CHAPTER / 16

Atomic Physics

Topics Covered

« Atoms and Atomic Models - Bohr’s Theory of Hydrogen Atom
« Rutherford’s a-particles Scattering Experiment - Total Energy of Electron

+ Rutherford’s Model of the Atom in Stationary Orbits

- Bohr's Model of the Atom - Origin of Spectral Lines

Atoms and Atomic Models

All elements consist of very small invisible particles, called atoms. Every atom is a sphere of
radius of the order of 10 °m , in which entire positive charge and mass is uniformly distributed

and negatively charged electrons revolve around the nucleus.

The first model was proposed by JJ Thomson called Plum pudding model of atom. Later,
Rutherford worked on it and named his model as Rutherford’s planetary model of atom.

Rutherford’s a-particles Scattering Experiment

In 1911, Rutherford suggested an experiment known as a-particles scattering experiment, which
led to the discovery of atomic nucleus.

Rutherford’s a-particles scattering experimental set up is as given below:
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A collimated beam of a-particles was allowed to fall on a
thick gold foil. This resulted in scattering of a-particles
in different directions, which produced scintillations on
zinc sulphide screen. These scintillations were counted
at different angles from the direction of incident beam.

Observations from Rutherford’s Experiment
Rutherford made the following observations from his
experiment:
(1) Most of the a-particles passed through the gold foil
undeflected.
(i1) Only about 0.14% of incident a-particles scatter by
more than 1°.

(i11)) About one a-particle in every 8000 a-particles
deflects by more than 90°.
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(v) Force between a-particle and nucleus is

o 1 20z

dng, r?

where, r = distance between o-particle

and nucleus.

The magnitude and direction of this coulombic force
on a-particle continuously changes as it approaches
the nucleus and recedes away from it.

Terms Related to Rutherford’s Experiment

(1) Impact Parameter (b) It is the perpendicular
distance of initial velocity vector of a-particle from
central line of nucleus of atom.

1 Zezcotg
b= 2
4me KE

(i1) Distance of Closest Approach () At r,, whole of
KE of a-particle converts into electrostatic PE and
a-particle cannot go further close to nucleus.

1 4Ze* 1 2Ze°

Tane, mo®  4me,  KE

o

Rutherford’s Model of the Atom

(1) Atom consists of small central core, called atomic
nucleus in which whole mass and positive charge is
assumed to be concentrated.

(i1) The size of nucleus is much smaller than the size of
the atoms. It is of the order of 107*® m ~ 1 fermi.

(i11) The nucleus is surrounded by electrons and atom is
electrically neutral.

(1v) The electrons revolve around the nucleus in various
orbits. The centripetal force required for their
revolution is provided by the electrostatic
attraction between the electrons and the nucleus.

Limitations of Rutherford’s Atomic Model
Rutherford’s atomic model limitations are given below:
(1) Could not explain stability of atom clearly.
(i1) Unable to explain line spectrum.

(ii1)) Unable to explain the similarity between atoms of
an element.

Bohr’s Model of the Atom

In 1913, Bohr combined classical and early quantum
concepts and gave his theory in the form of three
postulates.

These are as given below:

(i) Bohr’s first postulate was that an electron in an
atom could revolve in certain stable orbits without
the emission of radiant energy, contrary to the
predictions of electromagnetic theory.

(i1) Bohr’s second postulate defines these stable
orbits. This postulate states that the electron
revolves around the nucleus only in those orbits for
which the angular momentum is some integral
multiple of A/2xn, where A is the Planck’s constant
(=6.6x 107> J-s). Thus, the angular momentum (L)

of the orbiting electron is quantised, i.e. L :’;—h.
n

As, angular momentum of electron (L) = mur.

.. For any permitted (stationary) orbit, mur = ;—h
i

where, n = any positive integer 1, 2, 3, ....
It is also called principal quantum number.



(i11) Bohr’s third postulate states that an electron
might make a transition from one of its specified
non-radiating orbits to another of lower energy.
When it does so, a photon is emitted having energy
equal to the energy difference between the initial
and final states. The frequency of the emitted
photon is then given by

where, E; and E; are the energies of the initial and
final states and E; > E;.

Bohr’s Theory of Hydrogen
Atom

A hydrogen atom consists of a tiny positively charged
nucleus (with one proton) and an electron revolves in a
stable circular orbit around the nucleus.

2 Ze2

mu, =
4neyr,

From the second postulate, the angular momentum of
the electron is

h
muv,r, :n?n

where, n = (1, 2, 3...... ) is principal quantum number.

The equation for the radii of the permitted orbits is
given by

2
2 h7g

r, =n

nmZe>

1. Bohr’s Radius
The radius of the first orbit (n =1) of hydrogen atom
(Z =1) will be

h’e,

n= B)

This is called Bohr’s radius and its value is 0.53 A. Since
r o n?, the radius of second orbit of hydrogen atom will

be (4x 0.53) A and that of the third orbit (9x 0.53) A and
SO on.

2. Velocity of Electron in Stationary Orbits

The velocity of electron in the first orbit (n =1) of
hydrogen atom (Z =1) is

2

U = ¢ - ¢ [ e=3x10% ms™]
2he, 137
2
and in nth orbit, v, =| ¢ |
2hey | n

Total Energy of Electron in
Stationary Orbits

The energy E of an electron in an orbit is the sum of
kinetic and potential energies.
3 me*Z?
8e,h’n?
__RheZz?

n2

n=1,23, ...
This is the expression for the energy of the electron in
the nth orbit.

For hydrogen atom Z =1, substituting the standard

-13.6
n2

n =

where,

values, we get E, = eV, negative energy of the

energy shows that the electron is bound to the nucleus
and is not free to leave it.

Ground State and Excited State

Ground State of the atom refers to the lowest
permitted energy level, i.e. for which n = 1. The state
higher than ground state (i.e., n >1) are known as
excited states.

The energy required to bring an electron from its ground
state to the continuum is defined as the ionisation
energy of the atom.

Origin of Spectral Lines
(Hydrogen Spectrum)
Hydrogen spectrum consists of discrete bright lines on a

dark background and it is specifically known as
hydrogen emission spectrum.

There is one more type of hydrogen spectrum, where we
get dark lines on the bright background. It is known as
absorption spectrum.

Balmer found an empirical formula by the observation of
a small part of this spectrum and it is represented by

1 1 1

ey - )

)\‘ (22 nZJ
where, n =3,4,5,...
where, R is a constant called Rydberg constant and its
value is 1.097x 10" m™™.

So, %=1.522>< 10° m™!

=656.3 nm for n =3



Explanation
The atomic hydrogen emits a line spectrum consisting of
various series.
Series limit
o 0@Vommm oo r-----
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The wavelength of line in these series can be expressed by
formulae:

(1) Lyman series,

1 1 1
Z=R|—=-—1|in=234..
A [12 n2j

where, R is Rydberg’s constant which is equal to

1.097x 10" m™.

The wavelength range is from 1216 A-912 1&, which
corresponds to ultraviolet region of the spectrum.

(i1) Balmer series,
l:R 11 ;n=3,4,5,...0.
A 22 n?
The wavelength range is from
6561 A-3646 A, which corresponds to visible
region of spectrum.
(111) Paschen series,
l:R 11 ;n=4,56,...0.
A 32 n?
The wavelength range is from
18752 A-8204 A which corresponds to visible
region of spectrum.
(iv) Brackett series,
l=R i—i ;n=5,6,7,..0.
A 4% p?
The wavelength range is from
40514 A-14585 A, which also corresponds to
infrared region of spectrum.
(v) Pfund series,
1:R[lz—lzj; n=6,7,8, ...0.
A 5% n
The wavelength range is from
74583 A-22789 A, which corresponds to
infrared region.

Limitations of Bohr's Atomic Model

(1) This model is applicable only to a simple
atom like hydrogen having Z =1. This theory
fails, if Z > 1.

(1) It does not explain the fine structure of
spectral lines in H-atom.

(111) This model does not explain why orbits of
electrons are taken as circular, whereas
elliptical orbits are also possible.



PRAGTICE QUESTIONS

Exam’, Textbook’s & Other Imp. Questions

1 MARK Questions

Exams’ Questions

Q.1

Sol.
Q.2

Sol.

Q.3

Sol

Q4

Sol

Q5

Sol

Q.6

Which series of hydrogen spectrum lies in the
visible region? [2019]
(1)

The Balmer series lies in the visible region.

The angular momentum of the electron in the
second orbit of the hydrogen atom is 2h/m.
(Correct the sentence, if required, without
changing the underlined words). [2017]

The angular momentum of the electron in the

second orbit of the hydrogen atom is A /r. (1)

If E, and L, represent respectively, the total
energy and angular momentum of the electron in
the nth orbit of hydrogen atom, then [2015]
() E, < L, b) E, o L,
©E, <1/L,

(@ E, | As, E, L and L, «n
L (n)

(A E, <1/

1)

n

The radius of the third Bohr orbit for hydrogen is
4.5 A. The radius of its fourth Bohr orbit is
(a) 7.2 A (b) 8 A
(© 9.6 A (d11.34A [2014]
(b) Since for H-atom, r, « n?
h_|m ’
) ny
45 [3)2 45 9
= = —=—
Ty 4 ry 16
= r,=80 A (1)
The ratio of radii of 1st and 3rd Bohr orbits of
the electron in hydrogen atom is
(a)1:3 (b)y1:6
(©01:9 (d)1:27 [2014]
(c) 1: 9, since for H-atom r, o n? 1)

The orbital angular momentum of an electron in
the third Bohr’s orbit is

9h Th 3h h
(2) % (®) E () % (d) E [2013]

Sol

Q.7

Sol

Q8

Sol

Q.9

Sol

Q.10

Sol

Qn

Sol

Q.12
Sol

(c) %, since L = nh

2n 2n 1)
From Bohr’s theory, when electrons jump from
higher energy orbits to second orbit, the spectral
lines that occur belong to brackett series.
(Correct the underlined word, if necessary) [2013]
From Bohr’s theory, when electrons jump from
higher energy orbits to second orbit, the spectral

lines that occur belong to Balmer series. (1)

In hydrogen atom, the electron jumps from orbits

specified by n =1to n = 2. Write the change in its

angular momentum. [2013 Instant, Textbook]
2h  h h

W AL=Ly-Li=—-—=
2t 2n 2n

2n )
The ground state energy of hydrogen atom is
—13.6 eV. Hence, the energy of the electron of a
doubly ionised lithium atom in its 1st orbit will

be [2012]
(a) —4.5eV (b) —13.6 eV
(c) —40.8 eV (d) - 122.4 eV
2
(d) —122.4 eV, since £, = - 13'62Z , Z =3 for He. "
n 1

The spectral lines in the brackett series arise due
to transition of electrons in hydrogen atom from

higher orbits to the orbit with [2010]
(ayn=1 (byn =2

(cpn=3 dyn=4

(d) n =4, because for brackett series, electron will

jump from higher orbit to orbit number 4.

1)

What is the relation between orbit radius r and
orbit number n of electron in an atom according

to Bohr’s theory? [2009]
@rocn™ ®)ro«n

(©ro«n? d) r o n?

(d) r ocn? 1)
Write the formula for Balmer series. [2009]
1 1 1

X:R[?_?}n:& 4,...

where, R = Rydberg’s constant. (1)



Q13

Sol

Ql4

Sol

The energy of an electron of hydrogen atom in
the ground state is — 13.6 eV. What will be the
energy in the second excited state? [2008]

-13.6

v By =— 5= 151eV

1)
Velocity of an electron in the first orbit of
hydrogen atom is 2.2 x 10° ms™'. What is its
velocity in the second orbit? [2007 Instant]

Velocity of an electron in an orbit is

o Zet & (g)
2egnh  2g5h \ n

v 2.2x10°

— =1.1x10% ms™
2 2

1)

Important Questions

Q15

Sol

Q.16

Sol

Q17

Sol

Q.18

Sol

Q.19

Sol

The dimension of an atom is of the order of
[Textbook]

()10 m ()10 m ()10 m (d)10* m

(¢) The dimension or radius of an atom is of order

of 107 %m. 1)

In which of the orbits will the electron of a
hydrogen atom have maximum energy [Textbook]
(a) first (b) second

(c) third (d) completely detached

(d) When electron is completely detached from the
atom, then it has maximum energy. (1)

Which is quantised in Bohr’s atomic model?
[Textbook]

(a) Total energy of the electron

(b) Angular momentum of the electron

(c) Linear velocity of the electron

(d) Angular velocity of the electron

(b) The angular momentum of the orbiting electron
is quantised in Bohr’s atomic model. (1)

For a given value of n, the number of electrons in
an orbit is [Textbook]
(@)n (b) n? (c) 2n> (d) 2n

(c) Here, n gives the number of orbits in an atom.
So, the number of electrons are 2n>

@

The potential energy of the electron in hydrogen
atom is — ke? / r. Its kinetic energy is [Textbook]

2 2 2 2
@2 et et et

r 2r r r
(b) The potential energy of the electron in an orbit

of radius r is given by

r

PE=

= KE=+—

PE (potential energy)

As, KE (kinetic energy) =— 9

2
ke a)

2r

Q.20 In a black and white television, pictures on the

Sol

Q.21

Sol

Q.22

Sol

Q.23

screen are produced due to bombardment of
[Textbook]

(a) X-ray photons on a white screen

(b) X-ray photons on a white fluorescent screen

(c) electrons on a white screen

(d) electrons on a fluorescent white screen

(d) The pictures on the screen of a black and white
television are produced due to the bombardment of
electrons on a fluorescent white screen. (1)

The first spectral line of sodium atom is 5890 A.
the first excitation potential of sodium is
[Textbook]
(a) 3.7V (b) 2.1V
(©)10.2V (d) 41V
(b) The excitation energy for sodium atom is
g he _66x107% x3x10°

A 5890 x 10710
=336 x10"17J (1/2)
.. Excitation potential,
-19
=E=M=21V 1/2)
e 16x10°

Of the following transitions in the hydrogen
atom, the one which gives an emission line of
highest frequency is [Textbook]
(@ n=1ton =2 b)n =3ton =10
(c)n=10ton =3 (dn=2ton=1

(d) The emission of frequency takes place when
electron jump from higher orbit to a lower orbit.

In following question it is possible for (c) and (d).

For(c),v:%:cR[1 ! }

32 1002
_erxL
900
c 1 1 3
For (d),v=—=cR| =5 - |=cRx—
@ A {12 22} 4

Therefore, for transition n =2 to n =1, the emission
frequency is highest. (1)

The kinetic energy of the electron in an orbit of
radius r in hydrogen atom is

(e =electronic charge) [Textbook]
62 ez

() ﬁ () 5
2 2

©° @2
r r



Sol

(b) The kinetic energy of the electron in an orbit is
1 Zé

8mey 17,

KE=

Here, Z =1 (for hydrogen atom) and r, =r

2 2
KE="*  kE=& if k=1 (1)
2r 2r
Q.24 Band spectrum is produced by [Textbook]
(a) H (b) Hy (c) He (d) Na

Sol

Q.25

Sol

Q.26

Sol

Q.27

(b) A single hydrogen atom produced a line
spectrum while a double hydrogen molecule or H,
produces band spectrum.

1)

Tonisation potential of hydrogen atom is 13.6 eV.
Hydrogen atoms in the ground state are excited
by monochromatic radiation of photon energy
12.1eV. The spectral lines emitted by the
hydrogen atoms according to Bohr’s theory will
be [Textbook]
(a) one (b) two (c) three (d) four

(¢) Using the relation of ionisation potential,

AE = 13.6[ L i)

12 n?
Here, AE =121 eV as it is used to excite electrons.
121 = 13.6(1 - %J
n

1

= —2:0.11 or n=+9=3
n

Hence, three spectral lines are emitted.

@

What is deduced from the fact that when

o-particles are fired at a fine gold leaf, most of

them pass through with little or no deflection?
[Textbook]

(a) a-particles have a high penetrating power

(b) a-particles are positively charged

(c) gold atoms are nearly all empty space

(d) a-particles causes gold atoms to disintegrate

(c) As most of the a-particles pass through the gold

leaf with little or no deflection, so the gold atom

have nearly all empty space in it. (1)

In Rutherford’s experiment, the number of
o-particles scattered through an angle of 60° by a
silver foil 1s 200 per minute. When the silver foil
1s replaced by a copper foil of the same thickness,
the number of a- particles scattered through an

angle of 60° [Textbook]
2
(@ 200%Zcy b) 200| Zen
Zy, Zy,
z Zy )\
(¢) 200 x —2¢ (d) 200 x [ A j
ZCu ZCu

Sol

(b) The number of a-particles scattered at an angle 0,
kZ*

N =
sin‘{g]
2
60°
2 sin‘{ j
NCu — ZCu x 2

sin? [@j
2

2 2
=N, | Zen | 2200 Zeu
! 8\ z Z
Ag Ag 1)

Q.28 A continuous band of radiation having all

Sol

Q.29

Sol

Q.30

Sol

Q.31

Sol

wavelength from about 1000 A t0 10000 A is
passed through a gas of monoatomic hydrogen.
In the emission spectrum, one can observe the
entire [Textbook]
(a) Lyman series (b) Balmer series

(c) Paschen series (d) Pfund series

(b) As the range of wavelength 1000 A to 10000 A
corresponds to the visible part of the spectrum, so the
emission spectrum observed is of Balmer series. (1)

Rydberg constant is [Textbook]

(a) same for all elements

(b) different for different elements

(c) a universal constant

(d) is different for lighter elements but same for heavier
elements

(a) The Rydberg constant (R) is a constant having

value of 1097 x10'm ™! and is same for all elements.
@

When an electron jumps from a higher energy

state to a lower energy state with an energy

difference of AE electron volt, then the
wavelength of the line emitted is give

approximately by [Textbook]
(@) 12375 om ®) 12375 metre
AE AE
12375 12375 .
(c) i angstrom (d) A& micron
(¢) The wavelength of emitted line is given by
A= 12375 angstrom

where, AE = energy difference of two states in eV.(1)

Which of the following sources give discrete
emission spectrum? [Textbook]
(a) Incandescent electric bulb (b) Sun

(d) Candle

(¢) Among given sources, mercury vapour lamp gives
discrete emission spectrum. (1)

(c) Mercury vapour lamp



Q.32 While electron in hydrogen atom revolves in a
stationary orbit it [Textbook]
(a) radiates light but its velocity is unchanged
(b) does not radiate light but its velocity remains unchanged
(c) does not radiate though its velocity changes
(d) radiates light with the change of energy

Sol (c¢) According to Bohr’s postulate, an electron in

hydrogen atom revolving in a stationary orbit does
not radiate though its velocity is changing at every
point on the circular orbit, due to change in
direction. (1)

Q.33 Generally the approximate limits of visible
spectrum are [Textbook]
() 1000 to 4000 A (b) 4000 to 7000 A
(¢) 7000 to 10000 A (d) 10000 to 13000 A

Sol (b) The apprO)Simate limits of visible spectrum are
4000 to 7000 A. (1)

Q.34 If the mass of an electron is reduced to half, the
Rydberg constant [Textbook]
(a) remains unchanged (b) becomes half

(d) becomes one-fourth

me?

8 e2ch?

(c) becomes double

Sol (b) The Rydberg’s constant, R = = Roxm

So, if mass of an electron is reduced to half, then
the value of R also becomes half. (1)

Q.35 Given the electronic charge, e = 1.6x 10" C,

electronic mass, m = 91x 10%kg,
h=66x10"*J-sand ¢ = 3x 10° m/s.

The radius of the first orbit of electron in
hydrogen atom is [Textbook]
(@) 5.3x10" A (b) 5.3x10° &
(¢)5.3x107" A (d)5.3x1072 A

Sol (c¢) The radius of firgt orbit is given as

_ h'

Tl?ﬂle2

n

Substituting given values, we get
(66 x107%")% x (885 x107 %)
314 x (91 x107 %) x (16 x 107 9)?

=053A or 53 x107'A @

n

Q.36 The velocity of the electron in the first Bohr’s
orbit is [Textbook]
(@) 2.2x10* m/s () 2.2 x10° m/s
() 2.2x10% m/s (d) 2.2x10" m/s
Sol (c) The velocity of the electron in the first Bohr’s
orbit is given as
& c

v = =—
2he, 137

8
_3X107 1022 x10% ms~! =22 x10° ms~?
137 1)

Q.37 The time period of revolution of the electron in
the first Bohr’s orbit is [Textbook]
()15 x10™* s (b)15x107% s
(©)15x107 % s (d)15x10% g
Sol (b) The time period of revolution of electron in first
Bohr’s orbit is given as

hr,
T =—L
' Re?
where, k= =9x10° N-m% 2
g,

_66x10 7 x053 x10™ "
9 x10” x (16 x1071%)*

=015x10"Psor 15x1071%s )

Q.38 The frequency of revolution of the electron in the
first Bohr’s orbit is [Textbook]
(a) 6.6x10" Hz () 6.6 x10"® Hz
(c) 6.6x10'" Hz (d) 6.6x10'" Hz
Sol (a) The frequency of revolution of the electron in the
first Bohr’s orbit is given by
v :kiezz 9 x10% x (1.6 x 107 19)2
YT hr 66 x107%) x (053 x10710)

=66 x10"s! or Hz 1)

Q.39 In an atom, two electrons move round the
nucleus in circular orbits of radii R and 4R. The
ratio of the times taken by them to complete one

revolution is [Textbook]
(a) 1/4 (b) 4/1 (c) 8/1 (d) 1/8
Sol (a) The time period of a revolving electron is given
by
LUy .
kZe
ﬁ:i:£:101ﬂ1:4
T, r, 4R 4 1)

Q.40 The hydrogen atoms in a sample are in excited
state, described by n = 3. The number of spectral
lines in emission spectrum will be [Textbook]
(@)1 ) 2 (03 (d)6

Sol (c¢) The number of spectral line in emission
spectrum is shown by the diagram below

n =3

L e
L ..

Hence, 3 spectral lines are possible for n =3. 1)

Q.41 The atomic nucleus scatters a-particles at large
angles but not the electrons. Explain. [Textbook]
Sol Atomic nucleus is positively charged due to this

reason when as o-particle comes near it. It
experience force. 1)



Q.42 Explain, why the emission spectra of hydrogen
possesses may lines even though it has only one
electron. [Textbook]

Sol Each hydrogen atom which is a source of hydrogen
spectrum has many stationary states. All possible
transitions can occur from any higher level to lower
level. This gives rise to large number of spectral
lines. (1)

Q.43 What is the trajectory of scattered o-particles ?
[Textbook]

Sol The trajectory of a-particles after scattering is
hyperbolic. 1)

Q.44 The total energy of the electron in an atom is
always negative (True/False). [Textbook]
Sol (b) True, the total energy of electron in an atom is
always negative. (1)

Q.45 The ratio of the energies of hydrogen atom in its
first and second excited states 1s

(@) 1:4 (by4:1
(©9:4 (d4:9
Sol (c) Since, E, = — 1364 _9
E, -13.6/9 4 1)
Q.46 The ionisation energy of hydrogen atom is
[Textbook]
(a) 8.24 eV (b) 10.36 eV (c) 13.6 eV (d) 14.24 eV

Sol (c) 13.6 eV (1)

Q.47 The hydrogen atom is said to be in its ground
state when the electron revolving in an orbit

(b) has escaped from the atom

(d) is in its lowest energy level

(a) is at rest

(c) spirals into nucleus
Sol (d) The hydrogen atom is said to be in its ground

state when the electron revolving in an orbit is in

its lowest energy level. (1)

Q.48 The angular momentum of electron in the

hydrogen atom varies ......... as the principal
quantum number rn. (Fill in the blank)
Sol directly (1)

Q.49 Rutherford atomic model failed to explain
the...... of atom. (Fill in the blank)

Sol stability 1)

Q.50 One of the assumptions made by Bohr is that the
atoms never radiate. (Check whether the
sentence 1s correct or incorrect)

Sol The sentence is incorrect. (1)

Q.51 Electrons can revolve in stationary orbits in
Bohr’s atomic model. (Correct the sentence, if
necessary)

Sol The sentence is correct. (1)

Q.52 Paschen series belongs to which region?
[Textbook]
Sol Infrared region (1)

Q.53 Calculate the potential energy of revolving
electron when the total energy of an electron in
first Bohr’s orbit is — 13.6 eV.

Sol Potential energy of electron = Total energy x 2
=-13.6 x2=-27.2eV (1)

2 MARKS Questions

Exams’' Questions

Q.54 When a photon corresponding to the third line of
Paschen series of hydrogen spectrum is emitted,
determine the change in angular momentum of
the electron associated with the process.  [2018]

Sol Angular momentum of moving electron is given by a
relation is

n
mur = —
2n
For third line of Paschen series,
n;=3and n; =1 (1)
. Change in angular momentum (AL) = L; - L;
_3h_h
21 2¢m
—34
_2h _66x1077 5104107 kgmZ! (1)
2n 3.14

Q.55 Calculate the ratio of the longest to the shortest
wavelength of Balmer series of hydrogen spectra.

[2017]
1 1 1 1 1
Sol .. ~=R ~ -~ |=R — -~
A (22 nfj (22 32)
:R[l_lj :R(i)
4 9 36
36
= A =—
longest 5R
-1
1 1 4
and x‘shortest = |:R(22 - oozj:| = E
A
longest :EXE:Q;S (2)
A 5R 4

shortest

Q.56 Calculate the longest wavelength of the Paschen
series spectrum. [2016]

(Take, Rydberg’s constant =1.097x 10’ m ™)

Sol For hydrogen spectrum, 1 =Ry % - LZ
A ny n;
For Paschen series, n, =3

1 1 1
= — =Ry [—2] @

9 nj



For maximum wavelength, n,=4

= ! :RH(l—ij:1.097x107x(mj
Kmax 9 16 144
L 1097 %107 x
o 144
-7
= e = 310 16 759 %10 m
1.097 x 7
= Amax = 18.752 x107" m (1

Q.57 Calculate the maximum wavelength in A, emitted
in the Balmer series of hydrogen spectrum.

(Take, Rydberg constant = 1.097 x 10" m™!)
[2013 Cancelled]

Sol For Balmer series,
1 = R(i —izj , where n =3, 4, 5,...
n

A 22
= 1 1097 %107 (l—lzj
A 2 3 (1)
= l=1.097x107(1—1)
A 4 9
= L 1,007 %107 x 2
A 36
= L=6563x10""m =6563 A
This is the maximum wavelength emitted in
Balmer series. 1)

Q.58 Explain Balmer series of hydrogen spectrum.
[2011 Instant]

Sol From Bohr’s theory, when electrons jump from
higher energy orbits to second orbit, the spectral
lines that occur belong to Balmer series.

The wavelength of spectral lines in Balmer series is

given by
1 =R (% - izj, where n =3, 4, 5,...
A 2 n
The spectral lines in Balmer series are in the visible

region. (2)

Q.59 Write the postulates of Bohr’s atom model which
differ from those of Rutherford’s model.
[2011 Instant]

Sol Bohr’s first, second, third postulates Refer to
text on pages 259 and 260. (1 . 1)
2 2

Q.60 How much energy will be released when an
electron jumps from n = 3to n = 2 orbit in
hydrogen atom? Energy of electron in the first

orbit=-136¢€V. [2009]
Sol Using  E,=—'25.y
n
Ey =— ?"6 eV=-151eV (1/2)
and E,- 36 v - _340ev (1/2)

. Energy release = E; — E, = [- 1.51— (- 3.40)] eV
=1.89 eV (1)

Q.61 Calculate the wavelength of the second member
of Balmer series.

(Take, Rydberg’s constant, R =1.097 x 10" m™)

[2008]
. 1 1 1
Sol For Balmer series, — =R [—2 - —2}
A 2 n
where, n =3, 4, 5,... (1/2)
For second member, n =4
1
S,
A 2% 4 (1/2)
= L1097 ><107{1—i}
A 4 16
= L 1097 %107 x>
A 16
= L =4.862 x1077 =4862 A 1)

Q.62 If first line of Balmer series has wavelength
6563 A, calculate wavelength of first line of
Lyman series. [2007 Instant]

Sol As :R{lz —12}
A ny ng

For Lyman series,

Lol ) pdo L
AL 1 2 4 A 4 (1/2)
For Balmer series,
Lol 1]-rd
g 22 3 36
1 5
= —=—
g 36 (1/2)
Now, ' _86 B3R 21
A, bBR 4 5
5 5 o
= A = —Ap = — x6563=1215 A
27 27 1)

Q.63 The second member of Lyman series in hydrogen
atom has wavelength 5400 A. What is the

wavelength of the first member? [2001]
. 1 1 1
Sol For Lyman series, — = R| — — —
Y A {12 ng}

where, n =2, 3,...
For first member, n =2

1 1 1

o= R{ﬁ - 7}

M 12 2

i:R{l—l} ori:§R = A =—

» 1 4] A 4 3R (1/2)
For second member, n =3

Log[l 1] S0

Mg 1 3 9 S8R (1/2)



Now, M_4 8FR_32
A, 3R 9 27
= by = o2 i, =32 45400 = 6400 A
27 27 (1)
Important Questions

Q.64 An electron in a hydrogen atom moves with a
uniform speed in its stationary circular orbit of
radius 5.3x 107! m. Find

(1) its speed and
(1) energy in its ground state.
Sol (i) Given, Bohr’s radius, 7, =53x10™''m
2

[Textbook]

¢ £ _92.9%10%m/s 1)

.. Speed, v, = = =
2hey, 2hey, 137

(1) Energy in the ground state,
En:—%eV:—l?;.G eV (1)
n
Q.65 Why is Rutherford model for an atom of electron
orbiting around the nucleus not able to explain
the atomic structure?

Sol The classical (Rutherford) model could not explain
the atomic structure as the electrons revolving
around the nucleus are accelerated and according to
Rutherford’s model, emit energy. As a result, the
radius of the electron’s circular orbits goes on
decreasing. Ultimately, electrons fall into the

nucleus, which is not true for an atom. (2)
Q.66 Mention the drawbacks of Rutherford’s model of
an atom. [Textbook]

Sol (i) Could not explain stability of atom clearly. (1)
(i1) Unable to explain line spectrum. (1)

Q.67 The energy of an electron in ground state of
hydrogen atom is — 13.6 €V. (i) What does the
negative sign signify? and (ii) How much energy
1s required to take an electron in this atom from
ground state to first excited state?

Sol (i) Negative sign implies that electrons are bound
to the nucleus by means of electrostatic force of
attraction. (1)

(i) As, E,=— 13.6

n
n2

For first excited state, n =2

-13.6
E2 = 7 = - 3.4 eV
Therefore, required energy = E,— E,;
=-3.4-(-13.6)=10.2eV 1)

Q.68 Give orbital diagram to show transitions giving
rise to Balmer series in hydrogen atom.

Sol When electrons jump from higher orbits to second
orbit, Balmer series in hydrogen atom occurs.

n==6

SN

Balmer
series 2)

Q.69 Calculate the frequency of radiation, if an
electron in hydrogen atom jumps from n, = 3to
n; =2.
[Take, Rydberg’s constant, R =1.1x 10’ m™!
Sol The frequency is given by

V= Rc{l2 - 12}
o n )

For transitions from ny, =3 to n; =2,

v=(1.1x10") (3 x10%) {; —l}

32
= V=(3.3x1015){l—1} v =8.3x10% x>
4 9 36
v=4.6x10" Hz 1)
Q.70 What is the shortest wavelength present in
Paschen series of spectral lines?
Sol For Paschen series,
1 1 1
—=R| 5-— ,where n =4, 5, 6,...,0
A 3 n
The shortest wavelength present in Paschen series of
spectral lines is obtained for n = . (1)
2] bl
A 3 o0 A 9
= k:gz%: A =820.4 nm
R 1.097 x10 )

Q.71 State limitations of Bohr’s atomic model.

Sol Limitations of Bohr’s atomic model Refer to text
on page 261. (2)

Q.72 Explain the terms
(1) excitation energy and
(i1) ionisation energy. [Textbook]

Sol Ground state and excited state Refer to text on
page 260. (2)



Q.73 Express velocity of an electron in terms of
fundamental constants.

)
Sol .. v, = Ze l, where n=1,2,3,...
2hey n @)
For n=1,Z=1
& c
U = =
2he, 137 a)

3 MARKS Questions

Exams’ Question

Q.74 v, and v;; are frequencies of the first and second
lines of Lyman series. If vy, is the frequency of the
first line of Balmer series, then establish the
relation among vy, vq; and vg,. [2019, 2013]

Sol For Lyman series,

V= Rc[% —%}, where n =2, 3, 4,...
vy = Re [% - %} = Rc [g) (1/2)
v, = Re [% - %} =Rec (gj (1/2)
and for Balmer series, vy, = Rc {% - %}
V39 = Rc EEJ
36 (1/2)

Therefore, relation among vy; vz, and vy, is given by
Vg iVg iVg1:5:27 1 32 (1%)

Important Questions

Q.75 The series limit wavelength of Balmer series is
emitted as electron of hydrogen atom falls from
n — oo state to n = 2 state. What is the
wavelength of this line?

Sol Since, AE =E_, — E,= % —0- (— ;26]

1)
he 13.6 he 13.6x1.6x107"
= P Vit A, |
A 4 Py 4 1)
h xcx4
= = ~19
13.6x 1.6 x10
6.6x10*x3x10%x4
= A= 19
13.6x1.6x10
A=3.64x10" m 1)

Q.76 Using Bohr’s formula for energy quantisation,
calculate

(1) the longest wavelength in Lyman series of hydrogen
atom

(i1) the excitation energy of n =3 level of He" atom and
(iii) the ionisation potential of ground level of Li** atom
Sol (i) Since, % _R {1 - 1}

2 2
ny Ny

. 1 1 1
For Lyman series, —=R| — — —
Y A [12 n?}
n=2,3, 4,...
For longest wavelength n =2,

where,

= T Y- W
3R 3x1097 x10
B 2
(i) Using E, :LSZ eV
n
J 1 1
E, —E, =-13.6 x(2) {?_?}
= E,-E, =48.35¢eV )
B 2
(iii) Again using E, = LSZ ev,
n
E,-E, =-136x@)’ {i —%}
o 1
= E, - E =1224 ¢V @)

7 MARKS Questions

Exams’' Questions

Q.77 Explain Bohr’s model for hydrogen atom and
derive an expression for energy of the electron in
the nth stationary state. [2018]

Or State Bohr’s postulates for the theory of atomic
model of hydrogen. Hence, deduce an expression
for the total energy of the electron in the nth
orbit. [2016]

Or Using Bohr’s theory of hydrogen atom, prove
that the total energy of electron in nth
stationary orbit varies inversely as n 2. Hence,
calculate the ground state energy.

[Take, m, =911x 10 kg, h = 6.63x 10* J-s
and g, =8.85x 10 C2N ' m™2] [2014, 2006]

Or State the postulates of Bohr’s theory of hydrogen
atom. Derive an expression for energy of an
electron in nth orbit. [2012 Instant, 2010 Instant]

Or Write the postulates of Bohr’s atomic model.
Derive an expressions for radius of the nth
stationary orbit and energy of an electron on this
orbit according to Bohr’s theory. [2010, 2008, 2002]



Or

Sol

What are the postulates of Bohr’s theory of
hydrogen atom? Deduce an expression for the
total energy of an allowed stationary state of
hydrogen atom to show that it varies inversely as
square of quantum number. What is the
significance of the negative sign in the expression
of total energy? [2006 Instant]

Explain the Bohr’s model of hydrogen atom and
obtain an expressions for its radius and energy of
the nth state. [2012]

Bohr’s postulates Refer to text on pages 259 and
260. 3)
Expression for Total Energy A hydrogen atom
consists of a tiny positively charged nucleus (with
one proton) and an electron revolving in a stable
circular orbit around the nucleus.

\ +Ze

Let e, m and v be respectively, the charge, mass and
velocity of the electron and r, the radius of the
orbit.

The positive charge on the nucleus is Ze, where Z is
the atomic number (in case of hydrogen atom,

Z =1). As, the centripetal force is provided by the
electrostatic force of attraction.

We have,
2
mu, 1 (Ze)xe 9 Ze*
= . or muv, =

- 2
4meg T,

() @

r

" 4negr

n

From the second postulate, the angular momentum
of the electron is

(i)

mu,r, =n—
n'n
21

where, n (=1, 2, 3, ....) is principal quantum
number.

From Egs. (1) and (i1), we get

2 hZSO

....(11
nmZe’ (i)

Radius of nth orbit, r, =n

The energy E of an electron in an orbit is the sum
of kinetic and potential energies.

Using Eq. (i), kinetic energy of electron is
Ze*

8neyr,

KE=lmv,21 =
2

..(iv) (1)

The potential energy of the electron in an orbit of
radius r, due to the electrostatic attraction by the
nucleus is given by

PE = 1 (Ze)(_e)
4 g 7,
1 Zé
- _ kil ..(v)
4ng 1,
The total energy of the electron is therefore
2 2 2
E-KE+PE-_Z2¢ _ % __ Ze
8neyr, 4meyr, 8mneyr,

Substituting for r, from Eq. (iii), we get

mZ%* (1
En=-"—5 2
8¢y h” \n
where, n =1, 2, 3, ... . This is the expression for the
energy of the electron in the nth orbit. (1)

For hydrogen atom Z =1, substituting the standard

36 .
values, we get K, =———¢V, negative energy of the
n

electron shows that the electron is bound to the
nucleus and is not free to leave it.
In ground state, n=1

E, =-136¢eV (1)

Important Questions

Q.78 Explain Rutherford’s a-particle scattering

Sol

experiment. What information did it convey
about the structure of an atom? Mention the

limitations of Rutherford’s atomic model.
Rutherford’s o-particle scattering experiment

Refer to text on pages 258 and 259. 4+1)
Limitations of Rutherford’s Atomic Model
Refer to text on page 259. 2)

Q.79 Explain the meaning of the terms: Energy level,

Sol

excitation potential, ground state. Write down
the names of the series obtained in hydrogen
spectrum. Drawing the excited energy diagram
of hydrogen atom, show these series on an
energy level diagram. [Textbook]
Energy Level Refer to text on page 261. (1)
Excitation Potential The minimum energy
required to excite an atom and is corresponding
potential is called excitation potential,

exe
e

Ground State Refer to text on page 260. (1)

Series and Energy Level Diagram Refer to text
and figures on page 261. 4)

Uexcitation = (1)



Chapter Test |

1 MARK Questions

1 Name one series of hydrogen spectrum which consists of lines of minimum frequencies.
2 Define Rydberg’s constant. What is its value?

3 If the frequency of the incident light is doubled on a metallic plate, will kinetic energy of electrons be also

doubled? [Textbook]
4 Derive an expression for the speed of electron in the nth orbit. [Textbook]
5 What is the radius of inner most orbit of hydrogen atom. [Textbook]
6 In Rutherford’s experiment of scattering of a-particles, transfer of maximum energy is possible only when the

scattering angle is “............ 7, [Textbook]
7 Emission spectra are due to transition of electrons from lower orbit to higher orbit. (True/False) [Textbook]
8 Write an expression for Bohr radius in hydrogen atom. [Textbook]

2 MARKS Questions

9 A 10 kg satellite circles, the earth once in two hours in an orbit of radius 800 km. If Bohr’s theory applies to the
satellite earth system, calculate the quantum n. [Textbook]

10 The second member of the Balmer series has a wavelength of 486.1 nm. Calculate the wavelength of the first
member. [Textbook]
11 A doubly ionised lithium atom is hydrogen like with atomic number 3.

(i) Find the wavelength of radiation required to excite the electron in Li** from the first to the third Bohr
orbit. The ionisation energy of the hydrogen atom is 13.6 eV.

(i) How many spectral lines are observed in the emission of spectra of the above excited system. [Textbook]
12 Use Bohr’s postulate for permitted orbits to prove that the circumference of the nth permitted orbit for the

electron can contain exactly n wavelengths of the de-Broglie wavelength associated with the electron in that
orbit. [Textbook]

3 MARKS Questions

13 What is the ratio of radii or orbits corresponding to first excited state and ground state in a hydrogen atom?

14 In hydrogen atom, if electron is replaced by a particle which is 200 times heavier but has same charge, how
would its radius change?

15 The ground state energy of hydrogen atom is —13.6 eV. Calculate its kinetic and potential energies in this state.

Ze® . . 7 %"
® _andits angular speed is nr;z 3 e2.
gonh 2gqn°h

16 Show that the tangential speed of an electron in its orbit is

17 In Bohr’s theory of hydrogen atom, calculate the energy of the photon emitted during a transition of the
electron from the first excited state to the ground state. Write in which region the spectrum lies. [Textbook]



7 MARKS Questions

18

(1) Using Bohr’s model, calculate the speed of electron in a hydrogen atom in n =1,2 and 3 levels.

(i1) Calculate the orbital period in each of these levels.

19 Discuss different atomic models and compare their merits and demerits.

10.

HINTS and ANSWERS

© a o wm

. Pfund series.
3. Yes, because kinetic energy = | Energy| = Av,
i.e. KE «cv.
0.53 A.
. small.
. False, higher to lower.
. Hint mur = nh =>n= Zmmor
21 h
Here, n= 2nr = 2 (80 x1000) [Ans. 380 x 10%°]
T 2 x60 x60
Hint 1 =R (iz _izj [Ans. 3280 nm]
A 2% n

11.

o1 (1 1
Hint (I)K:Z R(Z—ZJ

ny ng

(11) 3 spectral lines are observed
[Ans. L =9116 A]

13.

14.

15.

16.

18.

1
= I Cc—
m

[Textbook]

[Textbook]

So, radius will become % times, 1.e. will reduce.

2.4
Hint KE= "2 ¢
8gynh
2.4
and PE= % [Ans. 13.6 eV, — 27.2 eV]
degn’h
Hint Angular speed o = v

r

Zé*

Hint v, = m
0



