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Chapter - Nuclei

~ Topic-1: Composition and Size of the Nuclei

For uranium nucleus how does its mass vary with volume?
[2003S]
@ maV (b)) mclV(e) mo Jy () m e

Order of magmtude of density of uranium nucleus is,
[m,=1.67 x 1027kg] [1999S - 2 Marks]

() 10%0kg/m? (b) 10”kgfm3
(c) 10™kg/m? (d) 10! 'kg/m?

-

& 5

3.

( Q] 6 OO

- The mass number ofa nucleus is

The order of magnitude of the densuy of nuclear matter is

10°kg m2, [1989 - 2 Mgriu]

[1986 - 2 Miavks)

(b) always more than its atomic number e

(c) sometimes equal to its atomic number SRR

(d) sometimes more than and sometimes equal 0 its
atomic number

(a) always less than its atomic number

Topie-2: Mass-Energy Equivalence and Nuclear Reactions

If a star can convert all the He nuclei completely into oxygen
nuclei, the energy released per oxygen nuclei is [Mass of
He nucleus is 4.0026 amu and mass of Oxygen nucleus is
15.9994 amu] [2005S]

(@ 7.6MeV (b) 56.12MeV (c) 10.24 MeV (d) 23.9 MeV
Binding energy per nucleon vs mass number curve for
nuclei is shown in the Figure. # X, Y and Z are four nuclei
indicated on the curve. The process that would release

energy is g [1999S - 2 Marks]
=
@ yY-2z § : g
E g - X
® wox+z § o] 2
] o
© w-2r §% 4
@ g3 B0 %0120
d X>v+2 * Mass number of nuclei

Fast neutrons can easily be slowed down by

(a) the use of lead shielding [1994 - 1 Mark]
(b) passing them through water

(c) elastic collisions with heavy nuclei

(d) applying a strong electric ficld.

LOTR nut;.leils

In a radioactive decay chain reaction, §

decays into g;*Po nucleus. The ratio of the numhurdu.
tonumber of |3 particles emitted in this process is

Consider the following reaction :
% H +21 H:g He+Q
Mass of the deuterium atom =2.0141 u

Mass of helium atom = 4.0024 u
This is anuclear ............. reaction in which the energy Q

. (1996 - zmﬂu]
In the nuclear process, (C'! — B b ptax X

stands for .. [1992-1 Msrk]
The btndmg energlcs per nucleon for deuteron (;H?) and
helium (,He?) are 1.1 MeV and 7.0 MeV respectively. The
energy released when two deuterons fuse to form a heligm

nucleus (,He?) is ......... [1988 - 2 Marks]



H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Chapter - Nuclei


8.

10.

The binding energy of nucleons in a nucleus can be
affected by the pairwise Coulomb repulsion. Assume that
all nucleons are uniformly distributed inside the nucleus.

Letthe binding energy of a proton be £/ and the binding

energy of a neutron be £} in the nucleus. [Adv. 2022]

Which of the following statement(s) is(are) correct?
(a) Ef —E, is proportional to Z(Z - 1) where Z is the

atomic number of the nucleus.

(b) Ef-

number of the nucleus.

(¢ EF-

! ;
~3 Where A is the mass

Ej, is proportional to R

E;' is positive.

(d) Ef increases if the nucleus undergoes a beta decay

emitting a positron.

A heavy nucleus N, at rest, undergoes fission N — P+ O,
where Pand O are two lighter nuclei. Let 5= M, — M, — -M,
where M,, M, and M, are the masses ofP (9] and N
respectively § and £, are the kinetic energies of Pand
0, respectwely The speeds of P and O are v, and v,
respectively. If ¢ is the speed of light, whlch of thc
following statement(s) is(are) correct ? [Ady. 2021]
@ Ep+Ey=c%

( )
®) Ep= LE%DEQ J 25

o 2o

vo M,
(d) The magnitude of momentum for P as well as O is
MpM _ MpMg
CJ2u8 , where p= (Mp +My)
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. [2008]

‘BIA
A

[
e
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(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 releasc energy

11.

12

13.

14.
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15.

16.

Physics

(c} Fissionofanucleus lying in the mass range of 100 <A
<200 will release energy when broken into two equal
fragments

(d) Fissionofanucleus lying in the massrange of 200 <A <260
will release energy when broken into two equal fragments

Let m, bethe mass ofa proton, m_ the mass ofa neutron, M,

the mass of a {{f Ne nucleus and M, the mass of a 4) ca

nucleus. Then [1998S - 2 Marks]
(@) M, =2M, (b) M, >2M,
(© M, <2M, (d) M) <10(m, +m,)

Which of the following statement(s) is (are) correct?
[1994 - 2 Marks]

(a) The rest mass of a stable nucleus is less than the sum
of the rest masses of its separated nucleons

(b) The rest mass of a stable nucleus is greater than the
sum of the rest masses of its separated nucleons

(¢) In nuclear fission, energy is released by fusing two
nuclei of medium mass (approximately 100 amu)

(d) Innuclear fission, energy is released by fragmentation
of a very heavy nucleus

During a nuclear fusion reaction [1987 - 2 Marks]

(a) aheavy nucleus breaks into two fragments by itself

(b) alightnucleus bombarded by thermal neutrons breaks up

(c) a heavy nucleus bombarded by thermal neutrons
breaks up

(d) two light nuclei combine to give a heavier nucleus
and possibly other products

From the following equations pick out the possible nuclear

fusion reactions [1984- 2 Marks]|

@ 4C"%+ H' - €Y +43MeV

BRyeay Hl—>7N13+2MeV

© ,N"+ H' .0 +73Mev

(d) %UZS +01"!I & R

: i UnI +7 +200MeV

In a nuclear reaction -3‘U undergoes fission l1beratmg 200
MeV of energy. The reactor has a 10% efficiency and produces
1000 MW power. Ifthe reactor is to function for 10 years, find
the total mass of uranium required. [2001 - 5 Marks]
It is proposed to use the nuclear fusion reaction

PH+} Ho3 He [1990 - 8 Marks]
in a nuclear reactor of 200 MW rating. Ifthe energy from
the above reaction is used with a 25 per cent efficiency in
the reactor, how many grams of deuterium fuel will be needed
per day. (The masses of ?H and  He are 2.0141 atomic
mass units and 4.0026 atomic mass units respectively)
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Topic-3: Radioactivity

A heavy nucleus Q of half-life 20 minutes undergoes al-

pha-decay with probability of 60% and beta-decay with

probability of 40%. Initially, the number of Q nuclei is 1000.

The number of alpha-decays of Q in the first one hour is
[Adv. 2021]

(c) 350 (d) 3525

In a radioactive sample, ;‘gK nuclei either decay into

@ 0 (b 7

stable nga nuclei with decay constant 4.5 x 10710 per

year or into stable [ 4» nuclei with decay constant 0.5 x
10719 per year. Given that in this sample all the stable

20Ca and J{ 4r nuclei are produced by the ¥ X nuclei
only. In time tx 10 years, if the ratio of the sum of stable
50Ca and 30 Ca nuclei to the radioactive VK nuclei is
99, the value of t will be [Given: In 10=2.3] [Adv. 2019]
(@) 92 ®) 46  (¢) LIS ) 23

A radioactive sample S, having an activity 5uCi has twice
the number of nuclei as another sample S, which has an
activity of 10 uCi. The halflives of S 1 and S, can be [2008]
(a) 20 years and 5 years, respectively

(b) 20 years and 10 years, respectively

(¢} 10 years each

(d) 5 years each

%7 Ra isa radioactive substance having halflife of 4 days.

Find the probability that a nucleus undergoes decay after
two half lives [2006- 3M, 1]

1 3 1
@ 1 ®). rime 4y @ 5
A 280 days old radioactive substance shows an activity
0f 6000 dps, 140 days later its activity becomes 3000 dps.
What was its initial activity? [2004S]
(a) 20000 dps (b) 24000 dps
(d) 12000 dps (d) 6000dps
A nucleus with mass number 220 initially at rest emits an
o -particle. If the O value of the reaction is 5.5 MeV,
calculate the kinetic energy of the ¢ -particle  [20038]
(@) 44MeV (b) 54MeV(c) 56MeV (d) 6.5MeV
Which of the following processes represents a ¥ -decay ?

A
@ 4x,+y—" X,  +a+blr [2002S]

A-3

@y idgplgdy T Xy 5+c

(c) “’X_,—-—»A Xz+f

(d) ”Xz +e —~>A Xz 1t+g

The half-life of 215At is 100 ps. The time taken for the
radioactivity of a sample of 215 At to decay to 1/16' of its
mitial value is [2002S]
(a) 4005 (d) 300ps

(b) 63Hs (c) 40ps

9.

10.

1

12.

167

14.

A radioactive sample consists of two distinct species
having equal number of atoms initially. The mean life time
of one species is T and that of the other is 5t. The decay
products in both cases are stable. A plot is made of the
total number of radioactive nuclei as a function of time,
Which of the following figures best represent the form of
this plot? [20018]

I N

(a) ‘ \_\ (b) l

T : T t

N

). | (d) , :

. t + t
The electron emitted in beta radiation originates from
(a) inner orbits of atoms [2001S]
(b) free electrons existing in nuclei
(c) decay ofa neutron in a nucleus
(d) photon escaping from the nucleus
Two radioactive materials X, and X, have decay constants

104 and ), respectively. If initially they have the same
number of nuclei, then the ratio of the number of nuclei of

X, to that of X, will be 1 /e after a time [2000S]
| 1
@ Toi ® T
A 1
© Tou @ o3

Which of the following is a correct statement?

[1999S - 2 Marks]
(a) Beta rays are same as cathode rays
(b) Gamma rays are high energy neutrons
(c) Alpha particles are singly ionised helium atoms
(d) Protons and neutrons have exactly the same mass
A radioactive material decays by simultaneous emission
of two particles with respective half-lives 1620 and 810
years. The time, in years, after which one-fourth of the

material remains is [1995S]
(a) 1080 (b) 2430
(c) 3240 (d) 4860

Consider o particles, B particles and vy - rays, each having
an energy of 0.5 MeV. In increasing order of penetrating

powers. the radiations are; [1994 - 1 Mark]
@ a.py (b) a.,v.p
(© Br.a (d) 7.p.o
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15.% The equanon

4'H* 5 4He?* +2¢™ + 26MeV represents
[1983 - 1 Mark]
(a) P-decay (b) y-decay
(¢) fusion (d) fission

16. Betarays emitted by a radioactive material are

% . .(8) electromagnetic radiations [1983 - 1 Mark]
~(b) the electrons orbiting around the nucleus

. (©) charged particles emitted by the nucleus

% (d) neutral particles

1’?' The half life of radloactwe Radon is 3.8 days. The time at

the end of which — th of the radon sample will remain

20
3 undecayed is (given log)ye=0.4343) [1981-2 Marks]
(@) 3.8days (b) 165days
(c) 33 days (d) 76 days.

18. In a radioactive decay process, the activity is defined as

A=— -, where N(t) is the number of radioactive nuclei

at time t. Two radioactive sources, S, and S, have same
activity at time t= 0. Ata later time, the activities of S, and
S,are A, and A,, respectively. When S, and S, have just
complcted their 3" and 7% half-lives, respecnvcly, the

ratio A /A, is [Adv. 2023]
19; Blfisan tsotope of Iodine that B decays to an isotope of
~ - Xenon with a half-life of 8 days. A small amount of a serum
. lahetled with 1311 is injected into the blood of a person. The
" activity of the amount of 31T injected was 2.4 x 10° Becquerel
" {(Bq). Itis known that the injected serum will get distributed
* uniformly in the blood stream in less than halfan hour. After
11.5 hours, 2.5 ml of blood is drawn from person's body, and

gives an activity of 115 Bq. The total volume of blood in the

. personijs body, in liters is approximately (you may use e* ~

“ l+xfor[x|<<landIn2 = 0.7). [Adv. 2017]

20, Foraradioactive material, its activity 4 and rate of change
« = of its activity R are defined as A= —%:— and R=— ‘;—A
= t
“+ where N(t) is the number of nuclei at time 7. Two radioactive
*sources P (mean life 1) and Q (mean life 2t) have the same
- - getlvityat t=0. Their rates of change of activities at r =2t

L]

" areRpand R LTy o B O
o : r i ue
o 48 pand R, respectively Ry e en the valueo
nis [Adv.2015]
21.: A freshly prepared sample of a radioisotope of half-life 1386 s
., has activity 10° disintegrations per second. Given that
" - In2=0.693, the fraction ofthe titial number of nuclei (expressed
innearest integer percentage) that will decay in the first 80 s
tion of the sample is [Adv. 2013-]]

22" " The activity of a freshly prepared radioactive sample is -

. 1019 disintegrations per second, whose mean hﬁ: is 10%s.
" ‘The mass of an atom of this radioisotope is 10~2% kg. The
mass (in mg) of the radicactive sample is j2011]

Mg

S T

23. Todetermine the halﬂif@ of a radioactive clement, a student
plots a graph of /n ’dN_d(tl dﬁ:,:f)
7

of radioactive decay at time ¢. If the number of radioactive
nuclei of this element decreases by a factor of p after 4.16

versus ¢, Here is the rate

years, the value of p is {2010}
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24, The minimum kinetic energy needed by an alpha particle
to cause the nuclear reaction N+ $He -] H+ ’0 ina

laboratory frame in n (in MeV¥). Assume that 16 N isat rest in

the laboratory frame. The masses of '°N, $He, !H and }’0

can be taken to be 16.006u, 4.003u,1.008u and 19.0034,
respectively, where 1 u= 930 MeVc 2 The value of n is
[Adv. 2022]

By

25. When Boron nucleus. _(,lg B) is bombarded by neutrons,
o -particles are emitted. Theresulting nucleus is of the element
........ and has themass number ...... [1986- 2 Marks]

26.  Tn the Uranium radioactive serics the initial nucleusis g,y

and the ﬁnal nucleusis o, ;o .Pb - When the Uranium nucleus

decays to lead, the num_h_q- of a-particles emitted is ......and

the number of B-particlesemitted is..... [1985-2 Marks]

27. The radiocactive decay rate of a radioactive element is
found to be 103 disintegration/second at a certain time. If

the half life of the element is one second , the decay rate

after one second is and after three seconds

is : [1983 - 2 Marks]

o A ORERNR t One R AR

28. In a radioactive decay ;:hain, 232Th nucleus decays to

212pp nucleus. Let N, and Np be the number of a and

B~ particles, respectively, emitted in this decay process.
Which of the following statements is (are) true?

[Adv. 2018]
(d) N p= 4

@ N,=5 (b) Ny=6 (c) Ny=2



29.

30.

31

32.
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The half-life period of a radioactive element X is same as

the mean-life time of another radioactive element Y. Initially

both of them have the same number of atoms. Then
[1999S - 3 Marks]

(a) Xand Yhave the same decay rate initially

(b) X and Y decay at the same rate always

(¢) Ywill decay at a faster rate than X

(d) X will decay at a faster rate than ¥

The half-life of 1311 is 8 days. Given a sample of 3] at

time ¢ = 0, we can assert that [1998S - 2 Marks]

(a) nonucleus will decay before ¢ = 4 days

(b) no nucleus will decay before ¢ = 8 days

(c) allnuclei will decay before r= 16 days

(d) agiven nucleus may decay at any time after ¢ = 0

The decay constant of a radicactive sample is L. The

half-life and mean-life of the sample are respectively

given by [1989 -2 Marks]

(@ U/ and(in2)/ (b) (In2)/ and 1/,

(c) A (In2)and 1/}, (d) 2/(In2)and 1/}

A freshly prepared radioactive source of haiflife 2 hr emits

radiation of intensity which is 64 times the permissibe safe

level. The minimum time after which it would be possible to

work safely with this source is 1988 - 2 Marks]
(a) 6hr (b) 12hr  (¢) 24hr (d) 128hr
During a negative beta decay [1987 - 2 Marks]

(a) an atomic electron is ejected

(b) an electron which is already present within the nucleus
is ejected

(c) aneutron in the nucleus decays emitting an electron

(d) a part of the binding energy of the nucleus is
converted into an electron

b

34.

List-I shows different radioactive decay processes and
List—II provides possible emitted particles. Match each
entry in List-I with an appropriate entry from List-II, and
choose the correct option. [Ady.2023]

List-I

238 234
(P) 92 U— 91 Pa

List-II
(1) one o particle and one
B particle
three B~ particles and
one o particle
two [~ particles and one
o particle
one o particle and one
P~ particle
(5) one o particle and two
B particles
(@) P>4Q->3,R—>2,8S—>»1
() P54Q—->1,R—>2,8->5
(¢ P>50Q0->3R—>1,8S—>4
(d P>5Q—>1,R—>3,5-2

@ 233 @
® 271520 @)

S 2ra—>2URa @)

35,

3e6.

37

Match the nuclear processes given in column I with the

appropriate option(s) in column II. [Adv. 2015]
Column I Column I

(A) Nuclear fusion (p) Absorption of thermal

neutrons by g.gsU

(B) Fissioninanuclear (q) $3Co nucleus

reactor
(C) p-decay (r) Energy production in stars
via hydrogen conversion
to helium
(D) y-rayemission (s) Heavy water

(t) Neutrino emission
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: [Adv. 2013-IT)

List I ListTI

Alpha decay oo

p+ decay 2 BusBmhe..

o s

Fission 3 Bio B'Pb+..

S. Proton emission 4

Codes:
P
@ 4
(b) 1
(©) 2
(@ 4 o
Given below are certain matching type questions, where
two columns (each having 4 items) are given. Immediately
after the columns the matching grid is given, where each
item of Column I has to be matched with the items of
Column I1, by encircling the correct match(es). Note that
an item of column I can match with more than one itern of
column II. All the items of column II must be matched.

529 Pu — %?DLa e

W= w0
BN —
— L W

Match the following : [2006 - 6V}
Column I Column 11
(A) Nuclear fusion (p) Converts some matter into
energy
(B) Nuclear fission (q) Generally possible for
nuclei with low atomic
number
(C) B-decay (r) Generally possible for
nuclei with higher atomic
number
(D) Exothermicnuclear  (s) Essentially proceeds by
reaction weak nuclear forces



Passage-1

Themass of a nucleus % X isless than the sum ofthe masses of
(A-Z) number of neutrons and Z number of protons in the nucleus.
The energy equivalent to the correspending 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 m, and m,
onlyif(m, +m,) <M. Alsotwo light nuclei of masses m; andm,
can undergo complete fusion and form a heavy nucleus of mass
M' only if (m; + m,) > M'". The masses of some neutral atoms are
given in the table below:

H 1.007825u TH 2.014102u
iH  3.016050u 3He 4.002603 u
§Li  6.015123u JLi 7.016004u
P7n 699253250 f2se 81.916709u
£2Gd  151.919803u 32°pb 205.97455u
29Bi  208.980388u 2%P 209.982876 u
(lu=932MeV/c?)
[Adv.2013]
38. The Kkinetic energy (in keV) of the alpha particle, when the

nucleus 21%Po at rest undergoes alpha decay, is
(a) 5319 (b) 5422 (c) 5707 (d) 5818
39, The correct statement is
" (@) Thenucleus gLi can emit an alpha particle

(b) The nucleus 2}°Po can emit a proton
(c) Deuteron and alpha particle can undergo complete fusion
(d) The nuclei ;’g Zn and §;";Se can undergo complete fusion

&5 I e
40. A radioactive sample of 23*U decays to Pb through a
process for which the half-life is 4.5x 10° years. Find the
ratio of number of nuclei of Pb to 238U after a time of
1.5%10? years. Given (2)'/3 = 1.26. [2004 - 2 Marks]
A radioactive sample emits n B-particles in 2 sec. In next 2
sec it emits 0.75 n B-particle, what is the mean life of
the sample? [2003 - 2 Marks]

0

42,

43.

44,

45.

46.

A radioactive nucleus X decays to a nucleus ¥ with a

decay constant A_= 0.1 !, ¥ further decays to a stable

nucleus Z with a decay constant A= 1/30 s\, Initially,
there are only X' nuclei and their number is N, = 1020, Set

up the rate equations for the populations of X, ¥ and Z.

The population of Ynucleus as a function of time is given

by Ny(6) = (N g/ (Ay- ApHexp(-Lyt)-exp(-A,1)}. Find the

time at which Ny is maximum and determine the
populations X and Z at that instant. [2001-5 Marks]

Nuclei of a radioactive element A are being produced at a

constant rate o.. The element has a decay constant . At time

t=0, there are N nuclei of the element.  [1998 - 8 Marks]

(a) Calculate the number N of nuclei of 4 at time ¢.

(b) fa= 2N\, calculate the number of nuclei of 4 after
one half-life of 4, and also the limiting value of N as
t—> .

At a given instant there are 25% undecayed radio-active
nuclei in a sample. After 10 seconds the number of
undecayed nuclei reduces to 12.5%. Calculate (i) mean-
life of the nuclei, and (ii) the time in which the number of
undecayed nuclei will further reduce to 6.25% of the
reduced number. [1996 - 3 Marks]|

A small quantity of solution containing Na?* radio nuclide

(halflife = 15 hour) of activity 1.0 microcurie is injected into

the blood of a person. A sample of the blood of volume 1 em3

taken after 5 hour show an activity of 296 disintegrations
per minute. Determine the total volume of the blood in the
body of the person. Assume that radioactive solution mixes
uniformly in the blood of the person. (1 curie = 3.7 x1010
disintegrations per second) [1994 - 6 Marks]
A nucleus X, initially at rest, undergoes alpha decay

according to the equation, gﬁ X Zés Y+ao

[1991 - 4 + 4 Marks]

(a) Find the values of 4 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 mina
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()=228.03u; m{ ) = 1.009 4.

m (3H3)=4.003 u;m (%H) =1.008 u

Topic-4: Miscellaneous (Mixed Concepts) Problems

(=
€5 I
1. Anaccident in a nuclear laboratory resulted in deposition
of a certain amount of radicactive material ofhalf-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? [Adv. 2016]
(a) 64 (d) 120

(by 90 (c) 108

2.

The electrostatic energy of Z protons uniformly distributed
throughout a spherical nucleus of radius R is given by
g3 Z-1)e?

= 5 4TI:£0R
The measured masses of the neutron }H, 15N and 185 0}
are 1.008665 u, 1.007825 u, 15.000109 u and 15.003065 u,

respectively. Given that the radii of both the 1’ N and 10
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3.

4,
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6.

nuclei are same, 1 u= 931.5 Me V/c* (c is the speed of
light) and €%/(4 ng)) = 1.44 MeV fm. Assuming that the

difference between the binding energies of ;N and §'O
is purely due to the electrostatic energy, the radius of
either of the nuclei is (1 fm =10"m [Adv.2016]
Sa) 285fm (b) 3.03fm (¢) 342fin (d) 3.80fm

2Ne nucleus, after absorbing energy, decays into two
a-particles and an unknown nucleus. The unknown
nucleus is [1999S - 2 Marks]
(a) nitrogen (b) carbon (c) boron (d) oxygen

The isotope '2Bhaving a mass 12.014 u undergoes
apes

B—decay to k> C. I2C has an excited state of the nucleus
(C*) at4.041 MeV aboveits ground state. If 12 ; decays

to 152 C*, the maximum kinetic energy of the B—particle in
units of MeV is (1 u=931.5 MeV/c?, where ¢ is the speed of
light in vacuum). [Ady. 2016]
A nuclear power plant supplying electrical power to a
village uses a radioactive material ofhalf 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. [fthe
plant is able to meet the total power needs of the village
for a maximum period of nT years, then the value of nis
[Ady. 2015]

... but it .......... are
[1986 - 2 Marks]

Atoms havmg the same .
called isotopes.

A fission reactionisgiven by %35 U — '$Xe + 338r + x + y,
where x and y are two particles. Considering 33U to be at
rest, the kinetic energies of the products are denotcd by
Ky K K (2MeV) and Ky(Z MeV), respectively. Let the
binding energies per nucleon of %35 U, 'mee and 3;Sr be

7.5MeV, 8.5 MeV and 8.5 MeV, respectively. Cons.1 dermg
different conservation laws, the correct option(s) is(are)

[Adv.2015]
@@ x=n,y=nKg =129 MeV, Ky, =86 MeV
®) r=p,y= eﬁ 129 MeV, Ky, = 86 MeV
(© x=p,y=nKq —129 MeV, Ky =86 MeV

(d) x=n,y=n, K -86MeV K—Xe-129MeV
A star initially has 104 deuterons It produces

cnergy via the proccsses 1H + H? - o’ +p, and
EH + H’ ) He* + n. If the average power radiated

by the star is 10’ W, the deuteron supply of the star is
exhausted in a time of the order of [1993-2 Marks]

@ 105 () 105 (9 102 (@ 10"

The masses of the nuclei are as follows :
M(H?)=2.014amu;

M (p)=1.007 amu; M(m)=1.008 amu; M (He*) = 4.001amu,

£ K

9.

10.

11.

8101

Four physical quantmtm are hsted in Column I, Theu- values
are listed in Column I1 in a random order: [1987 - 2 Marks]

Column I Column I1
(a) Thermalenergyof (e) 0.02eV
air molecules at room
temp
(b) Bindingenergyof (f) 2eV

heavy nuclei per

nucleon
(c) X-ray photon energy (g) lkeV
(d) Photon energy of (h) 7MeV

visible light
The correct matching of Columns I and I1 is given by
(@ a-eb—hc—gd-f (b) a-e b-gc—fd-h
(c) a-fb—ec—gd-h (d) a-f,b—h,c—e d-g.
Column-II gives certain systems undergoing a process.
Column-1I suggests changes in some of the parameters
related to the system. Match the statements in Column-I

to the approapriate process(es) from Column-11.  [2009]
Column-I Column-1iI
(A) The energy of the (p) System : Acapacitor, initially
system is increased uncharged
Process . It is connected
to a battery

(B) Mechanical energy (q) System : Agasinan
is provided to the adiabatic container fitted
system, which is with an adiabatic piston
converted into energy Process: The gas is
of random motion of compressed by pushing

its parts the piston
(C) Internal energy (r) System:A gasin arigid
of the system is container

converted into its
mechanical energy

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
(t) System: Aresistive wireloop
Process: The loop is
placed in a time varying
magnetic field
perpendicular to its plane
In the following, column I lists some physical guantities

(D) Mass of the system  (s)
is decreased

. and the column II gives approximate energy values

associated with some of them. Choose the appropriate value
ofenergy from column Il for each of the physical quantities
in column I and write the corresponding letter p, g, 1, etc.
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against the number (A), (B), (C), (D) ete. of the physical
quantity in the answer book. In your answer, the sequence

of column I should be maintained. [1997 - 4 Marks]
ColumnlI ColumnIT

(A) Energy of thermal (p) 0.025eV
neutrons

(B) Energy of X-rays (q) 0.5eV
(C) Bindingenergyper (1) 3eV
nucleon
(D) Photoelectric (s) 20eV
threshold of a metal
(t) 10keV
(u) 8MeV
: Passage-1

The B -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 two-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 continuous
spectrum. Considering a three-body decay process, i.e.

n—>p+e +7,,around 1930, Pauli explained the observed

electron energy spectrum. Assuming the anti-neutrino (V,)to

be massless and possessing negligible energy, and the neutron

tobe 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.

12. Ifthe anti-neutrino had a mass of 3 eV/c? (where ¢ is the
speed of light) instead of zero mass, what should be the
range of the kinetic energy, K, of the electron?  [2012]

(@ 0<K<08x10%V
(b) 30eV<K<08x10°eV
(©) 30eV<K<08x10%eV

(d 0<K<0.8x10%eV
13.  What is the maximum energy of the anti-neutrino? [2012]
(a) Zero
(b) Much less than 0.8 x 10V .
(c) Nearly0.8 x 10%eV
(d) Much larger than 0.8 x 106eV
Passage-2
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 12H + le —>% 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 12 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 r, before the particles fly away form the core. If r is the
density (number/volume) of deuterons, the product nt, is called
Lawson number. In one of the criteria, a reactor is termed
successful if Lawson number is greater than 5 x 1014 s/cm?,

It may be helpful to use the following: Boltzmann constant

2
k=86%10-5eV/K; 5 — =144 10°¢Vm (2009]
ey
14. 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 deuteron-electron pairs
(d) the high temperature maintained inside the reactor core
I5. Assume that two deuteron nuclei in the core of fusion
reactor at temperature 7' are moving towards each other,
each with kinetic energy 1.5 A7, 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
toreach a separation of 4 x 10-15 m is in the range
(@) 1.0x10°K <T<2.0x 10°K
(b) 20x10°K<T<3.0x 10°K
(¢) 3.0x10°K<T<4.0x 10°K
(d) 40x10°K<T<50x%10°K
16. Results of calculations for four different designs ofa fusion
reactor using D-D reaction are given below. Which of these
is most promising based on Lawson criterion?
(a) deuterondensity=2.0 x 10'% cm3,
confinement time=75.0x 107> s
(b) deuteron density = 8.0 x 10 cm™3,
confinement time=9.0x 10" s
(c) deuteron density =4.0 x 1023 em™3,
confinement time=1.0x 10-!! 5
(d) deuteron density=1.0 x 1024 cm3,
confinement time =4.0 x 10125

17. Highly energetic electrons are bombarded on a target of
an element containing 30 neutrons. The ratio of radii of
nucleus to that of Helium nucleus is (14)'>. Find (a) atomic
number of the nucleus. (b) the frequency of K line of the
X-ray produced. (R=1.1 x 10"m ' and ¢ =3 x 108 m/s)

[2005 - 4 Marks]




18. A nucleus at rest undergoes a decay emitting an o particle

19.

20.

of de-Broglie wavelength . = 5.76 x 10" m, Ifthe mass of
the daughter nucleus is 223.610 amu and that of the «
particles is 4.002 amu, determine the total kinetic energy
in the final state. Hence, obtain the mass of the parent
nucleus in amu. (1amu=931.470 MeV/c?) [2001-5Marks]

The element Curium 3¢ Cm has a mean life of 103

seconds. Its pirmary decay modes are spontaneous
fission and o-decay, the former with a probability of 8%
and the latter with a probability 0f92%. Each fission releases
200 MeV of energy. The masses involved in o-decay are as

follows: 288 Cm=248.072220u, 24* Pu=244.064100u and

‘;_', He=4.002603 u. Calculate the power output from a sample

of 10%° Cm atoms. (1u= 931 MeV/c2.) [1997-5 Marks]
A monochromatic point source radiating wavelength 6000 A,
with power 2 watt, an aperture 4 of diameter 0,1 mand a large
screen SC are placed as shown in fig, A photoemissive detector
D of surface area 0.5 cm? is placed at the centre of the screen.
The efficiency of the detector for the photoelectron generation
per incident photon is 0.9. [1991-2+4 +2 Marks]

21.

B103
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(a) Calculate the photon flux at the centre of the screen -
and the photocurrent in the detector.

(b) Ifthe concave lens L of focal length 0.6 m s inserted
in the aperture as shown, find the new values of
photon flux and photocurrent. Assume a uniform
average transmission of 80% from the lens.

(¢) If the work function of the photoemissive surface is
1eV, calculate the values of the stopping potential in the
two cases (without and with the lens in the aperture).

How many electron, protons and neutrons are there in a

nucleus of atomic number 11 and mass number 24 ?

[1982 - 2 Marks]

(i) number of electrons =

(i) number of protons =

(ii1) number of neutrons =
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Hints & Solutions

%Topic-l: Composition and Size of the Nuclei

1. (a) We know that radius of the nucleus
R=R,A'3, where A is the mass number.

- R®=R3A4

4 4
Volume, V= EERB = EﬂRgA .. Mass @ volume

2. () Nuclear density of an atom

_ mass _ AQ1.67x1077)

2 i /
volume _3““_25”0 \5A1.3]3

A = mass number)

{ Vv 3%;;3,3: RyA'3,Ry=1.25x 10‘15}

d=2x 10" kg/m*.
3.  False; The order of nuclear density is 10'7 kg/m®. Density

m Ax1.67x107%7 _ 1.67x107%

T 15

Z f_K[ROAm} 1.33x3.14x(1.1x1071%)
3

=3 x 107 kg/m?

4. (c,d) Inthecaseofhydrogen, atomic number=mass number
(= 1) In the other atoms, atomic number (z) < mass number
(A=Z+n).

=l

1. @ 4He—>'0
BE.=Am»x931.5MeV
=(4 x4,0026—15.9994) x931.5=10.24 MeV

2. (c) Energyisreleased when stability increases. This will
happen when binding energy per nucleon increases i.e.,

BE. BE.
7 Product = A ) Reactant”

IMV,|=IM, V,|

Topic-2: Mass-Energy Equivalence and
Nuclear Reactions

Reactant Product
Reaction (a) 60 x 8.5MeV =510MeV 2 x 30 x 5=300 MeV
Reaction (b) 120x 7.5=900 MeV (90 % 8+30 % 5)=870 MeV

Reaction (c) 120 x 7.5 =900 MeV
Reaction (d) 90 x 8=720 MeV

3.

Ly

2 x 60x8.5=1020 MeV
(60%8.5+30x5)=600MeV
(b) Fast neutrons can be easily slowed down by passing
them through water. In nuclear reactors heavy water in
used as moderator.

230 2

14 4 0
2) tm'!'h——) =5 Po+n, He+m_je

230=214+4n,and90=84+2n-m
l16=4nand 6=2n-m
n=4 =6=8-m[. n=4]
=m=2
o 2105
m 2

This is a nuclear fusion reaction. In a nuclear fusion reaction,
two or more lighter nuclei combine to form a comparatively
heavier nucleus.

Energy released Q= (Am) [931.5 MeViu]
=[2x2.0141-4.0024 1% 931.5 MeV =24 MeV

élC - ‘518 1T+ X > 1616' — §IB+ 21e+ v (neutrino)
When balancing atomic number and mass number both
sides of arrow then, X stands for neutrino.

12H + f‘H — ;’Hc

Binding energy of two deuterons

=2[1.1x2]=4.4MeV

Binding energy of helium nucleus= 4 x 7.0 =28 Me}’

.. Energy released =28 —4.4=23.6 MeV

(abd) Binding energy of proton and neutron due to
nuclear force is same. So difference is due to electrostatic

potential repulsion energy and it is +ve. So Ep —~Ep =

electrostatic potential energy.

Z(Z—-1
Number of proton pair= Zc, = ( : )
: Z(Z-1) 1 &
So, repulsion energy oc Rt
2 4n GD R

R =radius of nuclei
Ep —Ep « Z (Z—- 1) = (a) is correct.
AsR=R,A!3
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So, Ef —Ef o= A™13 = (b) is correct.

Because of repulsion

Ef <Ej = (c)isincorrect.

Since in B~ decay. number ofproton decrease => repulsions
decreases = Ef increases (d) is correct.

(a, ¢, d) For nuclear fission reaction,

N->P+Q

Energy released = AMc? = (My— Mp— Mp) 2= écz
This will be distributed as kinetic energy of Pand O

Ep+Eq= 8c* s lD)
By conservation of momentum
VpMp=V,y M,
P
nite () (@ -
Mp M,
MP M‘i
7 M
’f’ =—3 .. (i)
l'q MP
P2

Kinetic energy be written as KE = o

Hence divided in inverse ratio of masses

M
G G %
P Mp+M, .. (i)
By equation (i)
2 2
S
2Mp  2M,
2 MpM
== ‘i:é‘;cz = P=c2ud { H=ﬁ
2u Brtoto

(b,d) In fusion two or more lighter nuclei combine to form
a comparatively heavier nucleus. When binding energy per
nucleon increases for a nuclear process, energy is released.
In fission, a heavy nucleus breaks into two or more lighter
nuclei.

(a) For | <4 <50, on fusion mass number ofthe resulting
nucleus will be less than 100.

(b) For 51 <A <100, on fusion mass number the resulting
nucleus is between 100 and 200. B/A increases, energy
will be released.

(c) On fission for 100 < 4 < 200, the mass number for

11.

12.

13.

14.

15.

16.

fission nuclei will be between 50 to 100. B/A decreases, no
energy will be released,

(d) On fision for 200 <4 <260, the mass number for fission
nuclei will be between 100 to 130, B/A will increase, energy
will be released.

(¢, 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. i.e., protons and neutrons.

]28 Ne is made up of 10 protons and 10 neutrons.

. Mass of 123 Ne nucleus
M, <10(m,+m,)
Heavier the nucleus, more is the mass defect
20 (m, + m)—M,>10(m, +m,)—-M,
or, 10 (m_ + mp)> Mz—M]
or, M, <M, +10 (m, +m,)
Now, since M, <10 (mp +m)

M, <2M,
(a, d) In nuclear fission, a heavy nucleus breaks into two
nuclei and more products and released energy.
(d) Innuclear fusion reaction two light nuclei combine to
give a heavier nucleus and possibly other products and
huge amount of energy.
(b, ¢) Nuclear fusion occurs when two or more lighter
nuclei combine to form a comparatively heavier nucleus
with release of a huge amount of energy.

B
Efficiencys n=—22-

Pl.l'l
P 6
. En=ﬂ=]000xm ~100w
n 0.1
Energy E =Pxt

=1010x 86,400 x 365 x 10

=3.1536 < 10'8]
200 % 1.6 x 10-1 J of energy is released by 1 fission
= 3.1536 x 10'® J of energy is released by

3.1536 x10'8
200x1.6x10713

=(0.985 x 10%° of U** atoms.
6.023 x 10 atoms of Uranium has mass 235g
.. 0.9855 x 10* atoms of Uranium has mass

fission = 0.9855 x 10% fission

235%0.9855x10%°
6.023 %1023

Energy required per day to run the reactor
E=Pxt=200x10°x 24 x 60 x 60
=1.728 x 1013]

g=38451kg
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=

Energy released in the given nuclear fusion reaction

= (mass defect) % (931.3) mey

=[2(2.0141)-4.0026] x 931.5 MeV
=23.85MeV=2385x106x% 1.6 x 1071 =38.15 x 10°13]
.. No. of fusion reactions required

_ 1.728x108
38.15x10713
. No. of deuterium required =2 x 0.045 x 10%6=0.09 x 10%

=0.045 % 10%

: 0.09 %1020
Number of moles of deuterium = - =T 14.95
6.02x10°

" Mass in gram of deuterium = 14.95 x2=299¢

Smce the energy from the reaction is used with a 25%
efficiency in the reactor
=(4x29.9)g=119.6¢g

Topic-3: Radioactivity

(@ Outof 1000 nuclei of O, 60% may go a-decay

. Le, 600 nuclei may have a- de:cay

Decay constant
t= 1 hour = 60 minutes

o e
From N= Nge™ = 600x ¢ 20

N=75
i.e., 75 Nuclei are left afdter one hour,
So, number of nuclei decayed = 600 — 75 = 525

dN
(a) Here S AMN+L,N

In tegrating on both sides

L2303 N oo
R, T

2303 100
5x1071° B10 1

v+, =4.51070+0.5x1071°
and N/ N =100
1=9.2 x 10° year

(@ Let 2, and 1, be the decay constants and N, and N,
be the number of active nuclei present for the two samples
§, and §, respectively.

ie, AN, =5uCiand AyN; = 10uCi = A, N,
Also, N1 =IN,

= 2N,

A
AN, =20, 2N, or k=4, = T? = 4Also Tj 5 = 0.693

S (1), =T ),

8,

10,

11.

(¢) For a nucleus to disintegrate in two half life,

Lt
—_4—==
2 44

will disintegrate in this time.

3
i.e., The probability is 2 75% ofthe nuclei

1
() In two halflives, the activity will remain 2 of'its initial

activity. . Initial activity=4 x 6000 = 24000 dps.
(b) By conservation of momentum, Pi=D,
V2Km = \[2Km, [ P=2/m]
= |2K,(216) = 2K, (4)

v K=k )
And given K, + K, =5.5 MeV (i)

Solving equation (i) and (ii) we get K =K,=54MeV
(¢) Iny-decay, the atomic number (Z) and mass number
(4) do not change.

@) A4=4,(1/2)"; n=number of half lives.

sl EE T
1
Therefore time taken to decay 6" ofits initial value.

Lot=nxty =(4x100)us =400 ps
72

t

@ N, =Noe ™ =Ne = ..0)
e 1
Mean life time 1= —
A
ok 1
Similarly, N, = Noe 2" = Nye 57...(ii)as 51 = -
2

Adding eq. (i) and (ii) we get
N= Nl +N2 = Ng(e_”r =g
The total number of radioactive nuclei (N) as a function of
time only decreases exponentially hence graph (d) correctly
depicts.

(¢) Ina nucleus a neutron converts into a proton as follows
n—opt+el

Therefore, decay of neutron is responsible for B-radiation
origination

(d) Number ofnuclei of X P
of nuclei of X, N, = Nye ™.

—I.-“S‘I:)

N, = Ny '™ and number

N] e 10kt 1

N, e M M
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Gi {1 : ll/ s —given\
= ,;Vz a gg}"‘ BL § N2 € J
A 1
= OA=1 .. r=(—_]
9L

1
i.e.,Aftertime 7 = o0 the ratio of the number of nuclei of

X, to that of X, will be 2 :
i e

(a) Beta rays are same as cathode rays as both are stream
of electrons.

1 :
(a) Let after ‘¢’ yearsztﬁ of the material remains.

N
—dN _ LN GN logeN—= ‘(7‘-1 +2,)t
dt 8
when N is initial number of atoms
Decay constant A = 0;693
!
0.693 0.693
= and Ay =——
1620 810
ES A S [0.693 ' 0.693) r
N, 4 °%3"\ie20 " 810
= t= 1080 years

(a) The penetrating power is dependent on velocity.
For a given energy, the velocity of v radiation is highest
and a-particle is least.

© 4JH' > jHe® +2¢” +26MeV
represent a fusion reaction.
In a nuclear fusion reaction, two or more lighter nuclei combine
to form a comparatively heavier nucleus and releases energy.
(¢) PB-particles (_,B°) are charged particles emitted by the
nucleus.
(b) Halflife,s,,=3.8 day

0.693 0.693

=——=0.182
tyya 3.8

Decay constant, L =

Ifinitial number of atom N'= 4 then after time the number
of atoms is N/20 = 4.

i i3 4y _ 2303 ?
=77 %74 0182 B N/20

(16) When radioactive sources just completed their 3rd
and 7" half— lives then the ratio

=16.5 days

19.

20.

21.

Al _Ages3n2 20 14 g
A2 Aue—7fn2 2_? 2[ }
(5) According to question,

131 131
' ———— sy Xe' " +
Tjjp =8 days P

A,=2.4>10°Bq=AN,

Let the volume is V

Given: Att=0,4,=AN,=2.4 x 10°Bq

t=11.5hrs, A=AN

After t=11.5 h, 2.5 ml of blood is drawn from person’s
body and gives an activity of 115 Bq.

115 :1[&@5};1 1s:ix2‘5ane“
% %

AN, 8, In2
:>115=T°x2.5xe 8 days

(115 hrs)

]
:>V=2'4X10 %25 1__L
115 24

[from approximation e* ~ | + x ]

2.4x10° e o

=V= 2.5x == =5x10°ml =S5 litres.
115 24
(2) Activity,
2 —At
e _atn_ 4 (M)
dt dt| dt | g dt?
R=N2eM=(NJ)reM=Ahe™ [+ 4 =NA]
2t
RP 7\.'p e_;"‘uf ;\.P e}hgt 21: 321 2 n
—_— = —— T — W — I — — I e— T —
Ro 3,600~ g phell S ELBIR( e
n=2
(4) For aradicactive decay
N=N, (1-e™
;_l:c‘h .'.]—£=1—e"9“t
Nﬂ NU
0693
Ny e e fz 21 LS =0.04)
N

[ e*=1-xx<<1]

% decayed ~ 0.04 x 100 = 4%
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22,

23.

24.

(1) We know that ,

dj‘ = }_N — l N ]i‘_‘ l = 1 :{
d Tmerm T, mean

1010 = _l?x N - N=10"°
10

i.e. 10" radioactive atoms are present in the freshly

prepared sample. 25

.. Mass of the sample = N x mass of me atom
=10"x 10 ¥ kg=10"kg=1mg

(8) We know that N = Nye™

sl e P =Nt

dt 26.

Taking log on both sides

N
log, %— =log . (AN,)— it

Comparing it with the graph line,
Rl il s l:ﬂ_i]
Decay constant, —EYT BC 2
1 1 ] 1 ] |
6)----}-——1----}-—-5----!--4 27.
spimaliar —g P O __i
o= "I'__‘l"""l"':
e
o ___l
’ :
3 3
s Bn= —-—0'?3 = 0.693x2 =1.386 years
: 4.16 28.
n(t-m)=4.16--n=].386-3
wemo(L) s el (peg
=Molz) " Pigbek ]
(2.33) We have 29
Q=Amc?

=(my+my, —my—mg) x 930 MeV

=(16.006 +4.003 - 1.008— 19.003) x 930 MeV

=-1.86 MeV =1.86 MeV energy absorbed
ThisQ is equal tomaximum loss in kineticenergy of o-particle.
Considering collision as inelastic, we get maximum loss in
4mx 1 6m) % 2

2
—
K& 2 \dm+16m

= Q=(KE) x%

= Q=(lx4mxv2] N0
2 20m

= (KE)yin = %Q = [%xl.%] MeV=2.325 MeV
n=233

When boron nucleus ('YB ) is bombarded by nentron (B"]

l§]B+ bn——»é’He +§Li
the resulting nucleus is of element lithium and mass number
A=17.

29328U — 2§‘be+x gHe-f-y Hc

No. of o —particles emitted = 8 and no. of B-particles emitted
= 6, a — particle is ,He* so by emission of 1 o — particle
mass number (A) decreases by

4 units and a tomic number (Z) decreases by 2 units.

P - particle is electron —1C® there is no change in mass
number (A) but atomic number increases by 1 unit by
emission of | beta particle.

l n
Using 4= 4, (3] where A= initial activity= 1000 dps

(given)
A = Activity after n number of halflives

1
At t=1,n=1 - A=1000 [%] =500 dps

3
Atr=3,n=3 .. A=1000 (%] =125 dps

232-212 20
(a, ¢) No. of a-particles emitted, Now= & e TS Pk

232 212 4 0

90Th ciree ssz +5 2l-le + 2_]{3
Considering the laws of conservation of mass number (4) and
aImﬁcnumber(Z)numberofB—parﬁclmmﬂttedNB=2

() According to question, () =t

0693 1

J\'x 7Ll"

mean}}'

=

LA, =0693, i,k <),

—-dN
Now, rate of decay T AN

Initially, number of atoms (N) of both x and y are equal but
since A, <L, therefore element ¥ will decay at a faster rate
than element x.




[ Nuclei _gg

30.

31.
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33.

34.
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@ The result follows from the formula based on laws of

radioactive decay N= N, And rate of decay [F] =N

The nucleus start decaying after time r=0

. In2 : 1
(b) Half-life Ty /3 = = and Mean life, T= "

() The intensity of radiation emitted is proportional to
the rate of decay of radioactive meterial.

2.303 No 0.693
f=—r0n — And A=
A lﬂgm N fuz
2.303 No

t=— =1 ,
0.693/2 1810 N, /64 On¢=12hours

(c) For negative beta decay

DH] — ]Hl +(_|BO)
(Neutron) (Electron)

(@) In a—decaymass number (A) decreases by 4 unit
and atomic number (Z) decreases by 2 unit.
In B~ decay A does not change but Z increases by
1 unit.
In B decay A does not change but Z decreases by
1 unit.

P) w U238 et Pa234 :

238-234 _

N; l1—la

4 n
N,—-N,=(92-91)- [5) =-1—>1p
. lo.and 1 B~ emission.

_214-210

NI =l—-la

N,-N,=(82-82)- (%] =228

. looand 2 B~ emission.

®) s]Tfﬂﬂ = Pb206

210-206 _

Nl 1= la

4 ¥
N,-N;=(81-83)- 7 =-3-3p

. locand 3 B~ emission.

3s.
36.

37.

38.

39.

©S) o pa228 e Ra224
N = 228;224 iy

NZ—N3=(9‘:—88)—%=1B+

.. locand 1 B* emission.
ForA—>r,t;Bop,s;C—op,qr,t:D—>p,q,r,t
(¢) In B'-decaymass number (Z) decreases by 1 and mass
number (4) remains unchanged.

Fo— e

p* particle
In a-decay mass number (4) decreases by 4 unit and atomic
number (Z) by 2 unit.

B — L Tht ol
a—particle

In proton (iH) emission both (4) and (Z) decreases by 1.

$3°Bi — 3'Pb+ [H
proton
In fission process heavier nucleus breaks into two fragments.

9Py > W00+ X

A->pqg:B—opr;Cop,s;Dop,qr

In a nuclear fusion reaction two or more lighter nuclei
combine to give a comparatively heavier nucleus and some
matter is converted into energy.

In a nuclear fission reaction a heavy nucleus breaks into
two or more lighter nuclei and some matter is converted into
energy.

B-decay essentially proceeds by weak nuclear forces and
converts some matter into energy.

Exothermic nuclear reaction possible for both nuclei with
low and high atomic number and releases energy.

@ g&ﬂ Po — 536% + ;Hc

Mass defect

Am=[209.982876 —(205.974455+4.002603)] =0.005818u
=5.422 MeV = 5422 keV

~ O=(Am) x 932=(0.005818) x 932

(4-4) , _(210- 4]
K, = = 5422
R 0 210 )

S K, =5319keY

(c) In case of (c) only, mass defect (Am) is positive in all
other cases (a) (b) and (d) Am is negative.

Hence Deuteron and a-particle can undergo complete Sssion.
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40. Letinitial Uranium atom=a
atoms left

i 1.5x10° 1
(a-—x):a[—) and n=;= BX 09:
2 hia 4.5x10 3

La—-x= a(l)

2
1/3
#.050:41.0.0% D fy5%
d-ghesnrga) v
x a—x 1
—=1.259-1=0.259 = —
= e 1 250 .0
loge% 1 W
41. Using, A= =—lo
§ : 2 %ogs
Mean Lif "1* - =6.94
Oy 2 log,.4/3 Al
42. X T”z =10sec £ ”2—30880 7
A, =0.1s"" = hiat]
X ;"y .305
dN
oo T N0
dNy o
? = _l’yNy +?"1N_r ,,,(1[)
dN e
_d'f“ = _'A'yNy ...(I.II)
Integrating, we get
N, = Noe iv)
Given N = A:No [e‘lﬁ elrr}
% lx_?"lr'
. : dNy
To determine the maximum N, — =1
From eq. (ii)
—?uy}{v +A N, =0
= A’,\:‘E"\Fx = 1_1.1‘M_|- ....... (\"’)

AN Ay
-ty o
x ¥

Ry iy g ekt ke

¥
A e -kt A

¥ [ ¥

x

=

43.

Ay
= log, = k -A )r
¥
1
1 O.la’(—]
log, (A, /Ay) oge[ 30 }
Y = 1 =15log,3
Y 0.1-—
30
-15
" Ny = Noe 010510863 _ . Joge(3
1020
= N, =Ny3 ¥ = =1.9x 10"
X 0 3\/?_9
o Y N 102
Since, —~ =0 att=15log 3, .. N, =—X % __—__
dt e Bor 50, () 43
=5.77x10"
and N,=N,~N,-N,
20 20 3J_ 4

(a) Let at time ‘¢’ number of radioactive nuclei = N.
Net rate of formation of nuclei of 4.

d—N—u AN or @ =dt

- e [oc = rate of production]

ﬁ

Solving, we get

1 -
N= I[u—(a - ANp)e ’“] ()
(b) Substituting o = 2AN, and t =4, = ;2} in (i),
3
N==N,
7 0
(ii) Substituting o =2A Nand r — oo in equation (i), we get
o Z?LNQ

(i) From the given information, number of nuclei reduced

tohalf25%to 12.50%m 10s .. halflife 7, , = 10s

1 1 = HiF - 10
A. 0693“‘”2

Meanlife * 0.693 0,693 ~ 1443sx.

i N 625
(i) N=Nye” =>N0 700
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46.
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625 00693 _ 400693 _ 100 1 27 7,2(,, 4.003
ocand 500 =——=16 =—x4.033x1.6x1 : 1
T g 625 om0 il slae
(4 =0.0693571) Ss e
=855 1013] = ——"—— =5 34 MeV
2733 1.6x10
0.0693:=In16=2.7730r = ;)693 =40 sec
' . Mass equivalent of this energy = 93;1 5 =0.0051amu.

Given: Half-life, ¢, , = 15 hours

Activity initially 4, = 10-® Curie= 3.7 x 10*dps
After 5 hours, A = 296 dpm = 296/60 dps

The initial activity can be found by the formula

_ 2303 Ay 2.303 Ao
R — l —_
logy, = 0.693/15 210596

4 _ 5x0693 03010 _ o

= 10819 506 = 2303%15 3

Ay 373
——=1.26 = =—
= 296 = A4,=373 dpm %0 dps

This is the activity level in blood volume 1 cm?.
. Activity 3.7 x 10* dps in blood volume

3.7x10*

= — St =
373760 5951.7 cm’ = 5.951 litre

(@) 55X = 28Y + 3He ( e gHE)

S A=228+4=232and92=2+2 -. Z=90
(b) Let v be the velocity with which a - particle is emitted.

The magnetic force gvB provides centripetal force ey
iz

oc-particle for its circular motion.

mv’ grB _2x1.6x107° x0.11x3

S——=gqvB =v=
et m 4.003x10727

v=159 x 10'ms",
Applying law of conservation of linear momentum during
a-decay

myv,=m.v, ()
Total kinetic energy,
1 1

E= K.E.a * KEY = Emuvaz +Emyvy2

1 1 m, & 1 v,

2 o Va 2 Mg Ve

=—mgvy +—my| 2% | =—m v, 2 +m v + 22

2 oo 2 Y]: my ] 2 oo Mg Ve, sz

:—muvu I —
2 my

Also, m, =m,+m_+massequivalent
=228.03+4.003+0.0057=232.0387 u.

Number of nucleons = 92 protons + 140 neutrons.

.. Binding energy of nucleus X'

=[92 % 1.008 + 140 x 1.009] — 232.0387] x 931.5 Mev
=1.9571 x931.5= 1823 MeV.

iﬁ] Topic-4: Miscellaneous (Mixed Concepts)
=) Problems

A 1

1. (¢) Using, ‘g = 2_n

n=number of halflives
A

— 56
A 1 =n=6

Sk

= Time =n(ty5) = 6xt,, =6x18=108 days
Hence after 108 days the laboratory can be considered
safe for use.
2. (¢) Bindingenergy of nitrogen atom
[8M, + 7M,— M,] < 931
=[8 x 1.008665+7 x 1.007825 - 15.000109] x 931
Binding energy of oxygen atom
[8M,+8M — M ] x 931
=[7 % 1.008665 +8 x 1.007825— 15.003065] x 931
. Difference =0.0037960 x 931 MeV  ...(i)

_E xﬁxl A44MeV
R

dneg 5

Alis B =—><SXT>< &’
R

2
En =§x——7x6x——e —x—x1.44MeV
4ne; 5 R

% B ~Ex z%xgxl#ﬂ\dev (i)

Fromeq. (i) & (ii)

3

—S-x-%‘xl.44 =0.0037960x931 . R=3.42 fin
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10.

® 72Ne— $He+ 3He+ 1*X

Atomic number of neon Ne is 10 and a-particle is helium
‘3 He.

The new element X has atomic number 6. Therefore, it is
carbon atom A= 14 and C =6.

(9) Here, '26—— ¥c+ Je+v

Maximum kinetic energy of B-particle

=[mass of ' —mass of '7C ]x931.5-4.041
[12.014—-12] x 931.5—4.041] =9MeV

Il

e
100% 50% 25% 12.5%

So, three halflives are required.
S t=n(D=3T..n=3

11.
Atomic number, mass number
(a) For the given fission reaction,
o RS ]';gXe+ NN ARy
From conservation laws of mss number (4) and atomic
number (Z).
@ 12.
X=my=nie.,x= })n and y :_5 n
From conservation of momentum, |P=1P
P2 1 Kt me 13.
From K= — = K oc— . =
2m M K| iy
o= 120 MeV and K =86 MeV
© H+ H > B4p 14.
H?+ H3— He* +n
By adding given two equation 3 H* - He*+p +n
Am=3(2.014)—[4.001 + 1007+ 1.008] =0.026
3 deuterons release 3.87 x 1012 15

3.87x10712 x10%0

. 10 deuterons release =

3
=1.29 x [0%8]
1.29x10%8
B oo LS O oo
{ P 10'6

(@ Atroom temperature, thermal energy of air molecule

= 0.02eV

photon energy of visible light (A = 4000A to 700A) = 2eV.
A-5p,q.t:B>qC—os;Dos

(p) When an uncharged capacitor is connected to a
battery, it becomes charged and energy stored 16.

A, :
B = OV in the capacitor.

(q9) When a gas in an adiabatic container fitted with an
adiabatic piston is compressed by pushing the piston

(i) the internal energy of the system increases

AU =Q~-W =0—(—PdV)=+PdV

(i) Mechanical energy is proceeded to the piston which
is converted into kinetic energy of the gas molecules.

() When the gas in a rigid container gets cooled, the
internal energy of the system will decrease. Due to its
conversion into mechanical energy.

(s) When a heavy nucleus initially at rest splits into two
nuclei of nearly equal masses and some neutrons are
emitted as in case of nuclear fission internal energy of the
system is converted into mechanical energy and converts
some matter into energy.

(t) When a resistive wire loops is placed in a time varying
magnetic field perpendicular to its palne then energy of
system is increased due to induced current.
A-piBot;CouwDor

(A) Energy of thermal neutrons  (p) 0.025eV

(B) Energy of X-rays (t) 10keV
(C) Binding energypernucleon  (u) 8MeV
(D) Photoelectric threshold (r) 3eV

ofa metal
(d Kinetic energy (K) of electron will be minimum or zero
when total energy is shared by proton and anti-neutrino
5 0<K<0.8x10%eV
(© ~ K +K +K;=08x10%V
When K, =0then K +K,=0.8 x 10°¢V
Mass of V << P .. maximum energy of anti-neutrino is
nearly 0.8 x 10°eV,
(d In the core of nuclear fusion reactor the gas becomes

plasmaa collection of ? H nuclei and electron which is formed

due to high temperature main tained inside for the reactor
core. High temperature is required for nuclear fusion.
(@ From conservation of mechanical energy
Loss of kinetic energy of two deuteron nuclei
= gain in their potential energy.
1 exe. & 1

» —

2x1.5kT = =
dneg r 4ney r

_(1.44x107%eVm)

= 2x1.5x[8.6x10‘5i]xf 1
k 4x1075m

1.44x107°

-1
2x1.5x8.6x107° x4x10
(b) As given in the passage, the product of the deutron
density (n) and confinement time (¢,) nt, > 5 x 10" which is
the Lawson criterion for a reactor to work successfully.
. Heren=8.0 10" ¢cm~and #,=9.0 x 10”'s

T= =1.4x10°K
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18.
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Radius of nucleus r = r 4'?

where 7,,= constt, and 4 = mass number.
Here r, =r#4'"

and unknown nucleus r, =, (4)'”

1/3 N3
.2 (47 00 =(4)  =a-s6
n o \4 s

.. No of proton = mass number, 4 — no. of neutrons =
56-30=26

.. Atomic number, Z =26

(b) Using v = Re(Z — b)* [-13——13]
]

R=1.1x10",e=3x10%,Z=26
b=1(forK,),n,=1,n,=2

11
Lv=11x107x3x10% [ZG_I]E[T_I]
=33x10'5 x25x25x~:—=1.546x1018HZ

Here reaction éx — %jY + ;He
m,= 223.61 amu and m_=4.002amu
REPRBNR O%, " 107

A 576x1071
This will be the momentum of a-particle as well as y (law of
conservation of linear momentum

=1.15x 10" kgm/s

2m, 2m, m, My
19,2
(1.15x107°)* [ 1 1
= + = 12
= 2x1.66x10°27 | 223.61 4.002 S
From E =Amc?

12 10-28 i
.'.Am=£=L g =—7X —7 amu
¢z (3x10%)2 32 1.67x10

=0.00665 u
Mass of the parent nucleus X

m =m, +m +Am

=223.61+4.002 +0.00665=227.62 amu

In a-decay ggSCm — ngu + ;He

Mass defect

Am = Mass of g‘gscm — Mass of 2;:1311— Mass of gHe

=(248.072220-244.064100—4.002603)u=0.005517u
. Energyreleased in a-decay

20.

E_=(0.005517x931)MeV=5.136 MeV
Similarly, Eg; =200 MeV (given)

i : 1

Mean life is given asz_ = 10"s = .

. Disintegration constant A = 1013 s~!

Rate of decay at the moment when number ofnuclei are 102

dN
= =N = 107*x10%°) = 10" dps

8% disintegrations are in fission and 92% are in o.-decay.
.. Energy released per second

=(0.08 x 107 x 200+0.92 x 107 x 5.136) MeV

=2.074 x 108 MeV

.. Power output (in watt) = energy released per second
(I/5)=(2.074 x 10%) (1.6 x 10713)

- Power output, P, =3.32 x 107 watt.

Energy of one photon, £ =

he _ (6.6x1074)(3.0x10%)
A 6000x107"°
=33x%10"9J

Power of the source is 2 W or 2 J/s. Therefore, number of

photons emitting per second,

o R
33x1071°

At distance 0.6 m, number of photons incident per unit
area per unit time :

" =6.06x10'8 /s

my = —— =1.34x10'8 /m? /s
47(0.6)

Area of aperture 5 =Ea‘2 =E{0.1)2 = 7.85x103m?

., Total number of photons incident per unit time on the
aperture,

ny = mys; = (1.34x10'%)(7.85x107%)/s=1.052x 10'/s

The aperture will become new source of light.

Now these photons are further distributed in all directions.
Hence, at the location of detector, photons incident per
unit area per unit time :
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. T

45 2 2
4n(6-10.6) 4n(5.4)

This is the photon flux at the centre of the screen. Area of
detector is 0.5 cm? or 0.5 x 10~ m?,
Therefore, total number of photons incident on the detector
per unit time :
ns = (0.5x107%)(2.87x103d) =1.435x10%s !

The efficiency of photoelectron generation is 0.9. Hence,
total photoelectrons generated per unit time

n =2.87x108s!'m>

ng = 0.9n5 =1.2915x10%s ™!
or, photocurrent in the detector

i=(e)ng=(1.6x107"7)(1.2915x10°) = 2.07x1071°A

1

X
u f

1
(b) Using the lens formula : v

1 1 1

v =06 06
L.e., Image of source (say.5”) is formed at 0.3 m from the lens.

orv=—03m

21.

Total number of photons incident per unit time on the e 2=
still n, or 1.052 x 10'/s. 80% of it transmits to second mese—

Therefore, at adistance of 5.7 m from S’ number of photors
incident per unit area per unit time

S (80/100)(1,05 x10'%)
(4m)(5.7)2

This is the photon flux at the detector.
New value of photocurrent

=2.06x10%s ' m2

i=(2.06x10'*)(0.5x107*)(0.9)(1.6 x107'%)

=1.483 x10°10A
() The stopping potential depends on incident
frequency, therefore it remains same with or without lens
he

")T=(EK}max +o=elp+¢

he . 3315x107"°

A S e
1.6x107"°

—1=1.07eV
LR

(-~ d=1evgiven)
or, stopping potential, ¥, =1.07 Volt
(i) In a nucleus, number of electrons = 0 ( -+ electrons don't
reside in the nucleus of atom, electron revolves round the
nucleus in its permissible orbit).
(i1) number of protons = atomic number = 11
(iii) number of neutrons = mass number — atomic number
=24-11=13
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