NUCLEI
PART-1 (SINGLE CORRECT MCQS)
PHYSICS

1.  Binding energy per nucleon versus mass number curve for nuclei is shown in the figure. W, X,
Y and Z are four nuclei indicated on the curve. The process that would release energy is
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1)Y-2Z 2) WoX+Z 3) W-2Y 4) X->Y+Z
2. The decay constants of a radioactive substance for a and B emission are 4, and 4,

respectively. If the substance emits a and B simultaneously, then the average half life of the
material will be
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3.  Radioactive element decays to form a stable nuclide. The rate of decay of reactant is correctly
depicted by
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4. A nucleus of mass M+Am is at rest and decays into two daughter nuclei of equal mass M/2
each. Speed of light is c. The speed of daughter nuclei is

1c Am 2) _2Am 3) c,/A—m 4) c AM
M +Am M M M +Am

5. The radioactivity of a sample is R; at a time T, and R, at a time T,. If the half-life of the
specimen is T, the number of atoms that have disintegrated in the time (T1-T,) is proportional
to

1) (RlTl_RZTZ) 2) (Rl—RZ) 3)(R1—R2)/T 4) (Ri—RZ)T

6. A nucleus disintegrates into two nuclear parts which have their velocities in the ratio 2:1.
Ratio of their nuclear sizes will be
1) 2131 2) 1:3'2 3) 3¥21 4) 1:2'3

7. The energy spectrum of B-particles [Number N(E) as a function of B-energy E] emitted from a
radioactive source is
1) 2)

3) 4)

NiE) NIE) \ Hﬂl/\ NE) ”
. = s+ E E
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8. IfM(A; Z), M, and M, denote the masses of the nucleus ;X proton and neutron respectively
in units of u(1u= 931.5 MeV/c?) and BE represents its bonding energy in MeV, then



10.

11.

12.

13.

14.

15.

16.

17.

1) M(AZ)=2ZM, +(A-Z)M, -BE/c? 2) M(AZ)=2ZM +(A-Z)M, +BE

3) M(AZ)=2ZM, +(A-Z)M, - BE 4 M(AZ)=ZM, +(A-Z)M, +BE/c?

If radius of the 7 Al nucleus is taken to be Ray, then the radius of &3’ Te nucleus is nearly:
5 3 13 1/3 53 1/3

1) §RAI 2) ERAI 3) (5) RAI 4) (Ej RAI

Binding energy per nucleon plot against the mass number for stable nuclei is shown in the
figure. Which curve is correct?
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At time t=0, N; nuclei of decay constant 4, and N, nuclei of decay constant A, are mixed. The
decay rate of mixture is

1) _NlNze*Uﬁﬂz)t 2) _(&]e—(ﬂﬁﬂz)t
N2
3) —(N.he ™ +N,2,e ™) 4) =N, AN, A7)

A radioactive nucleus of mass number A, initially at rest, emits an a -particle with a speed v.
The recoil speed of daughter nucleus is
A 2 2 N oA

A-4 A+4 A-4 A+4
Consider a radioactive material of half-life 1.0 minute. If one of the nuclei decays now, the
next one will decay

minute

1) after 1 minute 2) after
log, 2

3) after % minute, where N is the number of nuclei present at that moment 4) after any time

The ratio of half-life times of two elements A and B is T The ratio of respective decay
B

A, .
constant =2 is
ﬂ'B

1) To 2) T 3) TatTe 4) Ta—Ts
TA TB TA TA
In a radioactive material the activity at time t; is R; and at a later time t,, it is R,. If the decay
constant of the material is 4 then
1) R =Re "™ 2) R =R 3) R =R, 4) R =Rge "™
In the options given below, if E denotes the rest mass energy of a nucleus and n a neutron, the
correct option is
1) E(5°U)>E(&1)+E(5%Y)+2E(n) 2) E(5°U)<E(&1)+E(%Y)+2E(n)
3) E(5°U)<E(% Ba)+E(5Kr)+2E(n) 4) E(5°U)=E(iBa)+E(3%Kr)+2E(n)
If the nuclear force between two protons, two neutrons and between proton and neutron is
denoted by Fpp, Fn and Fpm respectively, then
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1) F,=F,.=F, 2) F,#F,and F =F,

3) F, =F.=F, 4 F,=2F,=F,

mass of fission products is

massof parent nucleus

1) equal 1 2) greater than 1 3) lessthan 1 4) depends on the mass of the parent nucleus

In any fission process, the ratio of

E,~

A F
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In the above plot of binding energy per nucleon Ey, against the nuclear mass M; A,B, C,D, E, F
correspond to different nuclei. Consider four reactions:

i) A+tB—>C+¢ 1)) C>A+B+eiii) D*tE—>F+¢e iv) F>D+E+ ¢

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

1) (i) and (iii) 2) (ii) and (iv) 3) (ii) and (iii) 4) (i) and (iv)

A neutron travelling with a velocity v and kinetic energy E has a perfectly elastic head-on
collision with a nucleus of an atom of mass number A at rest. The fraction of total energy
retained by the neutron is approximately

1) [(A-1)/(A+1)T 2) [(A+1)I(A-1)T 3) [(A-1)/AT 4) [(A+1)/AT

PART-II
(NUMERIC/INTEGER TYPE QUESTIONS)

A radioactive nucleus undergoes a series of decay according to the scheme

A—>A—Ls A — 5 AL A,

If the mass number and atomic number of 'A'are 180 and 72 respectively, then what is atomic number
for A,

If a neutron breaks into a proton and an electron then the energy (in MeV) released during this
process is : (mass of neutron =1.6725 x102'kg, mass of proton =1.6725 x102'kg, mass of electron.
=9 x10%'kg)

A nucleus with atomic number Z=92 emits the following in a sequence:

o, f . faa,aa,p B0, ,a

Then Z of the resulting nucleus is

If 200 MeV energy is released in the fission of a single U® nucleus, the number of fissions
required per second to produce 1 kilowatt power shall be (Given 1 eV=1.6 x10%° J)

Find the ratio between half life and average life for a radioactive nuclei.
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1. Two stable isotopes : Liand . Li have repective abondances of 7.5% and 92.5%.

Ans:

AnNs:

AnNs:

These isotopes have masses 6.01512u and 7.1600U respedively. The atomic weight

of lithium is

1) 6.941u 2) 3.321u 3) 2.561u 4) 0.621u

1

The ratio of the nuclear radii of the gold isotope 5, Au and silver isotope ' Ag is
1)1.23 2)0.216 3) 2.13 4) 3.46

1

The binding energy per nucleon in deuterium and helium nuclei are 1.1MeV
and 7.0MeV, respectively. When two deuterium nuclei fuse to form a helium

nucleus the energy released in the fusion is
1) 23.6 MeV 2) 2.2 MeV 3) 28.0 MeV 4) 30.2 MeV
1

Two nucleons are at a separation of 1 fermi. The net force between them is F, if
both are neutrons, F, if both are protons and F,if one is proton and the other is a

newtron. Then

HFE>F>F 2)F=FK>F, 3 F>F>F 4F=F>F




Ans:

5.

Ans:

Ans:

AnNs:

AnNs:

2

The half life period of a radioactive element X is same as the mean life time of
another radioactive element Y. initially, they have the same number of atoms. Then
1) X and Y decay at same rate always

2) X will decay faster than Y

3) Y will decay faster than X

4) X and Y have same decay rate initially

3
The half life 2’U undergoin o —decay is 4.5x10° years. The activity of 1g

sample o°U s

1)1.23x10°Bg 2)1.23x10°Bg 3)1.23x10°Bg 4) 1.23x10°Bq
1

The half-life of polonium is 140days. In what time will 15g of polonium be
distintegrated out of its initial mass of 169?

1) 230 days 2) 560 days 3) 730 days 4) 160 days

2

Two radioactive nuclei A and B having disinter gration constant A, and 4, and

initial number of nuclei being N, and N respectively, then the time. After which

their undisintegrated nuclei are same is

A N 1 N
1) A2 _In| 2 2) In| —&
(AA—/IB) N, (/1A+/IB) N,
1 (N | 1 N |
3) In| —& ) In| —2
(ﬂ“B_/lA) _NA_ (ﬂ“A_ﬂ‘B) _NA_
3



1 th
Q. Two samples X and Y contain equal amount of radioative substarces 1 f (Ej of

1 th
the sample X and {ﬁ} of the sample Y, remain after 8 hours, then the ratio of

half life periods of X and Y is
1)2:1 2) 1:2 3) 114 4) 4:1
Ans: 1
10.  The decay constant, for a given radioactive sample is 0.3465day . What

percentage of this sample will get decayed in a period of 4days
1) 100% 2) 50% 3) 75% 4) 10%
Ans: 3
11. The variation of decay rate of two radicative samples A and B with time is shown in

figure which of the following statements is ture?

B
A

| S

1) Decay constant of A is grater then tht of B, hence A always decays faster then B.

2) Decay constant oof A greater than that of B, but it does not always decays faster
than B
3) Decay constant of B is smaller than that of A but still its decay rate becomes
equal to that of A at a later instant
4) Both (2) and (3)

Ans: 4

12.  Two radioactive substances A and B hve decay constants 54 and A respectively.

At t =0, they have the same number of nuclei. The ratio of number of nuclei of A
to those of B will be (Ile)2 After a time interval

1) 44 2) 24 3)1/2A 4)1/42
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13.

Ans:

14,

Ans:

15.

AnNs:

16.

Ans:

17,

Ans:

18.

3

The activity of a radicactive smple is measured as N, cants per minute at t =0 and

N, counts per minute at t =5 minutes. The time (in minutes) at which the activity

reduces to half its value is

1) log, % 2) 3) 5log,, 2 4) 5log, 2

log, 2
4

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

1) 4.4 MeV 2) 5.4 MeV 3) 5.6 MeV 4) 6.5 MeV

2

If 200MeV energy is released in the fission of a single nucleus of 5

*U , the fissions
which are required to produce a power of 1kW is

1) 3.125x10°  2) 3.52x10° 3) 3.125x10%* 4) 3.125x10*
1
How long can an electric lamp of 100W be kept glowing by fusion of 2.0kg of

devterium? Take the fusion reaction as ; H +; H —, He+n+3.27MeV
1) 2.4x10°%years 2) 7.4x10" years 3) 1.6x10° years4) 5.0x10"years
4

Nuclei of a radicactive elements A are being poduct at a constant rate « . The
element has a decay constat 4. Attime t =0, there are N, nuclei of the element.

The number N of nuclei of A attime tis

1) %[a +(a=N,A)e™ ] 2) %[0{ ~(a=N,A)e™ ]
ola-(a-Nae*] 4 fa-(Ni-a)e”]
2

A sample of radioactive material decays simultaneously by two processes A and
with half. Lives 1/2 and % hour respectively. For first thirty minutes it decays with

the process A, next one hour with the process B and for further half an hour with
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Ans:

20.

Ans:

21.

AnNs:

22,

Ans:

23.

both A and B. If originally there were N, nuclei. Find the number after 2 hours of

such decay
NO

(2)

1y ) o 3 4)
(2) (2) (2)

1

In a radioactive decay chain, the initial nucleus is .’ Th. At the end there are 6c -

particles and 4 /3 -particles which are emitted. If the end nucleus is 5 X , A and Z

are given by

1) A=202;Z =80 2) A=200;Z =81
3) A=208;Z =80 4) A=208;Z =82
4

A radiactive nucleus A with a half life T, decays into a nucleus B. At t = 0; there is
no nucleus B, At sometime t, the ratiox ratio of the number of B to that of A is 0.3.

Then t is given by

)t= I _log2 2)t=T log(1.3)
1log(1.3) log 2
T
3)t=Tlog(1.3 Nt=—
) 09(1:3) ) log(1.3)
2

Find the energy equivalent of one atomic mass unit. First in Joules and then in MeV.

Using this ,, experess the mass defect of ;’Oin MeV /¢’

127.5MeV /¢’
The half-life of ..’U undergoing « -decay is 2.5x10"years. What is the activity of

2
29 sample of >'U
2.20x10% /s
If two microgram of .,’U is completely destroyed in an atom bomb. How much

energy will be released
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24,

Ans:

25.

Ans:

26.

AnNs:

217,

AnNs:

28.

AnNs:

29.

Ans:

30.

AnNs:

2.

18x107J
A radioactive isotope has a half-life of T years. How long will it take the activity to

reduce to 3% of its original value

The half-life of 3, Sr is 25 years. What is the disintegration rate of 10mg of this

8

isotope?

From the relation R = R A", where R, is a constant and A is the mass number of a

nucleus show that the nuclear matter density is necarly constant (i.e, independent of
A)

A soure contains two phosphorous radio nuclides ;, (Tﬂ2 =12.3d )and

= P(T,, =26.2d). Initially, 10% of the decays come from 3} P. How long one

must wait until 90% do so?

Calculate and compare the energy relased by fusion of 2.0 kg of hydrogen deep with

in sun

Bombardment of lithium with protons gives rise to the following reaction

Li+/H > 2[‘2‘ He] +Q . Find the Q-value of the reaction. The Atomic masses

of lithium, proton and helium are 7.016u, 1.008u and 4.004u Respectively
14.904 MeV

100MeV energy released when one Nucleus of U undergoes fission. Find the
number of fissions per second required for producing a power of 1 megawalt

Solutions

A. w =Average weight of the isotopes =6.941U
A =197 and A, =107



&H 3 {19_7]’3 1025
R, |A 107

3. ,H*+ H’—>, He'+AE

2

4. Conceptal
5. T, = TY(avg) = 1.44Ty

T, >T, 4 <4,
T, <T,(or)R >R,
6. T,=45x10"years

R=AN
~0.693 N = 0.693x 25.3x10" gt
T 1.42 x10"

12
1.23x10*s™ 1.23x10°Bq
m
mO
L@y =2y =n=4
16 - -

=(1/2)

8. N,e"A=Nge™

e(ﬂB—ﬂA)t :(NB / NA)

tw@m[ﬂﬂ

N N
9. —=(1/2
T-(112)

0]

No of half —live n = %

10. A =0.3465day,t = 4day

0.639 0.693
s = = =2da
A 0.3465




11.

12,

13.

14,

15.

After a period of 4 days N_

0]

Coneptal

2
Time tlﬁ = (Ej
N, \e

N
Raio active decay N_ e

BRCE



