kg (C)1.88 x 107 kg . (D) 1.68x 10%kg
11..  The units of decay constant is : -
(A)Second (B) (Second)™' (€) m-' (D) mk
12. When a nucleus emits an alpha particle, itd atomic mass decreases by °
"1 .. B2 ©3 (D) 4
13. " The half life of I'"' Is; , " .
14, Marie Curie and Plerre curie discovered -
(A) Uranium ‘ (B) Uranium and radium . (C) Polonium and Radium () Radium
15.  The decay constant of a radioactive element depends upon '
(A) nature of material (B) temperature of material  (C) pressure on material (D) dimensions of material
16. Which of the following ls similar to electron 4
(A) a-particles (B) p-particles - (C) neutron (D) protons
17. The element formed by radioactive decay s called s *
[ (A) Father element (B) Mother element (C) Parent element (D) Daughter element
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18. After two half-lives the number of decayed nuclel of an slement are

AN ‘ ®3 ©7 - ; S -
1.C 2.D 3.B 4.D 6.B 6.A 7.8 s.B 9.D 10.C | 11.B i "‘ﬂ‘
13.C 14.C 15. A 16.8 17.8 18.D ’ :
—
Q.8 Discuss interaction of a, p and y rays and nouq'ons with matter. _ |

Interaction of Radiations with Matte

Interaction of g -Particles with Matter . :
1. The distance covered by a-particle in a medium before coming to rest is called the range of the a-particle,

Range depends upon: ‘o and
(i) Charge, mass and energy of the particle _

ii i iur ionization potentials of the atoms of the medium. '
(ii) The density of the medium and ionization po 't loses encrgy due 10 ¢xcltation and lonlzation of

2. As the particle passes through a solid, liquid or gas I
atoms and molecules in the matter.

3 The ionization may be due to direct elastic collisions or through electrostatic attraction.

4. lonization is the main interaction with matter to detect the particle or to measure its energy. |
5.  Since a-particle is about 7000 times more massive than an electron, so it does not suffer any
appreciable deflection from its straight path, provided it does not approach t00 closely 'f’ ﬂ.ie nucleus of
the atom. Thus a-particle continues producing intense jonization along its straight path till it loses all jts

cnergy and comes almost to rest. Thus it captures two electrons from the medium and. becomes’y

neutral helium atom. _ _
6. - Fluorescence is the property of absorbing radiant energy of the high frequency an

low frequency in the visible region of electromagnetic spectrum. o
7. a-paticles produce fluorescence or glow on striking some substance like Zinc §ulphide, Sodium iodide of

Barium platinocyanide coated screens,

Interaction of B-Particles with Matter

d re-emitting energy of

1. B-particles also lose energy by producing ionization.

2. Its ionization ability is 100 times less than that of a-particles.:

3. So its range is 100 times more than g-particles. ' ,
4.~ P-particles are more easily deflected by collisions than heavy a-particles. So, the path of B-particles in

, matter is not straight but it is much struggling or scattering.
o The range of B-particles is measured by the effective depth of penetration into the medium not by the
length of erratic path (zig zag). _ _ : = ’ ' -
6. The more dense the material through which B-particles pass, the shorter its range will be
7. p-particles produce fluorescence in some substance like Zinc sulphide, Sodium iodide or Barium
platinocyanide coated screens. '

Interaction of y-rays with Mattor

1. y-ray photons produce very little ionization because it has no chargp; '
2 Photons are removed form a beam by either scattering or absorption in the medium.
3. y-rays interact with matter in three ways, depending on their energies. .

- (a)At Low Encrgies (Less than about 0.5 MeV) the dominant procéss is Photoelectric Effect.
(b)At Intermediate Encrgics (between 0.1 MeV — 1 MeV) the dominant process is Compton Seattering)-
(c) At Higher Energies (more than 1.02 MeV) the dominant process is pair production. :
4. In air y-rays intensity ‘I’ falls off as the inverse square of the distance from the source, -

<3)

5. In solids, the intensity decreases exponentially from its maximum value L, after passing through a distan®
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Coated screens.
ﬂ 1. Being neutral partic A m

Characteristics
; Helium nuclei of charge 2¢ | Electrons or positrons from | EM. Waves from excited
the nucies of charge e pucle] with no cherge
Typlcal so -
e | Redonany Strontium-94 Cobatt-60
3.lonization | About 10* About 10* About |
(lon pairs mm in 2ir)
4 Renge in 2ur [ Scveral centimeters Several metres Cheys inverse iqrare law
5. Abwoched by A peper 1-5 mm of Al sheet 1-10 cm of lead sheet
B Dty Ao ZI:-:; 4 with the rame | Verisble energy Vaiable energy
7. Speed ~10" ms™ ~1 % 10" ma! ~3 % 10" ms™
i Minimum energy required for pair production la
(R) 051 MeV (B) 0 81 MaV (€)1.02 MaV < (D) 1.08 MeV
X When & nucleus emits an siphs particle, mmmhcnuudocnuuby
A1 (B) 2 3 ) 4
14 Which particls has larps rangs In sir,
(A) a-particies (B) r-particies (C) p-particies (©) Newtron -
[ Cobait €0 emits y-rays of energy (Fed 2013)
(A) 117 MeV (8) 11.7 MaV i (C) 1.17 MaV (D) 1.17 GeV
L When a-particle ls emittad from eny nucleus, Its mess number ____ and ks charge number___,
(A) Incresees by 2, incresesd by 2 (B) decreases by 4, ncreasss by 2
' (C) docressss by 4 decreases by 2 (D) dacresses by 4, dacreases by 4
t AL higher energles more than 1.02 MsV, ths dominant process la:
(A) Compion scatiering (B) Palr production (C) Photo elactric aflect (D) Annihtasion
1 Which of the foliowing have o charps? .
(A) a-reys (8) p~imys (C) y-rmys (D) Cathoda reys
L Flutrescence ks ths property of: ‘
(A) High requency particies  (B) modersls fequency particiss (C) Low frsquency particles (D) visibie ight
' panetrating particles sre: .
(A) neitrons (D) a - particies (C) p-paiticies (D) r-particies
e tharge on f-particls ls: .
(A) +0 (B) ~o (C)+2e (D) none of these
", By smitting p-particls and y-particle simultanaocusly the nucleus cw Its charge by:
() Loston by 1 (B) Increases by 1 (C) Increases by 2 {C) No change will be cbserved

Where i is the linegy ' ;
P“Ff.‘llmu” lmm!dhuhm

8 well a3 on the properties of the medium.

ﬂmmutmmmlmmmznﬂmm'

very large. They are extremely pesetrating particies. _
that has a mass com b.mmm“mpldkmwuhmm;mh-uw—mﬂﬂ
Pt oie 10 that of the neutron, Materials such as water or plastic, which contain more

volume are Neutrons
Y Neutrons produce » very little il .

atoms and knock out progons. inditﬁ.ﬁoninﬁonwhmﬂwyinmuyinmmm
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' element AY in a reaction [Ra 3
12.  The emission of a-particie from 2agRa results Into the formation of new ik
' where ZN stands for ‘
) 738 (®) 24y © 8
1. Which is true for both a—particles and y-rays: : deflected by slectric fleld o
(A) They cause ionization in air : ® TT::Y :: ::n.um a few millimeter of sluminum
(C) They can be deflected by magnetic field of (D) They ) '
14, The mass of B particle is equal to the mass of: (D) Phaton
(A) Proton - (B) Neutron (C). Electron
15. - Spoed of f particles is nearly equal to sy (D) 10°m/s -
(A) 1 x 10° mvs : (8) 10" /s (C)3x 10" m/s .
16. a - particle carries a change: ' (D) no charge
| (A) -e . (B) + 2¢ o (©) -2¢
‘ 7. Gamma rava from cobalt-80 are used for the treatment of: D) Thyrold glands
_ (A Circulatinn of blood- (B) Cancer (C) Heart attack (0) Thyro 7
18. y-emission irom the nucleus of an atom causes a ‘ : changeinAand2
(A) Change in Z (B) ChangéinA .~ (C) Change in both A and 2 _(D) o , e
19. In Bota decay, ___reaction takes place. : it s 1 8 y 1.H .0
—10
g iH+ e @3HoH > o+ Jo  ©onoiHr_ge =it
20. By emitting B-particle and y-particle simultaneously the nucleus changes its charge by: o2 -
(A -1 (8) +1 0= .
1ic 12p 138 lap |5c Jes J7c [8.A |o.A |10.B j11.B }12.C

13.A |14.C |15.A |16.B |17.B 18.0 |19.D |20.B

Q.9 What are radiation detectors? Describe the principle, construction and working of G.M. Counter,
Radiation:Detectors o

Gas Wire Electrode .

Various devices have been developed for detecting radiations. They are 5 \(anodo‘ : Insulator
used for a variety of purposes including medical diagnosis, radioactive dating < /
measurement and the measurement of background radiations. R WY1 (LAY

. -: B
Geiger-Muller.Counte Fiot i o

The Geiger-Muller counter (Fig 20.5) is perhaps the most commoh-

device used to detect radiations. Thin Window '}‘&tﬁlé‘éﬁ?
Principle : , o

‘The discharge in the tube’is produced due to the ionization produced by ,
‘the incident radiation. PN ‘ oy

Construction . ' : , " ' '-_"lw“’ |

X +
It consists of a cylindrical metal tube filled with gas at low pressure and a

long wire along the axis of the tube. The wire is maintained at a high-positive

potential (about 1000V) with respect to the tube. .

Working

- Whena I}ig,h energy particle or photon enters the tube through a thin window at one end, sorﬁe of the atoms ol
lhg gas become ionized. The clectrops removed from the atoms are attracted towards the wire, and in the process the)
ionize otler s}tt:mt; in their path. ’lf'_hls results in an avalanche of electrons, which produces a current pulse at the outpu
of the tube. After the pulse is amplified, it can be either used to trigger an electronic delivere speaker
which clicks each time a particle enters the detector. = L™ 16 counter ar delivered to & loud
Dead Time: _ '

The positive ions take several hundred times as long to reach the outer cathode, because positive jons are Ver

massive than the.electrons. During this time further incoming particles cannot be counted. This time is called the des
time (107 s) of the counter. . f :

To counter

G.M tube

-
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lcond .
gersed- biased P-N junction (Fig 20.6). Dductor diode detector is essentially a
ncip!

Nj—%!is based upon the Principle that wh iation i : '
| M’"ﬁm region, electron hole Pairs are pmd:nu:dmnon '8 allowed 1o enter the

gonstruction

A solid state detector s a specially designed pn-junction as shown in

A' pdistions are not falling on it ,

A PN junction diode is a device which i
. : passes current readily when
jorward-bizsed and impedes the flow of current when reversed-biased. ’

. C ¢ al electric field sweeps the electrons towards
the side of the junction connected to positive side of the battery and the holes

typical device, the duration of the pulse is about 10~ s.
USES '

device is practically useful for dctccting low energy particles.

and hence solid state counter can count very fast,

e wZ2Nstruction and working of solid state detector.
g A solid state detector or sem Particles

v

U

N-type

Depiation region

P-type

%n

Solid state detector

(iii) It is small in size than any other detector and operates at low voltage.
(iv)  The solid state detectors are more useful to detecting a and B-particles where as a specially designed

 sreswept toward the negative side. This creates a ?ulsc of current that can be measured with any electronic counter. Ina

(i) - The production of a current pulse requires a small amount of energy roughly 3.0 eV to 4.0 eV. So, the.

(i) The collection time of electrons and holes is much less than gas filled counters (such as Geiger counter)

| ; detector and an amplifier can also be used for high energy y-rays.
MCQ's From:Past Board:Papers

1, The dead time of G.M tube Is:

(A) 10" sec (B) 107 sec (C)10™ sec
L Energy needed to produce to electron - hole pairin solid state detector s
(A)1to2eV (B)3to4ev (C)Bto7 eV
Solld state detector Is baslcally i
(A) NPN Transistor (B) PNP Transistor (C) PN Junction

4 A device that shows the visible path of lonizing particles Is called

(A) Gm counter (B) Solid state detector (C) Scalar
5 In nuclear radlation, track of o particles Ie
’ (A) Thin (B) Discontinuous (C) Erratic

(D) 107 sec

(D)8to o eV .

) (Fed 2012)
{D) LED

(D) Wiison dloud chamber

(D) Continuous

g [1.¢c JzB [3.c [4D 5.0
Q.11 Write a detalled note on Nuclear Reactions.

Nuclear Reactions

moving particles such as proton, neutron, a-particles are called nuclear reactions.
X+a —— Y+Db

‘®btained and a proton is emitted. That is |
N'" 4 He! — ,0"+,H'+Q )

The process which changes the structure of the nucleus by the bombardment of a target nucleus with some fast

When a nucleus “X" is bombarded with some light particle “a”, nuclear reaction take place, the product nucleus
“Y” and a light particle “b” will be obtained. This will be represented by the equation,

Rutherford was the first to observe nuclear reaction in 1919, using naturally occurring rdioactive sources for the
barding particles. He bombarded a-particles on nitrogen. He observed that as result of this reaction, oxygen is

~

The energy equivalent of the difference between the rest masses of elements on the L.H.S and those on the RH.§
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h_mmmumwwi-mw“o".ww-“o"w"' »
any reaction. - . )
> If“Q" is negative, energy is absorbed In the reaction (.-:oa:r-nacdo'“:“) o £
. » If“Q"hpuiﬂve,eurgyhmlvodlltbemﬂol (exothermic T of thale it |
: . P 1l vided by the K.E of the :
> If “Q" is negative, the energy required to complete the reaction 1S ll’l:';p?omd by heating. N % “

particle unlike the case of chemical reaction, where the encTgy is usua

Conservation Laws in a Nuclear Reaction beyed. These laws form the guiding principle, e

In any nuclear reaction the following conservation laws must be 0

in determining which isotopes are formed during a nuclear reaction.

Conservati [ mbe . '
rvation of atomic and mass nu emain the ' ‘

Before and after any nuclear reaction the number of protons and neutrons must
on 1), we have

f nucleons on the R H.S.

and neutrons can neither be created nor destroyed using equati
The number of nucleons on the L.H.S. = The number 0
' Number of protons =7 +2 =8+ 1
Number of neutrons =7+2=9+0
Number of nucleons = 18 = 18

Conservation of mass-energy
The conservation of number of nucleon does not imply the conservation of mass because the mass numbers differ

from the atomic masses and the difference provides the binding energy to nucleons in thc-: nucleus. o
From Einstein’s mass-energy relation it the principle of conservation of energy In mechanics is extended o the

conservation of mass-energy in nuclear reactions. ) .
Based on the above conservation laws one can determined the (i) energy absorbed or liberated in any nuclear

reaction and (ii) the product nucleus formed etc. '
Let us calculate the reaction energy for the reaction given by equation (1).

The rest mass of various particles on addition is
" ;He'=4.00263u _ 40" =16.999133u
1« 14.003074u + ;1.007825u +
N ="73005677 iH' =78.006958u

Difi'crcncc in rest masses before and after the reaction.
= 18.005677 — 18.006958

= =0.001281u
Q = -0.001281 x931
Q = -1192MeV

Since “Q” is negative, the a-particle must have K.E 1.192 MeV for this reaction to occur. If the particle has
less energy, this transformation will not take place. Usually the a-particles, i.e., more than 1.192 MeV, appears, as the KE
of product particles or nuclei.

Q.12 Write a detalled note on Nuclear Fission.
Nuclear Fission

. , R ns .
C i H H : * . . 1
Such a reaction in which a heavy nucleus like Uranium 92U splits-up into two intermediate nuclei along withthe

emission of energy is called Fission Reaction. ‘
Explanation: ‘ J
In 1939 two German Scientists mat’if a very important discovery. Their names are Otto Hahn and Frtiz |

Str. . i :
o ;,ﬁm”w bzmbardpd Uranium -235(  U) with slow neutrons. A nuclear reaction took place. As a result, Barium
92 .nmm%gﬂ\" ”mwmm d on the average 3 neutrons were released along with the release of 200 MeV

ORRSIS SR SPrE
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Note:

S

>

@*'-n ‘ﬂ.. a i — .
B o g LL‘"’-MS

(Q = 200 McV) 3
Q =200 MeV of energy comes from the difference in the mass of reactants and mass of products.

Charge number is conserved in the reaction 92+0=56+36
Mass number is conserved in the reaction 235+ 1=141+92+3

“uranium nucleus
plus neutron  Nucleus splitting

Two déughler nuclei

. Nuclear fisslon
Only U™ undergoes this process of fission-Luough naturally occurring uranium has 99.3% of U™ and 0.7% of U™,

» - Weshall sec that in this process there is a decrease in the mass of the system and hence energy is released.
Since this process can be started automatically, it can be controlled and the energy liberated provides a good

released would be 200 x 10" MeV = 3.2 x 10* J.

> It is found that'1.0 kg of uranium deliver as much energy as the combustion of about 3000 tons of coal.
Fission Chain Reaction :

Fission reaction can be easily explajned with the help of the Binding energy per nucleon curve as shown in figure.

5

-
v e
a3
. B
e

<3

-

. source of energy.
> Where Q, is the energy of reaction which can be calculated from the value of rest masses of different nuclei. The
calculation is given below -
Initial masses Final masses
" =140.
U =235.0439 B SIS
| Kr' =91.8973 u
on' = 1.0087u + ,
236.0526 u 3on =3.0261u +
- 235.8373 u
The decrease in mass =236.0526 —235.8373 =0.215u
Q =0.215 x 931 MeV =200 MeV
Therefore, when one atom of U?* undergoes fission 200 MeV of energy is released.
> If 1g of naturally occurring uranium, which has about 10" atoms of U™* undergoes fission the total energy

As mentioned before when one uranium atom undergoes fission it releases 3 neutrons. ¥ more than one of these

its way.

neutrons is able to cause fission in the other U™ nuclei, the number of neutrons will increase rapidly. Thus, a chain
reaction can be set up (Fig 20.7(b). The fission would produce at an ever-increasing rate and in a ve b
. whole of U®* would be transformed with the release of a large amount of energy.

During fission chain reaction the large energy can causc a violent explosion and destroy every thing that comes in
. (

ry short time the

-
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! "l’llihﬁc rildplooﬂhem-: bomb. - ‘- ; . o
5 Ifthe chnin’ruction is to start, it is necessary that themm ofurmmm must be grener than some mlni@umm,' 3
- scalled the critical mass or critical size. : :

Figure: Nuclear ‘ﬂulon chaln reaction

Figure: Uranium ore rock

Q.13 What Is nuclear reactor? Describe function of Its main parts and types of reactor.

Nuclear Reactors il
It is a device in which nuclear fission chain reaction takes place at a constant rate in a controlled manner. It is

used to produce nuclear energy for industrial and other useful purposes.
> The first reactor was installed and operated by Fermi and his co-workers in 1942 in the USA

Principle: :
Controlled Fission Chain Reaction is the principle of a nuclear rcactor
ermal power station. Heat

Explanation;
The role of a reactor in-a nuclear power statmn is the same as that of a furnace in a th
snergy is produced in Fission Reaction. This energy is used to rotate a turbine. The turbine rotates the generator which

oroduces electricity, The sketch of a nuclear power station is shown in fi gure
[ . Sleam turbine .
: Secondary loop and electric generator
. —_— ——
Control rod ~— —
\\
Uranium ¢ d‘ (Roamiro ;
fuel element ~J.] ondenser (steam from
A Steam)) | | yurbine is condensed by
cold water) l
Reactor
core *“IT Heat
’ : exchanger

, oy

“Molten sodium »

or liquid water 1T

under highy f

pressurs (carries

gnargy to steam

penerator) . . Primary

' loop I _
. Cold water Warm water ‘
\ Nuclear reactor '
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. Absorbing Rods or Control R‘Odl:

. In case of emergency or for repair purpo
‘chain reaction and shut down the reactor,

. The coolant, or heat exchanger, is used to cool the fuel rods and the moderator, and is capable of carrying awsy

..mdhpmm.
,...u-torh-n\mn....",:m’"“:"t‘.(l)-mh
Cors: Nuclear fuel is & materia) gy T Vent 10 the

that

following isotopes. U™, yus . Pu™. W,
in the nuclear reactor, Ugya} th ” ' b 7
spart. The fuel cans are lepuzte:b?::: put in different aluminium cans in cylindrical rods pisced some distance

“um::‘:::ik?ethe nmmgwm'bwdm;h‘fmnmmoduadinﬂnﬂubnmmw
thermal coergies 1o strike an ©. The fast neutrons have many collisions with the materials and come out with
beorb neutrons. Ustally. oo U€l can. The material of moderator (i) should be light, and (i should not
as moderators. Y+ graphite and heavy water (water containing deuterium instead of bydrogen) are used

These are neutron absorbing rods which co
For this purpose cadmium or Boron rods
control neutrons that can initiate further fi

ntrol the number of neutrons which produce nuclear fission reaction.
are used, These control rods are moved in or out of the reactor core t0
ssion. In this way speed of the chain reaction is kept under control.

ses control rods are allowed to fall back into the reactor and thus stop the

large amount of heat generated in the fission process. If the moderator, fuel rods, etc. are not cooled, the heat

generated can melt thom. The heat carried by the coolant produces steam that can run a turbine, which in tum can
run an electric generator as shown in (fig 20.8). '

Radiation shielding: The last part of the nuclear reactor is the shielding. Since the neutrons and the fragments in

s reactor undergo radioactive dec.ay and produce radiations which are harmful to life, there must be some shielding device
to sbsorb those radiations. For this purpose a concrete wall which in a few feet thick is used.
Types of Reactorsia

()

()

There are two main types of nuclear reactors. These are:
(i) Thermal reactor (ii) Fast reactors

Thermal reactors: The thermal reactors are called “thermal” because the neutron must be slowed down to
“thermal energles” to produce further fission. They use natural uranium or slightly enriched uranium as fuel.
Enriched uranium contains a greater percentage of U™ than natural uranium does. There are several designs of
thermal reactors. Pressurized water reactor (PWR), are most widely psed reactors in the world. In this type of
reactor, the water is prevented from boiling, being kept under high pressure. This hot water is used to boil another
circuit of water which produces steam for turbine rotation of electricity generators. )
Fast reactor: Fast reactor are designed to make use of y,U™" which is about 99% content of natural uranijum.
Each 5,U" nucleus absorbed & fast neutron and change into sPu™”.

nU™ 4 ' — N, 4+ _p

”N'm Y W NP-L” ) -lpu .
Plutonium can be fissioned by fast ncutrons; hence, moderator is not needed in fast reactors. The core of fast

reactors consists of a mixture of plutonium and uranium dioxide, Surrounded by a blanket of U** Neutrons that escape

from the core interact with U™" in the blanket, producing there by P, **", Thus

more plutonium fucl is bred in this way and natural uranium is used more

tiectively,

Q.14 Explain nuclear fusion reaction. What are nuclear reactions In
the sun?

Such a nuclear reaction in which two light nuclel merge to form a

My nucleus ls called fusion reaction. )
g Let us now take the example of a fusion reaction, When two deuterons

(H) merge to form a helium nucleus, 24 MoV energy is released during this
| Teaction,

=)

Experimental research reactor
calied tokamaks used for fusion,

>
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2 2 4
|H+1H —_— zHe +24 MeV

Figure 20.2 shows that the binding energy for light nuclei (th
ng ¢

_ number of less than 20) is much smaller than the bindi \
~ nuclei. This suggests a possible process that is the reverse of fission. -
- Because the mass of the final nucleus is less than the rest masses of the origind
nuclei, there is a loss of mass accompanicd by a release of energy-

ose having a mass
nergy for heavier

T

of energy and

During a fusion reaction, mass is lost which appears in the form. the ‘He + 3.5 MeV
this energy per nucleon is more than the energy released in fission. Put at the . :
same time, it is more difficult to start this reaction, because when tW_O hght‘nuchl n+14.1 MeV
are brought close to each other then a very large amount of energy is requucq to Fusion reaction
overcome this repulsive Coulomb’s force. Whereas in fission a neutron being '
neutral does not need large energy to reach a nucleus. ‘ o gE
Thé basic exothermic reaction in stars, including our own sun- and hence the {:Z
“source of nearly all of the energy in the universe — is the fusion of hydrogen e
He ~

nuclei into helium nucleus.

- ° P
This can take place under stellar conditions in two different series of processes. /9\ °
' P
@

lisions of protons

> In one of them, the proton- proton cycle, direct col : : ‘He
result in the formation of heavier nuclei whose collision 1n turn yield N
helium nuclei. ' - Fution reaction
> The other, the carbon cycle, in a series of steps in which carbon nuclei )
‘ ycle, p les to become carbon nuclei once

absorbed a succession of protons until they ultimately disgorge alpha partic

more.

The initial reaction in the proton-proton cycle is -

H'+ H — H+e'+v ' :

Where, ¢" is called positron and “v” is neutrino. A deuteron may then combine with a proton to from a ,He’
nucleus: : .
A JH'+ H? — ,He’ +7

Finally two ;He® nuclei react to produce a ;He

! nucleus plus two protons:
;Hc’ + zHes e ;He‘ + |Hl +.1Hl :

The total energy evolved is (Am)¢?, where Am is the difference between the mass of four protons and the mass of

an alpha particles plus two positron; it turn out to be 24.7 MeV.
The carbon cycle proceeds in the following way:

‘ lHl + 6Cu 1N|9 B
7HIJ ) 1 sCB ey
IHI e 6CIJ ) i 7N“ +y
lHl + 7N“————) '015_,_1
'OIS_____’ 7le + e¢ +v
lHl + 7N15 ) ‘Cll + 1He‘
gain is the formation of an alpha particle and two pbsitrons from four protons, with the evolution of 24,1

‘The net rcsulf a
MeV; the initial ¢C'"? acts as a catalyst for the process, since it reappears st the end.

Self-_systg?ning fusiPn reactions can occur only under conditions of extreme temperature and pressure, to ensure
that the participating nuclei have enough energy to react despite their mutual electrostatic repulsion and that reactions
oceurs frequently to counter balance losses of energy to the surrounding. X
- In som, whose interior temperature is estimated to be 2 x 10° K, the carbon and proton-proton cycles have'&bout equal

probabilities for occurrence. In general, the carbon cycle is more efficient at high temperature, while the proton-proton

_cycle is more efficient at low temperature.
Hence stars hotter than the sun obtain their energy the former cycle, while those cooler than the sun obtain the greater pat

of their energy from the latter cycle. :
The energy liberated in the fusion of light nuclei into heavier ones is often called thermonuclear energy panicula'rly

o
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N
when the tusion take place under man's con
sactieal application, since their sever

tr i
0 ol on. the earth neither the proton-proton nor carbon cvcle offers zny 5o
- 8'€ps required a great deal of time, ]

Q's From Past Board pa

ers |
1 In nuclear fisalon reaction when the products e & |
_ : A ucts are "“Xe and gy itied is:
p r, the numb !
;2\) i (B)3 (C)2 el nEWO“‘{t”“Md -
» ‘gc‘?‘yh‘: \\r,en Qut per nucleon In P-p reaction Is: o
(A) 5.2 Mo (B) 6 MeV '
3 Which of the following statements Is CORRECT? 6704 e e

(A) Mod

\ erators slow down the neutrons
(C) Moderators abs

(B) Moderators bring the neutrons to rett

(Fed 2013}

orb the neutrons

i The moderator used In a nuclear reactor is: R
A) Sod : '
e et (B) Uranium . (C) Graphite (D) Cagmium !
5 ::‘lc\;:ar' iwalon chain reaction in controlled by using: \ S
(A} Steel rods 8 i ' i 1 P
. When Nitrogen e bombarded( ) Graphite rods (C) Cadmium rods (D) Plabnum rods

by Alpha Particles, Nitrogen Nucleus change into:
(B) Carbon (C) (C) Berium (Be)

ed to break the nucleus is called its:

(B) Kinetic energy (C) Potential energy

(A) Oxygen (0)
The amount of energy requir
(A) Nuclear energy

-4

() Helum (He)

(D) Einding energy

& 3  libers 4
& Energy "'b“”‘(?d when one atom of ggu undergoes fisslon reaction:

(A) 140 MeV (B) 28 MeV (C) 200 MeV (D) &0 WeV !

. P PS ‘
l.c J2c Ja.A Jac |sc Jea J75 Jec ]
5 i ; . -

Q.15 Write a notg on radiation exposure and biological effect of radiations.
Radiatic XDOS s

When a Geiger tube is used in any experiment, it records radiation even when a radicactive == - - ‘s no-whzare
near it. This is caused by radiation called background radiation:
tis partly due to cosmic radiation which comes to us from outer space and partly from raturally occuir.ng radioacine

substance in the Earth’s crust.
The cosmic radiation consists of high energy charged particles and clectromagnetic radiation.
The atmosphere acts as a shield to absorb some of these radiation as well as uitraviolet rays. In recent past ¢
depletion of ozone layer in upper atmosphere has been detected which particularly filter ultruviclel ravs rezching us. This
may result in increased eye and skin diseases. The depletion of ozone layer is suspecied 0 be caused du2 o eacessin

Dact -t

release of some chemicals in the atmosphere such as chlorofluorocarbons (CFC) used i refrigeration, azrosol spray an
plastic foam industry. Its use is now being replaced Qy environmentally niendly chemicals.
> Many building materials €ontain small amounts of radioactive isotopes, (radon) radioactive carbon gas eriers

radon inside than outside. A good ventilation can reduce raden level inside the buildir... All types of for - lso
contain a little radioactive substance. The most common are K* and C"* isotopes.

/> Some radiation in environment is added by human activities. Medical practices, mostly diagnostic x-rays
probably contribute the major portion to it. It is an unfortunate fact that many N-rays exposures such os rovtine
chest x-rays and dental x-rays are made for no strong reason and may do more harm than veod. I ' worins

exposure should have a definite justification that outweighs the risk. The other source include radic=ciive waste
from nuclear facilities, hospital, research and industrial establishments, colour ‘clevision, Jumirous waiches
and to tobacco leaves. A smoker not only inhales toxic smoke but also harardous radiation. 1w
background radiation from natural sources is normally considered to be harmless. However, higher levals of
exposure are certainly damaging. We cannot avoid unniccessary exposure to any kind of ionizing radiaticr.

Biological Effects of Radiation
Excessive exposure to radiation can cause damage to living tissucs, cells, or organism.-

> The degree and kind of damage caused to a particular purt of the body depend upon the type, energy and dose of
radiation received. There is no lower limit below which radiation damage does not occur. A number of small .

P
L Y
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Radioactive wastes are of thrpe

function may | ynesi.e., high level. medium ang
low level. All these wasles grgl

dangerous for ground water ang

consequences.
¢ to ionization efiects

doses received over long period of time may lead to fatal

»'  Radiation damage to living organism is primarily du :
in the cells. the cells is the basic unit of life. Its normal mcmbo.lu.: :
th the ionizing radiation. Excessive

be disrupted as a result of interaction wi
osome :
dual cells, or produc; CHIom tand environment.

radiation does may cause death of indivi

abnormalities or genetic mutation. ] i

The biological effects arc generally of two types. Somatic and genetic. SOma_tlc cf;'e_cts cacre;r :'::):: w;dual ‘
directly. Skin burns, loss of hair, drop in the white blood cells and induction ol can mple of !

. somatic effects. _
»  The genetic effects may become apparent afier a | _ -
diation doses reaching the reproductive organ

gencs and may cause mutations. Even very low ra i
potentially dangerous. Genetic effects may be passed on the future generations.

eason is that radiation can alter chemistry of the |,

}

ong time. The r

)

Q.16 Worite a note on:. L
(a) Biological and Medical uses of Radiation
' }

(b) Medical Diagnostics and Therapy

odICa oS Oof Radiation
es identically, but every isotopes emits radiations due
pes are being used in different *

oilel{efolle=]i%Yel0

~ Although, all the isotopes of an element chemically behav
‘to which it is casy to identify an isotope. It is this characteristic due to which the isoto

ficlds of our life. |
Bidlogicatijse .
-The chemical changes going on in an animal or a plant are very complex. The tracer method has been applied to
study these changes. For example, the process of photosynthesis and the incorporation of cirbon atems in the CO, |
into giant and complex protein or carbohydrate molecules kave been investigated by tracer techniques.

| Similarly information concerning the complex process of metabolism is obtained by means of radioisotope
tracers. The distribution of various elements, such as hydrogen, sodium, iodine, phosphorous, strontium, irons etc;
be obtained by tracer technique. Genetic mutations are engineered by intense radioactively.

in the body can
QRadiation Therapy
High energy radiations penetrate deep into the body and can be uscd.}f
for intentional selective destruction of tissues, such as cancerous tumor.
Radioisotopes of Co® which emit B-particle and high-energy y-rays is
employed for the treatment of various types of cancers some radioisotopes are
taken internally where they are selectively absorbed by ceriain organs and

thus concentrate the radiation where it is most needed. For example,
I"”' radioisotope. Sometimes pellets or

cancerous thyroid is treated with
capsules of radioisotopes are planted close to the tumor and can be

removed after treatment.
i ; rotated around the patient.-

Hydrogen and sodium atoms are distributed uniformly throughout the body where iodine tends to concentrate in
thyroids, phosphorous and strontium in boues and cobalt in liver. They can serve as tracer when injected or other
wise given.to patients. Radiation detectors may ascertain the passage of tracer through the body and their concentration in
diseased fissues. The pattern of distribution of the radioactive tracers in a body can give a clue about normality of
abnormality of the specific parts of the body. .

Traéing Techniques _
Radioactive particles-can be used to trace chemicals participating in various reactions one of the most valuable |

uses of radioactive tracers is in medicine. For example, 1" s an artificially produced isotope of iodine. lodine, which

is a necessary nutrient for out bodies, is obtained largely through the intake of iodized salt and seafood. The thyroid gland i

plays a major role in the distribution of iodine throughout the body in order 1o evaluate the performance of the thyroid; the
patient drinks a very small amount of radioactive sodium iodide. Two hours later, the amount of iodine in the thyrold

et
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T nd is determined by measuring the radiation intensity at the reck area
{ k arca.

second medical application i . .8 T : S . The
r P.‘mc at’ which the rpg_l ication is th:rlt a salt containing radioactive sodium is injected into a vein in the ‘:c% The
t i adioisotope arrives at another part of the body is detected with the radiation counter.
elapsed time is'a good indication of the presence or absence of constriction in the circulatory system. i of
5 PR . , ) s the method ©
y Thc.lt-r s lcclh nique is zlso useful in agricultural research. Suppose, one wishes to determine the best mdc' hﬂcﬁw
fem tzing 2 p am.’ A certain material in the fertilizer, such as nitrogen, can be tagged with one¢ of its ragiod -
isotopes. The fertilizer is then spraved on one group of plants, sprinkled on the ground for second group and rake

into soil for a third. A Geiger counter is then used 1o track thz nitrogen through the three types of plants.

o  —
——

pap— - -4—-1
AT P G e T _
ncQisSFromPast BGaro |

. Absorbed Dose “D” is defined as: . -
(A m/E , - (B)EC. (C) Cim (D) E/m
2 Circuiation Blood can he studied by using Radioactive lsctopa:- ’ \
(A) Cobait-50 (B) Phosphorus-32 (C) Sodium ~24 (D) iedine -131
3, The background radiations that we are exposed per year on the average e o .
|1° S (AImSv - (8)2 m Sv {C)3 m Sv (D) 4 m Sy
in Gamma rays from cobalt — 50 ara usad for the treatement of '
(A) Thyreid glands . (8) Circulationcfblosd ~ (C) Cancer (D) Heart attack
5 The averags of the background radiation to which we are expesed: .
(R) 2 mSv (B) 1 mSy (C) 3 mSy (Dy0.01 Sv
6. Cobalt-60 is the source for: ?
(A) u-rays (B) y-rays (C) B-ravs ; (D) Neutrons
. One gray (Gy) is equakto: o - : .
(A) 16 10 J (6) 1.5 « 10-° 3 O Lo
8. " The most usafui tracer isctope for the treatment of Thyroid pland Is:
{A) Cobalt 60 (B) Carbon 14 (CyJodine-121 (D) Strontrum SO
9. Unit of radio activity iz curie which Is egual to: \ )
(A) 3.74 x 10° disintegration  (8) 3.74 x 10" disintagration {C)3.70 % 10" disintegration (D) 3.60 x 10" disintegration
10. Circulation of Blood can be studied by uvesing Radicactive 1aotope: . -
| (M) cobalt-60 ' (B) Fhosphorus-32 (C) Sodium24 . (D) lodine-i31
1. One joule of energy absorbed in a bedy per kg is equal ic: o
(A) 1 rad (B) 1 rem (CY 1 sievert - (D) 1 gray
12 lodine-131 is used fer the treatmont of - y X
- (A) Bones - (B) Eyes (C) Thyroid gland (D) Lungs
13. When nitrogen is bombard by Aipha, particie, then nitrogan nuclei change into - )
(A) Oxygen © (B) Carbon (C) Helium (D) Beryllium
14, Curie Is unit of; .
(A) Conductivity (B) Binding eaergy (C) Radicactivity (D) Resistivity

1.0 [2.¢c_ [3.B_ 4.6 [5.A

| 13.A |14.C
LU TR T LT e

What are basie forces of nature? £xplain.

derstand the properties of clementary particies is to be able to describe the forces betwsen them.
o Gravitational force '

2. Magnetic force

3. “Electric force

4,  Weak nuclear force

5. The strong force

‘Unification of electric and magnetié forces

c 198 [toc [0 Ti2c |}

pop

The ke to u

_ Faraday and Maxwell unified electric and magneétic forces, leaving behind. four fundamental forces ie.,
gravitational force, the strong force, electromagnetic force and weak nuclear force
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318 binding of neutrons and protong‘im;.

> - The strong force is very short-ranged and is responsible forﬂ:hemris the strongest of all the fundamengy
nuclei. This force represents the “glue” that hold the nuclfonsftorg:epifm“on greater than 10~ m. ,
forces. The strong force is very short-ranged and is negligible fo irong force, i responsible for g

: ich i -2 gimes the strength of the 3
b The electromagnetic force, which is about 107" times that decreases in stre

binding of atoms and molecules. It is a long-range force

separation between interacting particles. als, e buii din
. . ’ ’

It cause all chemical reactions, binds all atoms, m es, crys

ngth as the inverse square of the

. | g and you. Friction, cohcsit;n and
olecu
stability in certain nuclei, Iy ;

adhesion are due to this force. :
to produce In hch

» ©  The weak nuclear force is a short-range nuclear force that t:‘:;(;sy aani 1< strength is only about 107 time tha

responsible for most radioactive decay processes such as beta ’ e two manifestations of ,

5 agnetic forces ar
of the strong force. Scientists now belicve that the weak and clectromagn .

single force called the electro weak force.
P Finally, the gravitational force is a long-
force. Although this familiar interaction is the force t

elementary particles is negligible. Thus the gravitationa . ) the exchange of field partic
In modern physics, one often describes the interaction between particles in terms of g particles

- . : i oton. In the language of mod
or quanta. In the case of the familiar electromagnetic interaction, the ficld particles are ph guag em

. i oy ta of the electrometric fi
‘hysics, one can say that the electromagnetic force is mediated by photons, which arc.;hrig:{ammd by particles called tl::l:;
Likewise, the strong force mediated by field psrticle called gluons, the weak force 1

itati itons.
and z bosons and the gravitational force is mediated by quanta of the gravitational field called gravitons
2.18 What are building blocks of matter? Explain. —
R v - PR e 1
Blilding!Blocks of Matte

The word “atom™ is from Greek word atomos,

gth of bnly about 107*° times that of strong

d galaxies together, its effect op
olds the plants, stars, an _
ha: :'lorcc s the weakest of all the fundamental forces,

range force that has a stren

)

which mean indivisible. At one time atoms were thought to be the

indivisible consttirents of matter, that is, they were regarded to be elementary particles. Discoveries.in the early part of

the 20" century revealed that the atom is not elementary, but has as its f:onstituents protons, nt':utrons .anddtflecu'ons. Up
until the 1960s, physicists were bewildered by the large number and varicty of elementary particles being discovered. In
advance in our knowledge of the structure of matter by

the last two decades, physicists have made tremendous _
on of electrons, photons, and a few related particles are made of smaller

recognizing that all particles with the excopti ¢
le, are not truly elementary particles but are system of

particles called quarks. Thus, protons and neutrons, for examp
tightly bound quarks.

gjla?s's'ljﬂc‘étibn‘iﬁ‘aﬁibleé
adrons .
Particles that interact through the strong force are called hadrons. There are two class of hadrons, known as
mesons and baryons. Mesons has mass between the mass of the eiectron and the mass of proton. All mesons are known to
be decay finally into electrons, positrons, neutrinos and photons. The pion
. e . R 2 1

is the lightest of known mesons. charge =+3e charge=—§e

Baryons, which are the second class of hadrons, have mass equal
to or greater than proton mass. Protons and neutrons are included in the v

baryor. {amily, as are ‘many other particles with the exception of the
proton all baryons decay in such a way that the end products include a

Eroton. up
[ )
=D

These are the particles which do not experience strong nuclear

force: .
Include in this group are electrons, muons, and neutrinos, which

are all less massive than the lightest hadron. Since lepton has no internal
structure, they appear to be truly elementary particles scientists believe

.“T“I,ﬁﬂ;;‘ A
According to quark theory initiated by M.Gell-Mann and | insidea ﬁeutroﬁ . ‘insiaeapfom;‘

7.7 cig. the quarks are proposed as the basic building blocks of the ' .

icsons and baryons. The quark model is based on the following Up and down quarks illusu’am‘n_—/ .

assumplions:

CamScanner


https://v3.camscanner.com/user/download

lar's FEDERAL b ‘ -
ﬁll?—f PHYSICS - XI1 (Subjective) . ' : \
417

1. There are six different ty
'pes of quark, the u
” u ¢
bottom quark and the top quark referred 10 ac uP ;] :I’L\, tl)h: (;oxm quark, the strange quark, the charmed quark, the
y My O by n l.

2. For every type of quark, there is a corrcspon'ding antiquark
ark.

Quarks combine in th
rees to form particles li
to form antiparti L orm particles like the proto ‘ ot
antiparticles like the antiproton and the aminczlm ns and the neutrons. Antiquarks also combine in threes
n.

4. A meson consists of a quark and an antiquark
In term of the char
ge of the electron, the -
. x‘ ’ p 14
| 1. ¢ and ¢ quarks each carry a charge of + 3 ¢ and the other three quarks
carry a charge of = T e. An antiquark carri 3
3 q carrics an equal and opposite charge to its corresponding quark. The symbol for

antiquark is the same as for a i
_ quark but wit / d
= verk. h a bar over the top. For example, d represents the symbol for a down
Thus
P A proton is composed of two up quarks and a down quark.
B A neutron consists of an up quark and two down quarks, as shown in fig 20.11.

PROTON NEUTRON Quarks and Antiquarks
Name Symbol® Charge

0 0 Up u +4e
g Down d . _;_ e
o G Strange s -{e
@ o Charm c +4e
Top t +ie
(a) (b) Bottom b -te
Charge .
23+ 23-13=1 Charge Antiquarks
2/3-1/3-13=0 Charge
u -Le
d +ie
S + '.'r e
c -%e ,
3 Je
b +te
nMcQls From Past Board Pap
1. The number of Quark are '
(A) 2 (B) 4 ) (C)6 : (D)8
2. Inan electronic transition, atom can not emit:
(A) Infrared rays (B) Visible light (C) Ultraviolet rays (D) y- rays
3. The particles equal in mass or greater than protons are called:
(A) Baryons : (B) Hadrons (C) Perm ions (D) Mesons
4. Electrons are: .
(A) Hadrons (B) Leptons (C) Quarks (D) Baryons
5. Two down and one up quarks make: i
(A) Proton (B) Neutron (C) Photon (D) Positron
N 6. Leptons are particles that do not experience _ . y . (Fed 2011)
’ (A) Weak nuclear force (B) Strong nuclear force (C) Electric force (D) Magnetic force
] 7. Mass of meson is ! :
(A) Greater than proton (B) Less than proton (C) Equal o proton (D) Equal to neutron
8. Strong nuclear force acts on:
' (A) Meson only (B) Pions only (C) Photons only (D) Hadrons only
9. The particles equal in mass but greater than proton are: '
(A) Mueons (8) Baryons (C) Leptons (D) Hadrons
10. A pair of quark and antiquark makes: ) )
(A) Meson ' (B) Baryon (C) Photon (D) Proton ‘

(s
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11, Which one belongs to Lepton's group: ' (D) All of these
{A\) Electron (B) Muons (C) Neutrinos .
12. Which of the tollowing are elementary particles: (D) Mesons
(A) Protons (8) Neutrons (C) Photons
13 The building blocks of protons and neutrons are called: _ (D) Quarks
(A) lons (8) Electrons (C) Positrons
14. Which of the followings are not hadrons? (D) Neutrons
*(A) Muons (B) Mesons (C) Protons
15, Two up quarks and one down quark mates a L (D) Meson
(A) Proton (B) Neutron (C) Photon
16. Subatomic Particles are divided-into groups: (D) All these
(A) Photon (B) Leptons (C) Hadrons
17. A proton consists of quarks which are: . (D) all down
(A) two up, one down (B) one up, two down (C)allup
18. Which pair of particles belongs to the Hadrons - ' nd poistr
(A) Fhotons and Electrons g(B) Positrons and electrons  (C) Protons and Neutions (D) Photons ameg orlws
19 The iwnge of week nuclear force is of the order of " ©) 1072 m :
(A 10" m (B) 10" m €10 " m —
[Answers Key
%G 2.D 3.A 4.B 5.B° |6.B 7.B 8.D 9.D 10.A | 11.D l12.C
13.0 14. A 15. A 16.D 17. A 18.C 19.C

a4 '\’i v
}'t.‘f‘\-g
A

R
Qo

0000@POOOo:"

O D e N T
LS g WA et

Neutron number ] N =
[ 2
er ...
2 || Mass spectrograph m = L-’T)B
fs jLMass deficit 1, Am = My + Mp) = Maucleus
i Mass defect per Am < (mp + mn) — My eus
nucleon N W A
2l Binding energy B.E=Amc’= (mp + mp) ¢ = Maycleus €
6 Binding energy per BE Amc’ (mp +m, )Cz = Wi
nucleon A A A
Relation between ,
7 |lunified mass scale and ||| u=931MeV
energy
8 || Alpha decay 7X— 53V + {He
9 || Betadecay 7 X— Y+ e

. A A
10 || Gamma decay _ZX‘ o ZX +y-radiation
AN
11 || Decay constant —= —}»At
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Radioactive biological effectiveness

Depends upon
nature of
material

olar's FEDERAL PHYS|c - |
S - &
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12 || Half Ii e ——
f life T 0.693 R In 2 “
A n ="
13 No. of undecayed / 1y
atoms (_) N
. 2} °
14 Intensity'variation of 1
___|[¥-raysin air Ix;,—
15 |ntens'ity variation of [=] et
Y-rays in solids — ¢ _
. 226 222 4
16 || First nuclear reaction SFR?*? gchn + He
17 || Dose o B
: m
18 || Equivalent dose D.=D x RBE J
UNITS
1 | Decay constant A
2 | Half life second
3 | Dose J/kg gray rad
4 | Equivalent dose sievert rem
5 | Units of radioactivity curie bequrrel
CONSTANTS ‘
1 | Mass of electron 9.11x10 "¥'kg 0.00055 u
| 2 | Mass of proton 1.673x10 kg | 1.007276 u
3 | Mass of neutron 1.675x10 kg | 1.008665 u
a4 |1u 1.6606 x10 "7 kg | 931.5 MeV
5 | Charge on electron -1.6x10°"C
6 | Charge on proton 1.6x10°°C
7 | Charge on neutron zero
8 Depends upon
Decay constant nature of
~ material
9 . Depends upon
Absorption coefficient nature of-
material -
10

CamScanner


https://v3.camscanner.com/user/download

Unit 20 [Nuclear Physics]

ons and neutrons is

...

. The combined number of all the prot feoii
i cleons.
The protons and neutrons present in the nucleus are called nu ¢ denoted by .

: : i ber and i
The number of neutrons present in a nucleus in called 1t neutrons num o the mucleus is calié the
The number of protons inside a nucleus or the number of ¢

lectrons outsi
atomic number or the charge number of an atom

.
...

and is denoted by Z

charge number Z, but have different mass

- [sotopes are such nuclei of an element that have the same
number A. ol
i tons and ncutron that maxe up the
¢ always less than the total mass of the prot : .
The mass of the nucleus is always les he totel e The e mass is ol N

nucleus. The difference of the masses is calle
the formation of the nucleus and is called bindin

*  The emission of radiations (@, and y)from clements

called radioactivity.
o The change of an clement into a new elemen
The original element is called parent clement and the

daughter element. L of | size al )
Such a reaction in which a heavy nucleus like uranium splits up 1nto tWo nuclei of equal size along with
emission of energy during reaction is called fission reaction.

Half-life of a radioactive element is that period in which half o
into daughter element.

DX Such a nuclear reaction in which

of energy is called fusion reaction. _
o The strength of the radiation source is indicated by its activity measured in Becquerel. One Becquerel

(Bq) is one disintegration per second. A larger unit is curie (ci) which equals 3.7x10'° disintegration per

second.
o The does D defined as the energy E ab
body.

g encrgy.
having charge number Z greater than 82 js

radiations is called radioactive decay,

t due to emission of g :
u formed due to this decay is called

clement

f the atoms of the parent element decay

two light nuclei merge to form a heavy nucleus along with the emission

sorbed from ionizing radiation per unit mass m of the absorbing

————

I3

‘ i s ;r’-;::’: 3 l::’ N A ,"""J =X ‘\:‘-7‘ ot
N eSO A N B e Xy s, el RS a7
~_ SolvedExamples.
el Yy AT Soag Dot S ¥ {2 Rebs 2 BT, i i At o] A

T

Exgmplc 20.1:

The mass of a-,, U*** nucleus is 234.993333U. The mass of proton = 1.00728 u and mass of neutron

= 1..00864u. Calculate the binding energy per nucleons of 2 92U135 nucleus.

SO'ution: . J T e T L T AT T T Y’ . >+ - .
Z2=92A =235

The number of neutrons = A — Z = 143

Mass defect = (92x1.00728) + 143 x 1.00867) — (234.99333 = 1.91624 U.

Binding energy = 1.91624 x 931 = 1784 MeV

Binding energy per nucleon = = !,—)25?4 =7.6 McV/A

. -

A graph of binding energy per nucleon number A is shown in fig 2 \ : indi
energy per nucleon of nucleus is, the more stable the nucleus is. Theggra(;))'hzsll};$: Th:fr.that qeater e b

=1 The binding energy per nucleon inc “ 475 ] .
g energy p reases as “4” increases to a maximum of about 1MeV per nucleon 2
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‘ ,\\‘\;\\\\ ¢ ‘ I .
; T Most stadhla N Rvadualtiy . e i————
¢ v TRUN S wacket are abowy A = 5
greatest W N80 sinee this 18 Where 1 b :
N The hin g enery . e ling enerRY per nucleons s
N C e TRy per nucheon is 3
; - LR § b .\\\-\‘ 1N Icas o X »
i The binding energy ey e > wreased when naclear fssion of a wanium 218 nueleus oecurs
‘ T TRIROns s increased Whey haht nuclel are fue Lo
Whena Bacleus ued sHRNEe are fused together.
w TS anderpoes fiss ; }
numbder of nuclean Dherefore the ;:‘\\!- SN, the twa fragment nueler cach comprise about half the
\ U erety ¢ dinding enerpy \ \ } J
mcleon for | 1, about 8.8 Me\' ® SOCTRY per nucledn increases from about 7.8 MeV per
. PR MeV per nucleon for the fragments
2N e . ‘:\\’.{“Q SNy O\ - s R
S PEERY IR nucleon tneres X ;
eORrRY meleasad fram the et ? }m\}\‘-k\‘t‘s by about 1 MeV for every nucleon which means tht the
o S Disswon of a single fisstonable nucleus is about 200 MeV. Massof w107 ™
AUCQUN N -‘-t\“.l: Kt k\‘\. N P { < VAU L
Example 20.2:

The half-life of radioactiy N

~la ad 0' k]
nucleus ¢ Ra*™ s 1ox10] yea

1
§
rs. Determine the deeay constant, :
Selution:
Q.093
1 2
N U AR

T._‘ =1.6x10° vears= kl.O\lO" _\'c;u*s\ (3,15\10‘% _\n‘.\r\

= 5.0810'"

Example 20.3:

Determine the activity of a 1 ¢ sample of w3 whose half-life against B- decay is

28 years., !
Solution:
. 0.693
h=——
T,
0.693
28 years3. 13 10% years

-~ a~ =10 =l
=7.83107 s
A K mole offan isotope has a mass equal to the atomic weight of th
Henge 1'g01 , Sr™ contains,

107 kg
90kg k mole

at isotope expressed in Kiloprams
-5
=1.11x107k moles

One k mole of any isotope contains Avogadro’s number of ators, and so 1g of | (Sr® contains
=% : - N
L1Ix107 kmole x6.025x10°° atoms

Thus the activity of the sample is,
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R= AN’
_783x107°6.690 +107's™

=14 1curies
0@ @ ...... °° .
Text Book Exerci

oot llowing questions.

Q.1 Select the correct answer of the fo gq e e Mev. Which nuclcus m
(i) The binding energy for nucleus A is 7.7 MeV and that for I

larger mass? _ . A

. . (d) None of these

(a) Nucleus A (b) Nucleus B ' (c) Less than nucleus A . (DN
(i) How many ncutrons are there in the nuclide Zn®*? 4 (d) 66

(a) 22 ~ (b)30 (e)3; ,
(iii)  Mass equlvalcnt of 931 MeV energy is: -

. %10=

(@) 6.02x102kg (b) 1.766x10"" kg () 2.67x107" kg (d) 6.02x10-27kg
(iv)  The energy cquivalent of 1 kg of matter is about. " s

(a) 107% ] - ()1 (c) 1072] (d)107J |
(v)  The radioactive nuclide g Ra®" decays by a series of emissions of three alpha particles and one bet;

particle. Thc nuclide X finally formed is, : ’ J

L) - 26 2

(a) o, X7 (b) 4 X W4 (d) X
(vi) A radioactive substance has a half life of four months. 3 —fourth of the substance will decay in.

(a) 6 months (b) 8 months (¢) 12 months (d) 16 months
(vii) Gammas radiations are emitted due to: : - :

-(a) De-excitation of atom (b) De-excitation of nucleus

(c) Excitation of atom (d) Excitation of nucleus
(viii)- Unit of decay constant A is,

(a) ms (b) m™* (c)m )R
(ix) Which of thé following basic force is able to prowdc an attraction between two neutrons:

" (a) Electrostatic and nuclear (b) Electrostatics and gravitational

(c) Gravitational and strong nuclear (d) only nuclear force

(x) Bottom quark carries charge:

“ < 4 .
energy.

2 =2 +1 |
— ) b)) — —_ . —
@ e | (b) e | (c)3e (D) e
CANSWER o | EXPLANATION

Nucleus B ASBE AmC‘
So the nucleus of greater mass has grcater binding

(ii) (c) . As gSZn, number of neutrons are N = A-Z = 66 — 30 = 36
Gi) |®  |1.766x107 kg |E=mC’ |

931 x 10°x 1.6 x 107" =m (3 x 10%)
931 x 10°x 1.6 x 107" .
(3 x 10%?
1.776 x 107 kg -

m:

m
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(“” 077 - , “ad
,' b mc
E= ()3 » 10"
v () o lolbj
v | © X2 2~ 10" .
Ser. 2 2
T [ [#monihs ira 24, 2}y _B,2}8x :
Fraction of undamaged nuclei = | —G‘)
3 (WY
1)
G-
2) 4
-G
2
son=2
‘ As time for one half life is four month. So the time for
- — two half lives is eight months.
(vii) | (b) De-excitation of nucleus Nucleus can also de-cxites as an atom, which results in
cmissi f -
i 1@ = 15;:;‘(;;;‘]0 energy (y-ray)
, =
AN ’
As*ﬁ' has no unit of s~'.
(ix) ' (c) Gravitational and streng nuclear | Gravitational and strong niclear forccs arc both
attractive. B - -
X (d e '
(x) ) _3_1 e Charge on bottom quark is — 3'e.

Lgnglve Questlon

P - e L
A e d‘-Mw-‘p— .........-a-.....,..—.—h—-»

What iz meant by natural radioactivity? How are the natural radioactive eadiations classified
into three types? ‘

See Theory Question No. 6 ,
" Explain the principle, construction, working and necessary mathernatical theory 'of a mass

spectrometer.
See Theory Question No. 3
What are isotapes? Explain with examples.

See Theory Question No. 2
4. Explain the term mass defect and binding energy related to a nucleus.

-

Ans: See Theory Question No. 5
5. Define and explain the half—life of a radioactive element?

Ans:  See Theory Question No. 7
6. Defins and explain nuclear reactions. : o

See Theory Question No. 11
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7. Writea comprehensive note on nuclear fisslon. .
. T———
Ans: See Theory Question No. 12 — raction working and uses of a typicg)
co

3. What is a nuclear reactor? Give the principle,

' nuclear reactor. '
Ans: See Theory Question No. 13 — e —ased In the fusion"prom
o What is meant by nuclear fusion? Discuss how €30 ,

lllustrate with examples. . o
Ans:  See Theory Question No. 14 — e —GM counter and solid m
30, What Is a radiation detector? -Explain the principle
| g
detector. _
Ans:  Sce Theory Question No. 9 et —=Tds of human activities.
11.  Discuss the technique and use of radio jsotopes in the di _—
Ans:  Sece Theory Question No. 15 —
12 Write a comprehensive note on hadrons, leptons and quarks. —_—
Ans:  See Theory Question No. 18 _ r r —
43 What ars harmful effects of Tadiations? What measures can be adopted to sa eguard us from
the nuclear hazards. ' —
Ans:  See Theory Question No. 15 & 16 ' — '
14. Explain tracer technigue in agricultural research.
Ans:  See Theory Question No. 16 ’ '
15.  Name the four fundamental interaction and the particles that mediate each interaction.
Ans: Sece Theory
16. Discuss the difierences between hadrons and leptons.
Ans: See Theory Question No. 18 g .
% T e T 1 e .:.us.éa'g-,.—’fi"c*l SRR R T

eptual Questionss: =

& 20 art
R e e LANT
"sx;«.b;..»d\\i‘igm. e 2k Tl

2 s

20 R AT Y T

Why does the alpha particle not make physical contact with nucleus when an alpha part |
headed directly toward the nucleus of an atom. . ' p. pa iclglln

At the atomic levcfl atoms and nuclei compositely has no sharp boundary so there is no such thing as
wysical contact. However alpha particle as being positively charged particle also suffers an electrostatic

pl
harged nucleus therefore there is less probability for alpha particle to come

repulsion from a positively ¢
into nuclear dimensions.

Explanation: )
A alpha particle consists of two protons and two neuitrons, so it is a positively cﬁarged paniélc All the

nuclei have protons in them along with neutral neutrons th
iy & s in. _ erefore they all ¢ iti ¢. Now
A sii]g?:r Paﬁsl;]!i:’ cls };]caded dxr_ectly towar_ds the nucleus-it will suffer strgrl;rgy S(;ilttrl;:tact}i]cmr%pulsion
e comact?(;o‘wev ecr a;'lgc;lsa.1 S;;:cl nuclei have no well-defined boundary’ so we cannot defin®
co{njng/inro s ey d’imp  particle will suffer repulsion due to electrom et force well before
; ensions. Thus we can say that positively Chmgzcgine::{ (l)l'czannot " ke
_particle

IS ‘
1ysical €9 x a i
physicz . «wmeans that they can’t enter into the nucicus
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1st o
cnergy per nucleon) js; .e mMass number (number of nucleons), then the binding fraction f(binding

7=En _ @Mp+Nmy - M2

The nuclear force i '
distance increases,

" hand, electromagne
atomic nucleys,

The nucleas - g m, and decreases rapidly to zero when the
nuclear force is therefore between the neighbor nucleons only. On the other

range, and is applied on all nucleons nearly equally within the

-of nuclear force on all nuclei due to i
ot g t , nucl 0 its long r. '
it ::SX;Z 1s obse:?/ed to decre_ase for nuclei with large number of protons. So large nuclei require an
- " number of neutrons in order 1o increase the packing fraction and thus the stability. '
3. n alpha particle has twice the charge of a beta particle. Why does the former deflect less than

;l"l)ee ;adtgr when pagsing between electrically charged plates, assuming they both have the same

For large nuclej there is la; I
phy binding e, arge number of protons; the Coulomb re

Ans: A bcta particle (a high energy,
- Explanation:

An alpha particle is a Helium nucleus, having two protons and two neutrons, has a charge of +2. A beta
particle has a charge of +1. or -1, depending on whether it is a positive or negative beta particle. The
mass of alpha particle is about 8000 times the mass of beta particle. 3

Due to double the amount of charge the electromagnetic force on alpha particle will be two times the
force on beta particle, however because of its large ‘mass about 8000 times the mass of beta particle it
will carry huge inertia and will be difficult to bend, and about 8000 times more force will be required to

produce the same deflection. : :

fast moving electron) with its smaller mass deflects more.

4, Element X has several isotopes. What do these isotopes have in common?
)Ans: Isotopes have same chemical properties but different physical properties..
Explanation: . : .

Isotopes are atoms of a chemical element with the same atomic nu.mber and nearly identical chemical
behaviour but with differing atomic mass or mass number due to difference in the number of neutrons
and therefore have different physical properties. o :

All the isotopes of the element X will react with .dif‘fcrent el_eme_pts sm.n.larly l?et_:ausc z.ill the isotopes
will have the same number of electrons. The.physmal .propcrtK:? like boiling point, melting points, will
not be affected. The isotopes of element X will _havc shffcrencc in the mass of the atom, the density and
the half life of the element due to the difference in their neutron number.

5.. How many protons are there in the nucleus Rn*™? How many neutrons? How many electrons |

are there in the neutral atom? |

IAns: s6Rn*2 nucleus has 86 protons and 136 neutrons. As number of protons ‘and electrons are cqt_xal in an
atom so as a whole it is neutral . ' ,
Expl_anatiqn:' ‘ | _ | | , |
In synibol 2X", X represents the chemical symbol for the element, Z represents the numbe.r of prggms
and A represents the number of nucleons (i.e. number of ‘protons and neutrons). Therefore, in gRn**, Z
= 86, thus there arc 86 protons. Since A = 222, this means that Number of nuclcons = 222.

P
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So
Number of neutrons + number of protons = 222
Number of neutrons = 222 — number of protons
Therefore,
Number of neutrons = 222 — 86 = 136 ] .
Hence there are 136 neutrons in gRn??. In neutral the number of electrons will be equal to the Numbe,
of protons, therefore in neutral atom of ggRn*** there will be 86 electrons.
6. Ra™ has half-life of 1600 years.
(a) What fraction remains after 4800 years?
(b) How many half-lives does it have in 9600 years?
Ans: (a) as three half lives would have passed after 4800 years therefore one cighth of the total amoyp, of
’ original radium would be left and (b) six half lives would have passed after 9600 years;
(2) |
Number of half-lives in 4800 years is
time passed 4800 yrs _
=~ Thalf-life 1600 yrs o
The number of nuclei left N to the total nuclei present N, is given by formula
N, '
2"
N,
N=3
N,
g
N = 0.125N,
Thus the number of nuclei left N will be 0.125 times total nuclei N, present.
(b) Number of half-lives in 9600 years is
time passed 9600 yrs
"7 half-life T 1600 yrs
hence 6 half lives would have passed after 9600 years.
748 Radium has a half-life of about 1600 years. If the universe was formed five blllion or more years
ago, why is there any radium left now?
Ans: Radium is the decay product of 9;U?** with a half life of 4.5 billion years therefore radium with a half-
life of only 1600 years is still found in nature. ,
Explanation:.
For complete decay of radioactive element an infinite time is required. As life of earth is 5 billion year
but not infinity therefore Ra still exist in universe.
8. Nuclear power plants use nuclear fission reactions to generate steam to run steam-turbine
generator. How does the nuclear reaction produce heat?
Ans: A heavy nucleus splits into intermediate size nuclei accompanied by free neutrons and photons (in the

form of gamma rays), and with release of large amount of energy in a fission process. In this way
nuclear reaction produces heat, which run steam turbine generator in a nuclear reactor.

Explanation:

When a slow moving (thermal) neutron is bombarded on U-235 nucleus and the nucleus will absorb thé
neutron, become unstable and split into two intermediate size fragments with the emission of 200 McV'
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ars in the form of kinetic energy in the fragments
and the neutrons liberated.

10n frapme : .
other objects, Bments converts intg he

At energy during their collision with each other and with
9. What factors ma
[ ke a fusion reaction difficult to achieve?
Ans:  Explanation. _
For the fusion of two 13 | ,
of two light nucle; ¢ :
For this purpoge the m?clc lei work has 1o be done against the repulsive force between them.

) i ) . . : .
increasing their temperature are moved }()Yvards cach other with very high velocity. This can be donL_ by
thermal K E 1 YR e ]up 10 10 Million degree Celsius. At this temperature the nuclei get sufficient

€ electrostatic repulsion. But such o high temperature is difficult to achieve.
10.  Discuss the Similarities and diff
—— Ilferences between fission and fusion.
Ans:  Similaritics:

1. Both are able to gi :

, Bive off energy as heat & radiat; i . : g i mass
1S converted intg energy. , 1ation, as in these reactions mass is lost, and this lost

2. Both may f i : i,

% ol y] Orerhaln reactions a sclf-sustammg series of reactions,

‘ nuclear fusion and nuclear fissi i : on = 1
: on use the ener cles in the energy
production process, ’ gy stored in atomic particles gy

4. Both nuclear reactions can be useg in the creation of nuclear weapons,

Differences: '

1. Fission is the process of splitting of an atom into two or smaller atoms and fusion is the fusing or joining
together of two or more smaller atoms to form a larger one. :

2. Fission and fusion happen in different conditions, Fission requires large Critical Mass and a slow
neutron to initiate the process. Very high temperatures (about 10° K) and increased density are required
for a fusion reaction.

3. In case of fusion reactions, fusion reactors cannot sustain a chain reaction so they can never melt down
like fission reactors. Fusion reaction roduces very less or, if the right atoms are chosen, no radioactive

. : P ry g
waste. In case of nuclear fission large radioactive waste is produced,

4. The amount of mass transformed into energy is that much greater in a fusion reaction than in a fission
reaction.

11.  In what ways is time constant CR similar to and different from (a) radioactive decay constant, )
(b) radioactive half-life? :
Ans:

Relationship between time constant CR and radioactive dccay_ constant
Similarities:

() Both capacitor and radioactive nucleus decay (change) at an exponential rate, relative high initial
rate, progressively decreasing.

(i) Neither fully completes their decay (nceding an infinite time).
(iii) Both RC and A are constant quantities.

|
(iv) Relation betweén them is RC =7

(v) - In cqual time intervals, the charge on the capacitor or the number of un-decayed nuclei changes in
the same ratio. '

Differences: . e ; .
(i) Decay constant A determines the rate of decay while capacitive time constant RC is the time in

1 .. .
which charge of capacitor drops to 7 of its maximum value.

&g
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428 unlike the regular flow of charge off 5

(i) Radioactive decay is spontaneous and random process
capacitor. ' ‘ involved (nuclear chap

(iii) Radioactive decay results in a permanent Changc.[to the particles : ge)

i i or. X

whereas electrons are physically unchanged in capacl Lenced by any means while the rate of

(iv) Radioactive decay rate of a given sample cannot ble by altering capacitance
decay for a capacitor (voltage drop or discharge ¢ ,
value or circuit resistance. . T :
. : Je the uni
(v) Unit of capacitive time constant RC is that of time (sec) while
constant A is reciprocal of time (sec“1). .
of RC, smaller the rate
(vi) Larger the value of A, greater the rate of decay whereas larger the value of
discharge. .
. . . : i life
Relationship between time constant CR and radioactive half
Similarities: : ‘ . .
. . ension.
(i) Both capacitive time constant RC and radioactive half-life Ti;2 have same dim ,
(i) Both RC and T, represent time for a particular process. |
(iii) Relation between both is T2 =1In(2) x RC. . : :

Differences: o o g )
(i) Half-life of a radioactive substance cannot change by any means while changing the resistor or

capacitance or both can change the time constant of capacitor
(i) RC is used when dcaling with charges in electrostatics W
radioactive nuclei in nuclear physics. L
(iii) Raté of discharge of a capacitor is called current while rate of decay of radioactive lsubstance is
called activity.
What happen to atomic number of a nucleus that emitsy - rays photons?

The atomic number and mass number of nucleus remain unchanged, when a nucleus emits gamma ray

be infl
urrent) is controlla

t of radioactive decay

hile T;;2 is used when dealing with

12.

Ans:
photon.
Explanation:
Gamma particle are simply high energy photon carry no ch

“emitted by unstable nuclei which are in high energy state to attain stability. Gamma radioactive decay.
photons commonly have energies of a few hundred KeV, and are almost always less than 10 McV in
energy. Their emissions do not make any change in charge number Z or nucleon number A. The gamma

arge and has no rest mass. Gamma rays arc

decay process is written as:
(XY X +y _
13.  What happen to the atomic number of nucleus that emits gamma

its mass? ,
When a nucleus emits a gamma ray photon then its charge number Z and mass number A remain the-

ray photons? What hap.pen to

Ans:
same

- Explanation:
As gamma radiation is simply a photon which has neither any charge nor any rest mass. After the

emission of alpha or beta particle. thc daughter nucleus is in the excited state, The excited state is
unstable, so the nucleus comes to a stable state by emission of one or more gamma rays photons. S0
their emissions do not make any change in charge number or mass number It can be expressed as

).

@XY) o 2X* +y |
14.  Explain why neutron activated nuclides tend to decay by B-rather than p*. | , I

In neutron activated nuclides the number of neutrons increases. The nucleus in order to attain stability
converts the neutron into proton by emission of B.

Ans:
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Explanation:

nd . - . . sth el
eation of a nuclear reaction occurs in the production of cobalt-60 within a nuclear
60 . « |
27C0 + 0N3 - 27C060

The cobalt-60 then dec

lfe of about 9 55 yearsays by the emission of a beta particle plus gamma rays into nickel-60 with a half- .

B-decay take place in the ney i i
neutron deficient nuclei, such a i u to
overcome the deficiency. , S & S :

5.

Why are large nuclei unstable? ' ’ ]

\ns:

Due the presence of large number of protons in the atomic nucleus the packing fraction (binding energy
per nucleon) decreases, thus large nuclei are unstable. G

Explanation:

The packing fraction is the measure of stability of a nucleus. The nucleus with large packing fraction is
more stable. If A = N + Z is the mass number (number of nucleons), then the binding fraction f is;
_Ep _ (ZMp+NMs - M)c2 |
S=A " i

" The nuclear force is a short range force limited to about 10-'* m, and decreases rapidly to zero when the
- distance increases. The nuclear force is therefore between the neighbour nucleons only. On the other
~ hand, electromagnetic force has infinite range, and is applied oh all nucleons ncarly equally within the

atomic nucleus.

For large nuclei, there are large numbers of protons; the Coulomb repulsion between the protons
opposes the binding effect of nuclear force. Hence the binding energy per nucleons is observed 1o
decrease for nuclei with large nucleon number (A). Thus the nuclei with large A will be less stable.
Conclusion: Large nuclei are unstable due to decrease in the packing fraction, because of the presence
of large number of protons. ' '

6.

What happen to the atomic number and mass number of a nuclsus that (a) emits an electron?
(b) Undergoes electron? (c) Emits an a -particle?

Ans:

In-electron emission and electron capture mass number of nucleus does not change, only the .atomic

-number changes. However, in alpha cmission both mass number and atomic numbcr changes.

(a) Electron Emission: , ' '

. In electron emission (or beta decay P) of a radionuclide does not change its mass number A,
because electron emission changes a neutron into a proton. Thus the atomic number 7 is increased
by one unit. '

, XA = 2 YA+ e+ v+ Q
Example: C'> — ;N” + _1e°+v+Q - .

(b) Electron capture: ‘ :

. Electron capture is a process in which a proton-rich (unstable) nuclide absorbs an inner atomic
electron, thereby changing a nuclear proton to a neutron and causing the emission of a neutrino.
Thus the mass number. A does not change but the atomic number Z decreases by one unit.

2XMe” s zaYt+v+Q
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, Example: 3Ni* + e~ —,;Co® + v + Q
- {¢) Alpha Emission: A .
In alpha decay, the original (parent) nuclide is converted to a daughter by the emission of a heliym,
nucleus. Balancing the reaction shows that the daughter nuclide has a mass number A reduced by
- four and atomic number Z reduced by two. |
‘ ZXA"’zﬂYA-I +a+Q
. Example:ggRn*? — 5, Ro¥¢ + ,He!
17. How many a-decay occur in the decay of thorium o Th*” into, Py I
Ans:  Fouralpha decays will transform thorium-228 90Th??® into lead-212 sszm-, :
Explanation: ’ ) ; .
In alpha decay, the original (parent) nuclide is converted to a “daughter” by the emission of an ¢.
particle. Balancing the reaction shows that the daughter nuclide has a nucleon number reduced by foyr
and.a charge number reduced by two. e
90Th;28~—> ggRal_24 + ;He* (a-particle)
ggRa®®t — ssanzo +,He? (ce-particle) : ¥ :
22 . . ‘ g
soRn2 0 ;;4}’02'6 + ,He? (ax-particle)
g4PO IG'?‘) gzpbzu + zHC‘ (a-particle)-
{ 18. What is color force?
Ans:  The force that holds quarks together, operating by means of the colour charge. The colour force is the

source of the strong interaction, or that the strong interaction is like a residual colour force which
extends beyond the proton or neutron to bind them together in a nucleus. ,

Colour Force: The strong force between quarks is often called the colour force. The force is carried by
ma§sless particles called gluons. According to QCD, there are eight gluons, all with colour charge, and
their anti-gluons. When a quark emits or absorbs a gluon, its colour changes. For example, a blue quark
that emits a gluon may become a red quark that absorbs this gluon becomes a blue quark. The colour.
force between quarks is analogous to the electric force between charges: like colours repel each other,
‘but a red quark will be attracted to an anti-red quark. Although the colour force between two colour-
neutral hadrons (such as a proton and a neutron) is negligible at large separations, the strong colour force
between their constituent quarks does not exactly cancel at small separations of about 1 fm. This
residual strong force is in fact the nuclear force that binds

et e e e RS AP A YR
; e e O ¥, LS, Ao et 1o
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o Find

Mass detect Am = ? L
Binding energy E=? v \ :
Hydrogen mass not proton ma’sl';’ is used

. Number of proton Z=2

Mass of proton Mp = 1.00 27u
Numbgy of neutrons N =2 ||

Mass neutron M, = 1.008665u

Mass of helium nucleus M = 4.002602u

7\

|

: \

Y

Mp = My, = 1.007825
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The mass dctcc} is gives by: Am= ZMp + NMy - M
Putting values: | Am =2() .007825:) +21 .00866Su) —-4.002602
The binding energy i g o Am =2.01565u + 2.01733, - 4.0026020 ’

Eg = (ZMs + NMyo~ M) 2

e - Ea—Am xc’ - Am x 931 SMev
Putting values Es =0.30378 x 031.5Mev

Therefore, {Eg=2 297107MeV]
2. A certain radioactive isotope hag half-

this isotope is pre iife of 8 hours. A solution containing 500 million atoms af

pared. How many atoms of this isoto
: ' € pe have not disintegrated after?
(3) 8 hours (b) 24 hours . ’ ¢ RS

" Given:

Number of atoms present No = S00 million

Number of half-lives n(after 8 hours) = 1 ' e
To Find:

Number of atoms left N = 9
Solution: '

. e » 2
The number of nuclei afier left to the total nuclej present is given by formuls: © N = (‘2‘) Nq

» b ‘\;
Putting value: N = GJ N,

AT = 500 millien
. 2

[N =250 million]
(b) given:

Number of atoms present = 500 million
Number of half lives n{after 24 hours) =3
To Find:
Number of atoms left N = ?
Solution;

o s MYy
The number of nuclei left to the total nuclei present is given by formula: N = (2) N,

13
N= (3o

putting values

% 500 million
' Ne 55
I/ Therefore, E--- 62.5 million_]
3. Write the nuclear equation fou; othe beta decs‘y of: .
(a) Pp*° (b) & Bi' (€) o Th (d) o Np
82 «
Solution: .
" The general formula for the ( - ) beta en:ssron
' Qx=z+]va+u+0
(a) Lead converts into bismuth by releasing a negative beta particle and an anti-neutrino

-210 o
gzpbno —> llBl +-|8+0+
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(‘:,:;2 Bismuth convert into polonium by releasing a (-) beta particle and anti-neutrino
] 1Bi?'% — P + -1B +u+ .
(c) Thorium converts into protactinium by releasing a (-) beta particle and an anti- neutrino
wTh™ o P+ B+5+

(d) Neptunium convert into plutonium by releasing a negative beta particle and anti-ncutrino

Np¥® = oPu?” 4 _'B i

Calculate the total energy released if 1 kg of U undergoes fission? Taking the disintegration

energy per event to be Q = 208 MaV. e,

Given:
Number of nuclei per atom n = 235
Disintegration enérgy Q = 208MeV
To Find:

Total energy released E = ?

Solution:
The total released *E* will be equal to the product of number of atoms ‘N’

relcased per event Q.
El-oul = NQ =) (')

As Ikg of any element = 6.023 x 10%
- Mass of 6.023 x 10* nuclei of U™ per mole

S
O N 235kg per mol
N =2.56 x 106 nuclei of Y***
Putting values in equation (i)

Gt = 2.56 x 10* x 208MeV
L = 5.3248 x 10® MeV]

present in the sample and the energy

- B, Find the eneray released in the following fission reaction.

M, UYL K+ Ba' 4 3" +Q

Given:
Reaction

"To Find:

Total energy released Q = ?

Solution:

Nuclear reaction energy Q:
The energy released in this fission can be calculated as

Products
15 Ba=140.9139u

2 Kr=91.8973u

Reactants
o0 =1.0087y
¥ U =235.0439u

N

Total =236.0526m 3,n=3.0261u

Total =235.8373u
The mass detect is Am =236.0526u - 235. 8373u=0.2153u

Since Ty is equivalent to 931.5 meV, the energy released in
931.5MeV

Nuclear energy = 0.2153 p x T

Nuclear energy = [200.55195MeV]
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The masses of the given nuclei in this reaction are
TH=1.00814v TLi=7.01823u

1Be =7.01592u »n=1.00866u
. <energy released in given by equation .

Q=mH +m,Li — m]Be -m)n

Q=1.00814u+ 7.01823u —7.01592u - 1.00866u

Q=0.00179u
Since Ip is equivalent to 931.5MeV, the energy released as

: 931.5MeV
Released energy = 0.001794 x —“45-

-[Released energy = 1.67MeV|

Additional ¢

y — 234 — :i
- Th™ pa®!. Mass of ”T h = 234'043513
ind the energy released when f3 - decay changes 5 9 :
and ,, Pa*!=234.042762u. - ~——
_Given:  Massof oo Th™ =234.0436p
. MassofoPa™234.0428u - | )
To Find: .
Energy released Q =?
Solution: .
" The reaction is o Th™ —> oPa™ +_B=v+Q
The mass of beta particle is 0.000594p
The energy released is given by the equation
Q-mg'Th=m;*Pa—mp
Putting values:
Q =1234.0436p — 234.042762n — 0.0005485
Since 1p is equivalent to 931.5 MeV, the energy released is
1.5MeV
Released energy = 0.0002895 f x 9—3——-5“—"
“ |Released energy = 0.26967MeV|
10.  Find out the K.E to which a proton must be accelerated to induce the followmg nuclear reaction, '
Li’ (p,n) Be'. '
Given:
The reaction is 1 + | Li — [Be + ;n + Q X
To Find: ‘
Kinetic energy of proton Q =7
Solution:

What is atomic mass unit (a.m.u) and show that
1U=1.6606 x 1077 Kg.

Atomic mass unit is the unit of mass used in nuclear physics as adopted by the international union of

pure and Applied Physics (IUPAP).

, ]
One amu.is equal to ( —) th of the mass of one (C'? atom
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Denvr—- -

— . T"~ — Aul(dUDjective)

438
Mass of one carbon atom = 6.0 61223 :n 102

: -3
Mass of one carbon atom = 162 0’;_;0,( ‘Ig :

lgmu 12 (mass of one carbon atom)
_1 12x10%Ke
=12 (603 x 108)
1 x ok
=13 (1.992678 x 102 K g)
lamu = 1U = 1.6606 x 12’ Kg

.Show that 1U = 931Mev (approximately) OR

_Ans.

What is relation between amu and Mev
1U = 1.660565 x 10?7 Kg - |
E =mc? :
Energg of 1U = 1.660565 x 10777 (2.998 x 10%?
=1.4925 x 1070}
_ 14925 x 107'°
MU= 602 <10
- TU=931.64 x 10%v
IU =931 Mev (approximately)

Ans.

What are the drawback of a Geiger counter as a radiation detector?

It is not suitable for fast counting of the radiations, it is due to its long dead time (10~ sec), some of the

radiations remains unaccounted during long dead time.

Ans.

Will a single nucleus emit o — particle, B - particle and y - rays together?

No, one nucleus can emit either a — particle or B — particle at one time.

Ans,

What are isotopes? What do they have in common and what are their differences?

Isotopes are the different atoms of the same the element which have same atomic or charge number Z
but different mass numbers A. : : )

~-Similarities:

(1) Same atomic or ‘charge number Z.
(ii)  Same chemical properties.
Differences:

§)) Different mass numbers A. .

- (i)  Different physical properties.

Why are heavy nuclel unstable?

A nucleus is unstable if it is too big. i-e, Its atomic qumbcr (becomes greater) than 82
‘Reason: : I : | :

In the: heavy nuclei which have too many neutrons relative to protons (i.c. N > 7), thie strong
nuclear force between two nucleous falls off rapidly. Hence electrostatic repulsive force overcomes the
strong nuclear force. ' .

What fraction of a radioactive sample decays after two half-lives have elapsed?

~Ans.

If N, = Number of original atoms then after 2 half-lives, Number of un-decayed atoms = N,
. , 4
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-2

N, 3N,
Therefore, number of decayed atoms N, "—49' =74

3N _
pletely decayed after 2 half-lives, only ~T(75%) will hay,

So, radioactive sample will not be com
—

ing. Why?
—
e rapidly and hence comes to rest soq,

dcéaycd.
A particle which produces more lonization Is less penetrat

. . ) . . . 1 T
A particle which produces more ionization loses its encrgy me
—

Ans. :
" after covering a smaller distance. So, it has less penetrating power.
What factors make a fusion reaction difficult to achieve? ——
107 K because charged nuclei have great repulsiye

9,

Ans. Fusion reactions take place at very high temp €.g., - i ome th S
force between them. This high temperature increases their K.E. s0 mucht.th :; :;i?gg;(;t 10 acbjcel;zplllswe
forces. This factor of very high temperature & K.E. makes the fusion reactio —

10.  If you swallowed an a-source and a p-particle, which would be more danggrous g0 you? Explatn
why? P

Ans. a-source is more dahgcrous if it swallowed, became it has 100 times more ionization pqwer than the

B-particle. ' |
- e® 0@0 “3
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a.No 1 Encircle the correct option.
/"':rb;o—r—bg Dose “D™ is defined as - I
I. - g E
= | = 6= ® o
WE ®C © =~ e
2 Half life of radium is 1620 years. In how many years shall the edrth loss all its radium due to radioactive
: decay? . o ' ) ' ‘
(A) 1590 X 10° years (B) 1590 x 10" years (C) 1590 x 1 0% years (D) never
3, The most uscful tracer is , ‘ o
(A) Sr—90 (B)1-131 (C) Ca—-41 : (D)C—14
4. Which of the following will be 2 better shield against 7 - rays? ' . #
(A) ordinary water ’ (B) heavy water (C) lead . (D) aluminum
5. The maximum safe limit dose for persons working in nuclear power station 1S ' _
(D) 3 rem per week

(A) 1 rem per week (B) S rem per week (C) 4 rem per week

6. When & — particle is emitted from any nucleus riass number and its charge number

(A) increases by 2m , increases by 2 (B) decreases by 4, decreases by 2 ;
(C) decreases by 4, increases by 2 (D) decreases by 4, decreases by 4

h mass of each ion reaching the detector is proportional to :

7. In mass spectrograp
(A)r . ® B © (> VB
8. The radioactive element has the half life of 1600 years, after 6400 years what function will remain
(A) 1/16 (B) 1/8 © 12 (D) 1/4
9.  The binding energy per nucleon is maximum for 4
(A) 2Fe” (B) oU™ (C)ssBa'" (D) He
10. The dead time of Geiger — Muller Counter is of the order of o .
(A) micro second (B) millisecond (C) more than millisecond (D) nanosecond )
Q.No.2 Write Short Answers any SIX of the following questions.
1. Which radiation dose would deposit more encrey to the body (a) 10 mGy to the hand (b) 1 mGy to the whole
body? :
2. State the radioactive decay laws.
3L Describe the principle of operation of solid state detector of ionizing radiation in generation and detection of
charge carriers. 7 ' , ' '
4. What fraction of radioactive sample decays after two half-lives have elapsed?
5. What do you mean by critical mass?
6. How can the radioactivity help I'the treatment of cancer?
7s . Prove that 1 u =931 MeV. ,
Q.Nc 3Extensive Question. e

(a) What is mass spectrograph? Explain its working. g
(b) Find the mass Defect and binding energy for helium nucleus?

o
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Self—Assessmeﬁt Paper 2

—
—

Q.No.1 Encircle the correct option.
1. The amount of the energy equivalent to 1 a.m.u. is o ; D)2.224 MéV

(A) 931 McV (B) 93.15 MeV (C)9.315 MeV - (D)
¥ 8 The energy released by fusion of two deuterons into a Helium nucleus is abou :

1.02 MeV (D) 7.2 MeV

(A) 24 MeV (B) 200 MeV © 10
k4 The particles equal in mass or greater than protons are called

(A) Leptons (B) Baryons (C) Mesons ’ (D) Mouns
4. Thyroid cancer is cured by e . 137

(A) iodine - 131 (B) carbon — 14 (C) sodium — 24 . (D) cesium =
5. By emitting 5 - particle and y - particle simultaneously the nucleus changes its charge by

(A) losses by 1 (B) increases by 1 (C) increase by 2 (D) no change will be observed
6. The half life on 3;Sr is 9.70 hours. What is its decay constant?

(A) 1.98x107%s7! (B) 1.6x107s™! (C) 2.5x107s - (D) none of these
7. A snmplc contains N radioactive nuclei. After 4 half lives number of nuclel decayed is

15N N 7N
(A) — (B) — (C) (D) e
16 . .

S. Energy given out per nucleon in p — p reaction is

(A)5.2 MeV (B) 6 MeV (C) 6.4 MeV . (D) 7.7 MeV
9. Leptons are particles that do not experience

(A) weak nuclear force (B) strong nuclear force (C) electric force (D) magnetic force
10. A pair of quark and anti quark makes

(A) meson (B) Baryon (C) photon (D) proton

Q.No.2 Write Short Answers any SIX of the following questions.

ot

1. A particle which produces more ionization is less penetrating. why?

2. What information is revealed by the length and shape of the tracks of an incident particle in Wllson clnud
chamber?

3. What do you mean by dead time in GM counter?

4. Discuss the advantages and disadvantages of fission power compared to the use of fossil fuel gencrated power.

S. The half life of "Sr 1s 9.70 hours. Find its decay constant.

6. Find the binding energy of tritium. Mass of tritium nucleus=3.016049u, mass of proton—! 007276u Mass of
neutron=1.008665u.

7. Describe the brief account of interaction of various type of radiations with matter.

Q.No.3Extensive Questions.

Q. (a) What is nuclear reactor? Describe its principle and working in detai.

(b) Calculate the total energy released if 1kg of U** undergoes fission? Taking the disintegration energy per ev.eht to

be Q =208MeV.

OCOOOOE


https://v3.camscanner.com/user/download

