Nuclel

‘ Composition and Size of the Q
1 .
Nuclei

1. The radius R of a nucleus of mass number 4 can be
estimated by the formula R = (1.3 x 10-1%)4'3 m. It follows
that the mass density of a nucleus is of the order of :

(M oy, = My =1.67x107%7 kg) [Sep. 03, 2020 (II)]

(@) 10°kgm™ (b) 10°%kgm™
(¢) 10**kgm (d) 107 kgm™
2.  Theratio of the mass densities of nuclei of “*Ca and 'O is
close to : [8 April 2019 IT]
@ 1 (b) 0.1 (© 5 d 2
3. Anunstable heavy nucleus at rest breaks into two nuclei
which move away with velocities in the ratio of 8:27. The
ratio of the radii of the nuclei (assumed to be spherical ) is:
[Online April 15, 2018]
(a) 8:27 (b) 2:3 (c) 3:2 (d) 4:9
4.  Which of'the following are the constituents of the nucleus?
[2007]
(a) Electrons and protons (b) Neutrons and protons
(c) Electrons and neutrons (d) Neutrons and positrons

5. Ifradius of the 1237 Al nucleus is estimated to be 3.6 fermi

25

then the radius of 152 Te nucleus be nearly [2005]
(a) 8fermi (b) 6fermi
(c) 5fermi (d) 4fermi

. 3 Mass-Energy Equivalence and JHOX
"\Tf)PI(’ H Nuclear Reactions | =

6. Youare given that mass of 3Li =7.0160u,
Mass of 3He =4.0026u
and Mass of iH =1.0079 u.

When 20 g of ;Li is converted into gHe by proton
capture, the energy liberated, (in kWh), is :
[Mass of nucleon = 1 GeV/c?] [Sep. 06, 2020 (D]
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7.

10.

(@) 4.5x10° (b) 8x10°

(c) 6.82x10° (d) 1.33x10°

Given the masses of various atomic particles m =1.0072y,
m_=1.0087u,m_=0.000548 u, m; =0,m =2.0141u, where
p = electron,
v = antineutrinoand d = deuteron. Which of the follow-

proton, n= neutron, € =

ing process is allowed by momentum and energy conser-
[Sep. 06, 2020 (ID)]
(@) n+n— deuterium atom (electron bound to the nucleus)

(b) ponte+y

vation?

(€ ntp—>d+y
(d e+te >y
Find the Binding energy per neucleon for 2%0 Sn. Mass of

proton 17, = 1.00783 U, mass of neutron m, = 1.00867 Uand
mass of tin nucleus mg, = 119.902199 U.

(take 1U=931 MeV) [Sep. 04, 2020 (ID)]

(@ 7.5MeV (b) 9.0MeV

() 8.0MeV (d) 8.5MeV

In a reactor, 2 kg of ,U fuel is fully used up in 30 days.

The energy released per fission is 200 MeV. Given that the

Avogadro number, N=6.023 x 10% per kilomole and 1 eV

=1.6 x 1071° J. The power output of the reactor is close to:
[Sep. 02, 2020 (D]

(@) 35MW (b) 60 MW

(c) 125MW (d) 54MW

Consider the nuclear fission

Ne?® — 2He* + €2

Given that the binding energy/nucleon of Ne?’, He* and

c'? are, respectively, 8.03 MeV, 7.07 MeV and 7.86 MeV,

[10 Jan. 2019 II]

(a) energy of 12.4 MeV will be supplied

(b) 8.3 MeV energy will be released

(c) energyof3.6 MeV will be released

(d) energy of 11.9 MeV has to be supplied

identify the correct statement:
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11.

12.

13.

14.

15.

16.

Imagine that a reactor converts all given mass into energy
and that it operates at a power level of 10° watt. The mass
of the fuel consumed per hour in the reactor will be :
(velocity of light, ¢ is 3 x 10* m/s) [Online April 9, 2017]
(@) 0.96gm (b) 0.8gm

(c) 4x102gm (d) 6.6x10°gm

Two deuterons undergo nuclear fusion to form a Helium
nucleus. Energy released in this process is : (given binding
energy per nucleon for deuteron=1.1 MeV and for

helium=7.0 MeV) [Online April 8,2017]
(@) 30.2MeV (b) 32.4MeV
(c) 23.6MeV (d) 25.8MeV

When Uranium is bombarded with neutrons, it undergoes
fission. The fission reaction can be written as :

1

U 4 on! > 5 Ba'*! + 5 Kr?? +3x+ Q(energy)
92 0 56 36 gy,

where three particles named x are produced and energy Q

is released. What is the name of the particle x ?

[Online April 9, 2013]
(a) electron (b) oa-particle
(c) neutron (d) neutrino
Assume that a neutron breaks into a proton and an
electron. The energy released during this process is : (mass
of neutron = 1.6725 x 10~27 kg, mass of proton = 1.6725 x

1027 kg, mass of electron =9 x 103! kg). [2012]
(@ 0.51MeV (b) 7.10MeV
(c) 6.30MeV (d) 5.4MeV

Ionisation energy of Li (Lithium) atom in ground state is
5.4 eV. Binding energy of an electron in Li* ion in ground
state is 75.6 eV. Energy required to remove all three
electrons of Lithium (Li) atom is [Online May 19, 2012]
(@) 81.0eV (b) 1354eV

(c) 203.4eV (d) 156.6eV

After absorbing a slowly moving neutron of mass ny
(momentum = 0) a nucleus of mass M breaks into two
nuclei of masses m, and 5m, (6m; =M +my) respectively.
Ifthe de Broglie wavelength of the nucleus with mass m,;
is A, the de Broglie wavelength ofthe nucleus will be [2011]

(@ sn ® r/5 (© A (d) 251

DIRECTIONS: Questions number 17-18 are based on the
following paragraph.
A nucleus of mass M + Am is at rest and decays into two daughter

M
nuclei of equal mass > each. Speed of light is c.

17.

18.
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[2010]

The binding energy per nucleon for the parent nucleus is
E, and that for the daughter nuclei is £,. Then

(@) E,=2E, (b) E,>E,

() E,>E, (d) Ey\=2E,

The speed of daughter nuclei is

2Am

® N

m
c
@ M + Am

\/@ d Am
© 7y @ ot am

19.

20.

21.

22.

23.

24.

25.

26.

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. [2008]

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

(b) Statement-1 is true, Statement-2 is true; Statement-2
isa correct explanation for Statement- 1

(c) Statement-1 is true, Statement-2 is true; Statement-2
isnot a correct explanation for Statement-1

(d) Statement-1 istrue, Statement-2 is false

If M, is the mass of an oxygen isotope ¢ o'’ ,Mpand M,

are the masses of a proton and a neutron respectively, the

nuclear binding energy of the isotope is [2007]

@ (M, -17My)c? (b) (M, —8Mp)c?

(© (Mg 8Mp—9My)c? (d) Mpc?

When 3Li7 nuclei are bombarded by protons, and the

resultant nuclei are 4Beg, the emitted particles will be
[2006]

() alpha particles

(c) gamma photons

(b) beta particles
(d) neutrons
Ifthe binding energy per nucleon in g Li and ‘z‘He nuclei
are 5.60 MeV and 7.06 MeV respectively, then in the
reaction

p+ gLi —> 2 éHe

energy of proton must be
(@) 2824MeV
(c) 1.46MeV

[2006]
(b) 17.28MeV
(d) 39.2MeV

A nuclear transformation is denoted by X (n, o) ;Li .

Which of the following is the nucleus of element X ?
[2005]

@ "B ® Ycg (© YBe (@) IB

A nucleus disintegrated into two nuclear parts which have
their velocities in the ratio of 2 : 1. The ratio of their nuclear
sizes will be [2004]

@@ 3”%:1 () 1213 () 2131 (@) 13”

2
The binding energy per nucleon of deuteron (1 H) and

4 . .
helium nucleus ( 2 He) is 1.1 MeV and 7 MeV respectively.

Iftwo deuteron nuclei react to form a single helium nucleus,

then the energy released is [2004]
(a) 23.6MeV (b) 26.9MeV
(c) 13.9MeV (d) 192MeV

Whena U?*® nucleus originally at rest, decays by emitting
an alpha particle having a speed ‘u’, the recoil speed of

the residual nucleus is [2003]
4 4
(@) —= (b) -2
238 234
4u 4u
© — (d) -—
234 238
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28.

29.

30.

31.

32.
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In the nuclear fusion reaction
TH+3H - jHe+n
given that the repulsive potential energy between the two

nuclei is ~ 7.7x107'#J , the temperature at which the
gases must be heated to initiate the reaction is nearly
[Boltzmann’s Constant k =1.38 x 102> J/K | [2003]
(b) 10°K @ 10°K

@ 10K (©) 10°K

Acitvities of three radioactive substances A, B and C are
represented by the curves A, B and C, in the figure. Then
their half-lives T, (A): T (B): T; (C) arein theratio:

2 2 2 [Sep. 05, 2020 ()]

0 t

(yrs)
(@ 2:1:1 (b) 3:2:1
(¢ 2:1:3 (d) 4:3:1
A radioactive nucleus decays by two different processes.
The half life for the first process is 10 s and that for the
second is 100 s. The effective half life of the nucleus is
close to : [Sep. 05, 2020 (ID)]
(@) 9 sec. (b) 6 sec.
(c) 55sec. (d) 12sec.

In a radioactive material, fraction of active material
remaining after time ¢ is 9/16. The fraction that was

[Sep. 03, 2020 (I)]

5 1

remaining after #/2 is :

4 3 7
@5 ©O®F ©5 @F
The activity of a radioactive sample falls from 700 s ' to 500
s ~'in 30 minutes. Its halflife is close to: [7 Jan. 2020, IT]
(@) 72min (b) 62min
(c) 66min (d) 52min
Two radioactive materials A and B have decay constants
10 A and A, respectively. If initially they have the same
number of nuclei, then the ratio of the number of nuclei of

A tothat of Bwill be 1/e after atime : [10 April 2019, I]
1 11 1

1
@ o ® 1 @t 9 ;

33.

34.

3s.

36.

37.

38.

39.

Two radioactive substances A and B have decay
constants SA and A respectively. At #=0, a sample has the
same number of the two nuclei. The time taken for the

2
ratio of the number of nuclei to become [Z) will be :

[10 April 2019, II]

@ 12%  (b) V4h (o) 1A d) 2/

In aradioactive decay chain, the initial nucleus is 233 Th.
At the end there are 6 a-particles and 4 -particles which

are emitted. Ifthe end nucleus is ?X ,Aand Z are given by :

[12 Jan. 2019, II]
(@) A=208;Z=80 (b) A=202;Z=80
(c) A=208;Z2=82 (d) A=200;Z=81
Using a nuclear counter the count rate of emitted
particles from a radioactive source is measured. At t =
0 it was 1600 counts per second and t = § seconds it
was 100 counts per second. The count rate observed,
as counts per second, at t = 6 seconds is close to:
[10 Jan. 2019 I
(@ 200 (b) 150 (c) 400 (d) 360
A sample of radioactive material A, that has an activity of
10 mCi (1 Ci=3.7 x 10" decays/s), has twice the number of
nuclei as another sample of a different radioactive material B
which has an acitvity of 20 mCi. The correct choices for half-
lives of A and B would then be respectively: [9 Jan. 2019 I]
(@) 5daysand 10days (b) 10 days and 40 days
(c) 20 days and 5 days (d) 20 days and 10 days
At a given instant, say t = 0, two radioactive substances

R
A and B have equal activities. The ratio —B of their

A
activities after time t itself decays with time t as el If
the half-life of A is In2, the half-life of B is:

[9 Jan. 2019, II]

In2 [n2
(@) 4/in2 (b) - (© 4 (d) 22
At some instant, a radioactive sample S; having an activity
5uCi has twice the number of nuclei as another sample S,
which has an activity of 10uCi. The halflives of S; and S,
are [Online April 16, 2018]
(@) 10 years and 20 years, respectively
(b) 5 years and 20 years, respectively
(c) 20 years and 10 years, respectively
(d) 20 years and 5 years, respectively
A solution containing active cobalt ggCO having activity
of 0.8 pCi and decay constant A is injected in an animal's
body. If 1em3 of blood is drawn from the animal's body
after 10 hrs of injection, the activity found was 300 decays
per minute. What is the volume of blood that is flowing in
the body? ( 1Ci = 3.7 x 10!9 decay per second and at t
=10hrs e *=0.84) [Online April 15,2018]
(@ 6litres (b) 7litres (c) 4litres (d) 5 litres
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40. A radioactive nucleus A with a half life T, decays intoa 47, The counting rate observed from a radioactive source at
nucleus B. Att=0, there is no nucleus B. At sometime t, the £=0 was 1600 counts s-\. and 7 = 8 s. it was 100 counts
ratio of the number of B to that of A is 0.3. Then, tis given ) ’ ’
by [2017) s L. The counting rate observed as counts s ! at 1 =6s
. T will be [Online May 26, 2012]
(@) r=Tlog(1.3) ® T 0g13) @ 250  (b) 40  (c) 300  (d) 200
log2 log1.3 48. The decay constants of a radioactive substance for o and
(c) t=T Tor 13 d t= log 2 B emission are A, and Ag respectively. If the substance
0g - 08 emits o and P simultaneously, then the average halflife of
41. Half-lives of two radioactive elements A and B are 20 the material will be [Online May 19, 2012]
minutes and 40 minutes, respectively. Initially, the samples T
have equal number of nuclei. After 80 minutes, the ratio of a’f T 4T
decayed number of A and B nuclei will be : [2016] (@) Ty + TB (b) fa *+1p
(@ 1:4 (b) 5:4 (¢c) 1:16 d 4:1
42. LetNg be the number of B particles emitted by 1 gram Ty Tp 1 (T T
—( Ty, +
of Na2* radioactive nuclei (halflife= 15 hrs) in 7.5 hours, © T+ I3 @ 5 B)
Ny is close to (Avogadro number = 6.023 x 10%%/g. mole):  49. Which of the following Statements is correct?
. . [Online May 12, 2012]
Online April 11, 2015 L i
(@ 62 % 10 (b) g 5 ><11 o pri ] (@) The rate of radioactive decay cannot be controlled
1' 25 x 1072 d 1' 75 % 1072 but that of nuclear fission can be controlled.
© o CURS (b) Nuclear forces are short range, attractive and charge
43. A piece of wood from a recently cut tree shows 20 decays dependent.
per minute. A wooden piece of same size placed in a (c) Nuclei of atoms having same number of neutrons are
museum (obtained from a tree cut many years back) shows @ k\;/lowrll as ;;Ob?rs' " . by de Brogli
) ) 14 - avelength of matter waves is given by de Broglie
2 decays per minute. Ifhalflife of C** is 5730 years, then formula but that of photons is not given by the same
age of the wooden piece placed in the museum is formula
approximately: [Online April 19, 2014]  50. A sample originally contained 1029 radioactive atoms,
hich emit a-particles. The ratio of a-particles emitted in
10439 b) 13094 WD P . DOt Ap
@ years ®) yeats the third year to that emitted during the second year is 0.3.
(c) 19039 years (d) 39049 years How many a-particles were emitted in the first year?
44. A piece of bone of an animal from a ruin is found to have [Online May 7, 2012]
14C activity of 12 disintegrations per minute per gm of its Ea; g x }81: 83 % x }812
14 .. .. . . C X X
cellrjbon con.tent. The ) C activity of a living animal is 16 51. Thehalflife of a radioactive substance is 20 minutes. The
disintegrations per minute per gm. How long ago nearly
did the animal die? (Given half life of 14C is t,,, = 5760 approximate time interval (¢, —¢,) between the time £, when
years) [Online April 12, 2014] 2 Fit had d dand ti h 1 fit had d J
@ 1672 years (b) 2391 years ; of it had decayed and time 7, when 3 of it had decaye
(c) 3291 years (d) 4453 years is: [2011]
45. A radioactive nuclei with decay constant 0.5/s is being ) ) ) .
produced at a constant rate of 100 nuclei/s. If at t = 0 there (@) 14min  (b) 20min (c) 28nnn (d) 7min
52. Statement - 1 : A nucleus having energy £, decays by

46.
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were no nuclei, the time when there are 50 nuclei is:
[Online April 11, 2014]

®) 21 @ ‘

(d n (%) s

The half-life of a radioactive element A is the same as the

mean-life of another radioactive element B. Initially both

substances have the same number of atoms, then :
[Online April 22,2013]

(@) A and B decay at the same rate always.

(b) Aand B decay at the same rate initially.

(c) Awill decay at a faster rate than B.

(d) Bwill decay at a faster rate than A.

(@ Is

(c) In2s

B~ emission to daughter nucleus having energy E,, but
the B~ rays are emitted with a continuous energy spectrum
having end point energy £, — E,.
Statement - 2 : To conserve energy and momentum in
B~ decay at least three particles must take part in the
[2011 RS]
(a) Statement-1 is correct but statement-2 is not correct.
(b) Statement-1 and statement-2 both are correct and
statement-2 is the correct explanation of statement-1.
(c) Statement-1 is correct, statement-2 is correct and
statement-2 is not the correct explanation of
Statement-1
(d) Statement-1 is incorrect, statement-2 is correct.

transformation.
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A radioactive nucleus (initial mass number A4 and atomic
number Z emits 3 o - particles and 2 positrons. The ratio of
number of neutrons to that of protons in the final nucleus

will be [2010]
A-7Z-8 A-Z-4

@ 7 ® 755
A-7Z-12 A-7Z-4

Tz @& =75

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 [2007]
(@) X and Y decay at same rate always

(b) X will decay faster than Y

(c) Ywill decay faster than X

(d) Xand Y have same decay rate initially

The energy spectrum of B-particles [number N(E) as
a ﬁlnCthl’l of B-energy E] emitted from a radioactive source

[2006]
@ o j (b) \
(c) N® :

(d) No / \

Starting with a sample of pure 6y, = 7 ofit decays into

Zn in 15 minutes. The corresponding halflifeis [2005]

(@) 15 minutes (b) 10 minutes

(c) 7% minutes (d) 5 minutes

57.

58.

59.

60.

61.

62.

The intensity of gamma radiation from a given source is I.

. I
On passing through 36 mm of lead, it is reduced to e The

thickness of lead which will reduce the intensity to % will

be [2005]
(@ 9mm (b) 6mm
(¢) 12mm (d) 18mm

Which of the following cannot be emitted by radioactive
substances during their decay? [2003]
(@) Protons (b) Neutrinoes

(c) Helium nuclei (d) Electrons

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

BB a,a,0, 00,87, B, 0BT, B, 0

Then Z of the resulting nucleus is [2003]
(@ 76 (b) 78 (c) & d) 74

A radioactive sample at any instant has its disintegration
rate 5000 disintegrations per minute. After 5 minutes, the
rate is 1250 disintegrations per minute. Then, the decay

constant (per minute) is [2003]
(@ 04In2 (b) 0.2In2
(c) 0.1ln2 (d) 0.8In2

At a specific instant emission of radioactive compound is
deflected in a magnetic field. The compound can emit
(1) electrons (i) protons

(iii) He?" (iv) neutrons

The emission at instant can be [2002]
(@) 1,1i,1i (b) 1,1i,1iii, v

(c) iv (d) ii,ii

If N, is the original mass of the substance of half-life period
tp = 5 years, then the amount of substance left after 15
years is [2002]

@ Ny8 (b)) NJ16 () N2  (d) Ny
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Hints & Solutions

Mass mA Amc?

1. (d) Density of nucleus, p = Volume % Inuse of | g Li energy released = .

A
y In use of 20 g energy released = ¢ «20 g
=p=—— (2 R=Rd") i
a 4133 B 2
3 T(RyA"™) _[(7.016+1.0079) ~2x 4.0026Ju x ¢ $20g

24
Here m = mass of a nucleon 7.016x1.6x10

-19 9
3x1.67x107% , ~ » _(0.0187x1.6x10"% x10
P 3 14x(13x10° ) (Given, R, =1.3>10°75) 7.016x1.6x107*

N 10
20| = 480101

= p=2.38x10"" kg/m® o1 7=2.778x10""kWh

2. (a) Nuclear density is independent of atomic number. - Energy released =480 1012 *2.778 %107

3. (c¢) Letheavynucleus breaks into two nuclei of mass m, =1.33x10°kWh )
and m, and move away with velocities ¥, and ¥, 7. (¢) For the momentum apq energy conservation, mass
respectively. defect (Am) should be positive. Since some energy is lost

in every process.

. . o8
According to question, —- = —
gtoq v, 27 (m, +m,)>m,
m, V= m,V,(Law of momentum conservation) 8. (d) Mass defect,
m V27 Am:(SOmp+70mn)—(mm)
= my, ¥V 8 =(50%1.00783 + 70 x 1.008)—(119.902199)
4 s =1.096
px 3 TR . mass P _ 2 _ -
*+ density p = Binding energy = (Am)C” = (Am)x931=1020.56
4 23 volume
px Eﬂ ) 1 Bini}ing1 energy _ 102i)2.f)631 _85MeV
ucleon
(R_(Zp_2)s L Rl
= RZJ 3 > "R, 2 9. (b) Power output of the reactor,
4. (b) p _ cnergy
5. (b) Radius of a nucleus, time
1/3 26 -19
R=Ry(A4) :ix6.023><10 x200x1.6x10 ~ 60MW
Here, R is a constant 235 30 %24 x 60 x 60
A = atomic mass number
3 10. (d)
R (4) 27?3 E o Ame?
R\ s T 11. (¢) Power level of reactor, P = — = ~o
R, A4, 125 5 > At At
5 mass of the fuel consumed per hour in the reactor,
= R, =2x3.6 =6 fermi Am P 10° 2
3 —_—= - = PN =4x10 gm
At ¢ (3x10%)
Tre 1 4 12. (¢) H*+ H?—> He
L H——>2(,H ! ! 2
6. (@) sHi+, ( 2 e) Total binding energy of two deuterium nuclei = 1.1 x4 =
Am — [my; +my | =2 My,] 4'.4 MeV .
Binding energy of a (,He*) nuclei =4 x 7=28 MeV
Energyreleased = Amc? Energy released in this process =28 —4.4=23.6 MeV
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(¢) Nuclear fission equation
0 U+ 0n1 —> 56Ba141 + 36Kr92 +3 0n1 + Q(energy)

Hence particle x is neutron.

(a) %n—)%H+71e0 +v+Q

The mass defect during the process
Am =m, —my —m, =1.6725 x 10727
—(1.6725 x 10727+ 9 x 10731kg)

=-9x103kg
The energy released during the process
E=Amc?
E=9x1031x9x10'0=81x 10715 Joules
-15
1.6x10™
(d)

(¢) Initial momentum of system, p; =0

Let p, and p, be the momentum of broken nuclei of masses
my and Sm respectively.

Py =P+ P,

From the conservation of momentum

p,=p;

0=p +p,

p, =-p,

From de Broglie relation, wavelength
h h

M=—and }r=—
y21 y2)

|7“1| = |7‘2|

A=k, =A

(¢) Innuclear fission, the binding energy per nucleon of
daughter nuclei is always greater than the parent nucleus.

M M
(b) Mass defect, AM = {(M + Am) (7+7ﬂ
= [M+Am-M]=Am

Energy released, Q= AMc? = Amc? ...(i)
From the law of conservation of momentum

M M
(M+Am)><():7vl —7><V2

:>V1:V2
I(M) ) I(M) 5 1
=—|— "Wtz |»m —<
Now, @=2( 5 v #5157
(M+ Am) x (0)
M > ..
= 7\»1 ( 1% =v2) ...(i1)

From equation (i) and (ii), we get

19.

20.

21.

22.

23.

24.

P-467
M
(—) v12 = Amc?
2
2
f2A
:V12=2Amc V= m
M M

(d) We know that energy is released when heavy nuclei
undergo fission or light nuclei undergo fusion. Therefore
statement (1) is correct.

The second statement is false because for heavy nuclei the
binding energy per nucleon decreases with increasing Z
and for light nuclei, B.E/nucleon increases with increasing
Z.

(¢) Number of protons in oxygen isotope, Z =8

Number of neutrons=17-8=9

Binding energy

= [ZM, + (A - Z)My - M]c?

= [8Mp + (17— 8)My —M]c?

= [8M, + 9M — M]c?

= [8Mp + 9IM — M ]c?

(c) ;Li + %p —> iBe + 8y

We see that both proton number and mass number are
equal in both sides, so emitted particle should be massless
gamma photons.

(b) Given,

Binding energy per nucleon of ; Li =5.60 MeV

Binding energy per nucleon of E‘He =17.06 MeV
Let E be the energy of proton, then
E+7x5.6=2x[4x7.06]

= E=56.48-39.2=17.28MeV

(a) X"+ n'——;Li’ +,He*
Using conservation of mass number
A+1=4+7
=A=10
Using conservation of charge number
Z+0=2+3 =7Z=5
It is boron 5B10
(b) Given:
n_2
vy 1
From conservation of momentum m;v; = m,v,

(o))

We know that mass of nucleus, m oc 4
Nuclear size R oc A130c m1/3

1/3
R _(m) R _1 (R _[1]”3
R, my R; 2 R, 2

@g www.studentbro.in



P-468

25.

26.

27.

28.

29.
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(a) The chemical reaction of process is 212 H-> E‘He
Binding energy of two deuterons,

4x1.1=44MeV

Binding energy of helium nucleus =4 x 7=28 MeV
Energyreleased =28 —-4.4=23.6 MeV

(¢) Mass of o particle, m, =4 u

Mass of nucleus after fission, m, = 234u From
conservation of linear momentum we have

238 x0=4u+234v

4
-——u
234

4
. Speed =|V|=—u
P M 234
(d) The average kinetic energy per molecule
at temperature T'is

g
2

Where k = Boltzmann's constant

This kinetic energy should be able to provide the repulsive
potential energy

L3 kr=77%1071
2
. 2x7.7%x1071

3x1.38x1072°
(¢) Since, R = Rye™

=3.7x10°K

InR=InR,+(-\lnt)

A= hl—2= Slope

byo

6 10
A =— =T, =—1In2
171071 6

s T T
1,
(a) Let A, and A, be the decay constants of two process.

Nbe the number of nuclei left undecayed after two process.
From the law of radioactive decay we have

LNy N+MLN {.-—d—Nsz}
d dt

dN
= —=(A;+A,)N
7 (M +2y)

= 7\‘eq. = O"l + }“2)

30.

31.

32.

33.

In2 In2 In2
[

T T T,
111
S—=—t—
T L
St L L Given T =105& 7,=100s]
T 10 100 100 00O AT iUs&d s
100
=T =——=9 sec.

(¢) Aswe know, for first order decay, N(¢) = Noefh

According to question,

N(@) =2—e’“

N, 16
After time, #/2;

N(t/2) = Nge ™2
N(t/2): = \E
N, 16

SN(t/2) = %NO

(b) We know that
Activity, A=A e M

( Inz \
A= Aoe—tInZ/T{/z L... }\. S T_
1/2

= 500 =700 ¢ /T

] 30m2
i -+ t=30 minute
5 T ( )
In2 .
= T, =30———=61.8 minute
Inl4

("~ In2=0.693 and In.1.4=0.336)

= 1, = 62 minute
(a) As,N=Nye™

Nao _ (ag-2p)t _ 1

—A e ——= (g -2y )t=—1
S0, Ng e ( B A)
= (hy—hp).1=1
B e
(*B=2a) “T0n—-n on

(a) LetN,; and N, be the number ofradioactive nuclei of
substance at anytime t.

Ny(at £) = Nye M @

= t=

N, (at £) = Nye ™ (ii)

@g www.studentbro.in



(Nuclei r-469

Dividing equation (i) by (ii), we get 38. (b) Given:N;=2N,
Activity of radioactive substance = AN
N1 an

=—=8e —
B =4t=2 In2 In2
Ny e Halflife period t = 2 or, A= il
A T
2 1
=>f=—=| — In2 .
4% (m) MNp===xN;=5pc; ... (D)
1
34. (c¢) When one a- particle emitted then danghter nuclei In2
has 4 unit less mass number (A) and 2 unit less atomic (z) ANy =—xN, =10u¢; (i)
number (2). t
22Th 5 2%y 4 64 He Dividing equation (ii) by (i)
28Y — ¥ X +4Bpraticle t_zxﬁzl
78 82 t] N2 2
: . dN t, 1
35. (a) Accordingto question, att=0,A0= a =1600C/s 2= 7 =t = 4t,
t
and att=_8s,A=100C/s i.e., Halflife of S is four times of sample S,.
A 1. Hence 5 years and 20 years.
. A_:Em 8s 39. (d) Letinitial activity=No=0.8 pci
0 0.8 x 3.7 x 10*dps
Therefore halflife period, t1/2 =2s Activityin 1 cm3 of blood at t= 10 hr,
y 1’ 300
- Activityat t=6s=1600 | 5] = 200C/s n="cr dps =5 dps
36. (c) ActivityA=1N N = Activity of whole blood at time t =10 hr.
For material, A 10=(2NO)IA N
For material, B 20=NOIB Total volume of the blood in the person, V = o
: o 0693 Noe—ht  0.8x3.7x10% x0.7927
:>XB:4XA..T%A:4T%B{. T%:T} - On - 20X Xs x ~ 5 litres
40. (d) Letinitially there are total Ny number of nuclei
i.e. 20 days half-lives for Aand 5 days (Ty2 )B For material B. Attimet
37. (c¢) Halflifeof A= /n2 Ve _ 03(given)
N,
n2 = Ny=0.3N,
() 4= Ny=N,+Ny=N,+03N
A 0 ‘4 B4 A
Pl v No
att=0R, =Ry S NgE S
N, e AT = Npe BT As we know N, = N,e =M
N, =Ngatt=0 or, No _ e M
1.3
Ry Noe ® 1
B _ Vo€ 2 _
Att=t p ~ 7, 13°¢ L= n(13)=M
A NOe A :
In(1.3) In(13) _n(3)
or,t=—— = t= =
—(hg—2a)t _ -3t A In(2) n(2)
e =e T
= Ag—hp =3 41. (b) For A;;,=20min, t=_80 min, number ofhalflifes n=4
N
Ag=3+hy, =4 .. Nuclei remaining = 2_4? . Therefore nuclei decayed
m2 _ (n2 No
= —= — N —_——
(t2)g g 4 0 24

For B,;, =40 min., t =80 min, number of halflifes n =2
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42.

43.

44.

Get More Learning Materials Here : I

N
.. Nuclei remaining = 2_20 . Therefore nuclei decayed Then, from, { — 2.303 o Ag
N N €10 A
0
=N, 2
2 _ 2303x5760, 16
Ny 1 0.693 72
"2 6 15 4 s
..Required ratio = Ny = I =T-XZ=— _ 2.303x5760 logn1.333
NO_ZT 1—— 16 3 4 0.693 gio -
(b) We know that Ny = No (1 - ™) 2303 x 5760 x 0.1249
6.023x1023 /n2 = 0693 =2390.81~ 2391 years.
B = l-e x7.5
24 15 45. (b) Let N be the number of nuclei at any time ¢ then,
on solving W€2 1get,
- N t
Np= 74210 %ZIOO_W or [———=at
dN, ' 0 (100 AN) %
(c) Given: T 20 decays/min
1
——[log (100-2.\)]; =1
. A
o 2 decays/min
log (100 —A N)—log 100 =—\¢
T,,,=5730 years
As we know, log 100-AN Iy
—it 100
N= Noe
N, 100—-AN _ oM —}L—N:e’“
Log— At 100 100
N
100
N —
= lLog—0 N=— (1 - )
A
As, N=50and AL=0.5/sec
2.303 % T1/2 y
== UL 10—
0.693 N 100
=— (1= —0.5¢
50 05 (1—e2h
dNo N 20 Solving we get,
But j—lﬁl =0 _=_19 A
&N N 2 t=2In (—) sec
dt 3
_2303x5730 46. (d) (T2), = (tmean )
0.693
0.693 1
=19039 years =T T =y =0.69304
(b) Given, for 14C A i
A, =16 dis min~! g‘1 or Ap <Ap
?2_125;1;)mm‘ g Also rate of decay = )\N
12 years Initially number of atoms (N) of both are equal but since
Now, A = 0.693 Ag > Ay, therefore B will decay at a faster rate than A
f/2 47. (d) As we know,
_0.693 or vear N 17
5760 P AR ()
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48.
49.

50.
51.

52.
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N - no. of atoms left
N, - initial no. of atoms
By radioactive decay law,

Wy
k - disintegration constant
an
.o_dt _ N .
L= (i
dNy Ny W
dr. .

From (i) and (ii) we get 54
dN :
ar _[1]
dNy, |2
dt

w0l M7 [ Y
= |50 )5] = 3] 3
.. n =4, Therefore, in 8 seconds 4 half life had occurred
in which counting rate reduces to 100 counts s.

- Half life, % =2 sec

In 6 sec, 3 half life will occur

_dt ={l} = " 200 counts s

1600 2
55.
TaTB
(c) Tay = T, +TB 56.

If o and B are emitted simultaneously.

(a) Radioactive decay is a continuous process. Rate of
radioactive decay cannot be controlled. Nuclear fission
can be controlled but not of nuclear fusion.

(b)

(b) Number of undecayed atom after time 7, ;

NO -\t
20—y M2 :
3 0 (1)

Number of undecayed atom after time ¢;

2Ny _

3 0 .(if)
Dividing (ii) by (i), we get
2= ek(tz _tl)
=>In2=Mt,—1))
=t —t;=In2/A
(b) Statement-1: A nucleus having energy £, decays
by B- emission to daughter nucleus having energy £, then
- rays are emitted with continuous energy spectrum with
energy £, — E,.
Statement-2: For energy conservation and momentum

conservation at least three particles, daughter nucleus, 3
particle and antineutrino are required.

57.

(b) When a radioactive nucleus emits 1 a-particle, the
mass number decreases by 4 units and atomic number
decreases by 2 units. When a radioactive nucleus emits 1
positron the atomic number decreases by | unit but mass
number remains constant.
.. Mass number of final nucleus =4 — 12
Atomic number of final nucleus=Z—8
- Number ofneutrons, N, =(4—-12)—(Z-8)=A—-Z —4
Number of protons, Np =7Z-8

. . N, A-Z-4
.. Required ratio = =0

N, Z-8

(c) Let A, and Ay be the decay constant of X and Y.
Halflife of X, = average life of Y’

Ty, =1,

av

0.693 1
= —=—
Ay Ay
g }\.X < }\.Y.
Now, the rate of decay is given by

de
AR RS
(dzx o

() o,
at/,

As the rate of decay is directly proportional to decay constant,
Y will decay faster than X.

(¢) The range of energy of B-particles is from zero to
some maximum value.

(d) Itis given that

% of Cu decays in 15 minutes.

.. Cu left undecayed is

3
7 1 (1
Nl_gs_[zj

.. No. ofhalflifes =3
t 15
n= T = 3= T
= T=halflife period = 1?5 =5 minutes
(c) Letintensity of gamma radiation from source be I,.

Intensity / = IO.e_“d ,

Where d is the thickness of lead.
Applying logarithm on both sides,

(1)
_“d:bgLEJ

I
For d =36 mm, intensity = 3
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58.

59.
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—ux36= log(légj

For intensity //2, thickness = d

1/2
—uxd=1 (_)
WX og 7

Dividing (i) by (ii),

1 1
a3t
36 °\g) TR0

7—10 (1)— - (lj =3 ord:?zlzmm
&2 &2

60.

(a) Theradioactive substances emit o -particles (Helium
nucleus), B-particles (electrons) and neutrinoes. Protons
cannot be emitted by radioactive substances during their

decay. 62.

(b) The number of a-particlesreleased =8

Decrease in atomic number=8 x2=16

The number of B~-particles released = 4

Increase in atomic number =4 x 1 =4

Also the number of B* particles released is 2, which should
decrease the atomic number by 2.

61.

Therefore the final atomic number of resulting nucleus

=7-16+4-2=7-14

=902-14="178

(a) Initial activity, 4 ,= 5000 disintegration per minute
Activity after 5 min, 4 = 1250 disintegration per minute

A=A,

L4 1. 5000
h=tlog 0 = Zlog 200
=T8T T 5% 05

2
:gloge 2=0.4log,2

(a) Charged particles are deflected in magnetic field.
Electrons, protons and He?" all are charged species. Hence,
correct option is (a).
(a) After every half-life, the mass of the substance
reduces to half its initial value.
Syears & Syears N 0 /2

2 2
:ﬂ Syears N()2/4:%

Ny
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