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Maharashtra Board 12th Physics Chapter 15, Class 12 Physics Chapter 15 solutions

In solving problems, use m, = 0.00055 u = 0.5110 MeV/c?, m, =1.00728 u, m, =
1.00866u, m, = 1.007825 u, u = 931.5 MeV, e = 1.602 x 10"° C, h = 6.626 x 1034 Js, g,
= 8.854 x 102 S| units and me =9.109 x 10°' kg.

1. Choose the correct option.

i) In which of the following systems will the radius of the first orbit of the electron
be the smallest?

(A) hydrogen

(B) singly ionized helium
(C) deuteron

(D) tritium

Answer:

(D) tritium
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ii) The radius of the 4th orbit of the electron will be smaller than its 8th orbit by a
factor of

(A) 2

(B) 4
(C)8
(D) 16
Answer:
(B) 4

iii) In the spectrum of hydrogen atom which transition will yield longest
wavelength?

(A)n=2ton=1
(Byn=5ton=4
(C)n=7ton=6
(D)n=8ton=7
Answer:

(D)n=8ton=7

iv) Which of the following properties of a nucleus does not depend on its mass
number?

(A) radius
(B) mass
(C) volume

(D) density
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Answer:
(D) density

v) If the number of nuclei in a radioactive sample at a given time is N, what will be
the number at the end of two half-lives?

(A) N2

(B) N4

(C) 3N4

(D) N8

Answer:

(B) N4

2. Answer in brief.

i) State the postulates of Bohr’s atomic model.

Answer:

The postulates of Bohr’s atomic model (for the hydrogen atom) :

1. The electron revolves with a constant speed in acircular orbit around the nucleus.
The necessary centripetal force is the Coulomb force of attraction of the positive
nuclear charge on the negatively charged electron.

2. The electron can revolve without radiating energy only in certain orbits, called
allowed or stable orbits, in which the angular momentum of the electron is equal
to an integral multiple of h/21T, where h is Planck’s constant.

3. Energy is radiated by the electron only when it jumps from one of its orbits to
another orbit having lower energy. The energy of the quantum of
elec-tromagnetic radiation, i.e., the photon, emitted is equal to the energy
difference of the two states.

ii) State the difficulties faced by Rutherford’s atomic model.

h Jiwww.in reer.com
ructure-of-atoms-and-nuclei/

g ‘0 1l Gl Sl


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-15-structure-of-atoms-and-nuclei/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-15-structure-of-atoms-and-nuclei/

g'll 1'%l Gl S i

Answer:

(1) According to Rutherford, the electrons revolve in circular orbits around the atomic
nucleus. The circular motion is an accelerated motion. According to the classical
electromagnetic theory, an accelerated charge continuously radiates energy. Therefore,
an electron during its orbital motion, should go on radiating energy. Due to the loss of
energy, the radius of its orbit should go on decreasing. Therefore, the electron should
move along a spiral path and finally fall into the nucleus in a very short time, of the order
of 10'® s in the case of a hydrogen atom. Thus, the atom should be unstable. We exist
because atoms are stable.

(2) If the electron moves along such a spiral path, the radius of its orbit would
continuously decrease. As a result, the speed and frequency of revolution of the
electron would go on increasing. The electron, therefore, would emit radiation of
continuously changing frequency, and hence give rise to a con-tinuous spectrum.
However, atomic spectrum is a line spectrum.

iii) What are alpha, beta and gamma decays?
Answer:
(a) A radioactive transformation in which an a-particle is emitted is called a-decay.

In an a-decay, the atomic number of the nucleus decreases by 2 and the mass number
decreases by 4.

Example : 23892U—23490Th+42a
Q = [mu — M — mu]CZ
(b) A radioactive transformation in which a B-particle is emitted is called -decay.

In a B~-decay, the atomic number of the nucleus increases by 1 and the mass number
remains unchanged.

Example : 23490Th—23491 Pa+0-1e+v e
where v e is the neutrino emitted to conserve the momentum, energy and spin.

Q = [mu — M — mtx]cz
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In a B*-decay, the atomic number of the nucleus decreases by 1 and the mass number
remains unchanged.

Example : 3015P—3014Si+0+1e+ve

where v, is the neutrino emitted to conserve the momentum, energy and spin.

Q = [mp — Mg — M,]c?

[Note : The term fi particle refers to the electron (or positron) emitted by a nucleus.]

A given nucleus does not emit a and B-particles simultaneously. However, on emission
of a or B-particles, most nuclei are left in an excited state. A nucleus in an excited state
emits a y-ray photon in a transition to the lower energy state. Hence, a and B-particle
emissions are often accompanied by y-rays.

iv) Define excitation energy, binding energy and ionization energy of an electron
in an atom.

Answer:

(1) Excitation energy of an electron in an atom : The energy required to transfer an
electron from the ground state to an excited state (a state of higher energy) is called the
excitation energy of the electron in that state.

(2) Binding energy of an electron in an atom is defined as the minimum energy that
should be provided to an orbital electron to remove it from the atom such that its total
energy is zero.

(3) lonization energy of an electron in an atom is defined as the minimum energy
required to remove the least strongly bound electron from a neutral atom such that its
total energy is zero.

v) Show that the frequency of the first line in Lyman series is equal to the
difference between the limiting frequencies of Lyman and Balmer series.

Answer:

For the first line in the Lyman series,
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1AL1=R(112-122)=R(1-14)=3R4
.. v; = cAL1=3Rc4, where v denotes the frequency,
c the speed of light in free space and R the Rydberg constant.

For the limit of the Lyman series,

L p(h-b)en
AL e 1 a0

c
v V== Re
th:r__

For the limit of the Balmer series,

1 1 1 R
;,—=R(§’i‘£)=1

Broo
c Rc

e e,

Rec 3Rc
« VLoo ~ VB =RC“'4-=T=‘”L1

Hence, the result.
Question 3.

State the postulates of Bohr’s atomic model and derive the expression for the
energy of an electron in the atom.

Answer:
The postulates of Bohr’s atomic model (for the hydrogen atom) :

(1) The electron revolves with a constant speed in acircular orbit around the nucleus.
The necessary centripetal force is the Coulomb force of attraction of the positive nuclear
charge on the negatively charged electron.
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(2) The electron can revolve without radiating energy only in certain orbits, called
allowed or stable orbits, in which the angular momentum of the electron is equal to an
integral multiple of h/21r, where h is Planck’s constant.

(3) Energy is radiated by the electron only when it jumps from one of its orbits to
another orbit having lower energy. The energy of the quantum of elec-tromagnetic
radiation, i.e., the photon, emitted is equal to the energy difference of the two states.

Consider the electron revolving in the nth orbit around the nucleus of an atom with the
atomic number Z. Let m and e be the mass and the charge of the electron, r the radius
of the orbit and v the linear speed of the electron.

According to Bohr’s first postulate, centripetal force on the electron = electrostatic force
of attraction exerted on the electron by the nucleus

S.mv2r=14me0-Ze2r2 ................ (1)
where ¢, is the permittivity of free space.
.". Kinetic energy (KE) of the electron
=12mv2=2e281re0r .............. (2)

The electric potential due to the nucleus of charge +Ze at a point at a distance r from it
is

V = 141e0- Zer

.". Potential energy (PE) of the electron

= charge on the electron x electric potential

= —e x 14me0Zer=—2e241re0r ................. (3)

Hence, the total energy of the electron in the nth orbit is
E = KE + PE = -Ze24me0r+Ze281e0r

S E=-Ze28me0r .............. (4)
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This shows that the total energy of the electron in the nth orbit of the atom is inversely
proportional to the radius of the orbit as Z, €, and e are constants. The radius of the nth
orbit of the electron is

r=e0h2n2mmzZe2 ................. (5)

where h is Planck’s constant.

From Egs. (4) and (5), we get,

E, = -Ze281me0(TrmZe2¢0h2n2)=—mZ2e48¢20h2n2 .................. (6)

This gives the expression for the energy of the electron in the nth Bohr orbit. The minus
sign in the expression shows that the electron is bound to the nucleus by the
electrostatic force of attraction.

Asm, Z, e, €, and h are constant, we get
E, o< 1n2

i.e., the energy of the electron in a stationary energy state is discrete and is inversely
proportional to the square of the principal quantum number.

[ Note : Energy levels are most conveniently expressed in electronvolt. Hence,
substituting the values of m, e, £0 and h, and dividing by the conversion factor 1.6 x
107" J/eV,

E,=-13.6Z2n2 (in eV)
For hydrogen, Z =1

. E,=-13.6n2 (in eV).
Question 4.

Starting from the formula for energy of an electron in the n™ orbit of hydrogen
atom, derive the formula for the wavelengths of Lyman and Balmer series spectral
lines and determine the shortest wavelengths of lines in both these series.

Answer:
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According to Bohr’s third postulate for the model of the hydrogen atom, an atom
radiates energy only when an electron jumps from a higher energy state to a lower
energy state and the energy of the

quantum of electromagnetic radiation emitted in this process is equal to the energy
difference between the two states of the electron. This emission of radiation gives rise
to a spectral line.

The energy of the electron in a hydrogen atom,
when it is in an orbit with the principal quantum
number n, is

E, = -me48¢20h2n2

where m = mass of electron, e = electronic charge, h = Planck’s constant and =
permittivity of free space.

Let E,, be the energy of the electron in a hydrogen atom when it is in an orbit with the
principal quantum number m and E, its energy in an orbit with the principal quantum
number n, n <m. Then

E,, = -me48¢20h2m2 and E, = -me48£20h2m2

Therefore, the energy radiated when the electron jumps from the higher energy state to
the lower energy state is

E. — E, = -me48e20h2m2-(-me48¢20h2n2)
= me48e20h2(1n2-1m2)

This energy is emitted in the form of a quantum of radiation (photon) with energy hv,
where V is the frequency of the radiation.

“En,—E,=hv
.. v = Em—-Enh=me48¢20h3(1n2-1m2)

The wavelength of the radiation is A = ¢V’
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where c is the speed of radiation in free space.

The wave number, v =1A=vc

v =1A=me48¢20h3c(1n2-1m2)=R(1n2-1m2)

where R(=me48¢20h3c) is a constant called the Ryd berg constant.

This expression gives the wave number of the radiation emitted and hence that of a line
in hydrogen spectrum.

For the Lyman series,n=1,m=2,3,4, ............ 0

.. 1AL=R(112-1m2) and for the shortest wavelength line m this series, 1ALs=R(112) as
m = o,

For the Balmer series,n=2, m=3,4, 5, ... «.

.. 1AB=R(14-1m2) and for the shortest wavelength line in this series, 1ABs=R(14) as m

= o0

[Note: Johannes Rydberg (1854—1919), Swedish spectroscopist, studied atomic
emission spectra and introduced the idea of wave number. The empirical formula

v =1A=R(1n2-1m2) where m and n are simple integers, is due to Rydberg. When we
consider the finite mass of the nucleus, we find that R varies slightly from element to
element.]

Question 5.

Determine the maximum angular speed of an electron moving in a stable orbit
around the nucleus of hydrogen atom.

Answer:
The radius of the ,ith Bohr orbit is
r=e0h2n2mmZe2 .............. (1)

and the linear speed of an electron in this orbit is
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v=2e22¢0nh ............... (2)

where € , permittivity of free space, h = Planck’s constant, n = principal quantum
number, m = electron mass, e electronic charge and Z = atomic number of the atom.

Since angular speed w = vr, then from Egs. (1) and (2), we get,
w = vr=Ze22¢0nh-1TMZe2¢0h2n2=11mZ2e42¢20h3Nn3 ................... (3)

which gives the required expression for the angular speed of an electron in the nth Bohr
orbit.

From Eq. (3), the frequency of revolution of the electron,
f = w2m=121T*x1TTMZ2€42620h3n3=mMZ2€44€20h3n3 ................. (4)
as required.

[Note : From Eq. (4), the period of revolution of the electron, T = 1f=4¢20h3n3mZe4.
Hence, f < 1n3 and T o n?).

Obtain the formula for w and continue as follows :

4
o (maximum) =% (forZ=1land n=1)
2ech
0 (3.142)(9.1x 107 *' kg)(1.6 x 107 °C)*
~(2)(8.85x 10712 C?*/N'm?)*(6.63 x 10~ 3*]-s)
~ (3.142)(9.1)(1.6)*(10" 107y

~ (2)(8.85)%(6.63)%(10 12°)
= 4,105 x 10'° rad/s

srad/s

This is required quantity.
Question 6.

Determine the series limit of Balmer, Paschen and Bracket series, given the limit
for Lyman series is 912 A.
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Answer:

Data: A.. =912 A

1 1 1
For hydrogen spectrum, 7= Ry ( == )

1 1 1
" 7—=Ry(3-—)=R . a
'J'Lc-:u H(lz “I:') a (}

asnn=1 and m=ao

1 1 1% Ry
E_RH(E_E)_ n .. (2)
asn=2 and m=u
1 1 1)\ Ry
e Rl5 ) @
asn=3 and m=o
1 1 1 _&
m—RH(E—E)mE .. (4)

asn=5andm=

From Egs. (1) and (2), we get,
APaxAL~»=RHRH/9 =9

v Apae = 9N = (9) (912) = 8202 A
APfeoALeo=RHRH/25 = 25

e Ao = 25AL. = (25) (912) = 22800 A
This is the series limit of the pfund series.

Question 7.
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Describe alpha, beta and gamma decays and write down the formulae for the
energies generated in each of these decays.

Answer:
(a) A radioactive transformation in which an a-particle is emitted is called a-decay.

In an a-decay, the atomic number of the nucleus decreases by 2 and the mass number
decreases by 4.

Example : 23892U—23490Th+42a
Q = [m, — my, — m,]c?
(b) A radioactive transformation in which a B-particle is emitted is called B-decay.

In a B~-decay, the atomic number of the nucleus increases by 1 and the mass number
remains unchanged.

Example : 23490Th—23491 Pa+0-1e+v e
where v e is the neutrino emitted to conserve the momentum, energy and spin.
Q = [m, — mp, — mgJc®

In a B*-decay, the atomic number of the nucleus decreases by 1 and the mass number
remains unchanged.

Example : 3015P—3014Si+0+1e+ve

where v, is the neutrino emitted to conserve the momentum, energy and spin.

Q = [mp — Mg — M,]c?

[Note : The term fi particle refers to the electron (or positron) emitted by a nucleus.]

A given nucleus does not emit a and B-particles simultaneously. However, on emission
of a or B-particles, most nuclei are left in an excited state. A nucleus in an excited state
emits a y-ray photon in a transition to the lower energy state. Hence, a and B-particle
emissions are often accompanied by y-rays.
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A 4 A-4
X= o+ Y + energy released
z 2 Z-2

A 0 A
X = lﬁ t, 1Y + energy released
- +

]

A« 0 A
ZJ{ - Tt X (Energy released is carried by the
y-ray photon.)

Question 8.

Explain what are nuclear fission and fusion giving an example of each. Write
down the formulae for energy generated in each of these processes.

Answer:

Nuclear fission is a nuclear reaction in which a heavy nucleus of an atom, such as that
of uranium, splits into two or more fragments of comparable size, either spontaneously
or as a result of bombardment of a neutron on the nucleus (induced fission). It is
followed by emission of two or three neutrons.

The mass of the original nucleus is more than the sum of the masses of the fragments.
This mass difference is released as energy, which can be enormous as in the fission of
235u_

Nuclear fission was discovered by Lise Meitner, Otto Frisch, Otto Hahn and Fritz
Strassmann in 1938.

The products of the fission of 2°U by thermal neutrons are not unique. A variety of
fission fragments are produced with mass number A ranging from about 72 to about
138, subject to the conservation of mass-energy, momentum, number of protons (Z) and
number of neutrons (N). A few typical fission equations are
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(1) 23U+ n > 228U 5140Xe + 33Sr+2y n +200 MeV

s4
(235+1=236=140+94 +2)

(2) 23U+ in- 25U - "4 Ba+ Se Kr+2,n+200 MeV
(235+1=236=144+90+2)

(3) 25U 4 In— 250 o 45 Lo 4 S5Br 43004200 MeV
(235+1=236=148+85+3)

A type of nuclear reaction in which lighter atomic nuclei (of low atomic number) fuse to
form a heavier nucleus (of higher atomic number) with the’ release of enormous amount
of energy is called nuclear fusion.

Very high temperatures, of about 107 K to 108 K, are required to carry out nuclear
fusion. Hence, such a reaction is also called a thermonuclear reaction.

Example : The D-T reaction, being used in experimental fusion reactors, fuses a
deuteron and a triton nuclei at temperatures of about 108 K.
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D + T - 3He + on + 17.6MeV

(deuteron) (triton) (i‘ﬂ'ﬁm) (neutron)

[Notes : (1) A few other simple examples of nuclear
fusion are : :
'H + H - [H + Je + v +042MeV

(hydrogen) (hydrogen) (deuteron) (positron) (neutrino)

fH + H - He + ,n + 327 MeV
" (deuterons) (light helium) (neutron)

'H + 'H - JH + H + 403MeV

1 1 1
(deuterons) (triton)  (hydrogen)

'H + H - JHe + 7 + 549MeV

(deuteron) (hydrogen) (light helium)

(2) The value of the energy released in the fusion of two deuteron nuclei and the
temperature at which the reaction occurs mentioned in the textbook are probably
misprints.]

Question 9.

Describe the principles of a nuclear reactor. What is the difference between a
nuclear reactor and a nuclear bomb?

Answer:

In a nuclear reactor fuel rods are used to provide a suitable fissionable material such as
23692U. Control rods are used to start or stop the reactor. Moderators are used to slow
down the fast neutrons ejected in a nuclear fission to the appropriate lower speeds.
Material used as a coolant removes the energy released in the nuclear reaction by
converting it into thermal energy for production of electricity.
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In a nuclear reactor, a nuclear fission chain reaction is used in a controlled manner,
while in a nuclear bomb, the nuclear fission chain reaction is not controlled, releasing
tremendous energy in a very short time interval.

[Note : The first nuclear bomb (atomic bomb) was dropped on Hiroshima in Japan on 06
August 1945. The second bomb was dropped on Nagasaki in Japan on 9 August 1945.]

Question 10.

Calculate the binding energy of an alpha particle given its mass to be 4.00151 u.
Answer:

Data : M =4.00151 u, = 1.00728 u,

m, = 1.00866 u, 1 u = 931.5 MeV/c?

The binding energy of an alpha particle

(Zm, + N, -M)c?

=(2m, + 2m, -M)c?

= [(2)(1.00728u) + 2(1.00866 u) — 4.00151 u]c?
=(2.01456 + 2.01732 — 4.00151)(931.5) MeV
= 28.289655 MeV

= 28.289655 x 10° eV x 1.602 x 107"° J
=4.532002731 x 102 J

Question 11.

An electron in hydrogen atom stays in its second orbit for 102 s. How many
revolutions will it make around the nucleus in that time?

Answer:
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Data:z=1,m=9.1x10%"kg,e=1.6x10"C, ¢,=8.85x 10" C?2/N.m? h =6.63 x
10*Js,n=2,t=10%s

The periodic time of the electron in a hydrogen atom,

s

T z

e

_ (4)(8.85 x 10~ 12)2(6.63 x 1073%)%(8)
T (3.142)(9.1 x 10731)(1.6 x 10~ 1°)*

_ (4)(8:857(6630°(8) s
= (3.122)0.1)(1.6)° °

=3.898 x 107 1%

Let N be the number of revolutions made by the electron in time t. Then, t = NT.
. N =tT=10-83.898x10-16 = 2.565 x ’
Question 12.

Determine the binding energy per nucleon of the americium isotope 24495Am ,
given the mass of 24495Am to be 244.06428 u.

Answer:

Data : Z =95, N =244 —95 = 149,
m, = 1.00728 u, m, = 1.00866 u,

M = 244.06428 u, 1 u = 931.5 MeV/c?

The binding energy per nucleon,
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Eg (Zm, + Nm,—M)c?

A A

~ [95(1.00728) + 149(1.00866) — 244.06428]uc?
5 244

~ (95.&'916 + 150.29034 — 244.06428
o 244

)(931 5)

MeV nucleon
= 7.3209 MeV/nucleon
Question 13.

Calculate the energy released in the nuclear reaction 73Li + p — 2a given mass of
73Li atom and of helium atom to be 7.016 u and 4.0026 u respectively.

Answer:

Data: M, (73Li Li atom)=7.016 u, M, (He atom)

=4.0026 u, m, = 1.00728 u, 1 u = 931.5 MeV/c?

AM = M; + m, — 2M,

=[7.016 + 1.00728 — 2(4.0026)]u

=0.01808 u = (0.01808)(931.5) MeV/c?

= 16.84152 MeV/c?

Therefore, the energy released in the nuclear reaction = (AM) ¢® = 16.84152 MeV
Question 14.

Complete the following equations describing nuclear decays.
(@) W Ra—>a+ (b) YO— e +

(€) 2Th 5 a+ (d) UN-PC+
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Answer:

(a) 22688Ra—420+22286Em

Em (Emanation) = Rn (Radon)

Here, a particle is emitted and radon is formed.
(b) 1980—e-+199 F

Here, e = 0—-18 is emitted and fluorine is formed.
(c) 22890Th—42a+22488Ra

Here, a particle is emitted and radium is formed.
(d) 127 N—126C+01p

01B is e* (positron)

Here, 3" is emltted and carbon is formed.
Question 15.

Calculate the energy released in the following reactions, given the masses to be
22388Ra : 223.0185 u, 20982 Pb : 208.9811, 146C : 14.00324, 23692U : 236.0456,
14056Ba : 139.9106, 9436Kr : 93.9341, 116C : 11.01143, 115 B : 11.0093. Ignore
neutrino energy.

(@) 2Ra — ?ng +¥C
(b) 26y — % Ba + 2Kr +2n

92
(c) YC - B +e*+ neutrino

Answer:
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Data: ;] Ra : 223.0185u, 05 Pb : 208.9811,

o C:14.00324u, ;7 U : 236.0456 u,

se Ba:139.9106u, 5e Kr : 93.9341y,

'Y C:11.01143y, '} B : 11.0093 u, m, = 1.00866 u,
m(e*) =0.00055u, 1u=931.5 MeV/¢?

(@) 22388Ra—20982 Pb+146C

The energy released in this reaction = (AM) c?
=[223.0185 — (208.9811 + 14.00324)j(931 .5) MeV
= 31.820004 MeV

(b) 23692U—14056Ba+9436Kr+2n

The energy released in this reaction =

(AM) ¢? = [236.0456 — (139.9106 + 93.9341 + (2)(1 .00866)1(93 1 .5)MeV
=171.00477 MeV

(c) 116-C—115 B+e+ + neutrino

The energy released in this reaction = (AM) ¢?
=[11.01143 — (11.0093 + O.00055)](931.5) MeV

= 1.47177 MeV

Question 16.

Sample of carbon obtained from any living organism has a decay rate of 15.3
decays per gram per minute. A sample of carbon obtained from very old charcoal
shows a disintegration rate of 12.3 disintegrations per gram per minute.
Determine the age of the old sample given the decay constant of carbon to be
3.839 x 102 per second.
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Answer:

Data: 15.3 decays per gram per minute (living organism), 12.3 disintegrations per gram
per minute (very old charcoal). Hence, we have,

A(t)A0=12.315.3, A = 3.839 x 10"? per second
_ ; A,
Alt)=Age™ . et=— S At=log, A

,_2303 (ﬁ)
- Fl glU A
2.303 (15.3)

=3839 x 10-12.9810( 123

2303 x 10"
- 3.839

(log 15.3 — log 12.3)

_ 2.303 x 10'2
T 3839

(2.303)(0.0948) y
3.839
=5.687 x 10'°s

5687 x 10
3156 x 107s per year

(1.1847 — 1.0899)

1034

= 1802 years

Question 17.

The half-life of 9038Sr is 28 years. Determine the disintegration rate of its 5 mg
sample.

Answer:
Data: T, = 28 years = 28 x 3.156 x 10’ s

=8.837 x 10%, M =5 mg =5 x 107g
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90 grams of 9038Sr contain 6.02 x 102 atoms
Hence, here, N = (6.02x1023)(5x10-3)90

= 3.344 x 10" atoms

.". The disintegration rate = NA = N0.693T1/2
= (3.344x1019)(0.693)8.837x108

= 2.622 x 10" disintegrations per second
Question 18.

What is the amount of 6027Co necessary to provide a radioactive source of
strength 10.0 mCi, its half-life being 5.3 years?

Answer:
Data : Activity = 10.0 mCi = 10.0 x 107 Ci
= (10.0 x 10°)(3.7 x 10') dis/s = 3.7 x 10° dis/s
T,,=5.3 years = (5.3)(3.156 x 10") s
=1.673x10%s
Decay constant, A = 0.693T1/2=0.6931.673x108 s—1
=4.142 x 10° s
Activity = NA
. N = activity A=3.7x1084.142x10-9 atoms
= 8.933 x 10'® atoms
=60 grams of 6027Co contain 6.02 x 10** atoms

Mass of 8.933 x 10" atoms of 6027Co
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= 8.933x10166.02x1023x60 g
=8.903 x 10° g = 8.903 ug
This is the required amount.
Question 19.

Disintegration rate of a sample is 10" per hour at 20 hrs from the start. It reduces
to 6.3 x 10° per hour after 30 hours. Calculate its half life and the initial number of
radioactive atoms in the sample.

Answer:
Data : A (t,) = 10" per hour, where t, = 20 h,
A (t,) = 6.3 x 10° per hour, where t, =30 h

A(t) = Age™ .5 Aty) = Age™, and A(ty) = Ae™,

Alty) g~
' A(tz} _E_'{r'z

_ E}.{tj — 1)

" 31'3::{}9 — ¢H30-20) _ 5104

. 1.587 e .". 10\ =2.30310g40(1.587)

.. A =(0.2303)(0.2007) = 0.04622 per hour

The half life of the material, T,, = 0.693A=0.6930.04622
=14.99 hours

Now, A, = A (t,)eM, = 10"0e(0-04622)20)

=100 g0-924

Let x = %924 .. 2.30310g,x = 0.9244

.. 10g40x = 0.92442.303 = 0.4014
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.. x = antilog 0.4014 = 2.52

s Ay =2.52 x 10" per hour

Now Ay = NgA .°. Ny = AOA=2.52x10100.04622

=5.452 x 10"

This is the initial number of radioactive atoms in the sample.
Question 20.

The isotope *’Co decays by electron capture to ’Fe with a half-life of 272 d. The
Fe nucleus is produced in an excited state, and it almost instantaneously emits
gamma rays.

(a) Find the mean lifetime and decay constant for *’Co.

(b) If the activity of a radiation source *"Co is 2.0 uCi now, how many *’Co nuclei
does the source contain?

(c) What will be the activity after one year?
Answer:

Data: Ty, = 272d = 272 x 24 x 60 x 60s = 2.35 x 10" s,
A, =2.0uCi=2.0x 10°x 3.7 x 10™

= 7.4 x 10* dis/s

t=1year=3.156 x 10" s

(@) Ty =0.693A = 0.693 17 .". The mean lifetime for
Co =1=T1/20.693=2.35%x1070.693 = 3391 x 10’ s
The decay constant for Co = A =171

=13.391%x107 s
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=2949 x 10® ™
(0)As = NoA .. Ng = AOA = AT
= (7.4 x 10%)(3.391 x 107)
= 2.509 x 10" nuclei
This is the required number.
(C) A(t) = Age™ = 2g7(2:949 * 10:8)(3.156 x 107)
= 2709307 = 2 | 09307
Let x = %% ", log.x = 0.9307
.. 2.303logyox = 0.9307
.. logqox = 0.93072.303 = 0.4041
.". x = antilog 0.4041 = 2.536
. A(t) =22.536 pCi = 0.7886 pCi
Question 21.

A source contains two species of phosphorous nuclei, 3215P (T,, = 14.3 d) and
3215P (T,, = 25.3 d). At time t = 0, 90% of the decays are from 3215P . How much
time has to elapse for only 15% of the decays to be from 3215P ?

Answer:
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Data: {:P:T,,,=143d

-, 0693 -

. A,—MISd—U,MB%d
33 i 0.693 _
P:T,,,=253d =——=0.027 .
15 1.!‘2 '4'2- 25‘3{1 39d

) New A, 90%
At time ¢ =0, =211 _ =

me Neg/  10% 9 (1) and

—At

at time ¢, AL TG LR = ) .. (2)

Ngpise ™t 85% 17
Dividing Eq. (1) by Eq. (2), we get,

NojAy Nopde™™ 9 153
Nopd; Nopde ™! 3/17 3

153
3

ol — At

. . 153
", {"‘-1 - Azjf= 2.303 ]ﬂgm('-"j“-)

.. (0.04846 — 0.02739) t = 2.303 (2.1847 — 0.4771)
.. 1=(2.303)(1.7076)0.02107 = 186.6 days

This is the required time.

Question 22.

Before the year 1900 the activity per unit mass of atmospheric carbon due to the
presence of “C averaged about 0.255 Bq per gram of carbon. (a) What fraction of
carbon atoms were '“C? (b) An archaeological specimen containing 500 mg of
carbon, shows 174 decays in one hour. What is the age of the specimen,
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assuming that its activity per unit mass of carbon when the specimen died was
equal to the average value of the air? Half-life of 14C is 5730 years?

Answer:
0.693
Data: T, = 5730y .". A =0.6935730%3.156x107 s—1

=3.832 x 10" s, A= 0.255 Bq per gram of carbon in part (a); M = 500 mg = 500 x 10
g,

174 decays in one hour 1743600 dis/s = 0.04833 dis/s in part (b) (per 500 mg].
(@) A=NA .. N=AA=0.2553.832x10-12

=6.654 x 10"

Number of atoms in 1 g of carbon = 6.02x102312
=5.017 x 10?2

5.017x10226.654%1010 = 0.7539 x 10"

.". 1 "C atom per 0.7539 x 10'2 atoms of carbon
.. 4 '*C atoms per 3 x 10" atoms of carbon

(b) Present activity per gram =

= 0.09666 dis/s per gram

A, = 0.255 dis/s per gram

Now, A(t) = Ae™
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. At=2.303 lugm% =2.303log,, (%)

_2.303l0g2.638  (2.303)(0.4213)
T 3.832x1071'2 3832x10 12

=25.32 x 10'%s

2532 x10'°
"~ 3.156 x 107

= 8023 years

This is the required quantity.
Question 23.

How much mass of °U is required to undergo fission each day to provide 3000
MW of thermal power? Average energy per fission is 202.79 MeV

Answer:

Data: Power = 3000 MW = 3 x 10° J/s

.. Energy to be produced each day

=3 x 10° x 86400 J each day

= 2.592 x 10™ J each day

Energy per fission = 202.79 MeV

=202.79 x 105x 1.6 x 10" J = 3,245 x 10" J
.. Number of fissions each day

= 2.592x10143.245x10-11 x 10%* each day
0.235 kg of °U contains 6.02 x 10% atoms
7988 x 1024

. M= (7.988x10246.02x1023) (0.235) = 3.118 kg
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This is the required quantity.

Question 24.

In a periodic table the average atomic mass of magnesium is given as 24.312 u.
The average value is based on their relative natural abundance on earth. The
three isotopes and their masses are 2412Mg (23.98504 u), 2512Mg (24.98584 u)
and 2612Mg (25.98259 u). The natural abundance of 2412Mg is 78.99% by mass.
Calculate the abundances of other two isotopes.

[Answer: 9.3% and 11.7%]

Answer:

Data : Average atomic mass of magnesium =

24.312u, ;3 Mg : 23.98504u, ;5 Mg : 2498584y,
2% Mg : 2598259 u, ;3 Mg : 78.99% by mass
C.24312=

(23.98504)(78.99) + (24.98584)x + (25.98259)(100 — 78.99 — x)
100

J. 24312 =18.9457831 + 2498554 + 25.98259 —

100

25.98259x
100

20.52364784 —

0.99675
100

100 —78.99 — 9.30 = 11.71
. 12Mg:9.30% by mass and
Mg : 11.71% by mass

x=009272526 .. x=930%

Use your brain power (Textbook Page No. 336)

Question 1.
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Why don’t heavy nuclei decay by emitting a single proton or a single neutron?
Answer:

According to quantum mechanics, the probability for these emissions is extremely low.

_x_
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Maharashtra Board Solutions
Class 12 Physics

e Chapter 1- Rotational Dynamics
e Chapter 2- Mechanical Properties of Fluids

e Chapter 3- Kinetic Theory of Gases and Radiation

e Chapter 4- Thermodynamics

e Chapter 5- Oscillations

e Chapter 6- Superposition of Waves

e Chapter 7- Wave Optics

e Chapter 8- Electrostatics

e Chapter 9- Current Electricity

e Chapter 10- Magnetic Fields due to Electric Current
e Chapter 11- Magnetic Materials

e Chapter 12- Electromagnetic Induction

e Chapter 13- AC Circuits
e Chapter 14- Dual Nature of Radiation and Matter

e Chapter 15- Structure of Atoms and Nuclei

e Chapter 16- Semiconductor Devices
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: AgRISE I ATEI (A 10T 3Ta
ATET A RANET0T ASSD), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-15-structure-of-atoms-and-nuclei/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-physics-chapter-15-structure-of-atoms-and-nuclei/

