Nuclear Physics ﬂ—

- Exercise-1 |

If required, you can use the following data:
Mass of proton m = 1.007276 u, Mass of H' atom = 1.007825 u, Mass of neutron m = 1.008665 u,

Mass of electron = 0.0005486 u = 511 KeV/c?, 1 u = 931 MeV/c®. N, =6.023 x 10%

Atomic mass of : H2=2.01410 u, Be® = 8.00531u, B'* = 11.00930u, Li" = 7.01601u, He* = 4.002603u.
Ife amawas & @ T @1 STt W

W &1 G m = 1.007276 u, ,H! WA &1 S = 1.007825 u, YL &1 GFAH m, = 1.008665
U, STFgl BT SFHE m_= 0.0005486 u = 511 KeV/c?, 1 u = 931 MeV/c?, N, = 6.023 x 102

URHTY] S&H @ H? = 2.01410 u, Be® = 8.00531u, B = 11.00930u, Li” = 7.01601u, He* = 4.002603u.

w Marked Questions can be used as Revision Questions.

= fifed we Sevm aFg e 2

PART -1: SUBJECTIVE QUESTIONS

I - | ; QYA H® U9 (SUBJECTIVE QUESTIONS)

Section (A) : Properties of Nucleus TP B o1

Al

ANs :

Sol :

A-2.

AnNs.

Sol.

A neutron star has a density equal to that of the nuclear matter(~ 3 x 1017 kg/m?3). Assuming the star to
be spherical, find the radius of a neutron star whose mass is (i) 4.0 x 10 30 kg (twice the mass of the
sun) (ii) 6 x 102 Kg (around mass of the earth).

Th Y[ R BT gcd ITS A & (=3 x 1017 kg/m3) & IRER BIAT § | IR BT MATHR A g
| AR B B S| BRI, E g@dE () 4.0 x 10 %0 kg (P B S@EE F A (i) 6 x 1024 Kg
(Gt & ST B W) B |

4x10° 3 13 6x10% 3 13
Hr= |:—><—:| =14.71 km (i) r2= |:—><—:| =168.4m

3x10Y  4n 3x10"  4n
30 1/3 24 1/3
= |20 31 cakm ) =229 L3 —1684m
3x10 4n 3x10 An

Assuming the radius of a nucleus to be equal to R = 1.3 Al® x 10-15> m, where A is its mass number,
evaluate the density of nuclei and the number of nucleons per unit volume of the nucleus. Take mass of
one nucleon = 1.67 x 107%" kg

A feft e @ Bsar R = 1.3 A3 x 10715 m 8, 9T A 9@ SHE A&l & | e & 8@ iR
S & Ui Qahie AR H, faAsi B =T A1 PRI | U Yaasi= bl ge@| e = 1.67 x 1027 kg
o

2 x10%t kg/cm3, 1x1038 nucl. ATfH&H/cm3

The radius of nucleus is AT ® @1 3rean R =Ro A3

where A = mass number S8l A=GaHH G&T 8 Ro=1.3x105m=1.3fm

The volume of nuclues is ATH® BT JTITT = %nR3 = %n (Ro A13)3 = %nRgA

A = mass number = number of nucleons

. . A
.. The number of nucleons per unit volume is = v

A = ST AT = A1fAdh BUI B G

- Ufd sp1s Iad ¥ A1f¥e Bl B G = e

L. 1.09 x 1038 nucleons/cc ¥TfA® &v1/cc

3
—nR}
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Nuclear Physics ﬂ—

mass EEIN]
volume SIRKSE)
=1.09 x 10% x mass of nucleons per cc Ufd &9 ¥ WG &1 gTAH
=1.82 x 10! kg/cc

Density is g-cd p=

SECTION (B) : MASS DEFECT AND BINDING ENERGY

B 1.

Ans.

Sol.

B2x

Ans.
Sol.

THN &l R T=E Hot

Find the binding energy of the nucleus of lithium isotope sLi” and hence find the binding energy per
nucleoninit. (M , =7.014353 amu, M , = 1.007826, mass of neutron= 1.00867 u)

fafrm aaeenfe sLi7 & T1ffe @ 99 ol o )1 R R S9! ufo=yfadters s $aii 91d
FR| (M, =7.014353 amu, M , = 1.007826, g1 H1 F2 = 1.00867 u)

B.E. = [3M, +4m , —M_, | 931 MeV = 39.22 MevV,, %:%: 5.6 MeV

B.E.=[3M, +4m  —M | 931 MeV = 39.22 MeV, % - g = 5.6 MeV

Find the energy required for separation of a 10Ne?° nucleus into two o — particles and a sC*? nucleus if it
is known that the binding energies per nucleon in 10Ne?°, >He* and sC*? nuclei are equal to 8.03, 7.07
and 7.68 MeV respectively.

T&H 10Ne? F1fHE BT Q1 o — B AR Th 6CL2 e # A9IRTa w1 &1 mawad ot g1d &1 | Al
10Ne2, pHe# 3R 6C12 1T 1 URgfItaer a7 Jhofl HHA: 8.03, 7.07 3R 7.68 MeV B |

E = 20 x (8.03) — 2x4 (7.07) — 12(7.68) = 11.9 MeV

E = 20 x (8.03) — 2x4 (7.07) — 12(7.68) = 11.9 MeV

10Ne2® — 2 >He?* + §C12

Section (C) : Radioactive decay & Displacement law fSagfdea faaed vd fawmu= a9

C1.

Ans.

Sol.

The kinetic energy of an o — particle which flies out of the nucleus of a Ra2?6 atom in radioactive
disintegration is 4.78 MeV. Find the total energy evolved during the escape of the o — particle.

Th o — HU Pl RS Foll ol AAefded e gR1 U Ra?? WA & WP ¥ 918X A 3, 4.78
MeV 8 | o ~PY & d18R 31 H oA Icaroid SHofl s8R |

226

222
When o - particle will escape, the daughter nucleus will recoil back with same momentum. Applying
momentum conservation p, = py
Total energy released
9 o~V e 8, 1 G A1W®, T G99 9 e B AR U B © | FaT GREV A p, = p,
Total energy released. T I ol

TE = KE of a + KE of daughter nucleus
TE = a & & sl SHoll + GAT THe B S SHol

_pS o, P
2m,  2m,

2
S
2\{m, my

= Mu.Ea {i + ij
mot md

= Eq« [1+ M, j
md

= 4.78 1+i = 4.87 Mev.
222

x4.78 = 4.87 MeV.
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Nuclear Physics ﬂ—

C2.

Ans:

Sol.

In the decay 6 Cu — 8 Ni + e * + v, the maximum kinetic energy carried by the positron is found to be

0.680 MeV (a) Find the energy of the neutrino which was emitted together with a positron of energy

0.180 MeV (b) What is the momentum of this neutrino in kg—-m /s ?Use the formula applicable to
hoton.

54 Cu— 8Ni+e*+v, 39 fdgcd 4§ Ufolig &I 1f¥dad Tfast il 0.680 MeV IRl % | (@) =EHT I

0.180 MeV Sulf & UTSIEI & A1 IRl BIdl 8, & SHofl fha= 8 2 (b) 39 LM &1 FIT kg-m /s

# a1 BRM? BICH WR oW aTell g & YA & |

3
(a) (0.680 — 0.180) Me V = 500 ke V (b) w = 2.67 x 10-22 kg—m/s

(a) KE of v + KE of e* = Maximum energy of e*
L BT RIS ol + e BT RIS ol = e* B BT FHroft
= KE of v = (0.680 — 0.180) Mev.
=500 Kev.
E _ 500x10°x1.6x107"
= = - Kg-m/s.
C 3x10
=2.67 x 10722 Kg-m/s.

(b) p=

Section (D) : Statistical law of Radioactive decay

@vg (D) : YfeAfeea faues & wiRaa & s

D1lxw

ANs :

Sol.

D2=x

ANns :

Sol.

Beta decay of a free neutron takes place with a half life of 14 minutes. Then find (a) decay constant (b)
energy liberated in the process.

UH gad <[ p-faue &Rar & RNaa! srgemy 14 e © a1 (a) &did 9d BRI ? (b) ufshan | fha=

Sl Iaford g ?

(@) % =825x 10451 (b) (Mn—mp—me) 931 = 782 keV
X

(@)n= N2 _ 069 o _go5x104 5t
T 14 x 60

(yn=p+e +V+Q
Q=(mn—mp—m_).C?
=(1.008665 — 1.007276 — 0.0005486) x 931Mev.= 782 Kev.

How many B- particles are emitted during one hour by 1.0 pg of Na?* radionuclide whose

half-life is 15 hours? [Take e~ 0-69315 = 0,955, and avagadro number =6 x 1023 ]

e ug Na2* RREIgaass) gR1 U gve § fha B—F0 &1 IcAod 81T, 3R SHS! Gy 15 '

7 2 [ e-069315) = 0,955 THIfNY, 3R ARGl H&AT = 6 x 1023 ]

6x10% x10°°
24

No. of particle emitted in time t is

t T H IARIT B B A=

[1— e’°'693’15] =1.128 x 10'5

_n2
N =No(1- e™*)=No {1—6 Tz ]

No = No. of nuclei in 1pug of Na24
No=Na2* & 1ug # SuRed Fifd @ e
_ 6x10*°x107°
iy e—

_ 6x10*x10°°
Ry

No

0.693

N x (1—e_15x J: 1.128 x 1015

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
| Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: Ug0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Nuclear Physics ﬂ—

D 3.

AnNns :

Sol.

Calculate the specific activities of Na?* & U2 nuclides whose half lives are 15 hours and
7.1 x 108 years respectively.

Na24 & U235 & el @1 JTgamy HAe: 15 8 iR 7.1 x 108 99 & a1 s9a! fafre wftvaar sma &1
No, 069 5o 10imgps & Moy 80.693

24 15x60x60 235 7.1x10° x365x 86400
Specific activity = No. of particles emitted per second by 1g of the substance

faferss wfhaar = e @ 19 gRT Ufd Adhvs SRTd HUN @ H=

= 0.8 x 105 dps

For Naz & fora
specific activity faRRrss afdraar = % x 0'_?93 =3.2 x 10' dps/g
1
2
For U2 & ferd
specific activity faRrss afsraar = 2'\;’*5 X 0:_593 =0.8 x 105 dps/g
1

2

Section (E) : Nuclear Fission and Fusion

@vg (E) : e fgve iR daa+

E 1.

Sol.

E 2.

Ans.

Sol.

E 3.

Ans.

Consider the case of bombardment of U235 nucleus with a thermal neutron. The fission products are
Mo® & Lal® and two neutrons. Calculate the energy released by one U2% nucleus. (Rest masses of the

nuclides are U2% = 235.0439 u, ;n = 1.0087 u, Mo% = 94.9058 u, La!3 = 138.9061 u).

AR RIS B U2 Tife R B8R R F Mo, Lal® iR q1 g SO B 2| 39 Uk # U
U2ss 1 gIRT SSTd Holl A BRI | (FfFAsiiss &1 favm™ geme U225 = 235.0439 u, 4n = 1.0087 u,
Mo® = 94.9058 u, La'3® = 138.9061 u).

Ans. [Mu+ mn—Mmo—Mia—2mn]931 = 207.9 MeV

U +n——>My +Llal®+2n+Q

Q = (mu+mn— my —Mia—2ms).C2

=(235.0439 + 1.0087 — 94.9058 —138.9061 — 2x1.0087) x 931 Mev.
= 207.9 MeV.

Energy evolved from the fusion reaction 2%H =3jHe+Q is to be used for the production of power.

Assuming the efficiency of the process to be 30 %. Find the mass of deuterium that will be consumed in
a second for an output of 50 MW. 2He* = 4.002603 amu and 1H? = 2.014102 amu.

TSI FeraT AffHar 22H =4He+Q ¥ Ifid Sull AT ol IUIEH d TINT Bl TS | PR UfshaT
P eI 30% A A 50 MW IR S~ &R & foy SISIRIA &1 Ul Adhvs fhad Segde swiATd
&I | 2He* = 4.002603 amu @I 1H2 = 2.014102 amu 2 |

3><@><—50 xixloszg
Q 30 1.6x10™ N,
=29x107Kkg;

where 8l Q = (2M1n? — Mare?) x 931 = 23.834531 MeV
2?H = jHe +Q
Q = (2 x 2.014102 — 4.002603) x 931 = 23.8 MeV.

For the D-T fusion reaction, find the rate at which deuterium & tritium are consumed to produce 1 MW.
The Q-value of D-T reaction is 17.6 MeV & assume all the energy from the fusion reaction is available.
D-T St 1fifsar #, 1 MW oI Soa= &= # SIEIRTA don gefeam & @d 89 &) <X 3 & |
D-T Jfdfshan &1 Q /9 — 17.6 MeV 2 | (A 6 deraq ifdifshan &1 a7qol o1l Suae )

2

—x x10° Kg/s =1.179 x 100 kg/s, ixLxm’3 Kg/s =1.769 x 107° kg/s
N, 176e N, 176e
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Nuclear Physics

Sol.

Sol.

Each deuterium nucleus produces 17.6 MeV.

3 3
1x10 Na no. of deuterium = 17.6 x % Na MeV energy produced.

1 kg of deuterium =

To produce 1 MW, amount of deuterium in kg required per second.

6
= 1x10 kgls = 1.179 x 10~ kg/s

3

17.6><£><NA xex10°
2

1x10°

3
17.6><£><NA><e><106
2

TS SISIRIA A1fHS I~ Hal © 17.6 MeV.
3 3
R T 1 kg = 1x10 1

Na SIEIRTH B F&T = 17.6 x - Na MeV I Full

1 MW ST &7 & forg, ufd davs smawad SYSIRIA &1 9131 kg H
1x10°

3

17.6><£><NA><8><106
2

similarly for tritium. kg/s = 1.769 x 10-° kg/s

kg/s = 1.179 x 10-° kg/s

6
AR 1x10 kg/s = 1.769 x 10~ kg/s

3

17.6><£><NA xex10°
2

PART -1l : ONLY ONE OPTION CORRECT TYPE

AT - || : Bl U 8! fdhed YBR (ONLY ONE OPTION CORRECT TYPE)

Single Choice Objective, straight concept/formula oriented

Section (A) : Properties of Nucleus

Qug (A) : TS & TOT

Al

A2

Sol.

The mass number of a nucleus is

(A) always less than its atomic number

(B) always more than its atomic number

(C) equal to its atomic number

(D*) sometimes more than and sometimes equal to its atomic number
TS B THA TN Fd -

(A) 3HD! TRATY] G H HHF Bl © |

(B) S UHTY] W& | 31 Bl ¥ |

(C) SO YRHIY] HET & TG Bl 2 |

(D*) B D! TRATY] FE&l ¥ IffE @ it aRIeR Bl 7 |

The stable nucleus that has a radius 1/3 that of Os'® is -

U W A1fwe e e 0s1e & B 4 1/3% -

(A*) sLi” (B) 2He# (C) sB® (D) 6C*2
Radius of Os™ =10 AL°

O & s =10 A,.°

1
1 3
Radius of that nucleus 39 A% &1 3oy :% x ro(AOS )3 =10 (%J =10 713

-, Afor that nucleus = 7 3T 99 A1f¥d b fory A=7
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Nuclear Physics ﬂ—

A-3.

Sol.

A-4.

Sol.

A-5.m

Sol.

The graph of /n (R/Ro) versus /n A (R =radius of a nucleus and A = its mass number) is
/N (RIRo) BT /A (R =A% B B iR A = T1fie &) S - & |1l Imh

(A*) a straight line (B) a parabola (C) an ellipse (D) none of them

(AY) Th SRA Y@ & (B) U® WA & (C) T& <r¥gw @ (D) SWRIFT § | B3 78
R=Ro A’

In R = L In A

0
It is similar to y = mx.
TE y=mxd T B

For uranium nucleus how does its mass vary with volume?

QR TS & U 391 g A @ A1 69 yeR gRkafid g g ?

(A% m oc V (B) m o 1V ©)mo W (D) m o V2
Nuclear density is constant hence, mass o« volume or m oc V
TSR T-d fgd 8 o THM o JTATH a1 m o V

Let Fpp, Fpn and Fnn denote the magnitudes of the nuclear force by a proton on a proton, by a proton on
a neutron and by a neutron on a neutron respectively. When the separation is 1 fm,

Fop, Fpn 3R Fon 3R WICH—UICH, UEH—ggM 3R REH—gg[ & 78 & AW g1 BT aRerT g
1 fm & g8 R -

(A) Fpp> Fpn = Fnn (B*) Fpp= Fpn = Fnn (C) Fpp> Fpn > Fnn (D) Fpp< Fpn = Fnn

Nuclear force is charge independent

BT o1 A | =1 B8 2 AT maer wR R T8 d=a |

Section (B) : Mass Defect and Binding Energy
Qug (B) : &AM &f T1 989 SHol

B 1.

Sol.

B 2.

Sol.

As the mass number A increases, the binding energy per nucleon in a nucleus

SO SN G A TGN 8, A1fWe 31 UigdersT v ol

(A) increases (B) decreases (C) remains the same
(D*) varies in a way that depends on the actual value of A.
(A) s&dt & (B) Treh & (C) 9919 W& ®

(D*) 39 TRE daaldl & P A, (STHM =N @ IRdfdd A9 IR R 3=l B |

(D) the binding energy per nucleon in a nucleus varies in a way that depends on the actual value of A.
(D) Y% & URTGfIANT 79 Spolf 9 ORE d<oidl 2 [ A, (STFH 6@ & ardfdd a9 W) R
B B

Which of the following is a wrong description of binding energy of a nucleus ?

ZTH W PGl A¥D B g Holl bl Told fdavor g ?

(A) It is the energy required to break a nucleus into its constituent nucleons.

(B) It is the energy released when free nucleons combine to from a nucleus

(C) Itis the sum of the rest mass energies of its nucleons minus the rest mass energy of the nucleus
(D*) It is the sum of the kinetic energy of all the nucleons in the nucleus

(A) T8 IS B IFS Th faeia § dred & SHolf 2 |

(B) 78 4 Hulf & S gad Bt & od ol ~fIeiait= v M & fmfor & forg S & |
(C) T8 faesiia @ faRM™ Togd™ Sott & N1 iR 1AE @ fORM gogd™ Soif & ek & SRTaR 8 7 |
(D*) T =1fes # Il sl @1 I Solf & AT & RIS B 2 |

(D) It is the sum of the kinetic energy of all the nucleons in the nucleus

(D) I8 A% # I fIei™ @1 s Soif & I & a_ER Bl B
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Nuclear Physics ﬂ—

B 3.=. The energy of the reaction Li” + p—— 2 He*is (the binding energy per nucleon in Li” and He*

Sol.

B 4.

Sol.

nuclei are 5.60 and 7.06 MeV respectively.)

Li” + p— 2 He* Afafhan &1 o1t 8 (Li7 oIk He* wifdai & ufagfactaita dem Sotf sen: 5.60 &R
7.06 MeV ®)

(A% 17.3 MeV (B) 1.73 MeV (C) 1.46 MeV

(D) depends on binding energy of proton WEF @1 g9 ol IR 1R el B |

Q = (2BEhe — BEL)

= (2% 7.06 x 4 — 5.60 x 7) Mev

=17.28 Mev.

The atomic weight of boron is 10.81 g/mole and it has two isotopes '°.B and ™ B. The ratio (by
number) of *°.B : *1.B in nature would be :

JRIM BT WRATY EeHE 10.81 gm/mole 3R s9a &1 dRente 0B 3Rk M.BE| ypfd #H10B: B @
U (F=AT §RI) 81 Al ©

(A% 19 : 81 (B)10: 11 (C) 15 : 16 (D) 81: 19

Let ;°B and {'B be in the ratio m:n .

A 2B 3R P'B &M m:n & 31U H T |

Average atomic weight 3f1a 3mvrfas R

mx10+nx11

m+n
m _ 019 _ 19

10.81 =

Section (C) : Radioactive Decay & Displacement law

@vg (C) : fsuufiea &g w9 favemys A=

Ci

Sol.

Cc2.

Sol.

(ORCH

Sol.

Which of the following processes represents a gamma decay?

/1 % & =N ufban | y-eg 7 2

(A)AXz+y——>AXz-1+a+b (B) AXz + Ino——> A"3Xz_2+¢C

(C*)AXz—> AXz +f (D) AXz+ea1—>AXz-1+(g

During y-decay atomic number (Z) and mass number (A) does not change. So the correct option is (C)
because in all other options either Z, A or both is/are changing.

V-8 & SR WA HHG (Z) 9 G F@ (A) gRafda 7@ 8xft 71 ord: 98 fRwew (C) | o=
famear # z, A srerar ST aRafdd & <@ 21

An oa-particle is bombarded on *N. As a result, a ’O nucleus is formed and a particle is emitted. This
particle is a

UPH o-H B UN R §IBR HRE Ol 81 399 Uh 70 A1ffe &1 Ao 817 8 8k Udh &9l Scdford
BT 8| I8 HU B —

(A) neutron &= (B*) proton WIeIH (C) electron 1@ (D) positron QIS¢

‘He + YN - Y0 +IH

A free neutron decays into a proton, an electron and :

TS qad <[ faafed gax U@ Ui, Tdh Soidgia iR fhad gedn @ ¢

(A) A neutrino Y& =gl # (B*) An antineutrino U& Tl g1 H
(C) An a-particle T® o-&HoT H (D) A B-particle T&% B-H0T |

n>p+e+V
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C-4.

Sol.
Sol.

Nuclei X decay into nuclei Y by emitting a particles. Energies of o particle are found to be only 1 MeV &
1.4 MeV. Disregarding the recoil of nuclei Y. The energy of y photon emitted will be

X 9@, o HON B IR HR Y TG G911 81 o0 U B SHolt bl 1 MeV R 1.4 MeV g | s y
B WIS B 5 AT | ST y B & SHofl 8l |

(A) 0.8 MeV (B) 1.4 MeV (C) 1 MeV (D*) 0.4 MeV

Energy of photon = Difference in energies of o particles = 0.4 MeV

yBIEH @ SOl = o HUIT BT Holiell d R = 0.4 MeV

Section (D) : Statistical Law of Radioactive decay

@vg (D) : XAfaeg g & qiksga @ oM

D 1.

Sol.

D 2.

Sol.

D 3.

Sol.

In one average-life T& #1eg Mg 4

(A) half the active nuclei decay 318l \fsha TW®T &1 &7 B T 2 |

(B) less than half the active nuclei decay 38 & G H¥ Alhd WD BT &F B ST B |
(C*) more than half the active nuclei decay 3M81 & G 1fAF |fha DT H1 &7 B S 2
(D) all the nuclei decay ¥t AT™®T &1 & B T 2 |

1 In2
Tavg. = — = Tiz= — <Taw.
A A

A freshly prepared radioactive source of half-life 2 h emits radiation of intensity which is 64 times the
permissible safe level. The minimum time after which it would be possible to work safely with this
source is -

e 9 AT SAfdea da @rEsmy 2 hrs) U+ Jffddad gRIeM R A 64 A1 1 digan a1 fafe=or
I BT 8, T 39 FId & A1 FAGH bl @ & 91g GRI&ra s fbar S Adhan 2 -

(A) 6 h (B*) 12 h (C)24h (D) 128 h

64 = 26

After 6 half lives activity will become = 6i4

6 T oy B A% AfpA = é 2 TR

Hence required time 37d: 3Mqegd 9T =6 x 2h = 12h .

Two isotopes P and Q of atomic weight 10 and 20, respectively are mixed in equal amount by weight.
After 20 dr_alys their weight ratio is found to be 1 : 4. Isotope P has a half-life of 10 days. The half-life of
SOte.ﬁoEeQQaliswwﬁﬁ B fSHT IRAY] 4R 10 3R 20 &, SRR A1 (AR ®I) H Hamn = g1 20 oA

918 ITb AR B AU 1 : 4 IR =T | P IRATS B1 3fgag 10 &7 2, a1 Q B rganyg sl —
(A) zero I (B) 5 days &= (C) 20 days f&= (D*) inifinite 3=

No. of nucleus of P, Np = LI Na
10

P& e @) dw sz% % Na
m

No. of nucleus of Q, Ng = 20 xNa

Q& TfYd! & e NQz;“_OxNA

pd

P

No. of Isotope P after 20 days, N; =

ol

20 e & 916 P & wHRa] &1 dEd NF::NT:’

Let no. of Isotope Q after 20 days be N(;
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Nuclear Physics ﬂ—

D 4=

Sol.

D-5.n

Sol.

D-6.

#1120 f 91 Q & wHwRA Dl B [ N,

N, x 10 1
,—28 = (given f& ®)
Ng x——
NA
No=2x Ng = N—ZP = Ng

Thus no change in number of Q. Hence its half life is infinity.

A Q B! WA H PIg WAAT 78l BN | 37 SHD! JGATY 37 BT |

10 grams of 57Co kept in an open container beta-decays with a half-life of 270 days. The weight of the
material inside the container after 540 days will be very nearly -

UH Gl 99 9 I 10 UM 57Co BT B-&17 gl o srgamyg 270 f&F 8| 540 a7 9€ a0+ # ug vaned
BT IR (SFTHT)  BRT -

(A*) 109 (B)75¢g (©5¢g (D)25¢g

The weight will not change appreciably as the process is p - decay.

FNfB ufhar B - decay. e ¥ o@: MR sr@d Tigdid & 81 |

A 2\
A B C
t=0 No 0 0
t N1 N2 N3

The ratio of N1 to N2 when Nz is maximum is :
N1 T N2 & |1 U 9T 8, ST N2 Bl A9 A& 2
(A) at no time this is possible &l ¥ 97 I8 |F9a &I

(8% 2 (C) 1/2 D) %
[B]
dN, = AN1 — 2AN2
dt
for N2 to be maximum, N2 & 1ffredq & forw
dNZ:O = AN1=2ANz2 or &:2
dt N

2

The half-life of 1311 is 8 days. Given a sample of 1311 at time t = 0, we can assert that
(A) No nucleus will decay before t = 4 days

(B) No nucleus will decay before t = 8 days

(C) All nuclei will decay before t = 16 days

(D*) A given nucleus may decay at any time after t = 0.

181 P FFY 8 I g1 t=0WR BU BT UF TN &1 71, 89 I8 $8 qdhd © & -
(A)t=4RT &4 ugal fod Nt A1We &1 erg &1 8

(B)t=8 e & ugel fsll W W& &1 et =1&1 &8I

(C) t=16 o9 & ggal It DI &1 e B Y

(D*) U& & gU W &1 t=03 915 BT 1 &g B FHT 3 |

Section (E) : Nuclear Fission and Fusion

@vg (E) : AN faeged 3R degq

E 1.

92U%% nucleus absorbs a slow neutron and undergoes fission into 54X3° and 3sSr% nuclei. The other
particles produced in this fission process are

W92U235WW%WWWW 54X139 3R 3Sr%4 A1} # faafed =sram 21 39 faues
afhar # S HU1 BT € -

(A)l1pand1lo (B) 2 B and 1 neutron  (C) 2 neturons (D*) 3 neutrons
(A)1BR1a (B) 2 B 3R 1 =g (C) 2 ggi= (D*) 3 =ggiA
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Nuclear Physics ﬂ—

235 139 94
Sol. QU N —— ,Xe+ LY +3n

E 2. Two lithium SLi nuclei in a lithium vapour at room temperature do not combine to form a carbon *2C
nucleus because
(A) a lithium nucleus is more tightly bound than a carbon nucleus
(B) carbon nucleus is an unstable particle
(C) it is not energetically favourable
(D*) Coulomb repulsion does not allow the nuclei to come very close
31 e oL 1fdes PR arw § R & 99 R JedR 12C HIEA AW T8 99 8, R®ifd -
(A) i &1 TS B A0S B o 7 MfAF a1 | ST B B
(B) B4 D Th IRATE B ¢ |
(C) I8 Sl & 3rgHY (favourable) &l 2 |
(D*) T URIGYY & HRUT A0S S7fH Aofald el M UK 2 |

E 3. In a uranium reactor whose thermal power is P = 100 MW, if the average number of neutrons liberated
in each nuclear splitting is 2.5. Each splitting is assumed to release an energy E = 200 MeV. The
number of neutrons generated per unit time is -

fredl e wedt 3§ e adig ofdd P = 100 MW 8, 3FR T W& fdged ¥ offadd, 2.5 =g
IR B & A1 Gobi F9g H b =gl S 8l (UA fdged d E = 200 MeV Sl Jad BRIl 8) -

(A) 4 x 1018 51 (B) 8 x 103 51 (C)8 x 101951 (D% 112_65 x 1018 g1
Sol.  No. of nuclear spliting per second is ~ Ufd FbTE Te drel AHD] BT HE&
_ 100MW 100 o
200MeV 200x1.6x107"
No. of neutrons Liberated fide aTel <IEHT &1 F&AT = 100, 1 — x25 51=12  qo1 g
200 1.6x10° 16

E 4. Choose the statement which is true.
(A) The energy released per unit mass is more in fission than in fusion
(B) The energy released per atom is more in fusion than in fission.
(C*) The energy released per unit mass is more in fusion and that per atom is more in fission.
(D) Both fission and fusion produce same amount of energy per atom as well as per unit mass.
|E B Al -
(A) fages # Heras &) e Ui Uhid S offdd ol el B |
(B) Werad # faTed & gdrael Uiy u=eT] &ifdd ol el 2 |
(C*) Forad # g @ 3me Ui Udied Soude offde SHoil fierl 8, Safd fdged # dorad @ amver
i WA fE ot e 7|
(D) Herae 3R faged ufd vaie go@H R ufy wEm] w9 e 9l < € |
Sol. (C) The energy released per unit mass is more in fusion and that per atom is more in fission.
(C) Ao # fdwes o) emven Ufd s sagAe e ol e 8, Safe faed § doad @ e ufa
TR 31fF FHort el 2|

E 5. Fusion reaction is possible at high temperature because -
(A) atoms are ionised at high temperature
(B) molecules break-up at high temperature
(C) nuclei break-up at high temperature
(D*) kinetic energy is high enough to overcome repulsion between nuclei.
Ao IfAfhar Sea d9 W) TG Bl B, Fifd -
(A) STd AT U URATY] AT B O F |
(B) S=d 1Y UR ¥ T I & |
(C) S7a A9 WR 1AH T O & |
(D*) ot it s 31w BN f6 98 e & wew ufiey o &l ward dRe @ forg At 7|
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Nuclear Physics ﬂ—

Sol.

E 6.=

Sol.

E-7.

Sol.

E-8.

Sol.

(D)
Fusion reaction is possible at high temperature because kinetic energy is high enough to overcome
repulsion between nuclei.

g IWfhar STa 99 WR FRIE Bl B, Hifd el Sl sa+t 3 B fh a8 el & wem
I B AT R B Y qafE 2 |

In a fission reaction #3°,U — ’X + 7Y + n + n the average binding energy per nucleon of X and Y

is 8.5 MeV whereas that of 22U is 7.6 MeV. The total energy liberated will be about :
fagues afafbar § 26,0 —— WX + MY +n +n, X 3R Y B yfqyfaeteny siwa awgd ol

8.5 MeV 2 Sidfd 25U &1 7.6 MeV & | o747 el Scafoid ol sil-

(A) 200 keV (B) 2 MeV (C*) 200 MeV (D) 2000 MeV
Q = (BEx + BEy — Bey)
= (2 x 117 x 8.5 — 236 x 7.6) MeV = 195 MeV ~ 200 MeV.

A heavy nucleus having mass number 200 gets disintegrated into two small fragments of mass number
80 and 120. If binding energy per nucleon for parent atom is 6.5 M eV and for daughter nucleiis 7 M eV
and 8 M eV respectively, then the energy released in each decay will be :

SIMM W 200 T WK AIfe, &1 BT gdel 80 iR 120 sawH & # fawifora & wirar g1 afy
g =AY 3 gfgfdasii= svga Sol 6.5 M eV & iR T T @1 ufo=yfatsia g il 7 MeV
IR 8MeV e 79 UG faed # gaa ol 8 -

(A) 200 M eV (B) — 220 M eV (C*) 220 M eV (D) 180 M eV
Energy released Hdad ol = [(80 x 7) + (120 x 8)] —[200 x 6.5] =220 MeV Ans.

Assuming that about 20 MeV of energy is released per fusion reaction, 1H? + 1H3 — on! + 2He?*, the
mass of 1H? consumed per day in a future fusion reactor of power 1 MW would be approximately
1H2 + 1H3 - on! + oHe* oA fhar # Af 20 MeV Soif IR A, @ 1 MW TIfd & T Herad
RIger # gfafes uygad Hz &1 S| 9T & —
(A*) 0.1 gm (B) 0.01 gm (C) 1gm (D) 10 gm
(A) no of moles of 1H? consumed
(A) 1H2 & Tgaa Hidl &1 G
_ 1Mw x (24 x 3600) sec/ day - 0.05
(20 MeV x 6.023x10%) '

m=0.1g

PART - Ill : MATCH THE COLUMN

AT - 11l ; DI B FAferd BIAY (MATCH THE COLUMN )

Match the column-I of properties with column-II of reactions

Column-I Column-II
(A) Mass of product formed is less than (p) o-decay
the original mass of the system in
(B) Binding energy per nucleon increase in (q) B-decay
(C) Mass number is conserved in (r) Nuclear fission
(D) Charge number is conserved in (s) Nuclear fusion
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Nuclear Physics ﬂ—

Ans.
Sol.

Sol.

Ans.

Bi-19 & T Pl B ieE-11 9 GAfera HRY |

DicH-1 BicH-11
(A) 99 SATET BT SIHM BT & RS (p) o-&7g H
SIAN Y HH BT |
(B) gfe=gfatait= (nucleon) 789 o1l F&<il 2 | (q) B-&ma |
(C) &A™ &1 (mass number) ST &l 2 | () e fguea 3
(D) 3Ma¥ |1 Rf&d W& 8 | (s) AfHBIT Ferad |

(A) p.ars (B) p.ars (C)p.ars, (D) p.ar.s

(A) Energy is released in all the four processes. Hence mass will decrease
(B) Since energy is released, Binding energy per nucleon will increase.

(C) Mass number conserves in all the processes.

(D) Total charge also conserves in all the processes.

(A) B TRT THA | Holl gad BT B | A GIHM TS |

(B) If® FHoil gax BRI B | Ui FfFerai= awe SHofl g |

(C) T W 9 wehH H wvel gl R |

(D) T Soft W T UshA | w=ef B 2

In column-1, consider each process just before and just after it occurs. Initial system is isolated from all
other bodies. Consider all product particles (even those having rest mass zero) in the system. Match
the system in column-I with the result they produce in column-II.

Column-I Column-II

(A) Spontaneous radioactive decay of an (p) Number of protons is increased
uranium nucleus initially at rest

i H 238 234 4
as given by reaction ;U — “3Th + ;He +.

(B) Fusion reaction of two hydrogen nuclei (9) Momentum is conserved
as given by reaction jH + H — °H + .....

(C) Fission of U235 nucleus initiated by a () Mass is converted to energy
thermal neutron as given by reaction or vice versa
n+ U ¥Ba + 2 Kr o+ 3in +..

(D) B~ decay (negative beta decay) (s) Charge is conserved

Hia-1 § UAdH UhH (process) €S &89 & b Ugdl 9 3Id d18 [JaR HINY | RS e it o g
gl ¥ faafia 21 @f Soe wll (AR SEE fRM gow e g & @) & e § 99| Stew-l 3
AR B -1 H S96 T IR | gaferd SRy |
DieE-1 DicE-11
(A) Th Rfm T1fe oY 6 g #§ favm (p) WIS & T ge B |
H o 9@ 1 Arfwfshan g1 e
JfeAfdea e B 8 25U — 20Th + fHe +..

(B) T BIgSISH G &I Fora 3rfafshan (q) 97 wRferd JBar B |
H+ H->%H + ...

(C) U i &1 a9 <gi g1 faave () SHH SHoll § wUIRd 81T 8
gR® fhar Sirem @ qT SHBT YHA (vice-versa) BIAT B
an + U %Ba + % Kr + 3n +..

(D) B~ &Ta (FoeHd deT &) (s) <maw wRferd & 2

(A)ars, (B)ars(C)aqrs (D)p.ars
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Nuclear Physics ﬂ—

Sol.

Sol.

(A) In the given spontaneous radioactive decay, the number of protons remain constant and all
conservation principles are obeyed.

(B) In fusion reaction of two hydrogen nuclei a proton is decreased as positron shall be emitted in the
reaction. All the three conservation principles are obeyed.

(C) In the given fission reaction the number of protons remain constant and all conservation principles
are obeyed.

(D) In beta negative decay, a neutron transforms into a proton within the nucleus and the electron is
ejected out.

(A) & T w@a: Meanfies fQuea 4, wieHE o | faa &d & den 99 w=efor | &1 ares g
2l

(B) &1 BISSISH MBI P A= UfhAT H, Th WS, Udh UINSH & ©U H ¢ Idl @ o rfifshar &
Scafstd grar 8 | ¥t 9 Reror fAHl &1 Ut 8 2

(C) & T3 fawvss ufhan &, W @1 W g Ed & den ot axevr Al &1 uted ' R |

(D) FonHas del faged #, ueh ggia AIfie § e WIeH & ®Y § SUIRd 81 Sl 8 d1 Udh galdgi=
FEEES ISR

Four physical quantities are listed in column I. Their values are listed in Column Il in a random order.

Column1 Column It
€) Thermal energy of air molecules at room temperature  (e) 0.04 eV
(b) Binding energy of heavy nuclei per nucleon ) 2eV
(© X-ray photon energy (9) 1 KeV
(d) Photon energy of visible light (h) 7 MeV 1
BicH [H FR Aifde IRAT ifbd 8| ST A died 14 Arges H9 H Y © -
DieH 1 PieH 11
(a) PR B A W T D 0@ DI G Hol (e) 0.04 eV
(b) ARY 1S B IR FFAMT I8 Syl () 2eV
(c) X—fHR0T BIEM & SHoit (9) 1 KeV
(d) T YPHIR B BISH SHoll (h) 7 MeV
The correct matching of columns | & Il is given by :
1R & 77 w8 e &
(A¥YYa-e,b-h,c—g,d-f (B)a-e,b-g,c—f,d=-h
(C)a-f,b-e,c—g,d-h (D)a-f,b—h,c-e,d-g
Informative Qgif~ae®

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
| Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: Ug0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Nuclear Physics ﬂ—

Bl Exercise-2 |

= Marked Questions can be used as Revision Questions.

w Fifed g S arg ueE 2

PART -1: ONLY ONE OPTION CORRECT TYPE

R - | : ®dcl b Hal fddedl YHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Properties of Nucleus A& P o1

1.

Sol.
Sol.

Choose the wrong statement.

(A) The nuclear force becomes weak if the nucleus contains too many protons compared to the number
of neutrons

(B) The nuclear force becomes weak if the nucleus contains too many neutrons compared to the
number of protons.

(C) Nuclei with atomic number greater than 82 show a tendency to disintegrate.

(D*) The nuclear force becomes very strong if the nucleus contains a large number of nucleons.

I FHYAl BT FIT By |

(A) THHT g1 gadl BIAT © Al AMAD H RSE B T DI G | YIS Bl T Fol 3T0F o |
(B) MAfHT 91 gl BIAT & Al AMHS H WTH B T BT Jo1 § Jgid HI &1 Hal AND 3 |
(C) 82 3% WMMmIfad M arel e faes @) yafa u=lRid a=a 21

(D*) ST 91 9ga Uddl BT © Al AMHD § ANTDT HOI B T 9gd 310D o |

Statement (D) is wrong

%I (D) TeId 2 |

Section (B) : Mass Defect and Binding Energy se &fd iR swe9 Sull

2.

Sol.

Sol.

Binding Energy per nucleon of a fixed nucleus X* is 6 MeV. It absorbs a neutron moving with KE = 2
MeV, and converts into Y at ground state, emitting a photon of energy 1 MeV. The Binding Energy per
nucleon of Y (in MeV) is -

fpedl Rer fie XA &1 gl YfFrsil a0 ol 6 MeV B | I8 TSl Sott 2 MeV | TRAN T g
DI AT BT 2 AR 1 MeV Holl BT BIeH Icarid B qol 7Gx W Y, § 98a el g1 Y @ gfa

<faetelta = Hat (MeV #H) g —

(6A +1) . (BA-1) 7
(A) AD) (B A <7 (D) 5
BE of X = 6A

BEof Y=6A-2+1=6A-1
[Because absorption of energy decreases BE and releas of energy increases BE]
In Y nuclues there are A + 1 nuclues.

BE _ 6A-1
nucleon A+1
X @ 989 Holl = 6A
Y @ 999 SHoll =6A—-2+1=6A—-1
[ifh STl BT AT I8 Holl T § 3R Holl B Jad BT 997 IHoll d1dT 2 ]
Y A6 § A + 1 A6 B 2 |
g9 Sl _ 6A-1
e BT A+l

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
| Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: Ug0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Nuclear Physics ﬂ—

Section (C) : Radioactive decay & Displacement law fsartfeea fagea ta favenmu frm

3.

Sol.

Sol.

Sol.

The half life of 215At is 100 us. The time taken for the radioactivity of a sample of 215At to decay to 1/16t
of its initial value is :

215At Y FFIMY 100 ps B | 39D UF T4 1 MRANRAS & uyrfvs Aeaefefad & 1160 @9 4
HAA A

(A*) 400 ps (B) 6.3 us (C) 40 ps (D) 300 ps
R =Ro [%j (1)

Here R = activity of radioactive substance after n half lives
R, , .
= — (given
16 (given)

Substituting in equation (1), we getn = 4
t = (n)tw2 =(4) (100 ps) = 400 ps

R =Ro [1] (1)

Y8l R=n IFefemgdrad ueand Sl ugrel &1 Afshad |

=R (Fram T )
16

FHHIOT (1) # gforenfid & . Ut 8Fmn =4
t = (n)twz =(4) (100 us) =400 us

A free neutron decays to a proton but a free proton does not decay to a neutron. This is because

(A) neutron is a composite particle made of a proton and an electron whereas proton is fundamental
article

?B) neutron is an uncharged particle whereas proton is a charged particle

(C*) neutron has larger rest mass than the proton

(D) weak forces can operate in a neutron but not in a proton.

U o Y= IS § & Bl Sl 8 W UP qad WIS <A | &g T8l sl H®ifd -

(A) S TP FIa BT 8 W1 U IR Seldgid b1 a1 811 8, SIdid YIeH U JoAqd dU & |

(B) RZHM TH ARG 7 & Siafdh W Tah AR &7 2 |

(C*) g &1 k™ S dieH | 31 3 |

(D) & H gl 91 o ©, Sidih US| T8 |

As a proton is lighter than a neutron, proton can not be converted into neutron without providing energy

from outside. Reverse is possible. The weak interaction force is responsible in both the processes (i)

conversion of p to n and (ii) conversion of n to p.

fF AIeH YEH B g § god B 2| W[ Jg[ # aeR 9 {7 St Y uRafda 78 8 waa 7|
UHH WG T | a9 A—ThdT 9 WA (i) p BT n H [UTRYN QAT (i) N BT p § HUYART S H SIRQR!
gl

Match the following : o 1 gafera <1 —

Column1 Column I
(a) Photoelectric effect 1. Photon
(b) Wave I1. Frequency
(c) Xrays II1. K capture
(d) Nucleus IV. y rays
DicH 1 BicH 1T
() UHT JEdIdH! gWTa L. BIeH
(b) =T I1. 3mgfa
(c) X fo=or III. K 9989 (capture)
(d) FITf¥e V. y f=or
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Nuclear Physics ﬂ—

(A a-1,b-1II,c—1I,d-1V
(B)a-1I,b-1,c—1V,d-1II
(CQa-I,b-Ic-1II,d-1IV
(D) None of these 79 | @13 &l
Sol. For all types of wave, sound wave, light wave, string wave the term related is frequency. Which is
given only in one option. Other phenomenon are properly matching.
Photoelectric effect proves photon character of light.
y rays can only be produced from nucleus.
In case of k capture x rays are emitted.

Sol. &l TRE & T, @ TR, BRI R, TR R F GG U AT 2| S dIA U fAdew § T o
IRGIAR FATFURN gAferd 2 1
UPIR dTd UH1d & BITH IHia I Rig a2 |
y-fox0l Baet e A ST~ BT Fhd E |
k TwEw 3 Rerfa # x-faswol scafsfa & 2 1

6.5 Protons and singly ionized atoms of U2 & U238 are passed in turn (which means one after the other
and not at the same time) through a velocity selector and then enter a uniform magnetic field. The
protons describe semicircles of radius 10 mm. The separation between the ions of U235 and U238 after
describing semicircle is given by
U1 3R U259 U238 & Tobel AN URATYSAT Bl Th—Th PR d7 a9 PR dlel SUPRY §RT FHRY
FEG 47 H O AT B | WM 10 mm a1 F1 rEgd 9 81 U2 g U8 G Heg G IR Add

T B gTE g3 BN -

U-238 U235 p

®B
(A*) 60 mm (B) 30 mm (C) 2350 mm (D) 2380 mm
Sol. =
qB
Rp = M
eB
Miygs, -V
Rze.sU = eB
AX =2 x 3Mpv =6 x 10 mm = 60 mm.
7. When a p~-particle is emitted from a nucleus, the neutron-proton ratio :
(A*) is decreased (B) is increased (C) remains the same (D) first (A) then (B)
9 U ANS H TP B-H1 IAId B § A FEiA UG HT FUTd :
(A*) TredT & (B) 9T (C) {94 BT © (D) ugat (A) TR (B)
Sol. (A) When a B~-particle is emitted from a nucleus, a proton increases and a neutron decreases. Hence

the neutron-proton ratio is decreased
T TP AMNS H H TH B-HU SAMIT BT 8 A U U d8dl 8 9T Y <[ "edl © | I g
YIgH &1 U Tedl &
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Nuclear Physics ﬂ—

8.

Sol.

Sol.

Sol.

10.

Sol.

Consider a sample of a pure beta-active material

(A) All the beta particles emitted have the same energy

(B) The beta particles originally exist inside the nucleus and are ejected at the time of beta decay
(C) The antineutrino emitted in a beta decay has zero rest mass and hence zero momentum.
(D*) The active nucleus changes to one of its isobars after the beta decay

g B-AHT qa1df & Uh T W IR By —

(A) I IRTA B-BHN BT FAH Foft BT |

(B) U™ § B-wv1 AW H faem= g1 8 o e & 9Hy it B € |

(C) p-e1a # IR Y-l BT faRm™ g™ 3 811 ® iR gafory SHaT Fav1 W = 2l 2 |
(D*) Afpa f® B-a9 & 915 U fsdl F99IR®S § 95 Tl |

(A) The emitted B- particles may have varying energy.
(B) e~ or e* does not exists inside the nucleus.

(C) v does carry momentum.

(D) In B-decay mass number does not change.

(A) SARTT B- BT B FHoft IR B |
(B) e~ T e* IW® & <X IURYT &I 2 |
(C) VYT o B

(D) B-&79 % A v yRafid w1 &l 2 |

Masses of two isobars 54sCu and %430Zn are 63.9298 u and 63.9292 u respectively. It can be concluded
from these data that :

(A) Both the isobars are stable

(B) ®¥zn is radioactive, decaying to ®*Cu through B-decay

(C) 84Cu is radioactive, decaying to ®4Zn through y-decay

(D*) ®Cu is radioactive, decaying to %4Zn through B-decay

T FAIIR® 5450Cu 3R ®430Zn & S#H 63.9298 u R 63.9292 u B | U9 IE fspd fdrenm ST Adhar
g fF

(A) S FHIIR® Rer (Remf) 7|

(B) 84zn feaufdea © iR p-e@ g1 %4Cu & uRafida gar 21

(C) #*cu xfeagfaea g &R y-&19 g1 %4zZn % uRafda gar 2|

(D*) 84Cu fSaefdeg g iR p-e79 gR1 %4zn # uRafida &rar g1

In beta decay, atomic number increases by 1 whereas the mass number remains the same. Therefore,
following equation can be possible

dieT &g ¥, WA HHG 1 W 98 M1 B, Sdfh TIH W& FAM & © | 3 R ieRe 99 2 |

6429Cu ——— %430Zn + _1€°

In an a-decay the Kinetic energy of o particle is 48 MeV and Q-value of the reaction is 50 MeV. The
mass number of the mother nucleus is:- (Assume that daughter nucleus is in ground state)

Uh O—&J H o— P DI MG Holl 48 Mev & T Affhar &1 Q AF 50 Mev & | Ugd AP @l
T el § (A gE NG g erawen H 7))
(A) 96 (B*) 100 (C) 104 (D) none of these 379 & g T8I

. m _
Wehave 8 @0 8 Ku=——— .Q = Ka:u.Q
m, +m A

y a

— 48 = %.50: A =100
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Nuclear Physics ﬂ—

11.

Sol.

12.»

Sol.

Free 238U nuclei kept in a train emit alpha particles. When the train is stationary and a uranium nucleus
decays, a passenger measures that the separation between the alpha particle and the recoiling nucleus
becomes x in time t after the decay. If a decay takes place when the train is moving at a uniform speed
v, the distance between the alpha particle and the recoiling nucleus at a time t after the decay, as
measured by the passenger will be -

o H T UH gH 28U §RT o-BY1 IAMd Bl Sl 51 919 ¢ wd! gs © a1 Im Aifve afdd
BT 2 Al T AR A A B o-F01 &R i} e & 9=t Jwg § g0 x B OIR B | 3R &
v T AT A TR g8 7 A g3 B At WHI H & Sl B dra Bl g AT gRT FAT AT ST —

(A) x + vt (B) x - vt (CH x

(D) depends on the direction of the train g9 &1 fden w fasR &l

The decay law will remain same even in the train. The velocities of the a-particle and the recoiling
nucleus will be same on the ground and in the train with respect to train.

&g M 29 | 9 I | 0BT g ufiferad A1fWe &1 99 eRTad T 29 H eRIdd & ATie A = |

A nucleus with mass number 220 initially at rest emits an o-particle. If the Q value of the reaction is 5.5
MeV, calculate the kinetic energy of the a-particle

220 TIHM G & TH ReR A1fAF N TP o-H0T BT SO (AT | 3R AMATHAT BT Q 7191 5.5 MeV, &
o= P TIAST Hoft s8I -

(A) 4.4 MeV (B*) 5.4 MeV (C) 5.6 MeV (D) 6.5 MeV

The magnitude of momentum of the daughter nucleus and a-particles will be equal

Q = KE of daughter nucleus + KE of a-particle
2 2

=P P
2m,  2m,
2 2
KE of a-particle = - _ P MMy _
2ma 2ma m, +my
= 216 x 5.5 Mev. = 5.4 Mev.
220

-1 TAT 991 §Y MWD B FAT S WF SRR 2
Q=99 Y MWE B RIS ol + o-H0T B IS Sl

2 2

= p_ + p_

2m,  2m,

2 2
oo ) R ot = L = P Mol
2mr1 Zma mot +md

= & x 5.5 Mev. =5.4 Mev.

220

SECTION (D) : STATISTICAL LAW OF RADIOACTIVE DECAY

13.

eAgfrea fues & wiae & |

A charged capacitor of capacitance C is discharged through a resistance R. A radioactive sample
decays with an average life t. Find the value of R for which the ratio of the electrostatic field energy
stored in the capacitor to the activity of the radioactive sample is independent of time.

TP I |utRE @) aiRdr 'C' 8, @1 e R UfoRIg® gRT MR foar oar 81 e fSaefeea
THAT ST g ¥ & BT & | 'R BT g8 A oA by o forg wenlRy § Wit Rer dga Refdst
St @1 AAefed T @ AfFIar & Q1 U 9 W R T8 R |

® = (8% % ©) o= (D) j—é
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Nuclear Physics ﬂ—

Sol.

14.m

Sol.

15.

Sol.

Activity of the sample after time t1

CRLUICICEE U G ECIRC I EUR|

A=Ni1= Nje
Enrgy stored in the capacitor

|YIRA ¥ Ul Soll

ale

£l Q@ 1Qe™F _10] %
2 C 2 C 2 C
A N2 (_t 2t)
LA b el T FC
E Q,}/2C

For the ratio to remain constant

IguTd B1 a1 B o

— E+i =0=R= é
T RC C

At time t = 0, some radioactive gas is injected into a sealed vessel. At time T, some more of the same
gas is injected into the same vessel. Which one of the following graphs best represents the variation of
the logarithm of the activity A of the gas with time t ?

t=0W FB (SAYfIcT I I U& g7 909 ¥ Sl T | T I I¥aT 59 I B AT IR AT STl
TE | 3 afhadt A D T log A IR t & Fex gl T BT TTH FIA R 2 -

In A InA InA
(A) (8% ©)
> t >
InA InA
(D) (E)
A=Age™

/MA=/nAo— At

/n A versus t is a linearly decreasing graph with slope depending to A. As A does not change, slope
remains same.

MAT P T A YEIT Y ¥ °cdl gl T & Ordd! e AR R a=all 81 gfe A uRafia 72
BT B | 3T T FA 2 |

A sample of radioactive material has mass m, decay constant A, and molecular weight M. Avogadro
constant = Na. The initial acitvity of the sample is :

g feAgfaea ugrel & P T FH GFIE m B, hid A, 3R A0S 4R M B | ERTE! FAdi® = Na
| SO URMA™S Afhadr 2 -
NA

() m ® =" () Tt

v (D) mNae”

Initial activity ITR™® |fdhgar = ‘Z—T =ANo = k..% Na

/\
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Nuclear Physics ﬂ—

16.

Sol.

17. %

Sol.

18.

Sol.

19.

Two radioactive sources A and B initially contain equal number of radioactive atoms. Source A has a
half-life of 1 hour and source B has a half-life of 2 hours. At the end of 2 hours, the ratio of the rate of
disintegration of A to that of B is :
A QR B 3l feNfdeg uardf § R 3 aRER 61 A feIINfded WA 9| A B gy 1 €Tl 3R B
B MY 26T B 2 €S UvAT] AR BB fAEed o X FT AU B
A)1:2 B)2:1 CH1:1 (D)1:4
NO
4

N0

299 915 A D UM P AT = "y

No. of atoms of A after 2hrs. =

Ny
2
299 915 B RN P A& =

No of atoms of B after 2hrs. =

N,
2
(dN/olt)A ANy - (Typ)e Ny
(dN/dt)B AeNg (Ty2)a-Ng

:Exl:l
1 2

Two identical samples (same material and same amount initially) P and Q of a radioactive substance
having mean life T are observed to have activities Ar & Ag respectively at the time of observation. If P is
older than Q, then the difference in their ages is:

P Q Al wfhy s @& Q1w §HM (WA Uil d1 §AM AT YRS H) T ' el s
AFHTA T 2| RV & F9I D! Alhaal S Ap AT Ag IRl Wil 2| 3R P, Q &l 3uel 31
RN & 1 SAP! MY ¥ =R BT

A . Ay Lol Pe Ae
(A) T ¢n (A—Q] (B¥) T ¢n [APJ (©) Tm[AQj (D)T(AQJ

L

A
Ap=Age™ =Ag®€’ t=T/n =2
P
N atoms of a radioactive element emit n alpha particles per second at an instant. Then the half - life of
the element is

e ero1 v YfSA—vfdea d@ & N URATY n STe®T HU1 Ui Aahve SRTd HYd &1 1 acd &) Igenyg 8—

A) L sec. ®) 1.44 L sec. (C)0.69 L sec. 0" 0.60N sec.
N N N n
(D) n=2xN
= A= E
N
. _069 _ 069N
1/2 — }\‘ n

MP-II Ex-2 (obj.)

The radioactivity of an old sample of a liquid due to tritium (half life 12.5 years) was found to be only
about 3% of that measured in a recently purchased bottle marked ‘7 year old’. The sample must have
been prepared about :

Tisfead (JEay 12,5 9¥) & $RY Ud dRal @ A ufacel &1 dfpadr aaa § @) 18 diaa ford
R Ad ¥ R forar 8, @) Afbaar @ a e 3% 2 | ufiest e 9 g e
(A¥) 70 year a¥ qd (B) 220 year 9§ gd (C) 420 year a9 gd (D) 300 year a¥ gd
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Nuclear Physics ﬂ—

Sol.

20.

Sol.

21.

Ans.

We have 87 SFd 8 N1 = Noe™*7 and N2 = Noe=
& = i =eM7-% or eMx-7) = @
N, 100 3

AMx=7)=In % ~ 2.3 10910 2.3 |0910%

=23[2-0.4771]=2.3 x1.5229

But fa 5 = 0.693 _ 0.693
Ty 12.5
X—7= 12.5 x 2.3 x 1.5229
0.693
~ 12?5><1.52 ~ 63

X = (63 + 7) years = 70 years

A B C
t=0 W No 0 0
t N1 N2 N3
In the above radioactive decay C is stable nucleus. Then:
SR At e § C el fye 21 99 -
(A) rate of decay of A will first increase and then decrease
(B*) number of nuclei of B will first increase and then decrease
(C) if A2 > A4, then activity of B will always be higher than activity of A
(D) if X1 >> A2, then number of nucleus of C will always be less than number of nucleus of B.
(A) A & B ST UBA I qAT 918 H 'l |
(B*) B & wIfA®I @ &l Ugel g AT 91§ H "M |
(C) TR A2 > A1 8, A1 B & Afhadr , A Y Afshaar | 9N uTaT 810 |
(D) TR A >> Ao ®, @ C B AIMADI ) AT WM B B AMADI & F&AT F HH 81|
Rate of decay of A keeps on decreasing continuously because concentration of A decreases with time.

= A is false
AP fIged & X FaR gcdl & Hifd A P Irsdl 9T & I Tl g | 3d: = A A 2 |

Initial rate of production of B is A1No and rate of decay is zero. With time, as the number of B atom
increase, the rate of its production decrease and its rate of decay increases. Thus the number of nuclei
of B will first increase and then decrease. = B is the correct choice

B @ SUIE @ UIR™® &R MaNo & iR fawed SR Y ¢ | 999 & 1Y, 919 8 B 37U[ell & §&A1 da &,
TP IUE DI X Tl & AR 39 fdged &1 R dedl 81 9 UPR B & A1fAB] & G U dadl &
IR 9 91 "edl @ = AFeq BEE B

The initial activity of B is zero whereas initial activity of A is LaNo = C is false.

B &1 U™ AlBIT I 8 Tafs A B WIS Afshad LaNo = C I 2 |

Astimet— o« :Na=0,Ns=0and Nc =No. = D is false

t—>00:9W Na=0,Ns=03R Nc=No. = D3A & |

Ninety percent of a radioactive sample is left over after a time interval t. The percentage of initial
sample that will disintegrate in an interval 2t is

t I ARIA & U fSATAHT Uliasl BT 90% WY X8 ST § A URMPBIS T H1 g8 FRa St
2t g # faafed & s

(A) 38% (B*) 19% (C) 9% (D) 62%

(b)
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Nuclear Physics ﬂ—
Sol.  N=Nee™

NN,
081 N> N
N =0.81 No

The percentage of initial sample that is disintegrated YRf®™& T &1 gfaea <1 fdafed 8Fm =19 % 2|

22. The intensity of gamma radiation from a given source is 1. On passing through 36 mm of lead, it is
reduced to 1/8. The thickness of lead, which will reduce the intensity to 1/2 will be :

fpdl fag ¢ |ra | Icafsia I fafeRol @1 daar 121 36 mm AT ofs @1 Wie A IOk R I8 AT
Hepr 1/8 X8 I B | oIS e & 98 Hies Sl aigdl ®f gerdr 1/2 B ), I8 &

(A) 6 mm (B) 9 mm (C) 18 mm (D*) 12 mm
Sol. I = le=*x
—ux =log IT
I .
-n.36=log — ... i
B 957 0]
I .
—ux =log — ... ii
B 95 (if)

From Eq. (i) and (ii) ,
JHBROT (i) TAT (i) |

23._  The fraction of the original number of nuclei of a radioactive atom having a mean life of 10 days, that
decays during the 5t day is :
U ISAER AT B WD B el AT B JW VP 10 QA1 B Ay Y @l g | urad QAT &
IR DT &T & —
(A) 0.15 (B) 0.30 (C) 0.045 (D) 0.064

Ans. (D)

Sol. Tav=10 days = %
No. of decays during 5" day = N,e ™ —N,e™°
uierd & & SR &l B W= = Ne ™ —Ne™®

fraction decayed during 5" day = e — g5

e feq & SR efda 39 = e 4 — e

= @410 _ g-112

—e25_e12=0.0637 = 0.064
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Nuclear Physics ﬂ—

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

AT - 1l : Uhd Q4 fg—quiid A UPHR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

SECTION (A) : PROPERTIES OF NUCLEUS TTfW& & T[UT
SECTION (B) : MASS DEFECT AND BINDING ENERGY

THN &l R T=E Hot

SECTION (C) : RADIOACTIVE DECAY & DISPLACEMENT LAW 3fearefaes faed 19 fawema frw
SECTION (D) : STATISTICAL LAW OF RADIOACTIVE DECAY

1.

Ans :
Sol.

Sol.

fedefiea e @ wikasd @ g

Consider a point source emitting a-particles and receptor of area 1 cm? placed 1 m away from source.
Receptor records any a-particle falling on it. If the source contains No= 3.0 x 106 active nuclei and the
receptor records a rate of A = 50000 counts/second. Assume that the source emits alpha particles
uniformly in all directions and the alpha particles fall nearly normally on the window. If decay constant is
3n x 10-(*1, then find the value of n

o BT I B aTel U a5 FA M FAd A T Hiek R Rod a = 1em? &F%d & IfHIEd )
foarR &=A g | IfmE®d 39 W IRA arel -0 &I ATeiRgd FHRaT 2 | 3FR A H No= 3.0 x 1016 Afhy
qAE 2 SR JIWIES §RT AT T & A = 50000 counts/second g | I8 A f& Ad =z # &
TAM o BUI BT IO BIAT & R Tl o HIT AMAATED @1 Rasd! W T oraq FIRA IS eaid a1

A9 3n x 10D 8, 1 n BT 919 31T BT |

7

Let A = decay constant

| A = faged Fraais

No = number of active nuclei = 3.0 x 1016

No = |fsha AT @ =T = 3.0 x 1016
number of a -particles emitted per second = ANo

ufd Thvs IARTT o -BoN BT T = ANo

number of a-particle falling on the window = kNO?
4nR
: ANya
Resa! W AUl o-$o B F@ = 0
4R
_ 4A7R2A _ 4nx5x10* 7(3)

A

=21x107st= 10 x107" =(7x3)108 =3 x 7 x 10"+

Na  3.0x10°x10™

In an ore containing uranium, the ratio (by number) of U-238 to Pb-206 is 3. Assuming that all the lead
present in the ore is the final stable product of U-238. If age of the ore is 1.868 x 10" years, then value
of the n (Take the half life of U-238 to be 4.5 x 10° years. (¢n 4/3 = 0.2876))
WA S T B F U-238 MR Pb-206 &1 IUTd (¥l &l) 3 ¥ | I8 A §Y & g+ faemm dwyof
s U-238 &1 oifdw Iz IE B | AR 3@ @1 Y 1.868 x 10" a9 ® I n & WA A PN |
(U-238 @t rgamg 4.5 x 10° ¥ o | (¢n 4/3 = 0.2876))
9

number of atoms of **Uinitially 4 a

number of radioactive 2*U finally 3 (a—X)

2BU W] S U Bl B w4 a

BB el & o ) oW @ 3 (a—X)
[~ One part lead (present to three parts Uranium) has initially Uranium]
[ U R U 9 ol (A 9RT R SuRerd ®) |

2.303 a _ 2.303x4.5x10° 4

t= lo = log— =1.868 x 10°%y.
A g (a—x) 0.693 93 y
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Nuclear Physics ﬂ—

3.

Ans.
Sol.

A Bi21 radionuclide decays via the chain (stable), Bi**° #) Po*° a—decay

1 2
decay constants are A1 = 1.6 x 106 s7%, T12~ 5 days , A2 = 5.8 x 1078 s71, T12 ~ 4.6 months. « activity of
1

— Pb*®where the

the Bi210 sample of mass 1.00 mg a month after its manufacture is %xloll Findx. 2 ¢ =0.86
AEARFASS Bl HT &9 §9 AT §RT g3l BimB;—&m> Poma;—wi Pb*® (F113), STl &P ©
1 2

M =16x108s? Ty~x5fH, 22=58x108 s, Tye ~4.6 AlE | 1 mg SHAME & Bi2l0 & T BI
1
o Afshaar 39 F9ior & 1 A’ gwEq %xlollg?ﬁxgﬂﬁﬂﬁl 2 46 =0.86 BT IYATT BN |

7
Bi250 o N p0210 " N Pb208

Let Na, Ns and Nc be the no of nuclei of Bi2!°, Po?!° and Pb2%8 respectively. No be the no of nuclei of
B0 att=0

AT Na, Np 3R Nc % Bi2l0, Po20 3R Ph208 & =Ifid! @1 AT & | No, Bi2l0 &1 fll ¥ t=0 W
TfY® B G=T B

-3
No = 2107 602 x 1023 2.9 x 1018
210
% =— A1 Na —1
dt
AN, =—X2Ne+AiNa ——1II
dt
% =+ A2 NB 111
dt
Solving equ. I, we get  FHIHRT | BT & HRA W
Na=Noe A1t
From equation II, TN || |
d(;\is = A2 N + A1 No et

This is first order linear differential equation. On solving we get
TE YUH TG N AqDhA- THIBRU & TAT $H 8 BRA W

}\’1N0 e(kz—xl)t+ci|

2 1

Ng = e~ |:

where C is a constant The value of C can be obtained by takingt=0, Ns =0
el C U& fadis 8 @21 C &1 A t= 0 Np = 0 T@®HR YT fhan <11 @ 2 |

=C= )bli
7‘1 - Kz

- Ng = }\‘1NO [e—xzt _ e—xlt]

7‘1 - 7‘2
. B — activity Sfshadm

As = dN, = NoAq et
dt
1

=29x108x 1.6 x106 x 2_65—1

=0.72 x 1011 S
a-activity fhadr
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Nuclear Physics ﬂ—

Ans.
Sol.

Ans.
Sol.

MhoNo

As=X2Np = (e*hzl _ e—xlt)

1 2

ANy a2t

1M2No e

Q

}\‘1
7\‘ZNO
1

24x6

=1.4x 101 g1

A sample has two isotopes A0 and B having masses 50 g and 30 g respectively. A is radioactive and

B is stable. A decays to A’ by emitting a particles. The half life of A is 2 hrs. The mass of total sample
after 4 hours is nearly 4n x 10-"kg. Find n

fodl T/ # Q1 FRee A0 qef B § fSTH® SoaAe $Ee: 50 g 3R 30 g B 1 A XfSAIfded SR B wIE
21 A, 0P P I PR A H dRT 8 T 21 AD ITEIMY 2 hrs. B | 4 T I8 T BT KA G
T 4n x 10"kg &, d1 n ST BN |

n=2

After 4 hrs. sample will contain

49vC 91§ T ¥ 9 29 W

30gM . B

12.5gm ..., A
146 375 |gm ... A’
150

. Total mass e S<¥A =30 + 12.5 + % x 37.5=79 gm ~80gm =8 x 102kg

=4x2x102,n=2
A radionuclide with half life T = 693.1 days emits B-particles of average kinetic energy E = 8.4 x 10~

joule. This radionuclide is used as source in a machine which generates electrical energy with efficiency
n = 12.6%. Number of moles of the nuclide required to generate electrical energy at an initial rate of

441 KW is nx10™ then find out value of - (loge 2 = 0.6931, Na = 6.023 x 10%)
m
U fSANG SEd! Fgeng T = 693.1 a9 8, i|a WIfds ol E = 8.4 x 1074 §d & B-BHUl Bl
IR SRAT 21 39 ASAAIHS BT U 929 & S & wU H Ugad 61 San 8 S n = 12.6% e
B! g ol SO BT 8 | IRMIS &R P = 441 KW TR fIg[d Sl Id~ $R & (oY Aaegs A
@ el B W& nx 10ME, @ L @1 79 ST B 1 (loge 2 = 0.6931, Na = 6.023 x 10%)
m

2
Let number of moles of the radio nuclide be 'n'.
Number of nuclei in the nuclide = n.N

Since, half of the nuclide is T, therefore, its decay constant A = log2
.. Activity of rate of decay, A=A (mole) . (N) = w

Energy released per decay = average kinetic energy E of B-particles
.. Rate of release of the energy = AE
But efficiency of conversion of this energy into electrical energy is n. therefore, rate of generation of
electrical energy is

P:nAE:M or mole P

= ——— =6000
T nEnNlog, 2

=6x103= m=3- =2
m
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Nuclear Physics ﬂ—

Sol.

6.=

Ans.

Sol.

AnNs.

A SIS & Hidl @ F=a1 '
<Jfactigs # AHDI B FEA = n.N

e Jfaegs o1 g—ag T g, 37 &d Fradis x:"’%z

Tfier SR ot = p-Foil @ SirEd RIS ot E
- Boll @ qad 8 @ &% = AE
fpg 39 ol & fAgd o1l § WUTRYT B S&ral 1 & | I g ol & SaeT &) &

P=nAE= nEnNlog2
T
1 n= TP . 6000
nEnNlog, 2

—6x103= m=3-" =2
m

There is a stream of neutrons with a kinetic energy of 0.0327 eV. If the half-life of neutrons is
700 seconds, if the fraction of neutrons will decay before they travel a distance of 10 m is 3.90 x 10",
Find n

e IS ol 0.0327 eV ¥ TG #R Y@ 8 I e B ey 700 dbhve B | FfE 10 m g8 T

PR B gl &R GEHI BT 37 3.90 x 10" B, Al n fHa M|

6
Speed of neutrons =& &I AT = LS (From K =%mv2J
m
-19
or V= \/zxofziéxi'g;m ~2.5x10%m/s
. X

Time taken by the neutrons to travel a distance of 10 m :
10m & O T A H YA g™ forn mn ww

t= d._ L=4.0x10-3

v 2.5x10°
Number of neutrons left after time t : N = No(1 — e™)
t W9 U U YEE B F@T N = No(1 — e ™)
.. Fraction of neutrons that will decay in this time interval
9 9AY RIS H Afd gl BT S
N 7%%.0@0’3

:N_z(l_e—kt)=1_e =3.9x10°

0

A sealed box was found which stated to have contained alloy composed of equal parts by weight of two
metals A and B. These metals are radioactive, with half lives of 12 years and 18 years, respectively and
when the container was opened it was found to contain 0.53 kg of A and 2.20 kg of B. The age of the
alloy is M x10 + n then find M —n.

UEh 95 dfed § @1 Uh TP R D AJAR AN ©U ¥ o1 A el B H w9+ w1 | fawrfora g1 <1
g1g A T B fSaAgfaead B | ST@ SEemy HHe: 12 99 der 8 9Y B, W9 dfdW @renm & 2, @ 0.53 kg,
A TAT 2.20 kg, B Tl &I 2 | 31 &1 Mg M x10 +n &, A M —n gaid |

3
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Nuclear Physics

Sol.

Use the law of radioactivity YfSamefeefaar & fram &
Na = Njet ™"

Ns = Nge"

Dividing (2) by 1 (1) 91T &9 ™

II:II—B =e™ )t (Because TifdH Na® = NgP)
A
1
N
Ay —Ag)n| B

A

t=

Given f&ar mar g %:£=4.15
N, 0.53
0.693 0.693

A)= —— =0.05775 years!
T1/2 ( ) 12 y

A = 0.693 (B) = 0.693 =0.0985 years
T, 18

We find age of alloy t = 74 years.

AXD DI AY t = 74 years.

7x10+4

M=7

n=4

M-n=3

Aa =

The half-life of 0K is T = 1.30 x 10 ° y. A sample of m = 1.00 g of pure KCI gives ¢ = 480 counts/s.
If the relative percentage abundance of 4°K (fraction of 4°K present in term of number of atoms) in
natural potassium is n x 102 % then value of n. Molecular weight of KCl is M = 74.5 , Avogadro number

Na =6.02 x 102, 1y =3.15 x 107 s

40K BT FFAMY T=1.30x10°74 8| Y& KCl & T& m = 1.00g HT T ¢ = 480 FIST/AHTS T ¢ |
IS UTpire UM § 40K (YRATY] 6 F&1el & Y&l ¥ IURT 0K BT 9IFT) HI FiIea e e
@S H) B AM N x 102% 8 @ n P A T B | KCl FT AMfPad 4R M = 74.5, JM@ANTRT H&1

Na =6.02 x 1023, 1y = 3.15 x 107s & |

Ans : 36

Sol.

Number of KCI in the sample = % Na

T § KCI @ e = %NA

If N is the number of 4°K in the sample

I T H 4K B F@ar N2 df

C=ANZ= @ N = N = %
T ‘n2
The relative abundance 3muférd = mN x 100 =
M

_480x(1.3 x 10° x 3.15 x 107)x74.5x100

0.693x1x 6.02x10%

=0.36 %
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Nuclear Physics ﬂ—

SECTION (E) : NUCLEAR FISSION AND FUSION
TP fgves IR Gagq

9=

AnNs:

Sol.

10.

Ans.

Sol.

Sol.

Consider a fusion reaction
4He + “He = 8Be.
930

CZ

For the reaction Q-value is —(90 + n) KeV. Find n. Take 1 amu = MeV.

Atomic mass of 8Be is 8.0053 u and that of “He is 4.0026 u.
Ferad Affhar R faar #If |
“He + “He = %Be

5 ST & T Q- I —(90 + n) KeV a1 n Td @1 | R 1 amu = 220

7 Mev g1 Be Bl URHIY UR
8.0053 u 3R “He HT14.0026 U 2 |
3
4He + “He =8%Be + Q
(1) Am =2 x 4.0026 — 8.0053
=8.0052 — 8.0053 = — 0.0001 amu Ans
(2) Q = (2mpe — mge) .C?

= (2 x 4.0026 — 8.0053) x 930 MeV
=-93.0 KeV
Since Q is negative the fusion is not energetically favorable.

f NS Q FoTHS B 31 HeAdd Holl & II®Y 78l © |

About 185 MeV of usable energy is released in the neutron induced fissioning of a5 U nucleus. If the

reactor using *3 Uas fuel continuously generates 100 MW power. The time it will take for 1 Kg of the

uranium 3 U to be used up is n days. Find [n]? [n] is grestest integer value of n.

20U e @& g gRT fued # o 185 MeV SuarRlt uil ISwffd Bt 81 Ue e wed
s 25U S99 & SU H YR B &, 100 MW TIf &1 ofaR SaTed e & folg 1 Kg RF W
22U, nfeAl 9 @d B/t g, A1 [n] 919 & | [n] = STEAH YOG n g |

8

One 235U nucleus produces 185 MeV.

6
For 100 MW, 235U used per second = 100X160 x 235 gm/s
185x10°xe ) N,
", time required for 1 kg
6
t=103 x 185x10" xexN, _ 1850 eNa s = 8.781 days.

100x10° x 235 235
U 235 A1 I~ Bl & 185 MeV

6
100 MW, 235U & forg wifer Spvs wgert = {181502;3&(9} 2,\?5 gm/s
A

1 kg frumo & fory emavas wwg
185x10° xexN, _ 1850 .

N s=8.781faq
100x10°x235 235

t=1083 x
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Nuclear Physics ﬂ—

11. Consider a nuclear reaction A + B — C. A nucleus ‘A’ moving with kinetic energy of 5 MeV collides with
a nucleus ‘B’ moving with kinetic energy of 3 MeV and form a nucleus ‘C’ in excited state. If the kinetic
energy of nucleus ‘C’ just after its formation is E MeV then find [E] . If it is formed in a state with
excitation energy 10 MeV. Take masses of nuclei of A, B and C as 25.0, 10.0, 34.995 amu respectively.
1 amu =930 MeV/c? [E] is greatest integer of E.

A+B > C Ud e sififpar 8| A1f%e A % 1o ot 5 MeV & Ifds= &, 19 B <1 & wifost
Sl 3 MeV A TRAE B, A TIHY Bl B AR IARTA T&=AT ared1 ey ‘C’ g1 & | A1fd® ‘'C’ 9 dl
R 918 3HD! RS Foll E MeV 2 @ [E] 9 HRI? Ifa I8 I @<l H 10 MeV &1 ol drel!
Rerfd § 8| T&1 B9 A, B A1 C &1 SAE $HAY: 25.0, 10.0, 34.995 amu B | (1 amu = 930 MeV/c?) [E]
IeaaH O E B |
Ans 2
Sol.  Applying conservation of energy ol AR |
mac2 + Ka + mac2 + Kg = mcc? + Kc + excitation energy S<ifora Sl
(ma + me —mc) ¢ + Ka + Kg = Kc + excitation energy S<iford ot
465+5+3=Kc+10
ordl  Kc=2.65MeV Ans. 2.65MeV

12. The binding energy per nucleon of 'S0 is 7.97 MeV and that of ;O of 7.75 MeV. The energy required
to remove a neutron from ‘7O is 0.423 x 10" MeV then find n
0 @ glgfderd= d89 ol 7.97 MeV § T [0 @1 7.75 MeV 8| [0 ¥ YgH Bl 8eH & g
AMLIH SHoft 0.423 x 10" MeV 8 A n A ] |

Ans. 1

13. A 1° meson at rest decays into two photons of equal energy. If the wavelength (in m) of the photons is
1.8 x 10" then find n/2 (The mass of the n° is 135 MeV/c?)

TS n° WA BT fRM H @1 83N B | AMD & SRR Holl ared Bieqi § fa9ad 81 S g | wieHi &
aveed 1.8 x 10" (Hlex #H) ® A1 n/2 &7 A 9amY (n° BT S 135 MeV/c? B )

Ans 7

2
Sol: Er= M,C = 135 =67.5 Mev
2 2
_ hc 1242 A
T Ba7E .+ 103
E 675 x 10
A=1.84x101m
PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AT - 11l ; U IT Ub A P HE ey UPRONE OR MORE THAN ONE OPTION
CORRECT TYPE)

1*a If a nucleus 4 x emits one o particle and one [3 (negative B) particle in succession, then the daughter
nucleus will have which of the following configurations?

I & WG 4X UF o-BU 9 3AD 91§ UH FOMAD P-HU1 IAfoid dal 8 af = # F diean
Jffa=re I (g) f¥e &1 B8R ?
(A*) A—4 nucleons (B) 4 nucleons (C*) A—Z—3 neutrons (D) Z— 2 protons
(A%) A— 4 Ffaaia (AW H1) (B) 4 Yfaataii= (CHA-Z—-3ggH™ (D) Z—2 W™
Sol. The total number of nucleons will be A —4 and the number of neutrons will be A—Z—3.

T[A NS BN B G A— 4 TAT AT B Ged A—Z—3 8|
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Nuclear Physics ﬂ—

2.*

Sol.

3*.

Sol.

4* m

Sol.

The heavier stable nuclei tend to have larger N/Z ratio because -

(A) a neutron is heavier than a proton

(B) a neutron is an unstable particle

(C*) a neutron does not exert electric repulsion

(D*) Coulomb forces have longer range compared to nuclear forces

T IR R WS B1 N/Z uTd 31f¥e Bial &, Fifd -

(A) e | g 9RY BT 2

(B) L TP IARATS PV 8 |

(C*) =gt g ufdeyor S =& @ar 7|

(D*) ST qT BT 37Ul FHAH I BT IR AP B 2 |

As the number of protons increases, Coulomb repulsive force among protons increases. To
compensate, number of neutrons which are neutral is increased.

Hqfe Wl B e ged | NEF @ W et ufadyvl 9@ gedl & | el dRa @ frg =g
(S SR B) #1 ¥ dedl 2 |

A U238 sample of mass 1.0 g emits alpha particles at the rate 1.24 x 104 particles per second.
(Na = 6.023 x 10%)
(A*) The half life of this nuclide is 4.5 x 10° years
(B) The half life of this nuclide is 9 x 10° years
(C) The activity of the prepared sample is 2.48 x 10* particles/sec
(D*) The activity of the prepared sample is 1.24 x 104 particles/sec.
19 SN B U238 HT T 1.24 x 104 B U0 AH0S Bl &R A o-H0 IeAford Bal & (Na = 6.023 x 10%)
(A*) 39 Jfaeieiiss B A 4.5 x 1097 B
(B) 39 [Ie1eilss Bl @ag 9 x 10° a9 B
(C) 39 T @ |fhadm 2.48 x 104 HUAHTS
(D*) 3|d T B Aihaar 1.24 x 10* HUI/HHTS
‘d_N N2 1x6.02x10%
dt

=2N= —
T, 238

IN2x6.023x10%
=T, = 7
5 238x1.24x10

The activity = number of disintegration per second = 1.24 x 10 dps
Afhaar = ufd dave fdged o | = 1.24 x 104 dps

=45 x 10° yrs.

A nitrogen nucleus 7N absorbs a neutron and can transform into lithium nucleus sLi” under suitable
conditions, after emitting
(A*) 4 protons and 4 neutrons
(B) 5 protons and 1 negative beta particle
(C*) 2 alpha particles and 2 gamma particles
(D*) 1 alpha patrticle, 4 protons and 2 negative beta particles.
Th /N Iffe T RgiF T8 e W @R H aLi7  foIferm Aif%e § uRafia g 21 s 98
IAfTd &Rl B -
(A¥) 4 IeH iR 4 =ggiA
(B) 5 WIeH 3R 1 B~ &ul
(C*) 2 0B 3R 2y Bl
(D¥) 1 o HT , 4 W AR 2 B~ HI
N +n— LI" +4p+4n

— L' +2a

— ,Li" +a+4p +2p-
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Nuclear Physics ﬂ—

5.* The decay constant of a radioactive substance is 0.173 (years)'. Therefore:
U f$Agfded uered &1 eaie 0.173 (@¥)L 8 | 3ra:
(A*) Nearly 63% of the radioactive substance will decay in (1/0.173) year.
(A¥) IfSAgfaca ugrel &1 T 63%, (1/0.173) a8t # & & SR |
(B) half life of the radioactive substance is (1/0.173) year.
(B) XfSAufdea uarel @l sei—ammyg (1/0.173) a¥ B |
(C*) one -forth of the radioactive substance will be left after nearly 8 years.
(C*) T 8 ANt & qT] f$AYfaca ugred &1 e AIAE YR 941 I8 SIRAT |
(D) half of the substance will decay in one average life time.
(D) & 3iEd g # 3N ucref & B Sy |
Use approximation ¢n2 = 0.692
/n2 = 0.692 ITAT T

Sol.  Given f&a1 831 &, A=0.173
In2 0.693
Tie= — = ——— =
A 0.173
Also  No—N=Noe™
1
For & t= ear Y :
fere 0.173 y
Ny _

No—N= — =0.37 No
e

6.*»  Let mp be the mass of a proton, ma the mass of a neutron, M1 the mass of a i) Ne nucleus & M2 the
mass of a 3 Ca nucleus. Then :
IR Mp WIS Bl GHHH &, Mo S B GHAH 8, 0 Ne ® MWD BT Gq7< MR @1 50 Ca® e

B SIHE Mz © T -
(A) M2=2 M (B) M2 >2 M1 (CHYM2<2 M (D*) M1 < 10 (mn + mp)
Sol. (C,D)
Due to mass defect (which is finally responsible for the binding energy of the nucleus ), mass of a
nucleus is always less than the sum of masses of its constituent particles.
2 Ne is made up of 10 protons plus 10 neutrons. Therefore, mass of 2 Ne nucleus
M1< 10(mp+mn)
Also, heavier the nucleus, more is the mass defect.
Thus 20 (Mn+ Mp) — M2 > 10 (Mp + Mmn) — Mz

or 10 (mp + mn) > M2 — M1

or M2 < M1 + 10(mp + mp)

Now since M1 < 10(mp + mn)
M2 < 2M1

T & B BROT (S AfD B 9UF ol b AT IifAH wU A SRR B) AP BT gaHE gHIn
Iqd FEd BN B SIAM D AT H HH Bl B |
2 Ne, 10 UIe[ 9 10 Y& ¥ fdAdHR 941 g3 2, s4Aforg 2 Ne 7fAS &1 Saqd4=
M1 <10 (mp+ mn)
R ¥R § oA afq sarer g8k g |
3 20 (Mn+mp)—Mz2>10 (mp + mn) — M1

a1 10 (Mmp+ mn)>M2— M
1 Mz < M1 + 10(mp + mn)
39 gfs M1 < 10(mp + mp)

M2z < 2M1
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Nuclear Physics

755

Sol.

/\g

Nuclei of radioactive element A are being produced at a constant rate o. The element has a decay

constant A. At time t = 0, there are No nuclei of the element.

feagfaeg a@ A D e I R oW ST Bl B I &1 &I1H A8 t=0, W Td & HAMHD] DI

T No 8

(A*) Number of nuclei of A at time tis % [o — (= 2No) e™]
) 999 't A" D TG B TN = % [o— (a—2No) ] B |
(B) Number of nuclei of A at time t is % [(a—2No) e™]

foreft 99 't RA' B AR B G N = % [(@—2No) e™] & |

(C* If a. = 2NoA, then the limiting value of number of nuclei of A (t — o) will be 2No.

R o= 2Nok, B, A1 A D ATHDT B WA (t — o) T BT A9 2No BT |

(D) If a. = 2NoA, then the number of nuclei of A after one half-life of A will be No/2.
3R o =2Nok, 8, T A DI TP gAY & Uzard 'A; & A0S B AT No/2 BT |
Let at time t, number of radioactive nuclei are N.

Net rate of formation of nuclei of A

ATt W eyt Tifiel @ g N2
A P S & g9 B X

d—N:oc—kN

dt

dN — dt

a—AN
- %Vn(a—kN)]:D =t

or i

a—AN
o — AN,

/n =—t

= % [a — (e — %No) €]

PART - IV : COMPREHENSION

HIT - IV : 3JTB< (COMPREHENSION)

Comprehension # 1

The radionuclide 3¢Mn is being produced in a cyclotron at a constant rate P by bombarding a
manganese target with deutrons. 5Mn has a half life of 2.5 hours and the target contains large number
of only the stable manganese isotope 5°Mn. The reaction that produces 6Mn is :

Mn +d — %Mn + p

After being bombarded for a long time, the activity of 56Mn becomes constant equal to 13.86 x 1010 s1
. (Use ¢n2 = 0.693; Avogadro No = 6 x 10%3; atomic weight 56Mn = 56 gm/mole)

TS el TR SYSMHI B 48R (bombarding) d AsdAg (cyclotron) # feaiedl ¥ 56Mn &1 Fa
TR P ¥ SWEH BIAT 2| 56Mn &1 318 3Mg—aTdl (half life time) 2.5 99¢ T @& H dHad Aol Gaef+e
(Isotope) 55Mn XY F1f® & de g vl fdd ¥ | rfifoear S 56Mn S el B, A R

Mn +d — %Mn + p

TN T dP SIBR BRA B 915 & BMn B Afhaar 13.86 x 1010 s fAud & el ' 1 (n2 = 0.693;
JAMIATET FAT = 6 x 102%3; URATY] GHAM 56Mn = 56 TT/ATeA)
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Nuclear Physics

/\g

1. At what constant rate P, 56Mn nuclei are being produced in the cyclotron during the bombardment ?

(A) 2 x 10 nucleils
(C) 9.6 x 10° nucleils

(B*) 13.86 x 101° nucleils
(D) 6.93 x 10° nucleils

foa faa <X P & |rsdag (cyclotron) ® & 56Mn A1fd®, dIBR & QR I 81d & —

(A) 2 x 101 F1f®B/A. (B*) 13.86 x 1010 ATA®H/A.  (C) 9.6 x 1010 ATH®/H. (D) 6.93 x 1010 ATfAH/4.
Sol. In equilibrium, rate of decay = rate of production

AR R fdeed & ) = IA 8F B X

2. After the activity of 6Mn becomes constant, number of 36Mn nuclei present in the target, is equal to
6Mn &1 Afshaar Fgd 81 oM & 91], deg § IuRRerd 56Mn ST &1 HE 8l —
(A) 5 x 1011 (B) 20 x 101 (C) 1.2 x 104 (D*) 1.8 x 1015

Sol.  As Rate of decay = Rate of production

fged & ¥ =3I9— 89 & X

:PZKN:N:;

— Pt1/2
n2

=1.8 x 101

3. After a long time bombardment, number of 56Mn nuclei present in the target depends upon
(a) the number of 36Mn nuclei present at the start of the process.

(b) half life of the 56Mn

(c) the constant rate of production P.
(A) All (a), (b) and (c) are correct (B) only (a) and (b) are correct
(C*) only (b) and (c) are correct (D) only (a) and (c) are correct

TP THT TP dIBR BT WR e H IURT 6Mn AP &1 Feeam iR wal g |
(a) IRf™F Rerfd o= IuRerd 6Mn @ AIfI®I & F&I W)

(b) 56Mn & 7 TYHTA W

(c) 3= B8 & fFId &R PR
(A) (a), (b) T (c) T TE & | (B) Bda (a) TT (b) FE B |

(C*) Baat (b) TAT (c) W& B |
Sol. AsN-= Plyz
/n2

(D) Badt (a) TAT (c) FE B |

it is dependent upon P and ti2. Initial no. of 5Mn nuclei will make no difference as in equilibrium rate of
production equals rate of decay. Large initial no. will only make equilibrium come sooner.

- Pty,
/n2

g P AT typ R R &A1 8| URRT § 56Mn &) AT, ST~ 89 Pl &% dAqT HH 89 Pl X Arig—RAafd
¥ B9 b HR R T8 Bl B | S1fde A ol ArRaReIfd bl Siedl o < |

Comprehension # 2

Consider the following nuclear decay : (initially 236Ug; is at rest)

o D &g TN BT Al bd BR— (YR H 236U, faRmTaRe # 8)

20— FTh +X

4, Regarding this nuclear decay select the correct statement :
(A) The nucleus X may be at rest.

(B*) The 2*Th nucleus may be in excited state.

(C) The X may have kinetic energy but 2*Th will be at rest

232

(D) The Q value is Amc? where Am is mass difference of (5°U and 2*Th) and c is speed of light.
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Nuclear Physics ﬂ—
39 Ao &g |, 9 9 9 |98 $UH & F99 B
(A) s X ReR &1 Ao 2 |
(B*) 22Th =ffes, ST orawen # 81 Fadl 2 |
(C) X & U WIS Soft 81 A &, ofdb 22Th ReRr = |
(D) Q &1 A Amc2 BRT T&f Am (2°U iR 22Th &1) MM <R 8 AR ¢ USHT & a1ad 8
Sol. (A) Since energy will be released X will not be at rest.
(B) Generally daughter nucleus is in excited state.
(C) If X has kinetic energy, 232Th will also have kinetic energy to conserve the momentum
(D) The Q value Q = (Mu— Mth — Mx).C?
Sol.  (A) dfd HoIl gaa BT | 37c: X faRraTaRen d =& 81|
(B) TG QA WS ST Sra=en # B |
(C)Ife X & U IS SHoft & @ 22Th & 9 |l a7 &1 IRef) @+ & forg 1fost ot grft |
(D) Q @1 911 Q = (Mu— mth — Mx).C?

5. If the uranium nucleus is at rest before its decay, which one of the following statement is true
concerning the final nuclei ?
(A) They have equal kinetic energies, but the thorium nucleus has much more momentum.
(B) They have equal kinetic energies and momenta of equal magnitudes.
(C) The have momenta of equal magnitudes, but the thorium nucleus has much more kinetic energy.
(D*) They have momentum of equal magnitudes, but X has much more kinetic energy.

e M WS U+ &g 9 qd faRmmEen 9 8, a1 uRem F1ffe & o) $I9—d1 $UF I 81—
(A) S!St ot w8 B8R, wReg MR iffe &1 |9 e g |
(B) SH®! TIfIST SHoltd qAT HIT BT YRHATIT FHIE 8 |
(C) 3% HIT BT URHATUT FHE &, W] ATRIA AMASG HI TSl Hofl Af&d MM |
(D*) I AT BT URATT T &, TR X DI el SHofl Af&d sH |
Sol. Initially uranium atom is at rest, so after decay both nuclei have equal momentum,

R= ¥ PRI 379] faRmATERen H B o7 fqued & arg g WD B G FHH B |

2

and 3R K = ZP_ Here X is light so it has more kinetic energy J&f x &edT & 3Td: Wil SHoll 1fdd B |
m

6. Following atomic masses and conversion factor are provided
1 g ST oI uRads o & 8-
2°U =236.045562 u ;
22Th =232.038054 u ;
eh =1.008665u ; ;p =1.007277 u;

3He =4.002603 u and e

lu=15x%x10"1]

The amount of energy released in this decay is equal to :

3 &9 H NI SHofl &1 A BT 2

(A)3.5x 108 (B) 4.6 x 1012 (C) 6.0 x 1010 ] (D*) 7.4 x 10713 ]
Sol. Q = Am.C?

= (mu — Mth — mx).C2

= (236.045562 — 232.038054 — 4.002603) x 1.5 x 10-10 ]

=7.4x1013],
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Nuclear Physics ﬂ—

N
J

= Marked Questions can be used as Revision Questions.

= fifed g Seem O ueE 2

* Marked Questions may have more than one correct option.

* fyfead oo U@ A I 9 fAdew I U B -

PART - 1: JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

AT - | : JEE (ADVANCED) / IIT-JEE (R5at a8l) @ =

Sol.

Ans.

Sol.

Half life of a radioactive substance 'A' is 4 days. The probability that a nucleus will decay in two half

lives is: YfeAfdea uqrel ‘A" @1 srgeyg 4 & | e & I oigenyg # & B B uifddar s -
1 o 3 1

(A) 2 (B%) 2 © > D)1

(B)

Number of nuclei left after 2 half lives = %

probability of a nucleus decaying = no. of nuclei decayed / total no.

_ 3 N,/4 _ 3
= N—o =
2 GG U HDT B FEAT A9 BN = '\;—0
S & & B UG = &F B gD ANND] B G/ B G=AT .
3 N,/4 _ 3
N—o =
Match the following

Column 1 Column 2
(A) Nuclear fission (p) Converts some matter into energy
(B) Nuclear fusion (q) Possible for nuclei with low atomic number
(C) B - decay (r) Possible for nuclei with high atomic number
(D) Exothermic nuclear reaction (s) Essentially proceeds by weak nuclear forces.
frem g
PicH 1 PicH 2
(A) TR fees (p) BB U1 BT Holl § H/UTR]
(B) Tf¥y@a Herad (q) B9 URATY] HHIG b AMHD B oIy F9a §
(C) B - & (r) SITET WRAY] HHG & ANl B fy Gwa @
(D) Semerdt i arfifha (s)Bad gdel AMABIT Tl §RT I~ Bl B |
(A) > (p)and T2 (r), (B) > (p)and @1 (q), (C)—(p),(a),()andTAr(s) (D) - (p) , (a) and

GRINQG)
Fission is the process which involves conversion of some matter into energy and shown by atoms of
high atomic number such as 92U%35 |
Fusion also converts some matter into energy but shown by atoms of low atomic number such as 1H?,
1H? .
B-decay essentially carried out by weak nuclear forces and also converts matter into energy for
example

ont - 1H! + _1e® (B7) + VvV + energy

1H? — on? + 110 (B*) + v + energy
Exothermic nuclear reactions also converts matter into energy and all spontaneous nuclear reaction are
exothermic.
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Nuclear Physics ﬂ—

Ans.
Sol.

AnNs.
Sol.

fogres ag ufhar ® Rrad @ g (qemef) Soff § SuraRd 2iar € vd 98 Ufhal Sed WA 6 9
URATY S 0oU23 gIRT ST ST 2 |
Hergd N {O we (Ua1f) B Holl § BUIRG HRA1 & WRg g 171 qRAT] G arel qRATY] oI 1H1, 1H2
B-eTT W1 S et 8 aren ugred &1 $Hoil # 98! & | SR & fofg

ont - 1HL + €0 (B) + V + ot

1H! — on® + 41€0 (B*) + v + Tl
Sy T AfRfHary ff uered @1 Sl § gaeh ¥ v 9 w@a: e afifhary Seed |

In the options given below, let E denote the rest mass energy of a nucleus and n a neutron. The correct
option is :
T I W el 4 E e A9 @ fRM some ol 9ol n U@ ge[ &l Fofid &=ar © | |98
faweq 2

(A)E (3°U) >E (&71) +E(Y) +2E(n)
(B)E(%°U) <E(&'1) +E(5Y) +2E(n)
(C)E(3°U) <E(w’Ba) +(%Kr) +2E(n)
(D)E (%% U) =E( ' Ba) + E( 3 Kr) +2E(n)
(A)

Since energy is released in a fission process, the rest mass energy must decrease.

Rife faae ufhar § SHol Scaford sl & 3fa: ReUd gag¥E ™1 Masdd ®Y F g |

Some laws / processes are given in Column I. Match these with the physical phenomena given in
Column II and indicate your answer by darkening appropriate bubbles in the 4 x 4 matrix given in the
ORS.

S 14 B I /afpa & 7€ 21 5% dfem U A <1 T difde aReeell § gaa =i den oA
IR B ORSH A T 4 x 4 Afgad & ST ool Pl Il BRD SN |

Column I Column II
(A) Transition between two atomic energy levels (p) Characteristic X-rays
(B) Electron emission from a material Q) Photoelectric effect
© Mosley’s law (n Hydrogen spectrum

(D) Change of photon energy into kinetic energy (s) B-decay
of electrons

Hied 1 PicH 11
(A) T URAIVMES ol Rl & §1a HhHAY | (p) rfretTfEroTs Xt |
(B) gt A geragl B S (a) gpTel faega v |
(C)  #Hraad &1 | (r) BIgSIo WaeH |
(D) BT SHoll ®I FeIderd &I Tl SHotl § gRadd | (s) p-faere= |

(A) = (p), (); (B) = (a), (s); (C) — (p); (D) — (q)
Different related laws / processes.

fafy= faam ok ufshan
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Nuclear Physics ﬂ—

5%

Sol.

Assume that the nuclear binding energy per nucleon (B/A) versus mass number (A) is as shown in the
figure. Use this plot to choose the correct choice(s) given below. Figure :

A o & ufa <gfoerita ey de9—3e1t  (B/A) 999 So0dH S (A) 9 g9 fE & S ER 2
S UTh BT SUAN B Y Fel STRI b1 g1d B | =3
B/A4

v

0 T |

100 200 A
(A) Fusion of two nuclei with mass numbers lying in the range of 1 < A <50 will release energy

(B*) Fusion of two nuclei with mass numbers lying in the range of 51 < A < 100 will release energy

(C) Fission of a nucleus lying in the mass range of 100 < A < 200 will release energy when broken into
two equal fragments

(D*) Fission of a nucleus lying in the mass range of 200 < A < 260 will release energy when broken into
two equal fragments

(A) T TP & FAwd (Fusion) H, REd! Sagm™ @1 1 < A <50 & 9 § B, Sl &1 3o
(release) BT

(B*) |1 IfIdI & Foraw H, RNIFd! SaaAe |1 51 <A< 100D €19 § B, ol & Sodoi= 81

(C) T&h fA®, TP SaH a1 100 < A< 200 ® € § 8, & & 991 AN A fadss W™ ol &
IS B |

(D*) U ATH®, e Saaae G 200< A <260 D €9 § 8, @ & 999 91 ¥ fagsd R Sl &
IS B

(A) For 1 < A < 50, on fusion mass number for compound nucleus is less than 100.
B/A remains same. Hence no energy is released

(B) For 51 < A <100, on fusion mass no. of compound nucleus is between 100 and 200. B/A increases.
Hence energy is released.

(C) On fission for 100 < A < 200, the mass no. for fission nuclei will be between 50 to 100. B/A
decreases. Hence no energy is released.

(D) On fission for 200 < A < 260, the mass no. for fission nuclei will be between 100 to 130, B/A will
increase. Hence energy is released.

(A)1<A<50,d foly G99 8F IR §gad AN9S & foly SS9 ST 100 9 $49 2 | B/A 9 &1 ¢ |
A DI Holl Tal BIY! A B |

(B)51 <A <100 % fog e B8 W §Yad WG $H SA™ &A1 100 9 200 & 9eF 8| B/A 98l ©
3 ol BIS! STl B |

(C) favss B9 WR 100 < A < 200 & forv faafdsa w1fie @ gem™ der 50 9 100 & #eg 8°ft | B/A
Tedl B | 3T BIg SHoll T8l BIel S |

(D) f@ved 8 W 200 < A < 260 & forg fawfed w1fae @t gem= @ 100 | 130 & A9 817, B/A
QM| 31T SHoll B! STl 2 |
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Nuclear Physics ﬂ—

Sol.

Sol.

B/A

N A~ OO 00

100 200 A

Ans. (B) and (D)

A radioactive sample S: having an activity of 5uCi has twice the number of nuclei as another sample S2
which has an activity of 10uCi. The half lives of S1 and Sz can be

T fSAEHT T S (sl |fesadr 5uCi 8) # el & d@n g gy fAied T S. (et
|Afhaar 10uCi 8) | &1 AT 8| Sy 71 Sz &1 Ad—3AY =1 81 Fabell 2 |

(A*) 20 years and 5 years, respectively (B) 20 years and 10 years, respectively
(C) 10 years each (D) 5 years each
(A) ¥ 20 99 3R 5 a¥ (B) %92 20 99 3fiR 10 99
(C) &1 @1 10 9% (D) G @ 599
Given that A1N1 = 5uCi
A2Nz2 = 10uCi
A2N2=2A1 N1

Also  Ni=2N:
Then 22Nz = 2X1(2N2)

A2= 4

Ans. (A)

e T 8 A1N1 = 5uCi
A2N2 = 10uCi
A2N2 = 2A1 N1

qear N1 =2N>
GEl A2 N2 = 201(2N2)

A2=4M
Ans. (A)

Paragraph for Question Nos. 7to 9

Scientists are working hard to develop nuclear fusion reactor. Nuclei of heavy hydrogen, ?H, known as

deuteron and denoted by D, can be thought of as a candidate for fusion reactor. The D-D reaction is
’H+2 H— He+n+energy . In the core of fusion reactor, a gas of heavy hydrogen is fully ionized into

deuteron nuclei and electrons. This collection of ?H nuclei and electrons is known as plasma. The

nuclei move randomly in the reactor core and occasionally come close enough for nuclear fusion to
take place. Usually, the temperatures in the reactor core are too high and no material wall can be used
to confine the plasma. Special techniques are used which confine the plasma for a time to before the
particles fly away from the core. If n is the density (number/volume) of deuterons, the product nto is
called Lawson number. In one of the criteria, a reactor is termed successful if Lawson number is greater

than 5x1014 s/cm3.
2

It may be helpful to use the following: Boltzman constant k = 8.6x10-5 eV/K ; =1.44 x 102 eVm.

4me,
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Nuclear Physics -

7. In the core of nuclear fusion reactor, the gas becomes plasma because of
(A) strong nuclear force acting between the deuterons
(B) Coulomb force acting between the deuterons
(C) Coulomb force acting between deuterons-electrons pairs
(D*) the high temperature maintained inside the reactor core
8. Assume that two deuteron nuclei in the core of fusion reactor at temperature T are moving towards
each other, each with kinetic energy 1.5 kT, when the separation between them is large enough to
neglect Coulomb potential energy. Also neglect any interaction from other particles in the core. The
minimum temperature T required for them to reach a separation of 4 x 10~ m in the range.
(A")1.0x10°K<T<20x10°K
(B) 2.0 x 10° K < T < 3.0 x 10° K
(C)3.0x 109K < T <4.0x10°K
(D) 4.0 x 109K < T < 5.0 x 10° K
Solution : From energy conservation
2
2 3kr|--L &
2 dng, T
-9
- T= (1'44X1O5 ) x ! =139 x 109K
(8.6x107™) 3x4x10
9. Results of calculations for four different designs of a fusion reactor using D-D reaction are given below.
Which of these is most promising based on Lawson criterion ?
(A) deuteron density = 2.0 x 1012 cm=3, confinement time =5.0 x 102 s
(B*) deuteron density = 8.0 x 1014 cm=3, confinement time = 9.0 x 101 s
(C) deuteron density = 4.0 x 1023 cm~3, confinement time = 1.0 x 101 s
(D) deuteron density = 1.0 x 102 cm~2, confinement time = 4.0 x 1012 s
Sol.  nto>5 x 10 s/cm?3
for deuteron density = 8.0 x 1014 cm-3, confinement time = 9.0 x 10! s
nto = 7.2 x 104 s/cm3
e 79 9@ forg ergws
IAE FHS! WeAd 9 ANGI Faad Ruger Iafa &= § ol 8| wR) gRgoE J1fva 2H, O
S ®eEd B AR D A T &, Fora—Ryaex & folg F=I1a-1 & w9 § |1 o9&l 8 | D-D sifafshan
2 2H+2H 52 He+n+ 3ol | Gom—Ruder & &R # 9N gggoM W, SYgiF 1fa! IR gotag 8
YUITRIT AT 8 SRl 8| 89 2H A1 3R Sdg[l & A8 Pl ol $ed o | Ryder R H A1
AgRB®H (random) T FRA & AR IST—HSI Fa- U 3N O © b TSI Fola= 81 G | ARG,
Ruger ®R A TOAM 984 310 Bl @, 3R 59 SR AT W ugref & SR $9 WISHT B 370 3R
URAFT I H e T8 8 UKl | gEier ORIV d@iel B WA dRS 59 WIoHl Pl HP qHI Tb
gRAIFAT foan ST 2, 399 Ugdl f6 &0 dR 9 R Tl R | AR n Yl BT O (W1 IMMATH) B
qAT to TRIAAT FFI BT AT nto DT A TR (Lawson number) F& & | T A & JJIR ol Ruaex
Bl AHA B B (I AT TR BT A9 5x10% s/cm3 ¥ 31fdd 841 =1f2y |
o & T Reridt &1 v anus oy STl & ddhar § |
2
drecadH FRIaid: k = 8.6x105 eVIK ; =1.44 x 100 eVm.
€y
7. TAB FATT-RYaeR HR # T | AT 99 BT BRI &

(A) SISHT & g o @1 ddo ARSI g

(B) SISHI & §19 oV I8 FH™ (Coulomb) I

(C) SYEH-SagE I & §1a & & FHa™ (Coulomb) g
(D) Ruaex ®R # 9911 g1 9gd 310S ATaHe
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Nuclear Physics

/\g

8. A o & Forom Ruger &R 4, f59a aoaE T 8, &1 SYgH U6 §OX @ 0% 9 8 8, TS @l s
Foll 1.5 kT &, 3R S9! AUl T 5T+ 1|1 8 6 I8 19 @ (Coulomb) Rerfdrst Saif &1 Tog
A Gdhd 3| PR A IURYT X BN & WY 9 QA DI (B TR B M9l fhan &1 {1 w07 714
Thd B 1 A SYEH 4 x 1075 m @ T q& UgT U 39D 1Y 3Mawded gAaqq argee T f&e sraRre ¥

BT |
(A) 1.0 x 109K < T < 2.0 x 10° K
(C)3.0x 10°K < T < 4.0 x 10° K

2
Sol. Wﬁwﬁmﬁz(gﬂ): Le |

Ame, T

(B) 2.0 x 109 K < T < 3.0 x 10° K
(D) 4.0 x 10°K < T <5.0 x 10° K

o (L44x10°)

1

saigs L9 10°K
X4aXx

9. D-D Iffsham & TR | 99 AhH aTl Forad Rudes] & IR GHIfad redl & forg &) 78 o1 & gRome

T A T 3| a9 A $ IR 39 ARI H A DI AHAd B G TG WY 7 ?
(A) SISIF Bcd = 2.0 x 1012 cm3, RAFT |HI = 5.0 x 103 s

(B) SISIF TTd = 8.0 x 10%4 cm-3, uR¥™E 99 =9.0 x 101 s

(C) Sgg™ &9 = 4.0 x 102 cm3, IRAFHT FHI = 1.0 x 1011 s
(D) Sgg™ &9@= 1.0 x 102 cm~2, UR™AT §99 = 4.0 x 102 s

Sol. nto > 5 x 1014 s/cm3

SYgiH o9, = 8.0 x 1024 cm-3, uR¥HT 9 =9.0 x 101 s

nto = 7.2 x 1014 s/cm3

10. Column 1l gives certain systems undergoing a process. Column | suggests changes in some of the
parameters related to the system. Match the statements in Column-I to the appropriate process(es)

from Column I1.
Column-I

(A) The energy of the system is increased.

(B) Mechanical energy is provided to the system,
which is converted into energy of random

motion of its parts

(C) Internal energy of the system is converted into

its mechanical energy

(D) Mass of the system is decreased

Column-II

System: A capacitor, initially uncharged
Process: It is connected to a battery.
System: A gas in an adiabatic container
fitted with an adiabatic piston.

Process: The gas is compressed by
pushing the piston

System: A gas in a rigid container
Process: The gas gets cooled due to colder
atmosphere surrounding it

System: A heavy nucleus, initially at rest
Process: The nucleus fissions into two
fragments of nearly equal masses and
some neutrons are emitted

System: A resistive wire loop

Process: The loop is placed in a time
varying magnetic field perpendicular to its
plane
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Nuclear Physics ﬂ—

Ans.

Sol .

Sol.

Ffed || 4 B Mo A T 2 S 5l 069 A [ORd © | B | UH¥ H 8l §db alel g aardi bl
geIan g | Pl # A T gaaedl o ied 11 S IR upA ¥ fAasy |

Pie -| Pie -l
(A) e & Sl gedl B (p) @ GaTRA (capacitor), 3RF # I7IeT Ifad
ThH: BT @ e | SreT ST @
(B) fror @1 Fify® ool UeH @ ot 8, s (q) e $€19 (adiabatic) UrE § I 39, urF H

e & Rl @ agfees A (random wErw fives o B |
motion) @I Felt § gga AT B | ueh: foRes g1 39 &1 <amn o §
(C) frora & RS FHoll IS ATHD (n o™ ge o= ¥ & 4
SOl | 9o STl B | Uhd: SUS dT8%] dIdTaR & HIRU I U B
@ B
(D) forg &1 gIHHE Tedl © (s) o e Y D, SIR™ H ReR arawer #

TehH: ATAG & I IRIER g § faafied
BT & 3R {B Yo Scaford el © |

() g ve 9fRig (resistive) TR &1 o
UHH: U P! FHT B WY 9 @ JEDBI
(T U & Tl B TIaq ) W T I B

(A)p,q,t(B)g,t(C)s, (D) s

(A) (p): Capacitor is charged, hence its energy is increased

(q) : The temperature is increased, hence its energy is increased or as the external positive work is
done, hence energy increases

(r) : The temperature decreases, its energy is decreased

(s) : All natural process, energy of the system decreases

(t) : The current is produced. Hence energy of the system increases
(B) (p), (r), (s) no mechanical energy is provided to the system

(q) the mechanical energy is provided which increases the temperature and hence random motion
of molecules

(t) Mechanical work is done to change the magnetic field, which increases the mechanical energy
of electron and these electrons strike with stationary positive charge and energy is converted in random
motion.
(C) (s) Internal binding energy is converted into mechanical energy
(D) (s) Mass changes only in nuclear process.
(A) (p) : GuTR= IMART BIeT 8, 37 SAD! SHoft q@ |

(q) : ATIHT IS, Ik SHDBI Holl g1 I1 SrdTfd a1 fhar T 1 a=TcAd B, o7 SHoff 9@ |

(r) : T TTAT §, $H® Soft Tl |

(s) : |1 UTHfds whH ©, e & ol g |

(t) : IRT S~ B B | o1 ey B Hort ag |
(B) (p), (r), (s) Frvra &1 BIg A1 AHH Foii 1 & 7S © |

(q) TI® Sl IS DI T B S ATIAT AT (VBRI BT Aged M T |

(t) F¥og &3 | uRada & fou Iife a1 f&a 71 & S o= @ e Sl germ IR 3
SR gD ROR ITIY | THIW & 3R FHoll Aged i H gRafda sl 2|
(C) (s) A& du Sofl FifAd SHoil # yRafcla el 7|

(D) (s) A ddel MBI UshH # yRafla g 7 |
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Nuclear Physics ﬂ—

11.=

Ans.

Sol.

12.

Ans.

dN(t)

To determine the half life of a radioactive element, a student plots a graph of ¢n versus t. Here

ANt is the rate of radioactive decay at time t. If the number of radioactive nuclei of this element

decreases by a factor of p after 4.16 years, the value of pis :

e aw @ arforg T Y F R TH B n i AN

M‘Eﬁrt$wawrﬁm%lm—
dt dt
AT &7 o t T W R & | IR 4.16 I & 918 39 AAH ugred & TG B A=A p ged |

%H B WK §, p B A9 a9y

6 T~ A
I I I I I I
] e N A A
dN(t)| 31— > ]
nl———=
| at I
21— +-- ]
I |
1
2 3 4 5 6 7 8
Years
8
_d_N =N
dt
_dN ANoe"t
dt
(n dN = -\t + /n(ANo)
y=mx+c
=-r
1 1 1
k=§ [slopebygraphza][wmmza]
T= %
A
=2x0.693 = ﬁ
n
n = 3 = no. of half life. 31E MY F=N
p=2z3=8. Ans.

The activity of a freshly prepared radioactive sample is 101° disintegrations per second, whose mean
life is 10°s. The mass of an atom of this radioisotope is 10-25 kg. The mass (in mg) of the radioactive
sample is

U el IR By TR fANfded T, el Areg—smy 109 s &, @1 gfaefad 1010 fues uRkiids
(disintegrations per second) & | FHIfad ISAT—IMSHICIY YRATY & IR 1025 kg B | feAWfaed T &
mg H ¥R &

1
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Nuclear Physics ﬂ—

Sol.

13.=

Ans.

Sol.

N =Noe™

AN _ 1010 = Np )™
dt

at(t=0)

1010 =Np 10°°

No = 101°

mass of sample T &1 &9 = No 10-25
= No (mass of the atom YA BT SIHA)
=10 kgm
=10 x 10% gm
=103gm
=1mg

A proton is fired from very far away towards a nucleus with charge Q = 120 e, where e is the electronic
charge. It makes a closest approach of 10 fm to the nucleus. The de Brogle wavelength (in units of fm)

of the proton at its start is : (take the proton mass, mp = (5/3) x 102" kg, h/e = 4.2 x 10-15J.s/C ; 2 1
€,

9x10°m/F;1fm=10"15m)
TS UIed ® WY Ud A0S (Q = 120 e, T8l e Folagi-idh JAMhY &) Bl 3R 98d g2 A SN 1l © | I8
A AW® | 10 fm B Fdeas 3 T6 ygadl § | Ui & dal 3R™ HRd 99g 39! de Broglie

h 1

T g (fm #) F1 87 (WM : WIS &1 §T9M, mp = §x10’27kg, — =4.2x10J1.s/C; =9 x
e

g,
10° m/F; 1fm = 10-15m)

7
+120 e r=10 fm +te
[ 9
(9x10°)(120e)(e) _ p?
10x10* " 2m
2
A= h sopt= h—2
p A
5 —27 15 9 2 h2
2| 2x107 [10°(9x10°)(12)e” = ——
3 2mAa
(120) (3)10-27+15+9 A2 = (4.2)2 x 1030
2o 42x42x10% | 42x42 o
360x10° 360
=72 x10-%0 A= 7x105m =7fm

Paragraph for Questions 14 and 15
The pB- decay process, discovered around 1900, is basically the decay of a neutron (n). In the
laboratory, a proton (p) and an electron (e-) are observed as the decay products of the neutron.
Therefore, considering the decay of a neutron as a tri-body decay process, it was predicted theoretically
that the kinetic energy of the electron should be a constant. But experimentally, it was observed that the
electron kinetic energy has a continuous spectrum. Considering a three-body decay process, i.e.n - p
+ e+ v,, around 1930, Pauli explained the observed electron energy spectrum. Assuming the anti-

neutrino (v, ) to be massless and possessing negligible energy, and neutron to be at rest, momentum

and energy conservation principles are applied. From this calculation, the maximum kinetic energy of
the electron is 0.8 x 10° eV. The kinetic energy carried by the proton is only the recoil energy.
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Nuclear Physics ﬂ—

14.

Ans.

Sol.

Sol.

15.

AnNs.

Sol.

9 149 15 @ forg argws

1900 & 3T §F @I & IR P~ &F UshH Iad § i (n)dT &9 BIal B | YATRIen § ur T §
& <M & & 89 R e (p) 91 b geige (€) WfNd B ¥ suferd, =EH &g @1 3
SI-UhT AFHR, Hgifad T I I8 Rig foanr T & gaae & 1t Soft &1 99 ReRr &= =Ry |
Jfes g 3 fewm & gaacte & 1fas Sol & 99 &1 Jdd Waedq 2 8 | - e ushs 9ax,
Fgafd n—>p+ €+ T,,1930 B AU Pauli 7 SIFEIT B ST AT ol WdgH FHLT | gie—=gfesi
(,) @ S&EH Med @ T0F Foll B AN B AR JgA B ReR A1 R, G g Foll A&7 & 1
T H R T R goraeE B AfShad RIS ol BT 0.8 x 106 eV JAHT AT | W Bl ISt Folt
dad e SHoff 8 |

What is the maximum energy of the anti-neutrino ?

(A) Zero (B) Much less than 0.8 x 106 eV
(C) Nearly 0.8 x 106 eV (D) Much larger than 0.8 x 106 eV
gfa LA @) 3rfrdmaH SHoit B |

(A) I (B) 0.8 x 10%V ¥ 980 &9

(B) T 0.8 x 10%eV (D) 0.8 x 10%eV ¥ ¥gd 31H

©)

KEmax of B-

Q=0.8x10%eV

KE, + KEB, +KE, =Q
KEp is almost zero
When KEﬁ, =0

then KE;=Q —KEp =Q
KEmax Of B~
Q=0.8x10°%eV

KE. +KE, +KE, =Q
KEp (ST 2T 819)
519 KE; =0

T KE, =Q-KEp =Q

If the anti-neutrino had a mass of 3eV/c? (where c is the speed of light) instead of zero mass, what
should be the range of the kinetic energy, K, of the electron ?

e ufd e &1 s Y T BIHR, 3eV/c2 B, (STl ¢, P DI W 28)dd gerdag= Bl s ol K,
BT W BT

(A) 0 <K< 0.8 x 106 eV (B) 3.0 eV <K <0.8 x 106 eV

(C) 3.0 eV <K < 0.8 x 10° eV (D) 0 <K < 0.8 x 106 eV

(D)

0<KE, <Q-KE,-KE,

0<KE, <Q
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Nuclear Physics ﬂ—

16.

Ans.

Sol.

Hindi.

17.

Ans.

A freshly prepared sample of a radioisotope of half-life 1386 s has activity 10° disintegrations per
second. Given that In 2 = 0.693, the fraction of the initial number of nuclei (expressed in nearest integer
percentage) that will decay in the first 80s after preparation of the sample is :

e gRd JaR e gen <f$Ai smswiey uftedl, o) srg—emyg 1386 s B, @I wfshaar 10° fawes ufy
dPe §| AT In 2 =0.693 B, 79 WM 80 s ¥ faufeq wf¥si a URME @1 Fw=amel &1 orud (ke

fwew guiie #) 7|
4
A= % =5x 10
1386
Number decayed = No — N (t)
% age Decayed = A = 0.693 100
1386
= (1-e™) x 100
~ At x 100
=5x 10 x 80 x 100
=4
L0693 _ . o,
1386

faafeq sfasl @ G = No— N (t)
mmﬁamﬁaﬁw:wxmo

0
= (1-e™) x 100
At x 100
=5x 10 x 80 x 100
=4
Match List I of the nuclear processes with List II containing parent nucleus and one of the end products
of each process and then select the correct answer using the codes given below the lists :

T 1 H G TS ufharg & 18 2| gA 1 H 39 ufhansil & S\e A1fie 9 g sifad Aified ws g
T B | Gt & R I B B YA RS FqE SR AN

List T/ 3T 1 List T/ ¥ 1
P. Alpha decay 1. 205 N+.......
USHT &g
Q. B* decay 2. 22U Th+.......
pr ey
R. Fission 3. Bi >y Pb+.......
[EECER
S. Proton emission 4. 2Pu i La+.......
EIGIEESREGE
Codes :
P Q R S
(A 4 2 1 3
B) 1 3 2 4
) 2 1 4 3
D) 4 3 2 1
©
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Nuclear Physics ﬂ—

Sol. (p) In o decay mass number decreses by 4 and atomic number decreases by 2.
() In B* decay mass number remains unchanged while atomic number decreases by 1.
(r) In Fission, parent nucleus breaks into allmost two equal fragments.
(s) In proton emission both mass number and atomic number decreases by 1.
Hindi. (p) o &F ¥ SMM A& 4 ¥ Tl JoI URAN] HHiH 2 H T |
(q) B* & H TIAN GAT JURafid &l & SIafd URHATY] HHIG 1 ¥ °C Sl B |
(r) fa@ves ¥ Uge S ] T A W H T ST B
(s) WISt IaS § SEH A&l 91 WRATY] HHG 1 | " I 2 |

Paragraph for Questions 18 and 19

7 18 3R 193 foy srgees

The mass of a 4 X nucleus is less than the sum of the masses of (A — Z) number of neutrons and Z

number of protons in the nucleus. The energy equivalent to the corresponding mass difference is
known as the binding energy of the nucleus. A heavy nucleus of mass M can break into two light nuclei
of masses m1 and mz only if (m1 + m2) < M. Also two light nuclei of masses ms and m4 can undergo
complete fusion and form a heavy nucleus of mass M' only if (ms + m4) > M'. The masses of some
neutral atoms are given in the table below :

g ARG 4X BT GIEM (A — Z) FgiAi Td Z WeHl & gl & A | BH BT 8 | SEE @) HH
D TGS Soll Bl T ol Ped § | b G M BR 9RI AING my T me SIAMT & & §ed ATTDI
# fyafed & doar g 8, I (M1 + m2) <M AT ms T my ST & ] &b AMMNG QU Fodd kb, Th
M' S BT 9IRI A% a9 T 8, AR (M3 + ma) > M' §B WRATYS & SEM -9 cfad 9 & T 8

1H | 1.007825u | 2H | 2.014102u | 3H | 3.016050u | sHe | 4.002603u
SLi | 6.015123u | iLi | 7.016004u | 55zn | 69.925325u | 82se | 81.916709u
122Gd | 151.919803u | 29°Pb | 205.974455u | 23°Bi | 208.980388u | 22°Po | 209.982876u

18. The correct statement is :

T UHAT B |

(A) The nucleus ;Li can emit an alpha particle

fAE SLi TP VT HUT Scafoid HR FhaT B |

(B) The nucleus 2°Po can emit a proton

AE 2°Po Ta WIS Scfsid dR dadr 2 |

(C) Deuteron and alpha particle can undergo complete fusion.
YR 3R Vel HU1 Ul Helad H_1 Fad ¢ |
(D) The nuclei 2Zn and % Se can undergo complete fusion.
TfE 20Zn Ta2Se WG Yol Aerdd wR WHhd B |

Ans. (C)

Sol  (A) 37 —, He* +, H®
Am = [M; =M. =M, ]

=[6.01513 — 4.002603 — 3.016050]
=-1.003523u
Am is negative so reaction is not possible.

B) 847" > 83" +17
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Nuclear Physics ﬂ—

Hindi

19.

Ans.

Sol

20.=

Ans

Am is negative so reaction is not possible.
) I -2 +3°

Am is Positive so reaction is possible.

(D) 30" +34% > 64°%

Am is Positive so reaction is not possible.
(A) 37 >, He* +, H®

Am = [M; -M,. -M;]

=[6.01513 — 4.002603 — 3.016050]
=—-1.003523u

Am FEUTHS 8 3MT: THIBROT qRIG &) 2 |

1

@®) 84™" —»83"" 4T
AM RUTHP & 37 FHIHR0 IRIg -8 B |
) I¥ » 2 +3°

AM YTHS & 37 THIBR FHT 2 |

(D) 30™" +34%" 5 64
AM FFTHS § 37T FHIDGRY IRId T8l 2 |

The kinetic energy (in keV) of the alpha particle, when the nucleus Z2°Po at rest undergoes alpha

decay, is:

19 foRmTaRen § A1f%S 2°Po  UTWT & HRAT B, A9 UShT HUl Bl TIirel SHatl (keV H) B[l & |
(A) 5319 (B) 5422 (C) 5707 (D) 5818

(A)

210

84Po™ 4 ore' _, goPo®®

Am =[ Mpo — Mue — Mpp] = 0.008421 u
Q =0.008421x932 MeV = 5422 KeV

K, = 210 x5422 KeV
214
= 5320 KeV

A nuclear power plant supplying electrical power to a village uses a radioactive material of half life T
years as the fuel. The amount of fuel at the beginning is such that the total power requirement of the
village is 12.5% of the electrical power available from the plant at that time. If the plant is able to meet
the total power needs of the village for a maximum period of nT years, then the value of n is.

U d PI fAgd Holl UG PR dlel AMNGI FIF § U T a9 Ag—ang & ISAEHl ugref HI g899 &
w0 H JAN R W1 I B OUR™ H ggA @ A s @ (P e @ gl g ufdm @ sravasand
I WY Sude fagd ufdd @1 12.5% 2| Al I8 §IF TG B FHgUl SHoll ATTIIAHARI I AfIHad
nT a8l & oY YRT &R Fha1 8| d9 N &1 AF 2 |

3
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Nuclear Physics ﬂ—

Sol.

21

Ans.

22.

Ans.

125 __
100
-E

E' x

(E = Power requirement to the village 7ifa ¥ smaeds fagd wfdd, E' = Power of plant §33 & fagd

af)
E'
E:2—3

Number of half life 31 g & T =3
So total time required 3d: ATITTD fHeol FHI = 3 x T years HAlad

Match the nuclear processes given in Column I with the appropriate option(s) in Column 1II.

Column-I Column-II
(A) Nuclear fusion (P) Absorption of thermal neutrons by 23U
(B) Fission in a nuclear reactor Q) 9Co nucleus
(©) —decay (R) Energy production in stars via hydrogen
conversion to helium
(D) y—ray emission (S) Heavy water
(M Neutrino emission
Fied-1 # & T TW@T ufharet &1 srew-IH A T Aeen /e v Sfua fam s |
DicH-I PicH-1I
(A) D Ferd= (P) &I g1 & 25U gRT ey
(B) T wE § fawgrea (Q) =& $2Co
©  ptE (R) aRi ¥ wggroE &1 dfegm § uRadd gR1 Sl
SRICE!
(D)  y-fRoT S SELRESES
(R) YfeATl Sesiv
(A)->R(B)—>P,S; (C)Q,T; (D) R, T
—dN

For a radioactive material, its activity A and rate of change of its activity R are defined as A = rre and

R= _ccij_tA , Where N(t) is the number of nuclei at time t. Two radioactive sources P (mean life 1) and Q

(mean life 21) have the same activity at t = 0. Their rates of change of activities at t = 2t are Rp and Ro,

. R .
respectively. If R—P =N , then the value of nis :
e
Q

WW@WﬁﬁWA@WWﬁﬂRW1A=_g—P q R:ﬁ—fﬁa’aﬁm
R @ Sl B, el 999 t o) ST @l | N(t) 21 &1 It | P oeia g 1) 991 Q
(3Td 3y 21) B FAI t = 0 W FAM AlhAal 2| STdI Alshaar uRadd &l &N T t = 21 IR HAW: Rp

HWRQ%Wﬁ{R—P:ﬂ,aaanW%l
R, e

2
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Nuclear Physics ﬂ—

Sol.

23.

Ans.
Sol.

24,

Ans.

_t —t

AP = AO et ,AQ = AO ezt
At At
R.=—2e", Rqo= 2—°e21

T T
at t=2t X

A,
Ro_+° _2
Ro Aot €

27

A fission reaction is given by %5U— 39Xe+ 33Sr + x + y, where x and y are two particles.
Considering 235U to be at rest, the kinetic energies of the products are denoted by Kxe, Ksr, Kx (2MeV)

and Ky (2MeV), respectively. Let the binding energies per nucleon of 235U, '2Xe and 33Sr be 7.5

MeV, 8.5 MeV and 8.5 MeV, respectively. Considering different conservation laws, the correct option(s)
is(are)

T fads 20U MIXe+ 2gSr +x +y, & T B, WEl x AT y & BT B | 23U fRreraRen # g
ToAT ITGT BT AT HoAY HA: Kxe, Ksr, Kx (2MeV) TT Ky (2MeV) F Ty i1 81 235U, 120Xe deon
2Sr @ ufd fFAsi= du= Hoilsli &1 HHA: 7.5 MeV, 8.5 MeV @1 8.5 MeV o | %fﬁ«—vr e i
F1 &9 3@ gY 9 fdde 2 ()

(A)x=n,y=n,Ksr=129 MeV, Kxe = 86 MeV (B)x=p,y =¢€", Ksr=129 MeV, Kxe = 86 MeV
(C)x=p,y=n, Ksr=129 MeV, Kxe = 86 MeV (D) x=n,y=n, Ksr=86 MeV, Kxe = 129 MeV

(A)

236 140
P x 45 ST+ x4y Y

X=y=n
Q=236 x7.5—- (140 x 8.5+ 94 x 8.5) = 1770 — (1190 + 799) = 219 MeV
In A and D energy and charge conservation is followed

AT D ol UF AT RV HT AR HA B |
Sodd: Q =Kxe+ Ksr+Kx +Ky=129 + 86 + 4 =219
InD 4,

Pxe > Psr + pPx + Py
so conservation of momentum will not hold

Y HITT HRET0T E Bl ¥ |
The isotope 2B having a mass 12.014 u undergoes B-decay to §2C. §°C has an excited state of the

nucleus (gZC*) at 4.041 MeV above its ground state. If B decays to §ZC*, the maximum kinetic
energy of the B-particle in units of MeV is : (1u = 931.5 MeV/c?, where c is the speed of light in vacuum)

FAR® (isotope) 2B RTA®T §®E 12.014 u B, el & (B-dcay) & ufhanr & $2C # uRafia =
I B F2C. B U AHGT SURTT 3faen (R2C*) 1w sraven & 4.041 MeV JWR &< B | 3R 2B
&g B 2 C* # uRafia grar & @ dier &ur &) sifdiwaw fds ot (MeV @t A #) w1 gl ?

(1u = 931.5 MeV/c?, T&t ¢ fafa & ymrer & 71fa )
9
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Nuclear Physics ﬂ—

Sol.

25.

Ans.
Sol.

26.

Ans.

2B— s C+f +7
Q= (mB* —m*C*)c?
= [mSB12 —(meC* +Am)] C?

= (mgB* -m,C*)C? —AmC?
=0.014x931-4.041=9

An accident in a nuclear laboratory resulted in deposition of a certain amount of radioactive material of
half-life 18 days inside the laboratory. Tests revealed that the radiation was 64 times more than the
permissible level required for safe operation of the laboratory. What is the minimum number of days
after which the laboratory can be considered safe for use ?

TP AMNGII JANTRTA § gHeA Bl go ¥ Xf$Afded s @ |e " oM 8 T, el sy
18 &A1 @1 & | uderor | ud Tl b gAwTenen § fafeRor o1 wR QR WR A 64 YO SATET AT | YA
fpae Al & 915 WA &M &1 & forg gRfara arm ?

(A) 64 (B) 90 (C*) 108 (D) 120
(©)
A=A, oty
Ao _ A ot/
64 °
= 6= L
Ty

= t=6Tn = 108 days

The electrostatic energy of Z protons uniformly distributed throughout a spherical nucleus of radius R is
given by

£_3 2(Z-1e?
5 4nggR
The measured masses of the neutron, 1H, °N, and ;>0 are 1.008665 u, 1.007825 u, 15.000109 u
and 15.003065 u, respectively. Given that the radii of both the N and §°O nuclei are same,
1u = 931.5 MeV/c2? (c is the speed of light) and e?/(4ne,)=1.44 MeV fm. Assuming that the difference

between the binding energies of >N and 3O is purely due to the electrostatic energy, the radius of
either of the nuclei is (1 fm = 10->m)

s R 9Tl T8 MA®GR A1 (nucleus) ¥ Z I d9MwY 4 faaRka 21 & e @1 Rer fIgyq
Fot A iR 7 & TS 2
EZEZ(Z—l)eZ
5 4ngR

=g, 1H, I°N 1d 20 TfWa! (nuclei) & A9 T S %A 1.008665 u, 1.007825 u, 15.000109 u
Td 15.003065 u B °N 3R 3O el @ rourd g9 @ 7€ 81 1 u = 931.5 MeV/c2 (S8l W ¢
UHTe B A R) R e?/(4ney) = 1.44 MeV fm | AR 1PN @ik PO @ dud Furleli @1 iR Riw Rer
faggd ol & SR B, A A1 9 9 fod | T1fde @1 Bsan @& 8F ?(1 fm = 1015 m)

(A) 2.85 fm (B) 3.03 fm (C*) 3.42 fm (D) 3.80 fm
©)
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Nuclear Physics

Sol.

27.

Ans.
Sol.

_ 3Z(Zz-1¢?
5 4ng,R

n+50——"N+H

E

Q= (M, +Mys —m —M, ) C2

=0.003796 x 931.5
= 3.5359 MeV

2
AE = E>< €

g,
R =3.42 fm

x%(8><7—7><6) = g><(l.44 Merm)x%x14 = 3.5359 MeV

1311 is an isotope of lodine that B decays to an isotope of Xenon with a half-life of 8days. A small amount
of a serum labelled with 3 is injected into the blood of a person. The activity of the amount of 131
injected was 2.4 x 10°% Becquerel (Bq). It is known that the injected serum will get distributed uniformly
in the blood stream in less than half an hour. After 11.5 hours, 2.5 ml of blood is drawn from the
person's body, and gives an activity of 115 Bq. The total volume of blood in the person's body, in liters

is approximately (you may use e~ 1 + x for |x| << 1 and In 2 = 0.7).

AR BT FRAS (isotope) 13U, Rrwa d—g 8 fa7 B, B8 & PHRU WA (Xenon) &
TeRIfd H affa grar ® | 8red ATAT &1 181 fafga (labelled) ¥RA (serum) ATMG IRR # =81 (inject)
foan T, f=1 wran &) Sifdeadn (activity) 2.4 x 105 9a¥a (Becquerel) B | I8 WRA HRR gRT # Mg &
# tHaaE faaRa g1 81 3R 11.5 8¢ 91§ 2.5 mI % 115 daval & Afdeadr geiar g, a9 AFd IRR H
[ AT (elex H) & (3MI e~ 1+ xfor [x| <<1Td In 2~ 0.7 & IYANT B Fdhd & |)

(5)

[131 > xel3! + B

Ty =8Days
Ao =2.4x10%5Bq =ANo
Let the volume is V,

qIfh ad Vg,
t=0 Ao = ANo
t=11.5Hrs A=AiN
115 =k[ﬂx2.5)
Vv
_ A Y
115 = v x 2.5 x (Noe™t)

(N 7\‘) _ In2
115 = *°%/ x (2.5) x e 84

(11.5Hr)

5
115 = ZHL07) o 5y x et

|
N
N
X
|_\
o
[6;}
N
ol
1
| N
w
| |

10° x23x25

= - — — =5x10ml=5liter

115x10?
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Nuclear Physics ﬂ—

232 2

28*.  In a radioactive decay chain, 33°Th nucleus decays to 55°Pb nucleus. Let N« and Ng be the number of
o and B~ particles, respectively, emitted in this decay process. Which of the following statements is (are)
true?

T fSAfIed &1 sf@e (decay chain) # 33°Th W@, 3°Pb e ¥ &fRd 81an 81 39 &9 UHd
(process) # IcARTA gU (emitted) o 3N B-HUIT & T HA: No 3R Np 2 | FrafalRad weei & | #14
ar (@) a8 7 @) 2

(A) No=5 (B) Na=6 (C)Np=2 (D) Np=14

Ans. (AC)

Sol. o Th®* — _Pb? +x,He*+y €°
2x—-y=8
4x =20
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

AT - 11 : JEE (MAIN) / AIEEE (ot auf) & uea

1. The energy spectrum of p-particles (hnumber N(E) as a function of B-energy E) emitted from a

radioactive source is :
U AT A | IARTd B-Hol BT SHoll WagH (T N(E), B-3oll E D BT & w9 H) © -
A
A
(1) N(E) @ NE
E
E, —
7' N A
(3) N(E) (aN(E
E >
E, Eo

2. When sLi” nuclei are bombarded by protons, and the resultant nuclei are 4Be® , the emitted particles
will be
(1) neutrons (2) alpha particles (3) beta particles (4*) gamma photons
9 Gl | sLi? A1f® IR gHER @ Sl 2 SR gRem A1We 4Be? B, 99 IcAfid &l 811
(1) =g (2) VBT HT (3) dreT Fur (4%) T WIer

Sol.  Gamma-photon. T ®BIEH

3. The ‘rad’ is the correct unit used to report the measurement of

(1) the rate of decay of radioactive source

(2) the ability of a beam of gamma ray photons to produce ions in a target
(3) the energy delivered by radiation to a target.

(4*) the biological effect of radiation

‘rad’ $9& A9 BT RAE B B FE TS 8

(1) eIty 9d & &g 3 )

(2) AT fhRT BISHT B PGS §RT U o1& | 3T Icd~1 B Dl Al
(3) U@ e &1 fafewor gR1 & T ool

(4% fafezor & Ifas gwra
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Nuclear Physics ﬂ—
4 If the binding energy per nucleon in [Li and jHe nuclei are 5.60 MeV and 7.06 MeV respectively, then

in the reaction
p+, Li — 2;He

energy of proton must be :

ILi @ jHe TSI B URT Yfaaiia 7 Hoil HH: 5.60 MeV TAT 7.06 MeV &, 79 arfdfsan
p -+, Li — 25He

H UIEH @1 ol aed B A1RY

(1) 39.2 MeV (2) 28.24 MeV (3*) 17.28 MeV (4) 1.46 MeV
Sol. EP=(8x7.06—7 x5.60) MeV = 17.28 MeV

As per the data given in the problem the binding energy of 2;He is already greater than the binding
energy of ’Li, therefore the reaction is already exothermic. So no energy is required.

T ¥ R T siwel F IAR 2¢He B TRE Foll U & ILi & qwA Horl F AP 8, o s
Sy 2t | 31a: Bls SOl Bl MMaeIhdT el B |

5. If Mo is the mass of an oxygen isotope sO'’, My and Mn are the masses of a proton and a neutron
respectively, the nuclear binding energy of the isotope is :
IS Sffedio & FARe® 0V &1 AN Mo B, 3R Mp @ My H¥E: UIeH 9 e[ & S&dH ©, d
ARSNGB g IOl ®

(1) (Mo — 8Mp)C2 (2%) (Mo — 8Mp — IMN)C2?  (3) MoC2 (4) (Mo — 17Mn)C2

Sol. Nuclear binding energy = [mass of nucleus — mass of nucleons] C2 = (Mo — 8Mp — 9MNn)C?
DB T84 Holl =[S BT G — YAFAsi= &1 GA] C2 = (Mo — 8Mp — IMN)C2

6. In gamma ray emission from a nucleus :
(1) both the neutron number and the proton number change
(2*) there is no change in the proton number and the neutron number
(3) only the neutron number changes
(4) only the proton number changes

TS 1S A A AR & IIo |

(1) I dw@ qn wied den qr gRkafda g 8

(2*) UIe | a1 g @@ § B gRkadd T8 g €
(3) Baal giw W yRafdd g &

(4) DI WA T yRafda st 8

Sol. Gamma ray is electromagnetic radiation which does not involve any change in proton number or
neutron number

T fhROl faepa graa f[AfeRor 8, S iei dwn a1 Y[ 9@l ¥ uRadd & foy StRerl 781 8 |

7.2 The half-life period of a radio-active element X is same as the mean life time of another radio-active
element Y. Initially they have the same number of atoms. Then :
(1) X will decay faster than Y (2*) Y will decay faster than X
(3) X and Y have same decay rate initially (4) X and Y decay at same rate always

TS AR 3ada X BT AG—3MY HIal Gax (SAHT @qud Y & A1eF Y Bidd & aRIaR & | RS
H ITH wREI] FHAE G W g, a9

(1) X, Y & |ruer oon | &fdd 8w (2%) Y, X & et dofit & el g
(3) U™ H X 3R Y P &7 X THA ® (4) X 3R Y 939 99 <) & &fd 89 &
sol. M2_1 =k, =14k, L, >A, Y will decay faster than X, Y, X &I g1 # <ol & & 8.
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Nuclear Physics ﬂ—

8.

Sol.

This question contains Statement-1 and Statement-2. Of the four choices given after the statements,
choose the one that best describes the two statements.

39 U @ Q1 U 8, HAA-1 A FUF-2 | 39 B & U¥Er QY M IR Awedi § 4 39 fadwey &
I PIVTY S 397 a1 b1 BT Fardd quie ol 2 |

Statement-1: Energy is released when heavy nuclei undergo fission or light nuclei undergo fusion.
and

Statement-2 :

For heavy nuclei, binding energy per nucleon increases with increasing Z while for light nuclei it
decreases with increasing Z.

PYF-1: 99 WX A1 faafdsa 8 8 feral g AW Folfdd 81§, a9 ol gad sl 8 |

g

FUA-2 : R DT S forg Z ¥ gfg B W 9l el dum ot § gfg Bl @ Safd g WD &
fog z# gfg BM W 9fa <Yfewela 9u9 ot g 21

(1) Statement-1 is true, Statement-2 is true; Statement-2 is a correct explanation for Statement-1
(2) Statment-1 is true, Statement-2 is true; Statement-2 is not a correct explanation for Statement-1
(3*) Statement-1 is true, Statement-2 is false

(4) Statement-1 is false, Statement-2 is true

(1) HUF-1 9 8, HYF-2 9 &, HYUA-2, HU-1 B HEl ARAT FRal ¢ |

(2) FUF-1 & &, FUF-2 G 7, HIA-2, HAUF-1 P! Fal ARAT 8l BT 8 |

(3*) BUF-1 T B, HUF-2 A ¢ |

(4) BUH-1 I &, PU-2 T ® |

- BCDE

4 /A F

I I I I I O O O
M

The above is a plot of binding energy per nucleon Eb, agains the nuclear mass M; A, B, C, D, E,
correspond to different nuclei. Consider four reactions :

SIRIFT 3@ U ~Ifaetai™ a8 ol Ep 3R TW@ 99 M & §19 8| A, B, C, D, E, F fafi=
AR S TG 2 | AR AfAfBIRT R faEr Hifvg

()A+B—>C+e (C>A+B+¢ (i)D+E—>F+¢and (v)F—>D+E+g,

where ¢ is the energy released? In which reactions is ¢ positive?

STEl ¢ Gad Soll © | [l fAfhansii H e gFTHS 87

(1) (i) and (iii) (2) (i) and (iv) (3) (ii) and (iii) (4*) (i) and (iv)
(1) (i) 3 (ii) (2) (ii) 3R (iv) (3) (ii) 3 (iii) (4%) (i) 3R (iv)
Ans. (4)

If binding energy of product nuclei is greater then energy is released.

Ife IuTe S @ TR St e B A Hort gad B
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Nuclear Physics ﬂ—

Directions : Question number 10 — 12 are based on the following paragraph.

i : o S 10 - 12 fFr=faRed sgees W anmenRa 2 |

10.=

Ans.
Sol.

Sol.

11.=

Ans.

Sol.

12. %

Ans.

Sol.

Sol.

The nucleus of mass M + Am is at rest and decays into two daughter nuclei of equal mass % each..
Speed of light is c.
TIAE M + Am BT T 1S R sraen # 2 iR URh UHEHN S %Eﬁa‘rgsﬁ?ﬁ?ﬁﬁaﬁﬁ

BT 8 | YbT & a7 c B |

This binding energy per nucleon for the parent nucleus is E: and that for the daughter nuclei is Ez. Then

g T B g 9 <R T ol B2 ok g TR @ R B2 e

(1) E1 = 2E> (2) E1 > E2 (3) E2 > E1 (4) E2 = 2E;
®3)

Energy is released

. (B.E.)product > (B.E.)Reactant

St qad B 8

L (BE)gmoa > BE)ey one

The speed of daughter nuclei is

T3 TS B A B
Am . 2Am fA_m f Am
(1)CM+Am (2¥) ¢ v 3)c v 4)c AT
(2)
Q:Amczzi X (ij2+ix(ij2
2 2 2 2

Ach:1 xMv2=>v=c 2A_m
2 \J M

A radioactive nucleus (initial mass number A and atomic number Z) emits 3 a-particles and 2 positrons.
The ratio of number of neutrons to that of protons in the final nucleus will be
e feAfha e (RS SEE ST A T1 WA HAMG Z) 3 o-$01 R 2 GiTEH Icafsid wvar
2| gRom e § =T @ Fe w1 WeH B S@n § U 8

A-Z-8 A-Z-4 A-Z-12 A-Z-4

Dz #7e O W72
(2)

XA ——3 He'+ L, YA 42 .e%+2 v
number of proton=2Z -8
number of neutron =(A-12)-(Z-8)=A-Z-4
A-Z-4

Z-8
XA ——3 He'+ L, YA +2.e%+2 v
UIce & §&1 =27 -8
R B d@ = (A-12) - (Z-8)=A-Z-4
A-Z-4 3

Z-8

ratio is

NESIR]
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Nuclear Physics ﬂ—

13.

Ans.

Sol.

14.

Ans.
Sol.

The half life of a radioactive substance is 20 minutes. The approximate time interval (t2 — t1) between

the time t2 when % of it has decayed and time t1 when % of it had decayed is :

WWWW&@H@‘—WJ%W%W%&@H@#%W&&W %aﬂﬁagﬁzﬁwu

H 3R (t2 — t1) BT AT I B

(1) 7 min (2) 14 min (3*) 20 min (4) 28 min
®3)
%No = Noe ™
%No = NOeJMz
2= e}\(tzftl)
AMtz—t1) =¢n 2
‘n2

to—t1) = — =20 min.
(tz—ta) .

Statement - 1:

A nucleus having energy Ei1 decays by B~ emission to daughter nucleus having energy Ez, but the
B~ rays are emitted with a continuous energy spectrum having end point energy E1— Eo.

Statement - 2:

To conserve energy and momentum in B-decay at least three particles must take part in the
transformation.

UpIgd -1:

Sl E1 aTel Toh NS Holl E, 9Tl T Fald b= § B~ Scdoid 9 &Rd Bl &, IR p- fhvol o/
favg ot E1— E2 aT0l U |aq SHoll Wagd | Iafoid a8l 2 |

ThIq - 2.

B—&T H Holl MR FIT TRV & ford HUARY H HH F HH A9 BUI BT | T IS ¢ |

(1) Statement-1 is correct but statement-2 is not correct.

(2*) Statement-1 and statement-2 both are correct and stateemnt-2 is the correct explanation of
statement-1.

(3) Statement-1 is correct, statement-2 is correct and statement-2 is not the correct explanation of
statement-1

(4) Statement-1 is incorrect, statement-2 is correct.

(1) THH-1 & B, THUF-2 Tl B |

(2*) THUF-1 T B, UHYH-2 & ¥ R UHUH-2, UhoH-1 & A&l AR HRal 8 |

(3) UHUH-1 T B, UHYF-2 el § AR UHH-1 & F&I IRAT 81 Bl 2 |

(4) THH-1 AT €, UHAH-2 FEl B |

2

Statement-1: Energy of - particle from 0 to maximum so Ei — Ez is the continuous energy spectrum.
Statement-2 : For energy conservation and momentum at least three particles daughter nucleus +p*
and antineutron.

FHAA-1: B~ YT BT FHoll 0 ¥ AHTH B8Rl 2 | $AGY Ex — B2 Tl ol WagH & |
YHUT-2 : Holl qAT FAT GReV & forg g = gt A1ffiw +p-1 qen TEIgfe Al B Siaeadhd B |
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Nuclear Physics ﬂ—

15.

Ans.
Sol.

16.

AnNs.
Sol.

Assume that a neutron breaks into a proton and an electron. The energy released during this process is

(mass of neutron = 1.6725 x 10-?7 kg, Mass of proton = 1.6725 x 10-%" kg, mass of electron =9 x 10-31

kg)
I8 91 o 5 T RgH TE WIS iR UF gelagid § ced 21 39 ufshan ¥ ffa 9t ©

(RS &1 &AM = 1.6725 x 10727 kg, YIS &1 §&9M = 1.6725 x 1027 kg, Selagid &1 SAM = 9 X

1031 kQ)

(1*) 0.73 MeV (2) 7.10 MeV
(3) 6.30 MeV (4) 5.4 MeV
1)

ont > 1H1+ 3e0+ V +Q

AM =Mnh— Mo — Me

=(1.6725 x 1027 — 1.6725 x 10727 — 9 x 10731) kg
=—-9x 103 kg

Energy Soif = 9x 10-31 x (3 x 108)2
=0.511 MeV

Which is nearly equal to 0.73 Mev
S 0.73 Mev & THT aRTER R |

but as energy will be required.

fbeg SN Sl amawgs B

since mass is increasing

f% g 9% I B |

so answer = —0.511 Mev

3 IR —0.511 Mev B |

either (1) or bonus.

(1) a1 9=

Half-lives of two radioactive elements A and B are 20 minutes and 40 minutes, respectively, Initially, the
samples have equal number of nuclei. After 80 minutes, the ratio of decayed numbers of A and B nuclei
will be :

] fSAeEt T@ A TAT B B AGIMY HHA: 20 minutes T 40 minutes B | IRA H JE1 & AAT H ATNDI
P FEA RR © | 80 minutes & IURTT A TAT B & &7 Y ANND] DI H&T BT AT BT

1)4:1 2)1:4 (395: 4 (4)1:16
)
A B
Ta =20 min Ts =40 min
1
N "% , 1 15
No Jo = otltne 220 " 16 _16 g
N 1- 1 . 1t 1 373
1_N7 ot 80 4 4
0 /B 240
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Nuclear Physics ﬂ—

17.

Ans.

Sol.

A radioactive nucleus A with a half life T, decays into a nucleus B. At t = 0, there is no nucleus B. At
sometime t, the ratio of the number of B to that of A is 0.3. Then, tis given by :

T AT e A Gy TR, &1 &9 UF A1fie BH &1 8| 999 t= 0 R ®Is W1 M1fiw B 718 2|
T I t IR MWD B AT A &1 G &1 U 0.3 A1 t BT A 81T |

T T log2 log1.3
1) t= 2)t=— 3N t=T 4)t=T log (1.3
@ log(1.3) @ 2logl.3 S log 2 “) 9(13)
®3)
Ng _No(l-e™)
NA Noe—lt
03=e-1 7= NG
A
13=en = 2
T
/n(1.3) = At
t: MXT
mn(2)
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Nuclear Physics ﬂ—

Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

faSaTH® W99 (SUBJECTIVE QUESTIONS)

Ans.

Sol.

Sol.

A radioactive material decays by B-particle emission. During the first 2 seconds of a measurement, n f3-
particles are emitted and the next 2 seconds 0.75 n B-particles are emitted. Calculate the mean-life of
this material in seconds to the nearest whole number. (/n 3 =1.0986 and /n 2 = 0.6931).

T fSYfdeg g1l P1 &g B-HU Ao §RT B3| GUH 2-9hUS & AU § n B-BHUll BT IcAoi 83Tl
3R Tl 2 AHUS H 0.75 n B-HUII BT IS 83N | 39 U] Bl #eh (Y Ahvs H Aoialdl quriel d
T BRI? (/n 3 =1.0986 3iR /n 2 = 0.6931).

6.954 sec

Let no be the number of radioactive nuclei at time t = 0. Number of nuclei decayed in time t are given

no(1 — e=2*), which is also equal to the number of beta particles emitted the same interval of time. For
the given condition,

n=no(1-e2) ... 0)
(N+0.75n)=no (1-e*) .. (ii)
Dividing (i) by (i) we get
—4,
175=1"% o 175-175e? =1-e®
l1-e
3
1.75e2 e = i (iii)

Let us take e2* = x
Then the above equation is,
X2—-1.75x+0.75=0

or . 1/75\/(1.75)’z —(4)(0.75) or o1 and %
. From equation (iii) either e?=1ore?= %
but e2* = 1 is not accepted because which means A = 0. Hence

e 2+ =% or =2X\ ¢n (e) =¢n(3) - /n (4) = /n(3) — 2 /n(2)

A=1/In(2) - %En(S)

Substituting the given values, A =0.6931 — %x (1.0986) = 0.14395 s*

Mean life tmeans = % =6.947 sec

A t = 0 R ISANfaea e @ F@ no Bl t 99T W &g AfABI B A no(1 — e?) S HHM
THATRT § ScAfoid B Bl & a_mE” 81 | &1 18 Rafa & ferg,

n=no(1-e? ... 0)
(n+0.75n)=no (1-e*) .. (i)
(i) @1 (i) 5 ¥ <9 W
1-e* i
L75= T 175-1.75e% =1-e%
1752 e = % ..... (iii)
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Nuclear Physics

Ans.
Sol.

AT e 2 =X
q9 SWRIFd AT &
x2—-1.75x+0.75=0

- . 1/75\/(1.75)* - (4)(0.75) - w1 w3
2 4
- R (jil) e =17 e?t= %
W e? = 19afw T8 &, Fifd 399 L =078, I
e :% 1 =2\ /n (e) = /n(3) - ¢n (4) = /n(3) — 2 /n(2)

A=In(2) - %fn(S)

Y U AM WA W), A =0.6931 - %x (1.0986) = 0.14395 s~!

g AT tmeans = =6.947 sec

1
A

What kinetic energy must an a-particle possess to split a deuteron H2 whose binding energy is

Eb = 2.2 MeV?

o-BOT UfhaT W, U YL H2 s a8 Sl Ep = 2.2 MeV 8, 31 e H fBah a-®o1 31 fist Sl

Bl ATTLIHAT BINN?
6.6 MeV
Loss in K.E. will be used in splitting of Deuteron.

Let us calculate the minimum K.E. required for the loss of 2.2 MeV. For this we must assume perfectly

inelastic collision.

TS Solt § FN FIEH BT A & STAN H o T B |

2.2 MeV. &I 81N & oY aMaedad TSt Sl &1 TUMT B © | $99 89 YOI YRR TIFHPR AT © |

4m
6m

maximum loss of K.E. will be in perfectly inelastic collision.

By energy conservation.

quid: STURIRY TIHR | TS Horl § g AAHTH Bl |
Holl TReT0 |

2
= l><4mu2—1><6m @ =Ep
2 2 3

1 x 4mu? 1—z =Epr=> L x 4mu? = 3Ep
2 3 2

.. Ans. KE > 3Ep
KE > 6.6 MeV

—»u @
o ( ) >
2m = 6m m

2u
3
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Nuclear Physics ﬂ—

3.

A nucleus at rest undergoes a.—decay according to the equation , 29225 X—>Y+a.

At time t = 0, the emitted a — partlcle enters in a region of space where a uniform magnetic fleld

B = Bo | and electric field E Eoi exist. The o — particle enters in the region with velocity V = VOJ

from origin . At time t = \E x 107 sec. , where m_ is the mass and g is the charge of a—

o 0
particle . The particle was observed to have speed twice the initial speed vo . Then find :
€) the initial speed vo of the oL — particle
(b) the velocity of o — particle at time t
(c) the binding energy per nucleon of X .
Giventhat: m(Y)=221.03u, m (He) = 4.003 u, m (n) =1.009u,

m (p) =1.0084u and 1u=1.67x 102" kg =931 MeV/c?
faRTTa=en # Rerd 313 1w, sifafean 225X—)Y+(X ® AR oL — & Tl B |

tzo,wwwﬁha—w,mﬁwwwmaﬂﬁ%aﬁwwwwé:BoT
R g 85 E = Eol 21 o.— 39 7ot firg & 39 M W 47 V =vo | ¥ WY v §1 t= 3 x 107
o osec.q'\f,aﬁmaaﬁ?qa,a—wzﬁmﬁsﬁ?aﬁmé,waﬁw,uwﬁtﬁmvo BT g
UTe BICH &, 99 90 bRl —

(@) o B B YRS AT Vo

(b) O — BT BT t FHI TR
(c) X @ Ui Al ave St

feam @ - m (Y) = 221.03 u, m (He) = 4.003 u , m (n)=1.009 u ,
m (p) =1.0084u and 1u=1.67 x 102" kg =931 MeV/c?
y
Vo
—® @—v E, )
/ — B,
z

E m ’
(@) (2 vo)? = (q_ x /3 x 10’ —j +Vvo2 = Vvo=10"m/s Ans.

m qE

()  The path will be helical. T2 ¥clicer 87 V = %ti +Vocos 0] — vosin OK

- E -
V() = %0 4] +1O7coscotj — 107 sin @tk where wigl @ = qB/m
m
M 225 225 1
c k =—— = == Kag= === X =m_vo?.
©  MaTuam QT T KT e XM
Q =Ame? :ﬁ X 1m vo?2 = A mc?
221 2
225 V2 225 10* 50 1
= —m,— = X 4 X = = > = a.m.u.
2x221 %*c 2x221 9x10 221x 10 442

Now 3d , mx=my+m_+ Am =225.033 + 1 :
a 442

BE =[92 mp + 133 mn — mx] 2 = 1.96 x 931 MeV

/\
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/\g

. BE per nucleon Ufd 1fie &1 989 FHoll = %2931 MeV/nucleon =gfetaii=
= 8.11 MeV/nucleon Jgfd=i3iia  Ans.
4, A neutron collides elastically with an initially stationary deuteron. Find the fraction of the kinetic energy

lost by the neutron (a) in a head-on collision; (b) in scattering at right angles.

Th e, TR H ReR SIEM &A1Y URIRY TqdR dRAl B | Y gRT 8fd RS Sl & e B

U S BRI | 59 (a) We <FPR 81 | (b) TIPR & 916 WRER aH=aq 8l o

Ans. (&) n =4mM/(m +M)? = 0.89;
(b) n =2m/(m + M) = 2/3.
Here m and M are the masses of a neutron and deuteron.
T8f m iR M =g 3R SYEH BT S99 B |

Sol.  According conservation principle of momentum,

HIT ARETT & G & AR
61 + 52 = 53 + 64
or a1 p1=ps+ p4 ..(4)
According conservation principle of kinetic energy
TIRY cqax ¥ e # s 1fast ot 9 grfdre afos Soff aReR 8)ft & |
Ti+T2=T3+ T4

or i T1=T3+ T4
2 2 2
or T P _Ps Py
2m  2m 2m
2 _ 2 2
or P _(Pop.) | Pl (from eqgn. (i) BRI () &
2m 2m 2m
or PL_Pi+Pi-20pP , Pi
2m 2m 2m
or i PP, P 20p,, Ph
2m  2m 2m 2m 2m
or Ul pa i+i = %
m M 2m
or i p4 (i+ij = ﬁ
m M m
2M
or 41 = —
P (m+MJ P
2
2M .
2= 2 (i
(24 0
Loss in kinetic energy of neutron = AT1 = gain in K.E. of deuteron
RIS DI IS Holl H HH = AT1 = SIgiA b el ol H gl
2
AT1=Ta= Pa
M
( M J I
Fraction 3731 = AT _ M
T P
2m
_ (2™ Y (m)_ 4mM
= mem) (M)~ memy
Here 3=t M~ 2m
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Nuclear Physics ﬂ—

Fractioninn = % =0.89

(b) According to conservation principle of momentum, Jd¥ HRETT & ATAR
61 + 52 = 53 + 64
or I p,+0=p;+p,
or a1 61 - 53 = 64
Applying parallelogram law of vectors &=l &1 TR Tyl &1 14
p? +p5— 2p1ps cos 90° = p?
According to conservation principle of kenetic energy

YR <Fhy § g @ Sifad it Sl 9 URMID st $Hofl axrex 8idl & |
y

PaA neutron RIZ1T

DT,

Angle of scattering

~ _l/ qzrﬁuﬁxm

Neutron D\e-fjteron 0
S| SgZH
m
M T,
; T,=0
* P.=0 ,
y
Ti+T2=T3z+Ta
or a1 T1+0=Ts+Ta
2 2 2
or Zﬂ p_lzp_3+p_4
2m 2m 2M
or T Pr_Ps PitP
2m  2m 2M
o T PY_Ps PP
2m  2m 2M
2 2
or Ul p_l i_i = p_3 i+i
I1lm M 1\m M
-m m+M
or Il 2| — = +p}
o (M) = g
m-M
or 41 2= 2
SNLET
~. Loss in kinetic energy of neutron is =I&A @1 TIfasl Holl H HHT
AT=T1-Ts

B A A i

2m 2m 2m

P; —P;
AT
n=4T-—2m
L P
2m
_1_§ _,_ (M=-m)p
pr M+m) p;
M-m 2m 2
n:]__ = = _
M+m M+m 3
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5. Find the binding energy of a nucleus consisting of equal humbers of protons and neutrons and having
the radius one and a half time smaller than that of Al2” nucleus. [atomic mass of 4sBe® = 8.0053 u, 1H! =

1.007826u, on'= 1.008665 u]

FAF G # WeM iR R 3@ arel e B qwE SHolt smd w1, e e AR e § 1%

AT BH 2| [+Be® BT wRHIdG®H geaAe = 8.0053 u, 1H! = 1.007826u, on= 1.008665 u]
Ans. Be8, Epr=56.5 MeV.
Sol. R = Ro A3
Rai = Ro(27)8

R = RoA3

But oI R= A =3RA,
3

I\)\w|:u

or a1 RoA3 = %Ro(27)1/3

3
A= (Ej 27= 2 x 27=38
3 27
Am = (4my + 4mn — Mn)amu
= (4 x1.007826 + 4 x 1.008665 — 8.00531) amu
= 0.060664 amu
Eb = Amc? = 0.060664 x 931.5 MeV
=56.50 MeV =56.5 MeV

6. A radio nuclide with half life T = 69.31 second emits B-particles of average kinetic energy E = 11.25 eV.

At an instant concentration of B-particles at distance, r = 2 m from nuclide is n = 3 x 1013 per m3,
(i) Calculate number of nuclei in the nuclide at that instant.

(ii) If a small circular plate is placed at distance r from nuclide such that p-particles strike the plate
normally and come to rest, calculate pressure experienced by the plate due to collision of B-particle.

(Mass of B-particle = 9 x 1031 kg) (loge 2 = 0.693)

e eAIfIse e ey T = 69.31 d&ve B, 3f\a st St E = 11.25 eV & B-H0 B

Iafoid wxar 2 | fBel ao1 |Yfaess 3 r=2m g0 W B-FH01 B ArEat n=3 x 108 ufam3 g |
(i) 39 &0 Yfaargs § WG B G A B |

(i) IfT T BT FO =i fdss 9 r R W 39 TR RId 2 6 p-30 wie W ifieaq cavd 2
qor faRmTERen o W B Al B-PHU B TIFIR D PR ©lc §RT ’I9 fHAT T I1@ ;G | (B-H0

BT TIH = 9 x 10732 kg) (loge 2 = 0.693)
Ans. 0) 9.6 © x 1022, (i) 1.08 x 104 Nm—2

_________
~~~~~~
. ~.

Sol.

- ~

Seo
-, -
e e

Let activity (rate of decay) of the nuclide be A nuclei per second. It means A B-particles are emitted per
second. If a spherical surface of radius r with centre at position of nuclide be considered then A
B-particle cross this surface per second. It means during an elemental time interval dt a number (A . dt)
of B-particle cross this surface. If velocity of B-particles be v then above calculated (A . dt) B-particle are
in a space having shape of a spherical shell of radius r and radial thickness (v dt) as shown in figure.

Volume of this space = 4r r? (vdt)
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Nuclear Physics ﬂ—

.. Concentration of B-particles at distance r from nuclide is

_ A dt
4nr?(v  dt)

or activity of the nuclide,A = 4n r2 vn
But activity, A = AN where N is number of nuclei

2
Hence, N = Anr-vn but decay constant A = log 2

2

N= A vnT ()
0.6931

Kinetic energy of B-particle, E = %mv2

#ZE
v= | —
m

substituting this value in equation (1),

2
_AmT NT 2B g6 x 102 Ans.
0.6931 \} m

(i) At distance r from the nuclide (A/4x r?) B-particle cross unit area per second.
Let area of small circular plate be S, then
number of B-particle striking the plate per second

_ AZS _ sz S= 0.69321 NS

4nr 4nr 4uare T

Momentum of each particle just before collision is mv and after collision particles come to rest or
momentum becomes zero.
.. Momentum transferred to plate due to collision is

Ap=mv-0=mv
Due to transfer of momentum, the plate experiences a force which is equal to rate of transfer of
momentum.

.. Force, F = Ap x no. of particles striking per second
0.6931 NS
or F=mv x —_—
durs T

Pressure, P = Force per unit area

P= F. —0'6921 N mv butv = fﬁ

S 4ure T m
P= % V2mE =108 x104Nm2  Ans.
nr

/\
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Nuclear Physics ﬂ—

Sol.

___________
- .
- ~
-
~~~~~
- 0y
.

~ -

~ -
-~ -
Seal -

AMT frAgs @ Afbaar (&9 & <) Ui Adwve TG A g1 39@1 d B B-H1 ufd Adve A Ifta
B 2| IR r B B ue el |ag e s Yfaass 3 Rafd ) 2, R AR #Ra & a1 AB-aU
39 9 $ U HHTS UR HRAT B | SHBI AqAd I ORI dt & SR B-H01 B FEdT (A . dt) 39
AAE P IR HAT 2| AR B-HUN &1 9T v & a1 SWRIGd U<l (A . di) p-&v1 == | Rera g qen g=a
A& r oA 9 B A (vdt) @ AR B9 $ dRE RETgER B |
39 AT BT AT = 47 r2 (v dt)
s fadrEs ¥ or R R B-HUN B A
= A dt

4nr’(v dt)
a1 gfadrgs B Alshaar, A= 4nr2vn
g |fbaar, A =AN F& N 71 & G 8 |

2
et N = 4”}3’”%&@%%1'&3%:'(%2
Anr? vnT
- farvnl (1)
0.6931

B-EEUTEF%TF%GIW,E:%mVZ

fZE
v=  |—
m

FHHI (1) § 39 M Bl W@ W),

2
Nz AT 2B g6 1022 Ans.
06931 \'m

(ii) g (Adnr2) A r A W B-FHIT UM JHTS (Hid dF%hd P UR G 2 |
AT BIE] JABR ©IC &I &6 S & dl
T APTS wic H THI dTal B-HUT B A=l

A AN 0.693INS
= 5 S = 5 S = >
4nr 4nr 4nrT
IR B QI U TS B B FIT my g AT TR D UTAN HUT fIRMAEn | o7 O § iR HIN

NI
;. THFIR B PRI ©IC Pl RIFAIRG AT
Ap=mv—-0=mv
HA & WFRY & SR ©Ic Th 9 Hd B RSB 99 FI7 & IR 9 gRaad & &% &
TRTER B |

.94, F = Ap x U AHTS SHIM dTel BN &I G0
- F= Vx0.693]NS

Anr?T
T, P =l Udhi® &3%d R 9

/\
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Ans.

Sol.

Sol.

P= E = va a"ﬁﬂ'v: E
S 4mrT m
p= % V2mE = 1,08 x 104 Nm-2 Ans.
nr

(a) Find the energy needed to remove a neutron from the nucleus of the calcium isotope ;.Ca

(b) Find the energy needed to remove a proton from this nucleus
(c) Why are these energies different ?

Atomic masses of 5;Ca and j.Ca are 40.962278 u and 41.958622 u respectively.
Atomic mass of 1K is 40.961825 u , Mass of Proton is 1.007826 u

(a) DfeaT TRAMG j2Ca & AMMND A FgiF Bl B B (oY ATTTID Holl Fd DIy
(b) 39 AP A W Bl &< B oIy SMATAD Holl S HIFTY

(€)Y FoN A= i & ?

sCa T #2Ca &1 WA SHAN HAY: 40.962278 u TAT 41.958622 u B |

K P WA S 40.961825 u B, UIe &1 s@¥H 1.007826 u B |

(a) 11.48 MeV (b) 10.27 MeV
(c) The neutron was acted upon only by attractive nuclear forces whereas the proton was also acted
upon by repulsive electric forces that decrease its binding energy.

() S TR MWD PV I §RT HIF HAT 8 wdfd Yed W g aieuo 9 s w=ar g Sl
gAD! U Holl b TSl B |

(a) Removing a neutron from ;>Ca leaves 3 Ca . The mass of 5 Ca plus the mass of a free neutron is
40.962278 u + 1.008665 u = 41. 970943 u

The difference between this mass and the mass of j2Ca is 0.012321 u, so the binding energy of the
missing neutron is : (0.012321 u)(931.49 MeV/u) =11.48 MeV

(b) Removing a proton from 32Ca leaves the potassium isotope ;K . A similar calculation gives a

binding energy of 10.27 MeV for the missing proton.
(c) The neutron was acted upon only by attractive nuclear forces whereas the proton was also acted
upon by repulsive electric forces that decrease its binding energy.

() 522Ca A Y[ Bl 8 WR 50Ca Y IBd1 8| j9Ca BT SFAN + & oI Pl SqqT

40.962278 u + 1.008665 u = 41. 970943 u BT

9 SRMEM T 2Ca & S99 H iR 0.012321 u B, o1 W BT RgA &I 997 Foll s8R
(0.012321 u)(931.49 MeV/u) =11.48 MeV

(b) 2Ca | W B geH WR R FHRenfa (1K 99 T&dr ¥ | S UHR & 0§ W g W
% o 10.27 MeV 389 Sl UT< B ¢ |

(c) S TR AMAD PV 9o §RT HIF HaAl 8 wdfd Yed W g afdedo 9 s w=ar g S
AP G Soll BT TSl B |

A nucleus X, initially at rest, undergoes alpha-decay according to the equation.

o X—=+ 2 Y+a
(a) Find the values of A and Z in the above process.
(b) The alpha particle produced in the above process is found to move in a circular track of radius 0.11
m in a uniform magnetic field of 3 tesla. Find the energy (in MeV) released during the process and the
binding energy of the parent nucleus X.

Given that m (Y) = 228.03 u; m(;n) = 1.009 u.
m jHe =4.003u; m(;H) =1.008 u.

/\
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Ans.
Sol.

RS H ReR Ud G X, THIHRUT & ATAR AHT &F Bl 2 |
o X—=+ 2 Y+a
(a) SR Ulthar § A TAT Z BT T19 1 B |
(b) SR UfhAT § I~ 3h] HU 3 SHAT & Yb G DI &3 H JoHR U W A Bl gl
IT Bl B | SWRIGd YR & SRM A ol (MeV) § A SR e UFS WG X B 98T Solt wi1d
PRI | f&am gam & m (Y) = 228.03 u; m(4n) = 1.009 u.
m;He =4.003u; m(;H) =1.008 u.
() 232, 90 (b) 5.3 MeV, 1823.2 MeV
(@) A—4=228
A =232
92-2=27 or Z=90
(b) From the relation , T¥ g &
J2Km
Bq
Ka: rZBZqZ
2m
(0.1)%(3)*(2x1.6 x107°)?
2x4.003x1.67x10% x1.6x10™

=5.21 MeV
From the conservation of momentum , T3 GReT0T I

Py = Pq
or J2k,m, = 2k,m,

r=

MeV

m "~ 228.03

Y

-, Total energy released & o Full = Ko + Ky = 5.3 MeV
Total binding energy of daughter products g3 ITT&I &1 FT 87 Holl
[92 x (mass of proton) + (232 — 92)(mass of neutron) — (m,) — my] x 931.4 MeV
[(92 x 1.008) + (140)(1.009) — 228.03 — 4.003] 931.48 MeV
=1828.5 MeV
~. Binding energy of parent nucleus 4qa& A1f¥®! &1 de9 SHoi

= binding energy of daughter products — energy released

gl STET B §EF — A SHoll

= (1828.5 — 5.3) MeV = 1823..2 MeV

Ke = {majka_ 4003 551 = 0.09 Mev

100 millicuries of radon which emits 5.5 MeV « - particles are contained in a glass capillary tube 5 cm
long with internal and external diameters 2 and 6mm respectively Neglecting and effects and assuming
that the inside of the tube is uniformly irradiated by the particles which are stopped at the surface
calculate the temperature difference between the walls of a tube when steady thermal conditions have
been reached.

Thermal conductivity of glass = 0.025 Cal cm2s1 C1

Curie = 3.7 x 1070 disintergration per second

J=4.18 joule Cal?

U SRIGT Tell E®! =g 5 3. Ud ATIbR Ud 91l g 2 Al o 6 . 5 | 599 100 fAefiag
AT &7 YSH @1 ® Sl fF 5.5 MeV aad o - BT Sfid wxal ®, it & aferdr o smalRe ddg w® ta
T wY W IUfad B9 & J1 v # o O g | 9 |y e & Refy | Aferdr @Y smaRe Ta
91 |qag & A AR A1d R |

DA B HHG ATeAdhdT = 0.025 Cal cm2 s C1

19gR80 = 3.7 x 100 3uyee yfd dAdhvg

J =4.18 5[ daARIL
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Ans.
Sol.

Sol.

10.

AnNs.
Sol.

Sol.

(T1—=T2)=1.09 °C
The flow of heat in a material placed between the walls of a coaxial cylinder is given by
dQ _ 27‘CKL(T1 - T2)

dt |2
( ]
Il

Number of decays of radon atoms per second
O(Ij—':l =100 x 1073 x 3.7 x 10%° = 3.7 x 10° disintegration/second

Energy deposited by o' s =3.7 x 10° x 5.5 MeV/s

=2.035 x 1010 MeV/s = 3.256 x 10-7 J = 0.779 x 10-3 Calls

Using the values. k =0.025 Calcm=?s1 C1, L=5cm, rn =2 mm and
r. =6 mm in (1), and solving for (T1 — T2) we find (T1— T2) = 1.09 °C
FHIERT 9o B AR & A W U1 H HHY YA’ Dl R

dQ _ 2nKL (Tl - T2)

gn( 2]
Il

Ve[ & URA®US gfed URATS &I A&l

%—T =100 x 1073 x 3.7 x 10%° = 3.7 x 10° disintegration/second

o BN R 3M<IRE Aag &I &1 T F H &3 s =3.7 x 10° x 5.5 MeV/s
=2.035 x 1019 MeV/s = 3.256 x 107 J = 0.779 x 1073 Calls
k=0.025Calcm=2s1C?t L=5cm, rr=2mm dern

r2 =6 mm A9 IGHR & A W, (T1—T2) = 1.09 °C

Radium being a member of the uranium series occurs in uranium ores. If the half lives of uranium and

radium are respectively 4.5 x 10° and 1620 years calculate the —2%"_ jn Uranium ore at equlibrium.

Uranium

WA TP B RH Svl BT MSIH VP FeW o1y B | AR G qAn MeIH P AGIY B
4.5 x 10° T1 1620 9 &, A1 IXIH 306 H |rTaRed] W Natn o 5%

Uranium

1/2.78 x 1068
In the series decay A —» B — C, if Aa << Ag the transient equilibrium occurs when
NB 7\’A

Ny Ag—2A,

Here A = Uranium and B = Radium

Aa = i =0.693/4.5x 109 year?! g = i =0.693/1.620 year?
Ta Tg

N (Rad) /N (U) ~1.620/ 4.5 x 10° = 1/2.78 x 108
Ao 3qEed A —» B — C, T Aa << Ap AT ITRITIRRAT TR

Ng _ 4

NA 7\’8 _}\‘A

TBl A = IE B = XSTA

An = 1. 0.693/4.5 x 109 year?! A -1. 0.693/1.620 year*
Ta Tg

N (Rad) / N (U) ~ 1.620 / 4.5 x 109 = 1/2.78 x 106

/\
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11.

Ans.

Sol.

12.

Ans.

Sol.

%0Sr decays to °0Y by B decay with a half-life of 28 years. °Y decays by B decay to °°Zr with a half-life of

64h. A pure sample of Sr is allowed to decay. What is the value of % after (a) 1h (b) 10 years?

0Sy (AFATY 28 TH) B B IAId BB OV (JFIATY 6470CT) I 2 | 0, p HU IAfoid PR 00Zr
AT B | 90Sr & T Y€ AT fuEfed Bial &, a1 (a) 1 €veT (b) 10 a9 & 91 ';—S BT A A ?

y
(a) For t = 1 h and using the values for the decay constans Ns/Ny = 3.56 x 10°
(@) t=19vel & foIU & AT @& 719 & SUART A Ne/Ny = 3.56 x 105
(b) For t = 10 years, Ns/Ny = 3823
t=10a8f & forg, Ns/Ny = 3823

(-hgt)

s=Ngo € 0 (1)
A N2 (gt)  ACHD
= AslNs peel_gt™0e 2
y oy —h, [ ] (2)
Dividing the two equations &1 THIERON BT HRT G TR
N A

y - N _ e(—kt) _
N, T [1 (Asr — ]
Asr = 0.693/(28 x 365 x 24) =2.825 x 106 h!
Ay =0.693/64 = 0.0108 h*
(a) For t = 1 h and using the values for the decay constans Ns/Ny = 3.56 x 10°
t=1ha foIv e fFaare & 719 & SUAT | Na/Ny = 3.56 x 105
(b) For t = 10 years, Ns/Ny = 3823
t=10 a8 & foIU, Ns/Ny = 3823
The element Curium 2%85Cm has a mean life of 10 seconds. Its primary decay modes are
spontaneous fission and a-decay, the former with a probability of 8% and the latter with a probability of
92%. Each fission releases 200 MeV of energy. The masses involved in o-decay are as follows :
atomic masses of atoms are 2*856Cm = 248.072220 u , He* = 4.002603 u & Pu®** = 244.064100 u.
(1 u =931 MeV/c?). Calculate the power output from a sample of 102° Cm atoms.
2486Cm T HI AT AT 10" AHTS T | THD URMIG & & b § w@a: fdued R o819 B Uh
foaes o qaud wilkemdr 8% & den el wRidar 92% & | 9% faaed § 200 MeV @1 St Iffd
B B 1 o-2TT H TYAT SIAE 39 UBR ® : IRAIGE G 2486Cm = 248.072220u, He? = 4.002603u &
Pu?** = 244.064100u (1u = 931 MeV/c?) 81102 Cm WRATY] & TS T ¥ UK IR A0 B
3.32x 107 Js™

dN 1. _10%

Activity of fission = A = rm =AN==N=

_1n7
T 10" =10

as probability is 8% so reactivity = % x 10" =8 x 10° sec™*
Power output due to fission = 8 x 10° x 200 Mev = 16 x 10’ Mev/sec.
Rate of decay of a-particle = % x 107 =92 x 10°

AM for o decay = 0.00517 amu
Energy released per a-decay = 92 x 10° x 5.1363 Mev/sec
Total power output = 16 x 107 + 4.725 x 10’

=33.16 pW Ans.

20
W%W:A:%—T =N=IN= 1313 =10’
T

Tfd UTR—IB 8% & o1h: Afhadl= % x 107 =8 x 10° sec™*
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Nuclear Physics ﬂ—

13.

Ans.

Sol.

Sol.

14.

Ans.

Sol.

fagves & arRu fefa oifad = 8 x 10% x 200 Mev = 16 x 107 Mev/sec.

Q-Wiﬁwﬁ??\’:% x 107 =92 x 10°

o &d & ol AM = 0.00517 amu

Ui o-& qa Sl = 92 x 10° x 5.1363 Mev/sec

g ffa wifad = 16 x 107 + 4.725 x 107 = 33.16 uW Ans.

Nucleus sA” has binding energy per nucleon of 10 MeV. It absorbs a proton and its mass

increases by %times the mass of proton. Find the new binding energy of the nucleus so formed.

[Take energy equivalent of proton = 930 MeV]
D A7 B U1 el g7 Hof 10 MeV © | I I8 TP UICH B AGUINT IRl & d9 SHD

ST wcvma\?qawmﬁ%W%Gﬁﬁlaﬁgﬁﬂﬁ?ﬁﬁwaﬁﬁmmﬁaﬁﬁﬁ?[ﬁﬁﬁ

B oI Sl = 930 MeV]
79.3 MeV
BE = Original Binding energy + Binding energy due to additional mass defect

=70+ ﬁ (930) = 79.3 MeV ... Ans.
T Holl = Ir&Ifdd g8 Holl + AR ad SIa &fd & BRI a8+ Holl

=70+ L (930) = 79.3MeV ... Ans.
100

The nucleus of ?2Th is unstable against a-decay with a half-life of 7.6 x 10° years. Write down the
equation of the decay and estimate the kinetic energy of the emitted a-particle from the following data :
m (33 Th)=230.0381 amu, m (*;Ra) = 226.0254 amu and m (%,He) = 4.0026 amu.

20Th &1 WG o- T S IR RIS IBAT & D! ALAY 7.6 x 10° a9 7 | &7 fMWfhar a1 qHrador
feorRay donm 1 offdel & SeARAT - ®01 H TS Holl s B (°3Th)=230.0381 amu, m

(*35Ra) =226.0254 amu @ m (*,He)= 4.0026 amu.

oTh—?° Ra+%,He+Q ; 9.25 MeV.
The equation of the decay is
&F B FHHR T R
2Th — ?2 Ra+%, He+Q
The energy Q is given by
ol Q f1 yaR & Il 8
Q =[m (Th) — m (Ra) — m(He)]c?
Using the given data and c¢? = 931.5 MeV/amu, we get Q = 9.41 MeV. This energy is shared by Ra and
He. If the original nucleus Th is at rest, i.e. if the momentum of the system before a-decay is zero, the

total momentum after the decay will also be zero. Thus Ra and He will have equal and opposite linear
momenta.

e T sffwsi dar ¢? = 931.5 MeV/amu, & SYIIT | 8 Q = 9.41 MeV UTd &Rd & U8 Holf Ra Tl
He &1 9T BT 2 | A arRafds® AW Th fRMeRen R § 1id I o- &9 & Usdl M@ & [ Fa1
YA B Al o-& B T8 W Kol FA Y BN 3 Ra TAT He BT [ T e fauRa g |

A% MHe VHe = — MRa VRa
or 41 MHe VHe = M?Ra VZra 0]
KE.(HE) 1/2m, V7,

Now 319 5
KE.(Ra) 1/2mg,Vvz,
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Nuclear Physics

15.

Ans
Sol

z@=56.6
4

i.e. the kinertic energy of He is 56.5 times that of Ra, the total energy being

Jrerfd He ST St Ra &1 T1fst Soff @l 56.5 A1 81 W & | 37d: ol Sl

K.E. (He) + K.E.(Ra) = 9.41 MeV

From eqs (ii) and (iii) We have K.E. (Ra) = 0.16 MeV and K.E. (He) 9.25 MeV.

[use Eq. (i) & SYART 4]

(ii)

(iii)

JHIHRT (i) T (iii) & FH Ut Hd 2 f& K.E. (Ra) = 0.16 MeV and K.E. (He) 9.25 MeV. Ans

When 39Si is bombarded with a deuteron. 3!Si is formed in its ground state with the emission of a
proton. The energy released in this reaction from the following information is E then find [E]:-

9 0S| W IS Bl IHIRI Bl STl ©, A T WIS B S D W AT fawel § 31Si a1 21 39
gfshar # IO= SHoft E 7 A1 [E] & TOFT &R | A

81Si —»31 P+ B~ +1.51 MeV
30Si+d—>3 P+n+5.10 MeV
n—>P+pB +v +0.78 MeV
4

d+30si —» 31Sj+ P

Q=Ma+ Mg — My, —Mp

Si

Given feam 8
M. +Ma= M., +Mn+5.1
M. =M_, +Me + 151

Subtract (4) from (3)
(4) § 9 (3) B SN WR
MSi3° + Mg — MSi31 =Mn—Me + 3.59
Further Tc=Td
Mn=Mp +Me+ V +0.78
Add (5) and (6)
(5) @ (6) BT ST W
M

SiBD

+Md — Mo~ Mp = Q = 359 + 0.78 = 4.37 MeV
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