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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

Assume an imaginary world, where angular momen-
h

tum is quantized to even multiple of h[: 2—] The
n

longest possible wavelength emitted by hydrogen in
the visible spectrum, for this hypothetical assumption
is

(A) 700 nm
(©) 600 nm

(B) 486 nm
(D) 584 nm

If first excitation potential of a hydrogen-like atom
is V; electron volt, then the ionization energy of this
atom will be

(A) 'V, electron volt

(B) % electron volt

© 43& electron volt
(D) cannot be calculated by given information

The magnetic field at the centre (at nucleus) of the
hydrogen like atoms (atomic number =z ) due to the
motion of electron in nth orbit is proportional to

3 4
(A) 2—5 (B) ”;
2 3
€ i—s (D) i—5

A hydrogen atom has electron in the fourth energy
level. The number of different possible photons lie in
which of following series

(A) 3 Lyman, 2 Balmer, 1 Paschen

(B) 2Lyman, 1 Balmer, 1 Paschen

(C) 2Lyman, 1 Paschen, 1 Brackett

(D) 1Lyman, 1 Balmer, 1 Paschen

The angular momentum of an electron in an orbit is
quantized because it is a necessary condition for the
compatibility with

(A) the wave nature of electron.

(B) particle nature of electron.

(C) Pauli’s exclusion behaviour.

(D) None of these.

A hydrogen atom is in fifth excited state. When the
electron jumps to ground state, the velocity of recoil-
ing hydrogen atom is

10.

(A) 1.1ms™ (B) 42ms™
(C) 84ms™ (D) 11.2ms™

In a characteristic X-ray spectra of some atom super-
imposed on continuous X-ray spectra

Q

Relative intensity

(A) P represents K, line

(B) Q represents Kg line

(C) Q and P represent K,, and Kj lines respectively
(

D) Position of K,, and Ky depend on the particular
atom

An electron from various excited states of hydrogen
atom emit radiation to come to the ground state. Let
Ay, A, be the de Broglie wavelength of the electron in

the n™ state and the ground state respectively. Let A,
be the wavelength of the emitted photon in the transi-

tion from the n™ state to the ground state. For large ,
(A, B are constants)

B
(A) A=At

n

(C) A2=A+BA]

(B) A,=A+BA,

D) A2=4

According to Bohr model, the magnetic field at centre
(at the nucleus) of a hydrogen atom due to motion of
electron in the n™ orbit is proportional to

1 1
(A) 3 (B) 5
€ » (D) »°

A particle moving with a velocity 10% of that of light

will cross a nucleus in about
(A) 10775 (B) 1025
(€ 1025 (D) 10%s
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12.

13.

14.

15.

16.

17.
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In X-ray tube when the accelerating voltage V is
halved, the difference between the wavelengths of K|,
line and minimum wavelength of continuous X-ray
spectrum

(A) remains constant

(B) becomes more than two times

(C) becomes half

(D) becomes less than two times

A H-atom moving with speed v makes a head on col-
lision with a H-atom in rest. Both atoms are in ground
state. The minimum value of velocity v for which one
of atom may excite is

(A) 6.25x10* ms™
(C) 7.25x10* ms™

(B) 8x10* ms™
(D) 13.6x10* ms'

The minimum kinetic energy of an electron, hydrogen
ion, helium ion required for ionization of a hydrogen
atom is E; in case electron is collided with hydrogen
atom. It is E, when hydrogen ion is collided and E,
when helium ion is collided. Then

(A) Ei=E=E (B) Ei<E,<E;
(C) E,>E;>E (D) E,>E,>E,

An a-particle after passing through a potential differ-

ence of V volt collides with a nucleus. If the atomic
number of the nucleusis Z then the distance of closest
approach of o-particle to the nucleus will be

AW Vi
(A) 14.4(V]A (B) 14'4[1/0Jm

0
(@) 14.4(5] cm (D) All of these

0

An electron is lying initially in the n=4 excited
state. The electron de-excites itself to go to n=1 state
directly emitting a photon of frequency vy . If the
same electron first de-excites to n =3 state by emitting
a photon of frequency v,; and then goes from n=3 to
n=1 state by emitting a photon of frequency v,, , then

(B) vy =viz-vy
(D) Data Insufficient

(A) vy =vgtvy

(©) vz =vy+2vy

R
In Bohr’s H atom, the graph of log(—] Versus
logn is Ro
(A) acircle
(C) aparabola

(B) anellipse
(D) astraight line

A diatomic molecule is made of two masses n7; and
m, which are separated by a distance r. If we cal-
culate its rotational energy by applying Bohr’s rule of
angular momentum quantization, its energy will be
given by (n is an integer)

18.

19.

20.

21.

22,
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242 2:2
nh 2n°h
A) ———= B) ———3
2(my +my)r (11 + 1y )1

(my +my \n*n* (my +my ) n*n®

© (D)

2mymyr? 2mimar?

If we take into account the reality that both the nucleus
and electron revolve around their common centre of
mass. During electron transition from a higher state,
n,, to a lower state, n;, we find that the wavelength
of the photon emitted is not given by the formula

l=R lz—iz where R is the Rydberg constant.
A ny

The correct wavelength, in that case depends on mass
of electron (m) and mass of the nucleus (M) and is
given by

1 m(1 1
55l

1 m 1 1
® 3= (“MJ(;@,@]

1 m M
@ 5 #¢)

When an electron has a transition from the state (n+1)
to state n where n is quite large, then the frequency
of the emitted radiation (v) will vary with n as

1 1

(A) V“n—3 (B) V‘xn—z

€ vel (D) veen
n

The ratio of the frequencies of the long wavelength
limits of the Lyman series and the Balmer series of
hydrogen is

(A) 27:5 (B) 4:1

(C) 5:27 (D) 1:4

The spin angular momentum of an electron is equal to
h h

A) — B) —

(A) . (B) o
h 2h

0 — D) —

© > D) o

The energy levels of a certain atom for first, second

E
and third levels are E, il and 2E respectively.

A photon of wavelength A is emitted for a transition
3 —1, What will be the wavelength of emission for
transition 2—17
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23.

24,

25.

26.

27.

28.

29.

A 4
® 3 ® =
34
© D) 31

If R be the Rydberg’s constant, the energy of an elec-
tron in the ground state of the H atom is given by

Rh 1
(A) = (B) ™
(€) —Ric D) %

Anucleus of mass number A, originally at rest, emits
an q-particle with speed v. The daughter nucleus
recoils with a speed

20 4o
(&) (A+4) (B) (A+4)

4v 20
© (A-4) ©) (A-4)

The de-Broglie wavelength of electron in ground state
of a hydrogen atom is

(A) 053A
(C) 1.52A

(B) 1.06A
(D) 3.33A

A hydrogen atom emits ultraviolet radiation of
102.5nm . Then the quantum numbers of the states
involved in the transition are

(A) =—=1 (B) 5—=1

€ 3-1 (D) 4-1

The difference between nth and (n+1)th Bohr's
radius of H atom is equal to it's (n-1)th Bohr's
radius. The value of 1 is
(A) 1

© 3

The angular momentum of an electron in hydrogen

. 2h . .
atom is — . Kinetic energy of this electron is
m

(A) 435eV
(C) 0.85eV

(B) 151eV
(D) 136eV
A particle of mass n moves in a circular orbit in a cen-
tral potential field U (r)= %k:r2 .If Bohr’s quantization

conditions are applied, radii of possible orbitals and
energy levels vary with quantum number n as

(B) 1 o+, E, ocn

D) 1, on?, Ey oo
n

(A) r,ecn, E en

© o, By

30.

31

32.

33.

34,

35.

36.

37.

The angular momentum of an electron in the hydro-
. 3h . ,
gen atoms is Pt where, 1 is the Planck’s constant.
b

The kinetic energy of this electron is
(A) 1.51eV (B) 34eV
(C) 435eV (D) 6.8eV

K, wavelength of an unknown element is 0.0709 nm.
Identify the element.

(A) Co (B) Cu
(C) Mn (D) Mo

Stopping potentials of 24kV, 100kV, 110kV,
110 kV are measured for photoelectrons emitted from
a certain element when it is irradiated with monochro-
matic X-rays. If the element is used as a target in an
X-ray tube. The energy of K, lineis

(A) S4keV (B) 76keV

(C) 88keV (D) 32keV

A potential difference of 20 kV is applied across an
X-ray tube. The minimum wavelength of X-rays gen-
erated is

(A) 026 A
(©) 016A

(B) 0.62A
(D) 050 A

The target element in an X-ray tube must have a high
(A) atomic number only

(B) mass number only

(C) melting point only

(D) both atomic number and melting point

White X-rays are called ‘white” due to the fact that

(A) they are electromagnetic radiations having nature
same as that of white light.

(B) they are produced most abundantly in X-ray
tubes.

(C) they have a continuous wavelength range.

(D) they can be converted to visible light using coated
screens and photographic plates are affected by
them just like light.

The atomic number (Z) of an element whose K,
wavelength is 4 is 11. The atomic number of an ele-
ment whose K, wavelengthis 44 is

(A) 6 (B) 1

(C) 4 (D) 4

In Bohr’s Model of hydrogen atom. The ratio between
the period of revolution of an electron in orbit of n =1
to the period of revolution of the electron in the orbit
n=2is
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38.

39.

40.

41.

42.

43.

44.

(A) 1:2 (B) 2:1
(C) 1:4 (D) 1:8
According to Bohr correspondence principle when

quantum number is very large

(A) frequency of revolution of electron in an orbit is
equal to the frequency of photon emitted when
electron jumps from that orbit to next lower orbit

(B) classical physics approaches quantum physics

(C) wavelength of electron de Broglie wavelength
does not depend on kinetic energy of electron

(D) energy of electrons are not quantized

An electron with kinetic energy 5 eV is incident on a
H-atom in its ground state. The collision

(A) must be elastic

(B) may be partially elastic

(C) must be completely inelastic

(D) may be partially inelastic

In a hydrogen atom, the binding energy of the electron
in the ground state is E; , then the frequency of revolu-
tion of the electron in the nth orbit is

Em b
() = ®
2E;n i
© = o =

The average life time of an excited state of hydrogen
is of the order of 10 s. The number of orbits an
electron makes, when it is in the state n=2 (before it
starts a transition to a lower state) will be (take T, to
be time period of revolution in ground state in s .)

(A) (i] 10° (B) T,x107®
Ty
10 i
© 8T, ©) gx10°®

Magnetic moment due to the motion of the electron in
n™ energy state of hydrogen atom is proportional to

(&) n’ (B) n
Q) n’ (D) n’

The angular momentum of an electron in a hydrogen
atom is proportional to

1 1
(A) N (B) -
© r D) r*

Which one of the following statements is wrong in the
context of X-rays generated from an X-ray tube?

45.

46.

47.

48.

49,

50.
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(A) Wavelength of characteristic X-rays decreases
when the atomic number of the target increases

(B) Cut-off wavelength of the continuous X-rays
depends on the atomic number of the target

(C) Intensity of the characteristic X-rays depends on
the electrical power given to the X-ray tube

(D) Cut-off wavelength of the continuous X-rays
depends on the energy of the electrons in the
X-ray tube

In Bohr’s Model, when an electron revolves around
the nucleus in an orbit

(A) It radiates energy

(B) Itabsorbs energy

(C) Its total mechanical energy is conserved

(D) Its angular momentum changes continuously

If an electron has, orbital angular momentum quan-
tum number =7, then it will have an orbital angular

momentum equal to
h
B) 42| —
) [ 2 ]

h
A) 7| —
(&) ( 2?1')

h h
©) V7| — (D) 56| —

2r 21
The ratio between total acceleration of the electron in
singly ionized helium atom and hydrogen atom (both
in ground state) is
(A) 1 (B) 8
(C) 4 (D) 16

The radius of the first orbit of hydrogen is 0.528 A. The
radius of the second orbit of hydrogen is
(A) 4752 A (B) 2.112A
(C) 0.071A (D) 0.142 A

Protons and singly ionized atoms of U** and U*®
are passed in turn (which means one after the other
and not at the same time) through a velocity selector
and then enter a uniform magnetic field. The protons
describe semicircles of radius 10 mm. The separation
between the ions of U™ and U™ after describing
semicircle is given by

(A) 60 mm (B) 30 mm

(C) 2350 mm (D) 2380 mm

The speed of the electron in the first orbit (ground

state) of the hydrogen atom in terms of velocity of light
cis

(A) 3 (B) I
c C
© 7 D) 71
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51.

52.

53.

54.

55.

56.

57.

Speed of electron in fourth orbit for He" is

82 é’z
(A) ET B) —
£ dhe,
¢ 2%
) — D) —
© he, D) he,

A hydrogen atom emits a photon corresponding to
an electron transition from n=>5 to n=1. The recoil
speed of hydrogen atom is almost

(A) 10* ms! (B) 2x102ms™!

(C) 4ms’! (D) 8x10*ms

The radius of hydrogen atom in its ground state is
53x10™" m . After collision with an electron it is
found to have a radius of 21.2x107" m . What is the
principal quantum number 7 of the final state of the
atom?

(A) n=4
(C) n=16

(By n=2
(D) n=3

Check the correctness of the following statements
about Bohr model of hydrogen atom.
(i) The acceleration of the electron in n=2 orbit is

more thanin n=1 orbit

(ii) The angular momentum of the electron in n =2
orbit is more thanin n=1 orbit

(iii) The KE of the electronin n =2 orbitis less thanin

n=1 orbit

) all the statements are correct

only (i) and (ii) are correct

only (ii) and (iii) are correct

only (iii) and (i) are correct

>

GIC

(
(
(
D

—

The electronic transition in Li** ion that emits radia-
tion of wavelength same as the wavelength of second
Balmer line of H -atom is
(A) 453

©) 12-6

(B 6—3
(D) 1259

A p-meson is a particle which has charge same as that
of the electron and mass 207 times the mass of electron.
A p-mesonic atom is formed when a p-meason is
captured by proton. The ionization energy of such an
atom is

(A) 38 keV

(C) 28keV

(B) 5 keV
(D) 20 keV

The ratio between total acceleration of the electron is

singly ionized helium atom and hydrogen atom (both

in ground state) is

(A) 1 (B) 8
1

© 4 (D) 16

58.

59.

60.

61.

62.

63.

In hydrogen atom, the radius of n'™ Bohr orbit s 7,. The

graph between log( h
h

(A) IoQ[rﬂ) (B) Iog[?’]
logn

] and logn will be

AV

(C) |og i’] (D) |Og(%’)

1

O[Jog n

The ratio of the maximum wavelength of the Lyman
series in hydrogen spectrum to the maximum wave-
length in the Paschen series is

L logn

o

3 6
(A) G (B) 5
52
© — D) 15

The Rydberg constant for hydrogen atom is R. The
Rydberg constant for positronium (a bound system
composed of a positron and an electron) is

(A) R (B) 2R
R R
(©) 5 (D) 1

The velocity of an electron in the first orbit of H atom is
0. The velocity of an electron in the 2nd orbit of He"
is

(A) 20 (B)

v
© 3 (D)

e w

The radius of electron’s second stationary orbit in
Bohr’s atom is a,. The radius of the third orbit will be

(A) 3a, (B) 2.25a,
©) 9a (D) %”

Electrons with de-Broglie wavelength A fall on the
target in an X-ray tube. The cut-off wavelength of the
emitted X-rays is

2mel? 2h
(A) A= P (B) 4=—
me
2mici Al
Q) A= 2 D) 4=4
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The shortest wavelength of the Paschen series of a
hydrogen like atom (atomic number = Z ) is the same
as the shortest wavelength of the Lyman series of
hydrogen atom. The value of Z

(A) 2 (B) 3

€ 4 (D) 5

The potential difference across the Coolidge tube is
20kV and 10 mA current flows through the voltage
supply. Only 0.5% of the energy carried by the elec-
trons striking the target is converted into X-rays. The
power carried by X-ray beamis P .

(A) P=0.1W (B) P=1W
(C) P=2W (D) P=10W

When 24.8 KeV X-rays strike a material, the photo-
electrons emitted from K shell are observed to move
in a circle of radius 23 mm in a magnetic field of
2x107* T . The binding energy of K-shell electrons is

(A) 6.2 keV (B) 5.4 keV
(C) 74 keV (D) 8.6 keV
For large principal quantum number # the frequency
of revolution of electron is equal to the frequency of

transition of the electron between two adjacent orbits.
This frequency f is proportional to

1 1
@ ® =
© D) ~

n n

An electron typically spends about 10~ sec in an
excited state before it drops to lower state by emitting
a photon. The revolutions do an electron in an n =2
Bohr orbit make in 107 sec is

(A) 8x10° rev (B)
(C) 10x10° rev

8 rev
(D) 80 rev

A metal of atomic number Z is used as a target in a
Coolidge tube. Let v be the frequency of the K, line.
For a number of values of Z and v which plot givesa
straight line.

1
(A) v vs Z (]3)1./'\}3E

Q v vs Z D) v vs JZ

The shortest wavelength in the Lyman series of hydro-
gen spectrum is 912 A corresponding to a photon
energy of 13.6 eV. The shortest wavelength in the
Balmer series is

71.

72.

73.

74.

75.

76.
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(A) 3648 A (B) 228 A
(C) 6566 A (D) 8208 A

On transition to the ground state from the excited state
of He" ion, two photons are emitted in succession
with wavelengths 10267 A and 304 A. Assuming

R=1.097x10" m™, then the quantum number 7
corresponding to the exciting state of He" ion is

(A) 4 (B) 6

€ 2 (D) 1

An electron jumps from the fourth orbit to the 2nd
orbit of the hydrogen atom. If R=10" m™, the fre-
quency of the emitted radiation will be

3

(A) 3 %10° Hz (B) —x10" Hz
16 16

(©) 2 %10 Hz (D) 3 410% Hz

16 4
If E, and |, are the magnitude of total energy and
angular momentum of electron in the n™ Bohr orbit
respectively, then

(A) E, =], (B) E, o

Enoc_

n

1
(C) En o I}% (D) En e I_z
The recoil speed of a hydrogen atom after it emits a
photon in going from n="5 state to n=1 state is

(A) 4718 ms™ (B) 7.418 ms™

(C) 4178 ms' (D) 7.148 ms™'

An excited atom at rest emits a photon of frequency f.
Now if the same excited atom is moving with a speed
v(<c) and emits a photon in the direction of its
motion, then the frequency of the photon
(A) remains f

of

. . v
(B) increases by a fraction —=—
c

Af

(C) decreases by a fraction N = %

(D) nothing can be predicted

A hydrogen atom emits a photon of energy 12.1eV.
Its orbital angular momentum changes by AL . Then
AL equals

(A) 1.05x10* Js (B) 2.11x10*Js

Q) 316x10*Js (D) 422x10™ Js
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77.

78.

79.

80.

81.

82.

83.

84.

The ground state energy of hydrogen atom is -13.6 eV.
The potential energy of the electron in this state is

(A) -27.2eV (B) -13.6eV
(C) +13.6eV (D) 0eV

When an electron makes transition from one energy
level to the other in an atom then which of the follow-
ing quantities is conserved?

(A) Angular momentum

(B) Linear momentum

(C) Mechanical energy

(D) None of the above

The Bohr radius of the fifth electron of phosphorus
atom (atomic number 15) acting as a dopant in silicon
(relative dielectric constant 12) is

(A) 380.9 pm (B) 390.8 pm
(C) 930.8 pm (D) 830.9 pm

How would the wavelength of the electromagnetic

radiation absorbed change if the number of atoms

undergoing the same electronic transition was

increased?

(A) There would be no change

(B) It would shift to shorter wavelengths

(C) It would be shifted to longer wavelengths

(D) It would be depend on the magnitude of the
increase in the number of atoms

When an electron revolves around the nucleus, then
ratio of magnetic moment to angular momentum is

® = ® >
m m

2
4 e

© o ;)

If an electron revolves around a proton in an orbit of
radius r then its time period T is proportional to
3
(B) r
(D) r

(A) 1
) r’

The radius of second orbit of an electron in hydrogen
atom is 2.116 A . The de-Broglie wavelength associ-
ated with this electron in this orbit would be

(A) 1.058 A (B) 2.116A

(C) 6.64A (D) 1328 A

Find the longest wavelength present in the radiation
emitted when hydrogen atoms excited to n=3 states
return to their ground state.

85.

86.

87.

88.

89.

90.

91.

(A) 103 nm (B) 122nm

(C) 656 nm (D) 912 nm

The angular momentum (L) and radius (r) of a
hydrogen atom are related to each other as

(B) Lr* = constant
1
(D) Lr %=constant

(A) Lr=constant

(C) Lr* = constant

An electron collides with a hydrogen atom in its
ground state and excites it to 7 =3 . The energy given
to hydrogen atom in this inelastic collision is

[Neglect the recoiling of hydrogen atom]

(A) 102eV (B) 121eV

(C) 125eV (D) None of these

The total energy of the electron in the hydrogen atom
in the ground state is —13.6 eV . The kinetic energy of
the electron is

(A) 0 (B) 13.6eV

(C) 6.8eV (D) -13.6eV

The energy of an electron in the n™ orbit of positro-

nium (a bound system composed of positron and an
electron) is

13, 272

(A) —3—26 eV (B) ——-eV
n n

© -2 ev 0 - ey
n n

The binding energy of the electron with 7 — e in H
atom is

(A) ZERO
(C) 136V

(B) infinite
(D) 10.2eV

The wavelength of radiation emitted is 4, when an
electron in hydrogen atom jumps from the third orbit
to second. If in the hydrogen atom itself, the electron
jumps from fourth orbit to second orbit, the wave-
length of emitted radiation will be

16 20
(A) 2—530 (B) E%
27 25
(©) 5,10 (D) Elo

Energy levels A, B, C of a certain atom correspond
to increasing values of energy ie., E; <Ep<E.. If
M, Ay, Ay are the wavelengths of radiations cor-
responding to the transitions C to B, B to A and C to
A respectively, which of the following statements is
correct?
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e
C
24 5
| A
v v A
MA
A) Ag=2A+A B) Aj=—%
(A) A=A +4, ()3;{1“2
©Q Aj+Ay+As=0 (D) A7=247+4)
lonization potential of hydrogen atom is 13.6 eV.

Hydrogen atoms in the ground state are excited by
monochromatic radiation of photon energy12.1eV.
According to Bohr's theory, the spectral lines emitted

by hydrogen will be
(A) one (B) two
(C) three (D) four

If elements of quantum number greater than n were
not allowed, the number of possible elements in nature
would have been

2
(A) %n(n+1) (B) {”(”2”)}

©) %n(n+1)(2n+1) D) %n(n+1)(2n+1)

The ionisation potential of mercury is 10.5 volt.
To gain energy sufficient enough to ionise mer-
cury, an electron must travel in an electric field of
1.5x10° Vm™ a distance of

(A) 7 pm (B) 6 um

(C) 14 uym (D) 12 um

The absorption coefficient of X-rays for a given wave-
length is larger for

(A) lithium (B) lead

(C) aluminium (D) copper

The maximum KE found in o particles of natural
origin is 7.7 MeV . Then, if these are used in alpha
scattering experiment, the distance of closest approach
from gold nucleus is about

(A) 15x10™° m (B) 3x10™ m
(C) 41x10° m (D) 3x107m

The speed of an electron in the fourth orbit of Be™*

atom is
C

(A) ¢ (B) 0
(32 62
© e O ey

98.

99.

100.

101.

102.

103.

104.

Chapter 2: Atomic Physics  2.57

For X-rays the wavelength A (in A ) in terms of energy
E (in keV ) is given by

6.20 12.40
A l = B ;‘L = —
(A) T (B) T

3.10 2480
C A. - D ;‘L =
© L (D) R

The magnetic field at the centre of a hydrogen atom
due to the motion of the electron in the first Bohr orbit
is B. The magnetic field at the centre due to the motion
of the electron in the second Bohr orbit will be

B B
(A) 1 (B) 3
B B
(©) 2 (D) o

Suppose, the electron in a hydrogen atom makes
transition from 7=3 to n=2 in10™ 5. The order of
the torque acting on the electron in this period, using
the relation between torque and angular momentum
as discussed in the chapter on rotational dynamics is

(A) 107 Nm (B) 107 Nm
(©) 107 Nm (D) 107 Nm

When a hydrogen like atom in excited state makes a
transition from excited state to ground state the most
energetic photon has an energy of 52.224 eV and the
least energetic photon has an energy of 1224 eV .
The atomic number of the hydrogen like atom is

(A) 4 (B) 6

© 2 D) 8

The ionisation potential of hydrogen atom is
13.6 volts. The energy of the atom in n =2 state will be
(A) -102eV (B) —64eV

(C) —44eV (D) -34eV

In a transition to a state of excitation energy
10.2 eV, a hydrogen atom emits a 4960 A photon. if
hc=12400 eVA, then the binding energy of the elec-
tron in the initial state is

(A) 151eV (B) 34eV

(C) 054eV (D) 0.87 eV

Let v, be the frequency of the series limit of the
Lyman series, v, be the frequency of the first line
of the Lyman series, and v, be the frequency of the
series limit of the Balmer series.

(A) vy=vy=v; (B) va-vi=v;

1
(©) v3=§(v1+v2) D) v+v,=v,
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105.

106.

107.

108.

109.

110.

111.

Ahydrogen atom in ground state absorbs 10.2 eV of
energy. The orbital angular momentum of the elec-
tron is increased by

(A) 1.05x107 s
Q) 3.16x107™*7Js

(B) 2.11x10* s
(D) 422x10™ s
According to Bohr’s theory of hydrogen atom, the

product of the binding energy of the electron in the
nth orbit and its radius in the nth orbit

(A) is inversely proportional to 1’
(B) is proportional to 1

(C) has a constant value 7.2 eV A
(D) has a constant value of 10.2 eV A

Balmer gives an equation for wavelength of visible
2

. The value of

radiation of H-spectrum as 4 =—

n- -4

k in terms of Rydberg’s constant R, is
(A) R (B) 4R
R 4
C - D) —
© 3 D z

Let the potential energy of a hydrogen atom in the
ground state be zero. Then its energy in the first
excited state will be

(A) 102eV
(C) 23.8eV

(B) 136V
(D) 272eV

A hydrogen atom moving at speed v collides with
another hydrogen atom kept at rest. Find the mini-
mum value of v for which one of the atoms may get
ionized. The mass of a H-atom =1.67x 107 kg

(A) 7.2%10* ms™ (B) 5.1x10* ms™
(C) 88x10* ms™ (D) 4x10* ms™

In an excited state of hydrogen like atom an electron
has a total energy of 3.4 eV . If the kinetic energy of
the electron is E and its de Broglie wavelengthis 4,
then

(A) E=68¢V,A1~66x10""m

(B) E=34eV, A~66x10""m
(C) E=34eV,A~66x10""m
D) E=68¢V, A~66x10"" m
(D) ,

The order of energies of energy levels A, B and C
is E, <Ep <E.If the wavelength corresponding to
transition C—B, B2 A and C— A are 1, 4,
and A; respectively, then which of the following
relation is correct ?

112.

113.

114.

115.

116.

(A) A4 +4,+24,=0 (B) A=At+A

My

Q) L=4+1
Q) A=4+4 Tt

D) 4=

The shortest wavelength of the Brackett series of a
hydrogen like atom having atomic number z, is the
same as the shortest wavelength of the Balmer series
of hydrogen atom. The value of z is

(A) 2 (B) 3

€ 4 (D) 6

The difference in the angular momentum associated
with the electron in the two successive orbits of the
hydrogen atom is

h h

(A) - (B) 3
h

© o D) 2h

The shortest wavelength in the Lyman series is 912 A.
Then the longest wavelength in this series is

(A) 1216 A (B) 1824 A
(C) 2434 A (D) 3648 A

The figure represents the observed intensity of X-rays
emitted by two different tubes A and B as a func-
tion of wavelength 4 . For the tube A, the potential
difference between the filament and targetis V, and
atomic number of targetis Z, . For the tube B, cor-
responding potential difference is V; and the atomic
number is Z . The solid curve is for tube A and
dotted curve for tube B, then

Intensity
A

> Wavelength
(A) Zy>Zg, Vy>Vy (B) Zy=Zy, Vy=V
Q) Z,<Z;, V>V D) Z,<Zy, V,<Vy

Magnetic moment due to the motion of the electron

in the n™ energy state of hydrogen atom is propor-
tional to

(A) n ®)

© (D) ’
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118.

119.

120.

121.

122.

123.

The maximum angular speed of the electron of a
hydrogen atom in a stationary orbit is

(A) 6.2x10° rads™ (B) 4.1x10% rads™

(C) 24x10" rads! (D) 9.2x10° rads™

The ratio of the speed of the electron in the first Bohr
orbit of He" and the speed of light is equal to (where
e, h and ¢ have their usual meanings)

82 E’Z
(A) — (B)

2he, 4heyc

EZ 62
0 — D
( ) thC ( ) 2h£0f:

A hydrogen atom is in an excited state of principle
quantum number 7. It emits a photon of wavelength
Awhen returns to the ground state. The value of n is

AR
(A) JAR(AR-1) (B) T
(©) (AR-1) @) JA(R-1)

AR

In uranium (Z=92) the K absorption edge is

0.107 A and the K,, lineis 0.126 A the, wavelength
of the L absorption edge is

(A) 07 A
€ 24A

(B) 1A
(D) 32A

If the K, radiation of Mo(Z =42) has a wavelength
of 0.71 A the wavelength of the corresponding radi-
ation for Cu(Z=29) is

(4) 1A (B) 24

(C) 152A (D) 125A

The binding energy of an electron in the ground state
of He is equal to 24.6 eV. The energy required to
remove both the electrons is

(A) 246 eV
(C) 492V

(B) 382eV
(D) 79eV

The wavelengths of K, X-rays of the metals A and

and

B are respectively, where R is the

1875R 675R
Rydberg’s constant. The number of elements lying
between A and B according to their atomic num-
bers, is

124,

125.

126.

127.

128.

129.

130.

131.

Chapter 2: Atomic Physics  2.59
(A) 3 (B) 6
© 5 D) 4

Amaterial whose K absorption edge s 0.15 A is irradi-
ated with 0.1 A X-rays. The maximum kinetic energy
of photoelectrons that are emitted from K-shell is

(A) 41keV (B) 51keV
(C) 61keV (D) 71keV

In a hydrogen atom, the electron is in nth excited
state. It comes down to first excited state by emitting
ten different wavelengths. The value of n is

(A) 6 (B) 7

©) 8 D) 9

The element which has K, X-ray line whose wave-
lengthis 0.18 nm is
(A) Iron

(C) Nickel

(B) Cobalt
(D) Copper

The ratio of the energies of the hydrogen atom in the
first to the second excited state

(A) 4:1 (B) 1:4

(C) 4:9 (D) 9:4

The wavelength of first line of Balmer series is
6563 A. The wavelength of first line of Lyman series
will be

(A) 12154 A
(C) 7500 A

(B) 2500 A
(D) 600 A

The ratio of the wavelength of first line of Lyman
series to the first line of Balmer series is

(A) 1:4 (B) 5:27

(C) 27:20 (D) 20:27

The wavelengths involved in the spectrum of

deuterium (fD) are slightly different from that of

hydrogen spectrum because

(A) Sizes of two nuclei are different

(B) Nuclear forces are greater in case of deuterium

(C) Masses of the two nuclei are different

(D) Force of attraction between electron and nucleus
is different in the two cases

The potential energy associated with an electron in

the orbit

(A) increases with the increase in radii of the orbit

(B) decreases with the increase in the radii of the orbit

(C) remains the same with the change in the radii of
the orbit

(D) None of the above
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132.

133.

134.

135.

136.

137.

138.

139.

The ratio of minimum to maximum wavelength in
Balmer series is

5 5
(A) 9 (B) %
1 3
(©) 1 (D) 1

The wavelength K, of X-rays produced by the X-ray
tube is 0.76 A. The atomic number of the anode
material of the tube is
(A) 30
(C) 50

The graph of log[%] versus log A (R = radius of

anucleus and A= mass number) is
(A) acircle

(B) anellipse

(C) aparabola

(D) a straight line

In Rutherford experiment the number of o-particles
scattered at angle 90° is 25. How many particles are
scattered at an angle 60°
(A) 100

€ 70

(B) 85
(D) 55

The photon radiated from hydrogen correspond-
ing to second line of Lyman series is absorbed by a
hydrogen-like atom X in second excited state. As a
result, the hydrogen-like atom X makes a transition
of n™ orbit

(A) X=He", n=4 (B) X=Li"", n=6
(C) X=He'", n=6 (D) X=Li"", n=9
The kinetic energy of an electron in the first orbit of

H atom is13.6 eV . The total energy of an electron in
the second orbit of He" is

(A) 1366V (B) 34eV
(C) -13.6eV (D) -34eV
The ratio of the maximum wavelength of the Lyman

series in hydrogen spectrum to the maximum wave-
length in the Paschen series is

3 6
(A) 10 (B) G
52 7
© - D) 108

The ratio of areas between the electron orbits for the
first excited state to the ground state for the hydrogen
atom is
(A) 2:

8:

1
€ 8:1

140.

141.

142.

143.

144.

145.

146.

147.

Electrons are accelerated through a potential differ-
ence of Vj, =10 kV . The minimum wavelength 4_,
of the X-ray emitted is

(A) 124x10" m
(C) 1240x10"" m

(B) 124x107 m
(D) 4000x107° m

The wavelength of the first line of the Balmer series in
the hydrogen atom spectrum is

(A) 6563 A (B) 6365A
(C) 6563m (D) 6563 cm

In a Coolidge tube, the potential difference used to
accelerate the electrons is increased from 12.4 kV to
24.8 kV . As aresult the difference between Ax ~and

Amin increases three fold. The wavelength of K, line

is (@:12.4 kVA)
4

(A) 1A (B) 125A
© 15A (D) None of these

An electron with kinetic energy E eV collides with
a hydrogen atom in the ground state. The collision is
observed to be elastic for

(A) 0<E<e (B) 0<E<102eV
(C) 0<E<13.6eV (D) 0<E<34eV

When the number of electrons striking the tar-
get material in Coolidge’s tube (i.e., X-ray tube) is
increased keeping the potential difference same, then
(A) intensity of X-rays increase

(B) wavelength of X-rays photons increase

(C) frequency of X-rays photons increase

(D) energy of X-rays photons increase

Which of the following is true for X-rays

(A) wavelength of continuous X-rays does not
depend on potential difference

(B) wavelength of discrete X-rays does not depend
on potential difference

(C) discrete X-rays have energy of the order of MeV

(D) continuous X-rays have energy of the order of
MeV

The angular momentum of the electron in hydrogen
atom in the ground state is

h
2h B =
(A) (B) >
h h
@ - O -

In a hypothetical system, a particle of mass m and
charge -3q is moving around a very heavy particle
of charge 4. Assume that Bohr’s model is applicable
to this system, then velocity of mass m in first orbit is



e
34 2
W) ®) L
2g5h gh
3 3 155.
© ©)
27eah dmeyh
148. An electron in the ground state of hydrogen has an

149.

150.

151.

152

153.

154.

ICON

angular momentum L;, and an electron in the first
excited state of lithium has an angular momentum

L. 156.
(&) L=L (B) L =4L,
©) Ly=2L (D) L=2L,

The diagram shows the energy levels for an electron
in a certain atom. Which transition shown represents
the emission of a photon with the most energy ?

n= 4 i 157.
n=3 3
n=2
_ y
O W 155
(A) 1 (B) 1I
(©) 1 (D) IV
The longest wavelength present in the Balmer series
of hydrogen, corresponding to H,, line is
(A) 656 nm (B) 565nm
(C) 400 nm (D) 700 nm
, 159.
The quantity ° _ hasavalue
2heyc
(A) L ms” (B) 2 ms!
137 137
1 2
Q) — D) —
© 17 ® 157 160.
Which the following series fall in the visible range of
electromagnetic spectrum ?
(A) Brackett series (B) Lyman series
(C) Balmer series (D) Paschen series
161.

The largest wavelength in the ultraviolet region of
the hydrogen spectrum is 122nm. The smallest
wavelength in the infrared region of the hydrogen
spectrum (to the nearest integer) is

(A) 802nm (B) 823nm

(C) 1882nm (D) 1648 nm

An X-ray tube produces continuous X-rays of wave-
length 0.1 A and greater. Then potential difference
applied to tube must be
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(A) 1.24kV (B) 12.4kV
(C) 124 kV (D) 6.62kV

The minimum energy in electron volt required to
strip a ten times ionised sodium atom (i.e., Z=11)
of its last electron is
(A) 136eV
(C) 150eV

(B) 123eV
(D) 1.65keV

de-Broglie wavelength of an electron in the nth Bohr
orbitis 4, and the angular momentumis |, , then

1

Ay o —

(A) Jye< 4y (B)

1
© A=< D) ln“I—z

Foralead g Pb (u-mesonic atom) the energy of the

photon given off in the first Lyman transition

(A) 11MeV (B) 14 meV

(C) 18 MeV (D) 20 MeV

When an electron in the hydrogen atom in ground
state absorbs a photon of energy 12.1eV , its angular

momentum
(A) decreases by 2.11x107 Js

(B) decreases by 1.055x 107 Js
(O) increases by 2.11x107* Js
(D) increases by 1.055x 10%7s

In Rutherford experiment, a-particles are scattered
by nucleus having charge 100¢ . Initial kinetic energy
of a-particles is 6 MeV . The size of the nucleus is

(A) 10° m (B) 5x10™m
(€ 10" m (D) 107 m

Difference between n™ and (n+1)™ Bohr’s radius
of hydrogen atom is equal to (n—1)" Bohr’s radius.
The value of n is
(A) 1
€ 3

(B) 2
D) 4

In hydrogen and hydrogen like atoms the ratio of
difference of energies E,, -E, and E,, —E,, varies
with atomic number z and principle quantum num-
ber 1 as

2 4
(A) f]—z (B) 2—4
0
Z z
o (2
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162.

163.

164.

165.

MULTIPLE CORRECT CHOICE TYPE QUESTIONS

In Rutherford scattering experiment, the number of
o-particles scattered at 60° is 9x10°. The number
of a-particles scattered at 120° will be

(A) 15x10° (B) %xw"
) 10° (D) gxwﬁ

Consider the electronic energy level diagram of
H-atom. The photons associated with shortest and
longest wavelengths would be emitted from the atom
by the transitions labelled

A

535 S
m - n
w B g

1D C

(A) D and C respectively
(B) C and A respectively
(C) C and D respectively
(D) A and C respectively

In a hypothetical atom like that of hydrogen, the
mass of the electrons is doubled. The energy (in eV)
and radius (in A) of the first Bohr's orbit will be
(Take Bohr'’s radius of Hydrogen to be 0.54 A)

(A) -272,027 (B) -27.2,0.54

(C) -13.6,027 (D) -13.6,0.54

When a hydrogen atom emits a photon during

the transition n=5 to n=1, its recoil speed is
approximately

(A) 0.1 mms™
(C) 4ms”

(B) 3mms™
(D) 800 ms’

166.

167.

168.

169.

170.

171.

The force acting on the electron in a hydrogen atom
depends on the principal quantum number as
(A) Foen® (B) Pociz
n
4 1
(C) Fenm D) Fe—
n

The approximate value of quantum number n for the
circular orbit of hydrogen 0.0001 mm in diameter is
(A) 1000 (B) 60

(C) 10000 (D) 31

The largest distance between the interatomic planes
of a crystal is 107 cm . The upper limit for the wave-
length of X-rays which can be usefully studied with
this crystal is
(A) 1A

€ 10A

(B) 2A
(D) 20A

Of the various series of the hydrogen spectrum, the
one which lies wholly in the ultra violet region is

(A) Lyman series (B) Balmer series

(C) Paschen series (D) Brackett series

If the short series limit of the Balmer series for hydro-
gen is 3646 A. Calculate the atomic number of the
element which gives X-ray wavelength down to
1.0 A. Identify the element
(A) Z=21
€ z=11

(B) Z=31

D) 7=5

A potential difference of 10° V is applied across an
X-ray tube. The ratio of the de-Broglie wavelength of

the incident electrons to the shortest wavelength of
X-rays produced is

(i =1.8x10" Ckg " for an electron]
i

1 1

(A) P ® 100
1

© % D) 1

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE is/are correct.

1

The radius of the orbit of an electron in a Hydrogen
like atom is 4.5a,, where g, is the Bohr radius. Its

orbital angular momentum is g—h .Itis given that h is
1

Planck constant and R is Rydberg constant. The pos-
sible wavelength(s), when the atom de-excites, is (are)

9 9
(A) R (B) 1R
(©) R (D) R
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H',He" and O™ all having the same kinetic energy pass
through a region in which there is a uniform magnetic
field perpendicular to their velocity. The masses of H',
He' and O™ are 1u, 4u and 16 u respectively.

(A) H" will be deflected the most.

(B) O will be deflected the most.

(C) He" and O™ will be deflected equally.

(D) All will be deflected equally.

An electron makes transition inside a hydrogen atom.
The orbital angular momentum of the electron may
change by

A) ® !
T

h h

© O

An electron is excited from a lower energy state to a
higher energy state in a hydrogen atom. Which of the
following decrease in the excitation?

(A) potential energy

(B) angular speed

(C) kinetic energy

(D) angular momentum

In Bohr’s model of the hydrogen atom, let R, V, T
and E represent the radius of the orbit, speed of the
electron, time period of revolution of electron and the
total energy of the electron respectively. The quantities
proportional to the quantum number n are

(A) VR (B) RE
% T
© T (D) 2

The wavelength of K,, X-rays for lead isotopes Pb*”,
Pb?®, Pb*™™ are A;, 4, and A, respectively. Then

(D) lz = \1'11’13

Suppose the potential energy between electron and
2

K
proton at a distance r is given by —313 If m be the
r

C) Ai<A <Ay

mass of electron, then application of Bohr's theory to
hydrogen atom in this case shows that

(A) energy in the nth orbit is proportional to n°

(B) energy is proportional to
(C) energy the nth orbit is proportional to 1

(D) energy is proportional to m°

Consider an atom whose energy level diagram is
shown in figure.

10.

11.

12.

Chapter 2: Atomic Physics  2.63
E=0
E5 =-8eV
E,=-13eV
Ey=-156V
E,=-19eV
E,=-25eV

Suppose an atom starts at level 3 then

(A) Shortest wavelength photon the atom can emit is
124x107m

(B) Longest wavelength photon that it can absorb is
62x107m

(C) Lowest frequency photon that can ionize the

atomis 3.62x10" Hz
(D) The number of ways of de-excitation of atom to
ground state is 3

A positronium atom consists of a positron and electron

revolving around their common centre of mass. Then

compared to hydrogen atom the positronium atom has

(A) ground state energy half of hydrogen atom

(B) Rydberg constant half of hydrogen atom

(C) radius of first orbit of electron double that in case
of hydrogen atom

(D) velocity of electron in first orbit same as in case of
hydrogen atom

The ground state and first excited state energies of

hydrogen atom are -13.6eV and -3.4eV respec-

tively. If potential energy in ground state is taken to be

zero. Then

(A) potential energy in the first excited state would be
204 eV

(B) total energy in the first excited state would be
238 eV

(C) kinetic energy in the first excited state would be
34eV

(D) total energy in the ground state would be 13.6 eV

When a hydrogen atom is excited from ground state to
first excited state then

(A) its kinetic energy increases by 10.2 eV .

(B) its kinetic energy decreases by 10.2 eV .

(C) its potential energy increases by 20.4 eV .

(D) itsangularmomentumincreasesby 1.05x 10 Js

An electron orbiting in a circular orbit around the

nucleus of an atom

(A) has a magnetic dipole moment

(B) exerts an electric force on the nucleus equal to
that on it by the nucleus
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13.

14.

15.

16.

17.

(C) does produces a magnetic induction at the nucleus
(D) has a net energy inversely proportional to its
distance from the nucleus

The electron in a hydrogen atom makes a transition
from 2™ excited state to the ground state. Then

(A) it's K.E. increases and total energy decreases

(B) bothits K.E. and total energy increases

(C) frequency of emitted photons may be
46x10" Hz
(D) frequency of emitted photons must be

29%x 10" Hz

The energy, the magnitude of linear momentum and
orbital radius of an electron in a hydrogen atom cor-
responding to the quantum number n are E, P and
r respectively. Then according to Bohr’s theory of
hydrogen atom

1
(A) PEr is proportional to —

n
(B) g is proportional to n

(C) Er is constant for all orbits
(D) Pr is proportional to n

If potential energy in hydrogen atom with electron in

ground state is taken to be 13.6 eV, then

(A) potential energy in the first excited state would be
34eV

(B) total energy in the first excited state would be
374eV

(C) kinetic energy in the first excited state would be
442 eV

(D) total energy in the ground state would be 27.2 eV

If electron of the hydrogen atom is replaced by another

particle of same charge but of double the mass, then

select the correct option(s).

(A) Bohr radius will increase to double value

(B) Ionisation energy of the atom will be doubled

(C) Speed of the new particle in a given state will be
one fourth of what electron will possess in the
same orbit

(D) Gap between energy levels will now be doubled

An electron in hydrogen atom first jumps from sec-
ond excited state to ground state and then from first
excited state to ground state. Let the ratio of wave-
length, momentum and energy of photons emitted in
these two cases be @, b and ¢ respectively, then

1 9
(A) C—; (B) H—E
_5 _2
©) b= D) =

18.

19.

20.

21.

22,

23.

24.

A hydrogen like atom of atomic number Z is in an
excited state of quantum number 2n. It can emit a
maximum energy photon of 204 eV . It makes a tran-
sition to quantum state 7, a photon of energy 40.8 eV
is emitted, then
(A) Z=2

(C) n=1

(B) Z=4
(D) n=2
Which of the following physical quantities in hydro-

gen atom are independent of the quantum number .
The symbols have their usual meanings.

) or (B) _U%
(C) Er (D) o%

Select the correct statement(s).

(A) X-raystravel faster than ultravioletrays in vacuum.

(B) Balmer series of H-spectrum is found in visible
region.

(C) The characteristic X-rays are produced due to
jumping of electrons from higher to lower shell.

(D) In photoelectric emission process, the maximum
energy of the photoelectrons must increase with
increasing intensity of incident light.

Total energy of electron in the first orbit of hydrogen
atom is equal to the
(A) total energy of electron in 2nd orbit of He"

(B) total energy of electron in 3rd orbit of He"
(C) total energy of electron in 2nd orbit of Li**

(D) total energy of electron in 3rd orbit to Li™

Which of the following transitions in He® ion will
give rise to a spectral line having the same wavelength
as some spectral line in the hydrogen atom?

(A) n=4ton=2 (B) n=6ton=2
(C) n=6ton=3 (D) n=8 ton=4

When atomic number Z is doubled in atoms, which
of the following statements are consistent with Bohr’s
theory?

(A) Energy of a state is doubled.

(B) Radius of an orbit is doubled.

(C) Velocity of electrons in an orbit is doubled.

(D) Radius of an orbit is halved.

Let A, be the area enclosed by the n™ orbitina hydro-

A
will pass through the origin.
will have a slope of four units at all points.

will be a monotonically increasing nonlinear curve.
will be a straight line.

gen atom. The graph of loge( ) against log,n
A
B

(
(
(C
(

——

D

—
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26.

27.
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A particular hydrogen like atom has its ground state
total energy - 54.4 eV, then

(A) its atomic number is 2

B) it can absorb a photon of 40.8 eV

(
(C) inits ground state it cannot emit photon 29.
(

D) for its ground state its potential energy is
-108.8 eV and kinetic energy is +54.4 eV

If the potential energy of the electron in the first
allowed orbit in hydrogen atom is E then its

E
(A) ionisation potential is -3

E
(B) kinetic energy is -3 30.

E
(C) total energy is 5
(D) None of these

Hydrogen atoms absorb radiations of wavelength 4,
and consequently emit radiations of 6 different wave-
lengths of which two wavelengths are shorter than 4; .
Choose the correct alternative(s).

(A) The final excited state of the atoms is n=4

(B) The initial state of the atoms may be n=2

(C) The initial state of the atoms may be n=3

(D) There are three transitions belonging to Lyman

series

For the electron in the n'™ allowed orbit is
(A) the linear momentum is proportional to —
(B) the radius is proportional to # "

REASONING BASED QUESTIONS
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1
(C) the kinetic energy is proportional to pl
(D) the angular momentum is proportional to n

Whenever hydrogen atom emits a photon in the

Balmer series

(A) it may emit another photon in the Balmer series.

(B) it must emit another photon in the Lyman series.

(C) the second photon, if emitted, will have a wave-
length of about 122 nm .

(D) it may emit a second photon but the wavelength
of this photon cannot be predicted.

The wavelengths and frequencies of photons in transi-
tions 1,2 and 3 for hydrogen like atom are 4,, 4,, 45,
Vi, V, and v respectively. Then

'y

21 3
4 A\
ViV
(A) 3=# (B) v3=v+v,
LA
C) A, =—12 D) A.=4+4
S 0) 1y=ty+hy

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: If the accelerating potential in an X-ray 3.
tube is increased, the wavelengths of the characteristic
X-rays do not change.

Statement-2: When an electron beam strikes the target
in an X-ray tube, part of the kinetic energy is converted
into X-ray energy.

Statement-1: According to classical theory, the pro-
posed path of an electron in Rutherford atom model
will be parabolic.

Statement-2: According to electromagnetic theory, an
accelerated particle continuously emits radiation.

Statement-1: An electron in hydrogen atom passes
from n=4 to n=1 level. The maximum number of
photons that can be emitted is 6.

Statement-2: No. of photons emitted can never be
more than 5.

Statement-1: The wavelength of first Balmer line of
deuterium is slightly more than that of hydrogen.
Statement-2: In the centre of mass of an atom reference
frame both nucleus and electron are non-stationary.
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10.

11.

12.

13.

14.

Statement-1: In a hydrogen atom energy of emitted
photon corresponding to transition from n=2 to
n=1 is much greater as compared to transition from
H—e ton=2.

Statement-2: Wavelength of photon is directly propor-
tional to the energy of emitted photon.

Statement-1: Magnetic moment of an atom is due to both,
the orbital motion and spin motion of every electron.
Statement-2: A charged particle produces a magnetic
field.

Statement-1: Total energy in an orbit is negative in an
atom.

Statement-2: Electron is bounded by electrostatic
attraction between electron and nucleus.

Statement-1: Between any two given energy levels,
the number of absorption transition is always less than
number of emission transition.

Statement-2: Absorption transition starts from the low-
est energy level only and may end at any higher level.
But emission transitions may starts from any higher
energy level and end at any energy level below it.

Statement-1: Total energy of revolving electron in any
stationary orbit is negative.

Statement-2: Energy is a scalar quantity and it can take
positive and negative value.

Statement-1: In outermost stationary orbit, energy of
electron is least negative.

Statement-2: In outermost orbit, electron is at maxi-
mum distance from nucleus.

Statement-1: Speed of electron in the n™ orbit of
. 1
hydrogen atom is v, = —.
n

Statement-2: Speed of electron in n™ orbit of hydro-
ZZ

gen like atom is vy . = .

Statement-1: Atomic hydrogen gas excites to third

excited state. The number of spectral lines in emission

spectrum obtained is 6.

Statement-2: Number of spectral lines in emission

spectrum can never be less than 6.

Statement-1: In a hydrogen atom energy of emitted
photon corresponding to transition from n=2 to
n=1 is much greater as compared to transition from
n—e ton=2.

Statement-2: Wavelength of photon is directly propor-
tional to the energy of emitted photon

Statement-1: The difference between the wavelengths
of series limit of the Lyman series of spectral lines and

15.

16.

17.

18.

19.

20.

that (the series limit) of the Paschen series is equal to
the wavelength of a spectral line of the Lyman series
(for the hydrogen atom).

Statement-2: The wave number of an atomic transition

can be calculated from the formula v = R( iz - iz ) ,
m- n

where V is the wave number, R is the Rydberg's con-
stant, m and n are the quantum numbers of the initial
and final states.

Statement-1: If the current in the filament of elec-
tron gun in a X-ray tube is increased, the penetration
power of X-rays is increased.

Statement-2: Increasing current increases the number
of electrons emitted by the electron gun.

Statement-1: It is necessary to keep high vacuum in
Coolidge tube to produce X-rays.

Statement-2: High vacuum is kept in Coolidge tube so
that the electron emitting from the filament of the tube
may not lose their energy in colliding with the atom of
the gas in the tube.

Statement-1: If maximum frequency of Balmer and
Paschen series is f, and f, respectively, then fre-
quency of first line of Balmer series is (f, - f, ) -
Statement-2: Difference of energy level between two
orbits is constant for an atom.

Statement-1: The wavelength of the K, line from an
element and that of the Kp line satisfy the relation
Ag, > Ag .

Statement-2: The energy separation between the K,
levels is smaller than that of the K levels

Statement-1: The wave number corresponding to the
transition between the atomic levels n=3 and n=2
of a hydrogen atom ie. vy, is related to the wave-
numbers v, and v;; for a hydrogen atom by the rela-
tion V3 =V + Vg

_ 1
Statement-2: The wave-number v, , =—  for a fran-

mmn
ntom
where R is the Rydberg constant and m, n are inte-
gers representing the initial and final principal quan-
tum numbers.

1 1 1
sition is given by the expression — = R( — - —2] ,
mn

Statement-1: When light is passed through a sample
of hydrogen atoms in ground state, then wavelengths
of absorption lines are same as wavelengths of lines of
Lyman series in emission spectrum.

Statement-2: In ground state hydrogen atom will
absorb only those radiation which will excite to higher
energy level.
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This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of
competitiveness there may be a few questions that may have more than one correct options)

Comprehension |

A beam of alpha particles is incident on a target made of
lead. A particular alpha particle is incident head-on to a
particular lead nucleus and stops 6.50x107* m away
from the centre of the nucleus (This point lies well out-
side the nucleus). Assume that the lead nucleus which
has 82 protons , remains at rest. The mass of alpha parti-
cle is 6.64x 1077 kg . Based on the information provided,
answer the following questions.

1. The electric potential energy at the instant that alpha
particle stops is

(A) 363 MeV
(C) 3.63 MeV

(B) 45 MeV
(D) None of these

2. The initial kinetic energy of the alpha particle is
(A) 36.3 MeV (B) 0.36 MeV
(C) 3.63 MeV (D) None of these

Comprehension 2

An energy of 68 eV is required to excite an electron in
hydrogen like atom from its second Bohr orbit to third. The
nuclear charge is Ze . Given that hic = 12375 eVA . Based on
above information, answer the following questions.

3.  The value of atomic number Z is given by

(A) 3 (B) 4
© 5 (D) 6
4.  Kinetic energy of the electron in the first Bohr orbit is
(A) 489 eV (B) 48.96eV
(C) 489.6 eV (D) 0.4896 eV

5. The wavelength of the electromagnetic radiation
required to eject the electron from the first orbit to

infinity is given by
(A) 2528 A (B) 2528 A
(C) 2528 A (D) 0.2528 A

Comprehension 3

Simplified picture of electron energy levels in a certain
atom bombarded with high energy electrons is shown in
the figure.

3x107)¢ ——M
3x10710)¢ ———
3x101%J¢ —K

The impact of one of these electrons has caused the com-
plete removal of K-level and is filled by an electron from the
L-level with a certain amount of energy being released dur-
ing the transition. This energy may appear as X-ray or may
all be used to eject an M-level electron from the atom. Based
on above information, answer the following questions.

6. The minimum potential difference through which
electron may be accelerated from rest to cause the ejec-
tion of K-level electron from the atom is

(A) 1.875x10* V (B) 3x10P® vV
(C) 333x10%V (D) 10V

7. Energy released when L-level electron moves to fill the
vacancy in the K-level is

(A) 3x107™]
(€ 27x1075]

(B) 3x1077]
(D) 27x107°]

8. Kinetic energy of the electron emitted from the M-level
is

(A) 3x107]
(C) 27x107°]

(B) 3x107]
(D) 2.67x1077]

Comprehension 4

The surface temperature of Sun is estimated by finding the
most probable energy E for photons emitted by a black

body at temperature T . The intensity (I) of the radiation
E

from sun is proportional to E’e *T 1f ng is the number of

photons with energy E, then distribution of n; is given

by P(ng)= HE) . Also, we know that the Balmer lines of

hydrogen span the visible frequency range and the human
eye has evolved to be the most sensitive to sunlight and
assuming that the visible light is the most probable fre-
quency band of the light emitted by the sun, answer the
following questions.
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9.  The most probable energy E for photons emitted by a
black body of temperature T is
(A) KT (B) 2KT
(C) 3KT (D) 4KT

10. The maximum energy of the Balmer lines which fall in
the visible range is
(A) 19eV
(C) 52eV

(B) 34eV
(D) 64eV

11. If the human eye is sensitive to sunlight, the maximum
surface temperature of sun is

(A) 1x10*K (B) 2x10*K
(C) 3x10*K (D) 4x10*K

Comprehension 5

A dense collection of equal number of electrons and posi-
tive ions is called neutral plasma. Certain solids contain-
ing fixed positive ions surrounded by free electrons can be
treated as neutral plasma. Let N be the number density of
free electrons, each of mass m . When the electrons are sub-
jected to an electric field, they are displaced relatively away
from the heavy positive ions. If the electric field becomes
zero, the electrons begin to oscillate about the positive ions
with a natural angular frequency ®,, which is called the
plasma frequency. To sustain the oscillations, a time varying
electric field needs to be applied that has an angular fre-
quency @, where a part of the energy is absorbed and a part
of it is reflected. As @ approaches o, , all the free electrons
are set to resonance together and all the energy is reflected.
This is the explanation of high reflectivity of metals. Based
on above information, answer the following questions.

12. Taking the electronic charge as ¢ and the permittivity
as &), use dimensional analysis to determine the cor-
rect expression for @,

Ne me

N B |

Ne? me,
(©) \/m:% (D) \/g

13. Estimate the wavelength at which plasma reflection
will occur for a metal having the density of electrons
N=4x107 m™. Take g=10" and m=~107",
where these quantities are in proper SI units
(A) 800 nm (B) 600 nm
(C) 300nm (D) 200 nm

Comprehension 6

A mixture of hydrogen atoms (in their ground state) and
hydrogen like ions in their first excited state are being

excited by electrons, which have been accelerated by same
potential difference V . After excitation when they come
into ground state, the wavelengths of emitted light are
found in the ratio1: 5, then

14. The minimum value of V for which both the atoms
get excited after collision with electrons is

(A) 476V (B) 136V
(C) 102V (D) 15V

15. Atomic number of other ion is
(A) 2 (B) 1
© 3 D) 4

16. The energy of light emitted by hydrogen atom is
(A) 47.6eV (B) 13.6eV
(C) 102eV (D) 15eV

17. Energy of light emitted by hydrogen ions is
(A) 47.6¢eV (B) 13.6eV
(C) 5leV (D) 10.2eV

Comprehension 7

The electric current in an X-ray tube (from the target to the
filament) operating at 40 kV is 10 mA. Assume that on an
average, 1% of the total kinetic energy of the electrons hit-
ting the target is converted into X-rays. Based on above
information, answer the following questions.

18. The total power emitted as X-rays is
(A) 40W (B) 400W
©) 4w (D) 04W

19. The heat produced in the target every second is
(A) 29.6] (B) 396 ]
(€) 3600] (D) 360]

20. Minimum wavelength of X-ray produced is nearly
(A) 03A (B) 3A
(C) 30A (D) 300A

Comprehension 8

A sample of hydrogen atoms initially in its ground state are
irradiated with light of different wavelengths and effects
produced are observed.

21. If sample is irradiated with light of wavelength
85.5 nm , maximum kinetic energy of electrons leav-
ing the gas is
(A) 09eV
(B) 12eV
(C) 102eV
(D) Electrons cannot leave the gas
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22. Least amount of energy that must be given to hydro-
gen atom initially in its ground level so that it can emit
the H, line in the Balmer series

(A) 12.09 eV (B) 102eV
(C) 34eV (D) 12.25eV

23. For this least amount of energy given to the hydrogen
atom, the maximum wavelength of photons emitted
during de-excitation of atom will be

(A) 656 nm (B) 103 nm
(C) 240 nm (D) 346 nm

Comprehension 9

Consider a different atomic model in which electron
revolves around the nucleus (proton) at a separation r
under the action of force which is different from the elec-
trostatic force of attraction. The potential energy between
an electron and the proton due to this force is given by

k . .
U= = where k is a constant. Based on above informa-
r

tion, answer the following questions.

24, The radius of nth Bohr’s orbit is
2n

(A) r="\km B) r=""Jkm
nh nh
© r=E km (D) r=8—?r km
nh nh
25. The velocity in the nth orbit is given by
nh nZh
A = B e
&) @ 872mkm ®) 8r2mykm
nh? nh?
Q) v=——— D) v=—
© 47 mykm ©) 82mykm

26. The kinetic energy of the electron in nth orbitis given
by

n*pt n*n
A = B E=——
(&) 64rnm’k (B) 1287 m*k
474 2,2
nh nh
C) KE=—— Dy KE=——M
© 167K D) 16k m

27. The potential energy of the electron in the nth orbit is
given by

4.4 474
nh nh
A) PE=——— B) PE=———
@) 6dkmtm? (B) 128km*m®
n’h? nth
PE=———— D) PE=——
© 128k m? ©) 256k m*

28. The total energy of the electron in the nth orbit is
given by
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47 4 414
nh n-h
A) TE=——nuw B) TE=_"" _
(&) 12874 m’k ®) 1287 m’k
47 4 414
nh nh
C) TE=——— D) TE=————
© 256kztm? (D) 256kmtm?

Comprehension 10

A 100eV electron collides with a stationary helium

ion (He*) in its ground state and excites it to a higher
level. After collision, He" ion emits two photons in suc-
cession with wavelength 1085 A and 304 A. Taking
he=12375 eVA, answer the following questions.

29. The energy absorbed by He" during collision is

(A) 343eV (B) 426eV
(C) 521eV (D) 479eV
30. The principal quantum number of exited state is
(A) n=2 (B) n=3
(C) n=4 (D) n=5
31. The energy of electron after collision is
(A) 167 eV (B) 374eV
(C) 479eV (D) 521eV

Comprehension | |

An electron orbits a stationary nucleus of charge +ze where
z isaconstantand e is the magnitude of electronic charge.
It requires 47.2 eV to excite the electron form the second
Bohr orbit to third Bohr orbit. Based on above information,
answer the following questions.

32. The value of z is

(A) 5 (B) 4
€ 3 (D) 2
33. The radius of first Bohr orbit is
(A) 053A (B) 0.106 A
(C) 0318 A (D) 0.53 nm

Comprehension 12

In quantum mechanics, some quantities are discrete and
cannot be continuous. One of these quantities is the energy.
Energy can only take certain values, like E, , E,, E5, E, , ...,
which are called energy levels. The energy cannot take any
values between E,; and E, or E,and E; or E; and E,, etc.
Certain transitions from one energy level to another result
in the emission of a photon of radiation, whereas others can
only take place if a photon is absorbed. The energy levels in
anewly discovered gas are expressed as
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2
_Ez

P‘[Z

En=

where, —E,z* is the ground state energy. Taking z=1 for
simplicity, but not assuming that the gas is hydrogen, an
experiment is designed to measure the energy as a func-
tion of the level. The results obtained in the experiment are
given in the table.

n E, (eV)
2 ~144
5 —64
4 -36

Based on the information given, answer the following
questions.

34. The ionization energy of the gas is

(A) 244eV (B) 576eV

(C) 144 eV (D) +13.6eV
35. The ground state energy is

(A) -144 eV (B) +144 eV

(C) 244 eV (D) None of these

36. The graphof E, versus lz is best represented as
n

A 1 (B)
» o
\‘\. .
N ”.I
. 'P"
©) D) ]
,"'."‘ .
¥ .
. e
by "
\‘ N .

Comprehension 13

An electron is orbiting in a circular orbit of radius r under
the influence of a constant magnetic field of strength B.
Assuming that Bohr’s postulate regarding the quantisa-
tion of angular momentum holds good for this electron of
charge ¢ and mass m , answer the following questions.

37. The radius of nth orbit of the electron will be

2 i
nBe 27Be

’ neh
© 27Be (D) nBe

(A)

38. The kinetic energy of the electron in nth orbit is

(A) nh(%] (B) 2nh(%]
@ 5(%) o ()

39. Potential energy of interaction between the magnetic
moment of the orbital current due to the electron mov-
ing in its orbit and the magnetic field B is

nhBe nhBe

(A) v B) —
m m

2nhBe nhBe

© (D) T
m

40. Total magnetic flux due to the magnetic field B pass-
ing through the nth orbit is

() I ® =
2 ¢ e
©) d7nh D) 2mnh

Comprehension 14

According to Bohr’s theoretical model, the nucleus of the
hydrogen atom is infinitely heavy when compared with
electron and so it remains stationary while the electron
revolves around it. However, practically, the nucleus has a
finite mass, and both the electron and the nucleus revolve
about their common centre of mass with a common angu-
lar velocity @. Let us make correction in Bohr theory for
the finite mass of the nucleus. Assuming m to be the mass
of electron, My to be the mass of hydrogen nucleus and
r the separation between them. Based on the information
provided, answer the following questions.

41. The angular momentum of the atom will be constant
about an axis passing through
(A) nucleus
(B) electron
(C) centre of mass of the atom
(D) any axis perpendicular to the line joining the
electron and nucleus

42. The angular momentum of the atom about the centre
of mass will be

(A) mr'e B) mr-x\w
2 2
(©) M (D) ( Mym },zw
Mym Hy+m

43. The new ground state energy of electron will be
(A) more than that found with Bohr’s theoretical
model.
(B) equal to that found with Bohr’s theoretical model.
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(C) smaller than that found with Bohr’s theoretical
model.
(D) data insufficient to arrive at a conclusion.

Comprehension 15

In atom X , a single electron orbits around a stationary
nucleus of charge +Ze where Z isa constantand e is the
magnitude of the electronic charge. It requires 47.2 eV to
excite the electron from the second Bohr orbit to the third
Bohr orbit. Take ionization energy of the hydrogen atom
13.6eV.

44, The value of Z is

(A) 3 (B) 4
© 5 (D) 6
45. Kinetic energy of electron in ground state of atom X is
(A) 1224 eV (B) 170eV
(C) 340eV (D) 680eV

46. The wavelength of electromagnetic radiation required
to remove the electron from 3™ Bohr orbit to infinity is
(A) 329A (B) 428 A
(C) 546 A (D) 636 A

Comprehension 16

A gas of identical hydrogen like atoms has some atoms in
lowest (ground) energy level A and some atoms in particu-
lar upper (excited) energy level B and there are no atoms in
any other energy level. The atoms of the gas make transi-
tion to a higher energy level by absorbing monochromatic
light of photon energy 2.7 eV. Subsequently the atoms
emit radiation of only six different photons energies. Some
of emitted photons have energy 2.7 eV. Some have more
and some have less than 2.7 eV . Based on the information
given, answer the following questions.

47. The principal quantum number of initially excited
level B is
(A) 1
© 3

(B) 2
(D) None of these

48. The magnitude of ionisation energy of gas atoms is
(A) 13.6eV
(B) 12.7eV
(C) 544eV
(D) None of these

49. The maximum and minimum energies of the emitted
photons
(A) 12.75eV and 0.66 eV
(B) 13.6eVand12.75eV
(C) 13.6eVand 0.66 eV
(D) None of these
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Comprehension 17

A sample of hydrogen atom gas contains 100 atoms . All
the atoms are excited to the same n™ excited state. The
total energy released by all the atoms as they come to
the ground state through various types of transitions is

%goRch , where Rch =13.6 eV . Based on the information

provided, answer the following questions.

50. The value of n
(A) 5 (B) 6
€ 7 (D) 8

51. The maximum energy of the emitted photon

(A) (i—g]m (B) (%]Rch

48
C) | — |Rch D) Rch
© [ 49] (D)
52. The maximum number of photons emitted is
(A) 300 (B) 600
(C) 1500 (D) 2100

Comprehension 18

The figure shown an energy level diagram for the hydrogen
atom. Several transitions are marked as I, IL, I1I, IV, V, & VL
The diagram is only indicative and not to scale. Based on
the information given, answer the following questions.

co

: i

53. A Balmer series photon is absorbed in
(A) I (B) II
€ IV (D) VI

54. The wavelength of the radiation involved in transition
Ilis
(A) 291 nm
(C) 487 nm

(B) 364nm
(D) 652 nm

55. The transition that occur, when a hydrogen atom is
irradiated with radiation of wavelength 1025 A
(A) 1 (B) 1I
© v (D) V
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Comprehension 19

In the first orbit of hydrogen atom, energy is -13.6 eV,
whereas in case of any other hydrogen like atom, the
energy (in eV) in first orbit is —(13.6)Z%, where Z is
atomic number of atom. When the electron gets excited to a
higher state then its energy increases. At infinity, it becomes
zero, because electron becomes free from system. All other
states other than the ground state are called as excited state.
Based on the information provided, answer the following
questions.

56. Asnumber of orbit increases, kinetic energy of electron
also increases

57.

58.

>
]

) yes

B) no

C) depends on atom

D) depends on number of orbits

=

(
(
(
(

Energy of He® ion in its second excited state is
approximately

(A) -13.6eV (B) -272eV

(C) —6eV (D) —544¢eV

When a hydrogen nucleus joins an electron in the first
excited state, then released energy is

(A) 136eV (B) 34eV

(€©) 102eV (D) None of these

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMNE-I are labelled A, B, C and D, while the statements in COLUMNG-II are labelled p, q, 1, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-IL The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A - p,sand t; B - qand r; C - p and g; and D — s and t; then the correct darkening of

bubbles will look like the following:

p g r s t
APOOO®O®
CHORONGRORO,
cC@OOO®O®
PP@O®EO®
1. Match the quantities in COLUMN-I with their propor-
tionality on Z (atomic number) in COLUMN-IL celbel A eloliiAl
(A) Energy of second excited state | (p) 3.4 eV
COLUMN-I COLUMN-II of hydrogen
(A) Radius of orbit (p) is proportional (B) Energy of fourth state of He" (q) -13.6eV
toZ
(C) Potential energy of first excited | (r) -1.5eV
(B) Current associated (q) is inversely state of Li™"
due to orbital motion proportional to Z
ST (D) Kinetic energy of electron in (s) -61.2eV
second excited state of Li™
(C) Magnetic field at the | (r) is proportional to Z*
centre due to orbital
motion of electron 3. Some laws/processes are given in COLUMN-L

(D) Velocity of an
electron

(s) is proportional to
ZS

Excitation energy of hydrogen atom is 13.6 eV . Match
the following quantities in COLUMN-I with their val-

ues in COLUMN-II.

Match these with the physical phenomena given in

COLUMN-IL

COLUMN-I

COLUMN-II

(A) Transition between
two atomic energy
levels

(p) Characteristic X-rays

(Continued)
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COLUMN-|

COLUMN-II

(B) Electron emission
from a material

(C) Mosley’s Law

(D) Change of photon
energy into kinetic
energy of electrons

(q) Photoelectric effect

(r) Hydrogen spectrum

(s) P-decay

4. Match the energies in COLUMN-I with their respec-

tive values in COLUMN-II.

COLUMN-|

COLUMN-II

(A) Binding energy of electron in
triply ionised Lithium atom

(B) Energy that can remove
electron from first excited state
of triply ionised Beryllium

atom

(C) Ionisation energy of tetra-

ionised Boron

(D) Energy obtained in assembling
singly ionised Helium atom so
that the atom can be in ground
state or other excited states

(p) 340 eV

(q) 34eV

(r) 1224 eV

(s) 54.4eV

5. Regarding transition of electrons match the transi-
tions in COLUMNE-I to the corresponding series in

COLUMN-IL
COLUMN-I COLUMN-II
(A) n=5ton=2 (p) Lyman series
(B) n=8ton=4 (q) Brackett series
(C) n=3ton=1 (r) Paschen series
(D) n=4ton=3 (s) Balmer series

6. Match the quantities in COLUMN-I with their depen-
dence on the principal quantum number n and the
atomic number Z in COLUMN-IL
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COLUMN-I COLUMN-II
(A) Angular speed n
(P) -7
Z
(B) Time period (q) n
(C) Angular momentum 72
(r) -
n
(D) Magnetic moment 73
(s) =
n
(E) Magnetic Field

Match the properties in COLUMN-I with their corre-
sponding transitions in COLUMN-IL

COLUMN-I COLUMNG-II

(A) Ultraviolet light (p) n=6—-n=3
(B) Visible light (qQ n=3-n=1
(C) Infrared radiation (r) n=4->n=2

(D) Micro wave

(s) n=7—-n=6

For transition of electrons match the following

COLUMN-I COLUMN-II

(A) n=5ton=2 (p) Lyman series
(B) n=8ton=4 (q) Brackett series
(€) n=3ton=1 (r) Paschen series
(D) n=4ton=3 (s) Balmer series

Match the quantities in COLUMN-I with their respec-
tive values in COLUMN-II for He" atom.

COLUMN-I COLUMN-II
(A) Angular momentum ) 2h
Pr
(B) Total energy of electron in (q) 544
ground state (in eV)
(C) Potential energy of electronin | (r) -108.8
ground state (in eV)

(Continued)
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COLUMN-I COLUMN-II
(D) Kinetic energy of electron in h
first excited state (in eV) (s) i
(t) 13.6
(u) -54.4

10. Match the entries of COLUMN-I with the respective

entries in COLUMN-IL

COLUMN-|

COLUMN-II

(A) Characteristic X-ray

(B) X-ray production
(C) Cut-off wavelength

(D) Continuous X-ray

(p) Inverse process of
photoelectric effect

(q) Potential difference
(r) Moseley’s law

(s) None of these

11. Square root of frequency /v, versus atomic number
Z graph for characteristic X-rays is as shown in figure.

Match the following

»7
COLUMN-| COLUMN-II
(A) Line-1 (p) L,
(B) Line-2 (@) Ly
(C) Line-3 1 K,
(D) Line-4 (s) K,

12. The energy, the magnitude of linear momentum, mag-
nitude of angular momentum and orbital radius of
an electron in a hydrogen atom corresponding to the

quantum number n are E, p, L and r respectively. Then
according to Bohr’s theory of hydrogen atom match
the expressions in COLUMN-I with statement in

COLUMN-IL
COLUMN-I | COLUMN-II
(A) Epr (p) is independent of n
(B) P (q) is directly proportional to n
£,
C) Er (r) is inversely proportional to n
(D) pr (s) is directly proportional to L

13. COLUMN?-I is a physical quantity related to orbiting
electron in a hydrogen like atom, the term Z and n
given in COLUMN- II have usual meaning in Bohr's

theory.

COLUMN-I

COLUMN-II

(A) Frequency of
orbiting electron

(B) Angular momentum
of orbiting electron

(C) Magnetic moment
of orbiting electron

(D) The average current
due to orbiting of
electron

(p) is directly
proportional to Z*

(q) is directly
proportional to n

(r) is inversely
proportional to 1’

(s) is independent of Z

(t) is different for
different hydrogen
like atom

14. Match the series in COLUMN-I with the type of emis-
sion in COLUMN-II for hydrogen spectrum.

COLUMN-I

COLUMN-II

(A) Lyman series
(B) Balmer series
(C) Paschen series

(D) Brackett series

(p) infrared region
(q) visible region
(r) ultraviolet region

(s) X-rays
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15. In COLUMN-I, maximum wavelengths of spec-
tral series are given and in COLUMN-II minimum
wavelengths are given. Match the COLUMN-I with
COLUMN-II and mark the correct the correct option

from the codes given below

COLUMN-I COLUMN-II
g Vi)
@ o ® =
® = @ 2
© m2
® 5§ ©
(E) % (® %

16. In Bohr’s atomic model for hydrogen atom, match the
contents of COLUMN-I with contents of COLUMN-IL

COLUMN-I

COLUMN-II

(A) If electron jumps
fromn=2ton=1

(B) If electron jumps from
n=1ton=4

(C) If electron jumps from
n=3ton=1

(D) If electron jumps
fromn=6ton=3

(p) speed of electron
will become 2
times

(q) kinetic energy
of electron will
become 4 times

(r) angular momentum
of electron will
become 4 times

(s) angular velocity of
electron becomes
27 times

(t) current due to
electron becomes 8
times

17. Match the entries in COLUMN-I with their respective

entries in COLUMN-IL
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COLUMN-I COLUMN-II

(p) Absorption
spectrum

(A) Atomic excitation

(q9) Independent of
mass of electron

(B) Lyman series

(C) Rydberg constant (r) Inelastic collision

(s) Dependent on mass
of electron

(D) Bohr’s atomic model

(E) Speed of electron (t) Stationary orbit

18. If f; is the maximum frequency of emitted photon
of Lyman series, f, is minimum frequency of the
emitted photon of Lyman series and f; is maximum

frequency of the emitted photon of Balmer series, then
match the relations in given in COLUMN-I with the
corresponding relations in COLUMN-IL.

COLUMN-I COLUMN-II
(A) f (p) greater than f,
(B) f, (q) is negative
© H-f) (r) less than f,
D) (,-f) (s) isequal to f;

19. Inhydrogen atom wavelength of second line of Balmer
series is A, Match the following two columns corre-
sponding to the wavelength.

COLUMN:-II

o (2):
o)

o (2)

(s) None of these

COLUMN-I

(A) Firstline of Balmer
series

(B) Third line of Balmer
series

(C) First line of Lyman
series

(D) Second line of Lyman
series
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20. Match the energies in COLUMN-I with the respective

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

values in COLUMN-IL.

COLUMN-I COLUMN:-II
(A) Energy of second excited (p) -34eV
state of hydrogen
(B) Energy of fourth state of He" | (q) +13.6eV
(C) Energy of first excited state | (r) -1.5eV
of Li""
(D) Excitation energy of (s) -30.6 eV
hydrogen atom
(t) -13.6eV

21.

Ionization energy of electron from first excited state
of hydrogen atom is E. Match the following two col-
umns for He" atom.

COLUMN-I COLUMN-II

(A) Ionization energy from (p) 4E
ground state

(B) Electrostatic potential energy | (q) -16E
in first excited state

(C) Kinetic energy of electronin | (r) -8E
ground state

(D) Ionization energy from first (s) 16E
excited state

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data
given in the question(s).

1

Calculate the ratio between total acceleration of the
electron in singly ionized helium atom and hydrogen
atom when both the atoms are in ground state.

The binding energy of an electron in the ground state
of He atom is equal to Ej =24.6 eV . Find the energy
required, in eV, to remove both electrons from the
atom.

An X-ray tube is operating at 18 kV . The speed of
electrons striking the target is x x10” ms™ . Calculate
x . Take mass of electron to be 9x 10 kg .

Find the quantum number n corresponding to nth
excited state of He" ion if on transition to the ground
state the ion emits two photons in succession with
wavelengths 108.5 nm and 30.4 nm . The ionization
energy of the hydrogen atom is 13.6 eV .

The half-value thickness of an absorber is defined as
the thickness that will reduce exponentially the inten-
sity of a beam of particles by a factor of 2. Calculate the
half-value thickness for lead, in micrometre, assum-
ing that the X-ray beam has a wavelength of 20 pm,

absorption coefficient of lead to be =50 cm .

From what material ( Z value) is the anode of an X-ray
tube made, if the K, line wavelength of the character-
istic spectrum is 0.76 A ?

7.

10.

11.

Calculate the voltage of X-ray tube in kilovolt, so that
an electron emitted from the cathode may give an
X-ray of wavelength 3.1 A after striking the target.

Take he=12400 eVA.

A stream of « -particles is incident on a sample of
hydrogen gas. What should be the minimum kinetic
energy of o -particles, in eV, to ionize the hydrogen
atoms.

The potential difference across Coolidge tube is 20 kV
and a 10mA current flows through the voltage
supply. Only 0.5% of the energy carried by electrons
striking the target is converted into X-rays. Calculate
the power carried by X-ray beam in watt.

Hydrogen gas in the atomic state is excited to an
energy level such that the electrostatic potential
energy of hydrogen atom becomes -1.7 eV. Now a
photoelectric plate having work function 2.3 eV is
exposed to the emission spectra of this gas. Assuming
all the transitions to be possible, find the minimum
de-Broglie wavelength of the ejected photoelectrons in
A to the nearest integer.

The shortest wavelength of the Brackett series of a
hydrogen like atom of atomic number Z is same as
the shortest wavelength of the Balmer series of hydro-
gen atom, then calculate Z .



12.

13.

14.

15.

16.
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Ahydrogen like atom (described by the Bohr model) is

observed to emit six wavelengths, originating from all

possible transitions between a group of levels. These

levels have energies between —0.85 eV and -0.544 eV

(including both these values).

(a) Find the atomic number of the atom.

(b) Calculate the smallest wavelength emitted in
these transitions, in A .

(Take ground state energy of hydrogen atom to be

-13.6 eV).

Emission spectrum of hydrogen atom has two lines of
Balmer series with wavelength 4102 A and 4861 A.
To what series does a spectral line belong if its wave
number is equal to the difference of wave numbers of
the above two lines? What is the wavelength of this
linein A ? Given, R=1.097x10" m™".

Calculate the quantum number n corresponding to
the excited state of singly ionised helium, if on tran-
sition to ground state, the ionised helium emits two
photons in succession having wavelengths 1026.7 A
and 304 A. Given that the Rydberg’s constant has a

value 1.09x10” m™.

Ahydrogen like atom (atomic number Z ) isin a higher
excited state of quantum number 7 . The excited atom
can make a transition to the first excited state by suc-
cessively emitting two photons of energy 10.2 eV and
17 eV respectively. Alternately, the atom from the
same excited state can make a transition to the second
excited state by successively emitting two photons of
energies 4.25 eV and 5.95 eV respectively.
Determine the values of n and Z.

(Ionization energy of hydrogen atom is 13.6 eV)

Assuming that the binding energy of an electron in the
ground state of helium atom is 25.6 eV . If the ionisa-
tion energy of hydrogen is 13.6 eV, then the energy

ARCHIVE: JEE MAIN

[Online April 2019]

Radiation coming from transitions n=2 to n=1 of
hydrogen atoms fall on He" ions in n=1 and n=2
states. The possible transition of helium ions as they
absorb energy from the radiation is

(A) n=2—-n=4 (B) n=2-n=5

(C) n=2-n=3 (D) n=1-n=4

[Online April 2019]

Taking the wavelength of first Balmer line in hydrogen
spectrum (n=3ton=2) as 660 nm, the wavelength
of the 2™ Balmer line (11=4 ton=2) will be

17.

18.

19.

20.

21.
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required to remove both the electrons from the helium
atomis 10N eV . Calculate N .

The ionization energy of a hydrogen like Bohr atom is

4 rydberg.

(a) What is the wavelength of the radiation emit-
ted, in A, when the electron jumps from the first
excited state to the ground state?

(b) What is the atomic number Z of the atom?

(c) Also, the radius of the first orbit for this atom as a

multiple of the Bohr’s radius 4, is D where #
is not readable. Find *.

Calculate the wavelength of K, line (in picometer) for
copper (Z=29) if the wavelength of K, line for iron
(Z=26) is known to be equal to 193 pm.

A doubly ionized lithium atom is hydrogen like with
atomic number 3. Find the wavelength of the radia-
tion to the nearest three digit integer, in A , required
to excite the electron in Li** from the first to the third
Bohr orbit. The ionization energy of the hydrogen
atomis 13.6 eV .

The electric current in an X-ray tube operating at

40 kV is 10 mA. Assume that on an average 1% of

the total kinetic energy of the electrons hitting the

target are converted into X-rays.

(a) What is the total power emitted as X-rays, in
watt?

(b) How much heat, in joule is produced in the target
every second?

In a certain element, the K electron energy is
-18.525 keV and the L electron energy is -3 keV .
When electron jumps from L to K shell, the wave-
length of X-ray emitted is xx10™"" m. Calculate x.
Take he=12375eVA .

(A) 889.2nm (B) 488.9 nm

(C) 388.9 nm (D) 6427 nm

[Online April 2019]

A He" ion is in its first excited state. Its ionization
energy is

(A) 13.60 eV (B) 6.04eV

(C) 4836 eV (D) 5440 eV

[Online April 2019]

In Li**, electron in first Bohr orbit is excited to a level
by a radiation of wavelength A . When the ion gets
deexcited to the ground state in all possible ways
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(including intermediate emissions), a total of six spec-
tral lines are observed. What is the value of 4 ?

(Given: h=6.63x10""Js, c=3x10* ms™)

(A) 114nm (B) 12.3nm
(©) 94nm (D) 10.8 nm
[Online April 2019]

An excited He" ion emits two photons in succession,
with wavelengths 108.5nm and 30.4 nm , in making
a transition to ground state. The quantum number 7,
corresponding to its initial excited state is (for photon

of wavelength 4, energy E= M

A(innm)
(A) n=5 (B) n=7
(C) n=4 (D) n=6
[Online April 2019]

The electron in a hydrogen atom first jumps from
the third excited state to the second excited state and
subsequently to the first excited state. The ratio of the

. A s
respective wavelengths, 2,_1 , of the photons emitted in
this process is 2

7 27
(A) 5 (B) 5

9 20
©) - (D) —
[Online January 2019]

A hydrogen atom, initially in the ground state is
excited by absorbing a photon of wavelength 980 A.
The radius of the atom in the excited state, in terms of
Bohr radius a,, will be (hc =12500 eVA)

(A) 4a, (B) 9y
(C) 25a, (D) 164,
[Online January 2019]

In a hydrogen like atom, when an electron jumps from
the M-shell tothe L-shell, the wavelength of emitted
radiation is A . If an electron jumps from N-shell to

the L-shell, the wavelength of emitted radiation will
be

25 16
A) —A B) —A
(A) 16 (B) 25

20 27
C) —4 D) =1
© 27 D) 20
[Online January 2019]

A particle of mass n moves in a circular orbit in a cen-
tral potential field U(r)= %kr2 .If Bohr’s quantization

conditions are applied, radii of possible orbitals and
energy levels vary with quantum number n as

10.

11.

12.

13.

(B) ]’”OC-\/H’EHOCH

1
2

(A) ryecn, E, ocn

1
© e, Eyes (D) ryeen’, Eyee
n
[2018]
An electron from various excited states of hydrogen
atom emit radiation to come to the ground state. Let
Ay, 4 be the de Broglie wavelength of the electron in

the n™" state and the ground state respectively. Let A,
be the wavelength of the emitted photon in the transi-

tion from the n™ state to the ground state. For large n,
(A, B are constants)

(A) A”=A+% (B) A,=~A+BA,

(C) A2=A+BA]

[2018]
If the series limit frequency of the Lyman series is v, ,
then the series limit frequency of the Pfund series is

D) A2=4

(A) 25v, (B) 16v,
4 /3
© I ©) %

[Online 2018]

The energy required to remove the electron from a
singly ionized Helium atom is 2.2 times the energy
required to remove an electron from Helium atom. The
total energy required to ionize the Helium atom com-
pletely is

(A) 34eV (B) 79eV
(€) 20eV (D) 109 eV
[Online 2018]

Muon () is a negatively charged (19| =lel) particle

with a mass m, =200m, , where m, is the mass of the

electron and e is the electronic charge. If y~ is bound

to a proton to form a hydrogen like atom, identify the

correct statements.

. Radius of the muonic orbit is 200 times smaller
than that of the electron.

Il. Thespeed of the u~ inthe n™ orbitis ﬁtimes

that of the electron in the n™ orbit.
. The ionization energy of muonic atom is
200 times more than that of an hydrogen atom.

IV. The momentum of the muon in the n™ orbit is
200 times more than that of the electron.

(A) LI, IV (B) I IV
() LILIV (D) IIL IV
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14.

15.

16.

17.

18.

[Online 2018]

Both the nucleus and the atom of some element are in
their respective first excited states. They get de-excited
by emitting photons of wavelengths A, , 4, respec-

. . A
tively. The ratio is A_N closest to

(A) 10 (B) 10
(€) 1070 (D) 107!
[2017]

Some energy levels of a molecule are shown in the

figure. The ratio of the wavelengths r = % is given by
2

-E
|
4
_—E— ——————————— I,
3 A
—2E 3
_SE_
4 2
A =— B =—
(A) r 3 (B) r 3
3 1
C) r== D) r==
€ r 1 (D) r 3
[Online 2017]

According to Bohr’s theory, the time averaged mag-
netic field at the centre (i.e. nucleus) of a hydrogen
atom due to the motion of electrons in the n'™ orbit is
proportional to (7 = principal quantum number)

(A) n’? B) n”
€ nt D) n°
[Online 2017]

The acceleration of an electron in the first orbit of
hydrogen atom (n=1) is

h? h?
A) ——— B) ————
) tmPr? ®) At m*y®
h? h?
C D) ——
© 4rm’r? D) 8im*r®
[Online 2016]

A hydrogen atom makes a transition from n=2 to
n=1 and emits a photon. This photon strikes a dou-
bly ionized lithium atom (Z=3) in excited state and
completely removes the orbiting electron. The least
quantum number for the excited state of the ion for the
process is

(A) 2 (B) 4

<) 5 (D) 3

19.

20.

21.

22

23.
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[2015]

As an electron makes a transition from an excited state

to the ground state of a hydrogen - like atom /ion

(A) its kinetic energy increases but potential energy
and total energy decrease

(B) kinetic energy, potential energy and total energy
decrease

(C) kinetic energy decreases, potential energy
increases but total energy remains same

(D) kinetic energy and total energy decrease but
potential energy increases

[Online 2015]

If one were to apply Bohr model to a particle of mass
m and charge g moving in a plane under the influ-
ence of a magnetic field B, the energy of the charged
particle in the n™ level will be

hqB hqB
*) [n] ®) [m]
© n[’”“?—B] ) n[’“’—B)

8am i
[2014]

Hydrogen (1H1), Deuterium (1H2), singly ion-
ised Helium (,He')" and doubly ionised lithium
(,Li®)" all have one electron around the nucleus.

Consider an electron transition from n=2 to n=1.
If the wavelengths of emitted radiation are 4,, 4,, 43
and A, respectively then approximately which one of
the following is correct?

[2013]

In a hydrogen like atom electron makes transition from
an energy level with quantum number n to another
with quantum number (n-1).1If n>1, the frequency
of radiation emitted is proportional to

@A) ® ~
n n
1 1
© =3 ®)
[2012]

Hydrogen atom is excited from ground state to another
state with principal quantum number equal to 4. Then
the number of spectral lines in the emission spectra
will be

(A) 3 (B) 5

€ 6 (D) 2
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24. [2012]
A diatomic molecule is made of two masses n1; and
m, which are separated by a distance r. If we cal-
culate its rotational energy by applying Bohr’s rule of
angular momentum quantization, its energy will be
given by (n is an integer)
't 2n’n’*
(A) ————5 (B) ————7
2(my +my)r (my +my)r
(11y + my )n*h* (my +my )P 2
© 2 ( 222
2mynyr 2mymsr
ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONLY ONE is correct)

1

[JEE (Advanced) 2014]

If Ac, is the wavelength of K, , X-ray line of copper
(atomic number 29) and 4, is the wavelength of the
K, , X-ray line of molybdenum (atomic number 42),

then the ratio iﬁ is close to

(A) 1.99 (B) 2.14
(©) 050 (D) 048
[IIT-JEE 2011]

The wavelength of the first spectral line in the Balmer
series of hydrogen atom is 6561 A. The wavelength of
the second spectral line in the Balmer series of singly-
ionized helium atom is

(A) 1215 A (B) 1640 A
(C) 2430 A (D) 4687 A
[IIT-JEE 2008]

Which one of the following statements is wrong in the

context of X-rays generated from an X-ray tube?

(A) Wavelength of characteristic X-rays decreases
when the atomic number of the target increases

(B) Cut-off wavelength of the continuous X-rays
depends on the atomic number of the target

(C) Intensity of the characteristic X-rays depends on
the electrical power given to the X-ray tube

(D) Cut-off wavelength of the continuous X-rays
depends on the energy of the electrons in the
X-ray tube

[IIT-JEE 2007]
The largest wavelength in the ultraviolet region
of the hydrogen spectrum is 122 nm. The smallest

25.

26.

[2011]
Energy required for the electron excitation in Li*"
from the first to the third Bohr orbit is

(A) 12.1eV (B)  363eV
(C) 1088 eV (D) 124eV
[2009]

The transition from the state n=4 to n =3 in a hydro-
gen like atom results in ultraviolet radiation. Infrared
radiation will be obtained in the transition from

(A) 21 (B) 3—2

©) 42 (D) 54

wavelength in the infrared region of the hydrogen
spectrum (to the nearest integer) is

(A) 802nm (B) 823nm
(C) 1882nm (D) 1648 nm
[IIT-JEE 2005]

K, wavelength emitted by an atom of atomic number
Z=11is A .Find the atomic number for an atom that
emits K, radiation with wavelength 44

(A) Z=6 (B) Z=4
€ zZ=1 (D) Z=44
[IIT-JEE 2005]

A photon collides with a stationary hydrogen atom

in ground state inelastically. Energy of the colliding

photon is 10.2 eV . After a time interval of the order

of mocro second another photon collides with same

hydrogen atom inelastically with an energy of 15eV .

What will be observed by the detector?

(A) 2 photon of energy 10.2 eV

(B) 2 photon of energy 1.4 eV

(C) One photon of energy 10.2 eV and an electron of
energy 1.4 eV

(D) One photon of energy 10.2eV and another
photon of energy 1.4 eV

[IIT-JEE 2003]

The electric potential between a proton and an electron

is given by V=V, log, |, where 1, is a constant.
To

Assuming Bohr’s model to be applicable, write vari-

ation of r, with n, n being the principal quantum

number.

(A) r,e<n (B) rocl
fl
Q) 1o’ (D) rnwiz
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10.

11.

12.

[IIT-JEE 2002]

Ahydrogen atom and a Li*"ion are both in the second
excited state. If L,; and L,;; are their respective elec-
tronic angular momenta and E;; and Ej; their respec-
tive energies then,

(A) Ly>Lyand |Ey|>|Ey]

(B) Ly=Ljand [Ey|<[E;]

© Ly=Lyand [Ey|>|Ey|

(D) Ly <Ly and |Ey|<|Ey|

[IIT-JEE 2002]

The potential difference applied to an X-ray tube is

5kV and the current through itis 3.2 mA . The num-
ber of electrons striking the target per second is

(A) 2x10% (B) 5x10°
(C) 1x107 (D) 4x10"
[IIT-JEE 2001]

The intensity of X-rays from a Coolidge tube is plot-
ted against wavelength A4 as shown. The minimum
wavelength found is 4. and the wavelength of the
K, lineis Z; . As the accelerating voltage is increased

/

lc ﬂ-k

(A) (A -A.) increases
(C) A, increases
[IIT-JEE 2001]

The transition from the state n=4 to n=3 inahydro-

gen like atom results in ultraviolet radiation. Infrared
radiation will be obtained in the transition

(B) (A4 —A.) decreases
(D) A, decreases

(A) 21 (B) 3-2
(C) 4-2 (D) 54
[IIT-JEE 2000]

The electron in a hydrogen atom makes a transition

from an exited state to the ground state. Which of the

following statements is true?

(A) its kinetic energy increases and its potential and
total energies decrease

(B) its kinetic energy decreases, potential energy
increases and its total energy remains the same

(C) its kinetic and total energies decrease and its
potential energy increases

(D) its kinetic, potential and total energies decrease

13.

14.

15.

16.

17.
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[1IT-JEE 2000]

Imagine an atom made up of a proton and a hypothet-
ical particle of double the mass of electron but hav-
ing the same charge as the electron. Apply the Bohr
Atom Model and consider all possible transitions of
this hypothetical particle to the first excited level. The
longest wavelength photon that will be emitted has
wavelength A (given in terms of Rydberg constant R
for the Hydrogen atom) equal to

9 36
A) =% ® =

18 4
© = o) <
[IIT-JEE 2000]

Electrons with energy 80 keV are incident on the

tungsten target of an X-ray tube. K shell electrons of

tungsten have -72.5keV energy. X-rays emitted by

the tube contain only

(A) a continuous X-ray spectrum (Bremsstrahlung)
with a minimum wavelength of ~0.155 A .

(B) a continuous X-ray spectrum (Bremsstrahlung)
with all wavelengths.

(C) the characteristic X-ray spectrum of tungsten.

(D) a continuous X-ray spectrum (Bremsstrahlung)
with a minimum wavelength of ~0.155 A and
the characteristic X-ray spectrum of tungsten.

[IIT-JEE 1999]

In Hydrogen spectrum the wavelength of H, line is
656 nm, whereas in the spectrum of a distant galaxy,
H, line wavelength is 706 nm. Estimated speed of
galaxy with respect to earth is

(A) 2x10% ms™ (B) 2x10” ms™
(C) 2x10° ms™ (D) 2x10° ms™

[IIT-JEE 1998]
X-rays are produced in an X-ray tube operating at a
given accelerating voltage. The wavelength of the con-
tinuous X-rays has values from

(A) Oto e

(B) Ay, to e where A.;, >0

(C) 0to A, where A4, <co

(D) Ay, to Ay, where 0<A4 , <4

max

max <o

[IIT-JEE 1997]

As per Bohr Model, the minimum energy (in eV)
required to remove an electron from the ground state
of doubly ionised Li atom (Z=3) is

(A) 1.51 (B) 136

(C) 4038 (D) 1224
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18. [IIT-JEE 1997]
The K, X-ray emission line of tungsten occurs at

A=0.021 nm . The energy difference between K and
L levels in this atom is about

(A) 0.51 MeV (B) 1.2MeV

(C) 59keV (D) 136eV

19. [IIT-JEE 1985]

The X-ray beam coming from an X-ray tube will be

(A) monochromatic

(B) having all wavelengths smaller than a certain
maximum wavelength

(C) having all wavelengths larger than a certain mini-
mum wavelength

(D) having all wavelengths lying between a mini-
mum and a maximum wavelength

20. [IIT-JEE 1983]
If the elements with principal quantum number n > 4
were not allowed in nature, the possible number of
elements would be
(A) 4 (B) 32
(©) 60 (D) 64

21. [IIT-JEE 1982]
The shortest wavelength of X-rays emitted from an
X-ray tube depends on
(A) the current in the tube
(B) the voltage applied to the tube
(C) the nature of the gas in tube
(D) the atomic number of the target material

Multiple Correct Choice Type Problems

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONE OR MORE is/are correct)

1. [JEE (Advanced) 2019]
A free hydrogen atom after absorbing a photon of
wavelength 4, gets excited from the state n =1 to the
state n=4. Immediately after that the electron jumps
to n=m state by emitting a photon of wavelength
A, . Let the change in momentum of atom due to the
absorption and the emission are Ap, and Ap,, respec-

A, 1
tively. If h—“ =5 which of the option(s) is/are correct?
(Use hc=1242eVnm; 1nm=10" m, i and ¢ are
Planck’s constant and speed of light, respectively)

(A) A, =418 nm

Ap, 1
B &= _
® 5

[

(C) The ratio of kinetic energy of the electron in the
state n=m to the state n=1 is %
(D) m=2

[JEE (Advanced) 2016]

Highly excited states for hydrogen-like atoms (also
called Rydberg states) with nuclear charge Ze are
defined by their principal quantum number 1, where
n>1. Which of the following statement(s) is(are)
true?

(A) Relative change in the radii of two consecutive

orbitals does not depend on Z
(B) Relative change in the radii of two consecutive

. . 1
orbitals varies as —
n

(C) Relative change in the energy of two consecutive
. . 1
orbitals varies as —
n
(D) Relative change in the angular momenta of two

. . , 1
consecutive orbitals varies as —

n
[JEE (Advanced) 2013]

The radius of the orbit of an electron in a Hydrogen
like atom is 4.5a,, where a; is the Bohr radius. Its

h
orbital angular momentum is ;— .Itis given that h is
m

Planck constant and R is Rydberg constant. The pos-
sible wavelength(s), when the atom de-excites, is (are)

9 9
(A) 3R (B) R

9 4
(©) R (D) R
[IIT-JEE 1998]

The electron in a hydrogen atom makes a transition
1, — n, where, n; and n, are the principal quantum
numbers of the two states. Assume the Bohr Model to
be valid. The time period of the electron in initial state
is eight times that in the final state. The possible values
of n, and n, are

(A) ny=4,n,=2 (B) n,=8,n,=2
C) n=8,n,=1 (D) ny=6,n,=3
[IIT-JEE 1988]

The potential difference applied to an X-ray tube is
increased. As a result, in the emitted radiation

(A) the intensity increases

(B) the minimum wavelength increases

(C) the intensity remains unchanged

(D) the minimum wavelength decreases
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6. [IIT-JEE 1984]
In the Bohr model of the hydrogen atom
(A) the radius of the nth orbit is proportional to n*
(B) the total energy of the electron in the nth orbit is
inversely proportional to n
(C) the angular momentum of the electron in an orbit

is an integral multiple of h
n

(D) the magnitude of the potential energy of the elec-
tron in any orbit is greater than its kinetic energy

Reasoning Based Questions

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT
2isnot the correct explanation of STATEMENT
1.

Bubble (C) 1f STATEMENT 1 is TRUE and STATEMENT 2
is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2
is TRUE.

1. [IIT-JEE 2007]

Statement-1: If the accelerating potential in an X-ray
tube is increased, the wavelengths of the characteristic
X-rays do not change.

Statement-2: When an electron beam strikes the target
inan X-ray tube, part of the kinetic energy is converted
into X-ray energy.
(A) Statement-1 is  True;

is True, Statement-2

Statement-2 is a correct explanation for
Statement-1
(B) Statement-1 is True, Statement-2 is True;

Statement-2 is NOT a correct explanation for
Statement-1

(C) Statement-1 is True, Statement-2 is False

(D) Statement-1 is False, Statement-2 is True

Comprehension Type Questions

This section contains Linked Comprehension Type
Questions or Paragraph based Questions. Each set consists
of a Paragraph followed by questions. Each question has
four choices (A), (B), (C) and (D), out of which only one is
correct. (For the sake of competitiveness there may be a few
questions that may have more than one correct options)
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Comprehension |

The key feature of Boht’s theory of spectrum of hydrogen
atom is the quantisation of angular momentum when an
electron is revolving around a proton. We will extend this
to a general rotational motion to find quantised rotational
energy of a diatomic molecule assuming it to be rigid. The
rule to be applied is Bohr’s quantisation condition.

1. [IT-JEE 2010]
A diatomic molecule has moment of inertia I. By
Bohr’s quantization condition its rotational energy in
the n™ level (n=0 is not allowed) is

1( KW 1 W
*) _[ﬁ] ®) (8—1)

o [”‘—]
© n( 81:21) () n 812l

2. [IIT-JEE 2010]
It is found that the excitation frequency from ground
to the first excited state of rotation for the CO mole-

4
cule is close to —x 10" Hz . Then the moment of iner-
T

tia of CO molecule about its centre of mass is close to

(Take h=21x107 Js)
(A) 276x107* kgm® (B) 1.87x107* kgm?

(C) 467x10™7 kgm® (D) 1.17x107 kgm®

3. [IIT-JEE 2010]
In a CO molecule, the between

C(mass=12 amu)and O(mass=16 amu), where

distance

lamu= gx 107 kg, is close to

(B) 19x10""m
(D) 44x10"'m

(A) 24x10""m
(€ 13x10™ m

Comprehension 2

When a particle is restricted to move along x-axis between
x=0 and x=a, where a is of nanometer dimension, its
energy can take only certain specific values. The allowed
energies of the particle moving in such a restricted region,
correspond to the formation of standing waves with nodes
atits ends x=0 and x=a. The wavelength of this stand-
ing wave is related to the linear momentum p of the par-
ticle according to the de-Broglie relation. The energy of the
particle of mass m is related to its linear momentum as
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2

E= ;; . Thus, the energy of the particle can be denoted by
m

a quantum number 1 taking values1,2,3,....(n=1, called
the ground state) corresponding to the number of loops in
the standing wave.

Use the model described above to answer the follow-
ing three questions for a particle moving in the line x=0 to

x=a.[Take h=6.6x10""Js and e=1.6x10"" C].

4. [IIT-JEE 2009]
The allowed energy for the particle for a particular

value of n is proportional to
3

(B) a?
(D) a*

(A) a’
(C) a

5. [IIT-JEE 2009]
If the mass of the particle is 7m=1x10"" kg and
a=6.6 the energy of the particle in its ground state is

closest to
(A) 0.8 meV (B) 8meV
(C) 80 meV (D) 800 meV

6. [IIT-JEE 2009]
The speed of the particle that can take discrete values
is proportional to
3

(A) n 2 B n’

(C) n? (D) n

Comprehension 3

In a mixture of H-He" gas (He" is singly ionized He
atom), H atoms and He" ions are excited to their respec-
tive first excited states. Subsequently, H atoms transfer
their total excitation energy to He" ions (by collisions).
Assume that the Bohr model of atom is exactly valid. Based
on above information, answer the following questions.

7. [IIT-JEE 2008]
The quantum number # of the state finally populated
in He' ionsis
(A) 2 (B) 3
©) 4 (D) 5

8. [IIT-JEE 2008]
The wavelength of light emitted in the visible region
by He" ions after collisions with H atoms is

(B) 56x107 m
(D) 4x107 m

(A) 65%107 m
(C) 48x107 m

9. [HT-JEE 2008]
The ratio of the kinetic energy of the n=2 electron for
the H atom to that of He" ionis

(B)

1
2
© 1 D) 2

Integer/Numerical Answer Type Questions

(In this section, the answer to each question is a numerical
value obtained after series of calculations based on the data
provided in the question(s)).

1. [JEE (Advanced) 2018]

Consider a hydrogen-like ionized atom with atomic
number Z with a single electron. In the emission spec-
trum of this atom, the photon emitted in the n=2 to
n=1 transition has energy 74.8 eV higher than the
photon emitted in the n=3 to n=2 transition. The
ionization energy of the hydrogen atom is 13.6 eV .
The value of Z is.............

2. [JEE (Advanced) 2013]
Aproton s fired from very far away towards a nucleus
with charge Q=120¢, where e is the electronic
charge. It makes a closest approach of 10 fm to the
nucleus. Find the de-Broglie wavelength (in units of
fm) of the proton at its start.

Take the proton mass, m, = (g) x107 kg,

b gax10 JsC?, —=9x10° mF! and
e 471780

1fm=10"m.

3. [JEE (Advanced) 2017]
An electron in a hydrogen atom undergoes a transition
from an orbit with quantum number n; to another
with quantum number ;. v; and v, are respectively
the initial and final potential energies of the electron. If

% =625 , then the smallest possible 7 is
v
f
4. [JEE (Advanced) 2016]

A hydrogen atom in its ground state is irradi-

ated by light of wavelength 970 A. Taking
he _ 1.237x10® Vm and the ground state energy of
e

hydrogen atom as —13.6 eV, the number of lines pres-

ent in the emission spectrum is
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[JEE (Advanced) 2015]

Consider a hydrogen atom with its electro in the 1™
orbital. An electromagnetic radiation of wavelength
90 nm is used to ionize the atom. If the kinetic energy
of the ejected electron is 10.4 eV, then the value of n
is (hc=1242 eVnm)

[JEE (Advanced) 2015]
An electron in an excited state of Li** ion has angu-

lar momentum S—h The de Broglie wavelength of
m

the electron in this state is p/m, (where a; is the Bohr
radius). The value of p is
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[JEE (Advanced) 2013]

Aproton s fired from very far away towards a nucleus
with charge Q=120e, where ¢ is the electronic
charge. It makes a closest approach of 10 fm to the
nucleus. Find the de-Broglie wavelength (in units of
fm) of the proton at its start.

Take the proton mass, 1, = (g) x107 kg,

h
—=42x10""JsC", ——=9x10° mF™" and
e dre,

1fm=10""m.
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ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I

. . 19. 0.55eV
(Based on Atomic Structure and Properties) 0. 3
1 (a) 11374 A (b) 3 21. (a) 34 eV (b) 663 A
2. 1224 eV C
a 22. 1.86x10° ms

3. 7933 A g 2

y 23. 1216 A, 1026 A
4 182x10 " m

3

5. 8.2x10° revolutions 24. 1
6. 6.56x10" rev/sec

25. 6.68x107 eV

Test Your Concepts-Il

21,2
7. 1,= nh , E, =£|:1—10gf( n2h H
2nfmk 2 A mk .
(Based on X-rays and Properties)

8. (a) Helium atom, (b) 54.4 eV, (c) 10.2 eV

-15
9. 12.1eV 1. 2x1077)
10. 2696V, <12V 2. (a) 27.624 keV (b) 30kV
11. 102V,2,102eV,51 eV 3. Z=31, Gallium
4. 10
12. 3.1x10° ms™ K .
13. (a) 156V (b) 2335 A 5. 7.52x10™ Hz
() 1252 eV (d) 1.01x10" m™ 6. 15865 volt
(©) () 6eV, (i) 0.7 eV 7. 031A
7 -1
14, (a) 1587 A (b) 1.095x10° ms™ 8. 84x10° ms
5 9. 0.192A
15, y= neh _ Bomm’e
dam SEOIISnS 10. 21 keV
» 1.
n’h? ) e
16. r=( ZJ 12. 0163 A
8amm
17. (ny,ny)=(2,1), (4,2), (6,3),......
18.
Orbit K(eV) UleV) E(eV)
First 13.60 0 13.60
Second 340 20.40 23.80
Single Correct Choice Type Questions
1B 2. C 3.D 4 A 5. A 6. B 7. C 8. A 9. B 10. B

11. D 12. A 13. B 14. A 15. A 16. D 17. C 18. D 19. A 20. C
Zil, € 22. D 23. A 24, C 25. D 26. C 27. D 28. C 29. B 30. A
3. D 32. B 33. B 34.D 35. C 36. A 37. D 38. A 39. A 40. D



ICON

Chapter 2: Atomic Physics  2.87
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41. C 42, B 43. C 44, B 45. C 46. D 47. B 48. B 49. A 50. C

51. B 52. C 53. B 54. C 55. C 56. C 57. B 58. A 59. D 60. C

61. B 62. B 63. A 64. B 65. B 66. A 67. B 68. A 69. C 70. A

71. B 72. C 73. D 74, C 75. B 76. B 77. A 78. D 79. A 80. A

81. A 82. B 83. C 84, C 85. D 86. B 87. B 88. D 89. A 90. B

91. B 92. C 93. D 9. A 95. B 9. B 97. D 98. B 99. C 100. B
101. C 102. D 103. D 104. A 105. A 106. C 107. D 108. C 109. A 110. B
11. D 112. A 113. C 114. A 115. C 116. A 117. B 118. C 119. B 120. A
121. C 122. D 123. D 124. A 125. A 126. B 127. D 128. A 129. B 130. C
131. A 132. A 133. B 134. D 135. A 136. D 137. C 138. D 139. D 140. A
141. A 142. B 143. B 144. A 145. B 146. C 147. A 148. C 149. C 150. A
151. C 152. C 153. B 154. C 155. D 156. A 157. B 158. C 159. B 160. D
161. D 162. C 163. C 164. A 165. C 166. D 167. D 168. D 169. A 170. B
Multiple Correct Choice Type Questions

1L AC 2.AC 3.B,C 4. B,C 5.A,C,D

6. A,D 7. A,B 8. A, BC 9. A,B,C,D 10. A,B,C,D

11. B,C,D 12. A,B,C,D 13. A,C 14. A,B,C,D 15. A,B,D

16. B,D 17. A,C,D 18. B,D 19. B,C,D 20. B,C

21. A,D 22, AD 23.C,D 24, A,B,D 25. B,C,D

26. A,B,C 27. A,B,D 28. A,C,D 29. B,C 30. B,C
Reasoning Based Questions

1. B 2.D & © 4 D 5. C 6. C 7. A 8 9. B 10. B
11. C 12. C 13. C 14. D 15. D 16. A 17. A 18. B 19. A 20. A
Linked Comprehension Type Questions

1. C 2. C 3.D 4. C 5. B 6. A 7. C 8. D 9. D 10. B
11. A 12. C 13. B 14. C 15. A 16. C 17. C 18. C 19. B 20. A
21. A 22. A 23. B 24. C 25. D 26. B 27. D 28. C 29. C 30. D
31. C 32. A 33. B 34. B 35. D 36. A 37. B 38. C 39. A 40. B
41. C 42. D 43. A 44. C 45. C 46. A 47. B 48. A 49. A 50. B
51. C 52. D 53. D 54. C 55. D 56. B 57. A 58. B
Matrix Match/Column Match Type Questions

1. A-(q) B—(r) C—(s) D—(p)

2. A> (1) B—(p) C-(s) D—(t)

3. A-(p1) B—(p,q5s) C—(p) D—(q)

4. A-(1) B—(s) C—=(p) D—(gs)

5. A—(s) B—(q) C—=(p) D—(r)
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6. A—(r) B—(p)

7. A—=(q) B—(r)

8. A= (s) B—(q)

9. A= (p,s) B — (u)
10. A— (r) B—(p)
11. A—(s) B—(r)
12. A—(p,s) B—(q 5)
13. A= (p, 1 t) B—(q,9)
14. A—(r) B—(q)
15. A= (s) B—(t)
16. A—(p,q t) B—(r)
17. A= (1) B—(p)
18. A—(p) B—(p)
19. A—(p) B—(s)
20. A— (1) B—(p)
21. A—(s) B—(r)

Integer/Numerical Answer Type Questions

18 2. 79

6. 41 7.4

11. 2 12. (a) 4, (b) 40441
16. 8 17. (a) 300, (b) 2, (c) 2
21. 8

ARCHIVE: JEE MAIN

1. A 2. B 3. A 4. D
11. D 12. B 13. C 14. B
i, € 22. D 23. C 24, C

ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1. B 2. A 3.B 4 B
11. D 12. A 13. C 14. D
21. B

&
8.
5t
18.

15.
25.

5
15.

Multiple Correct Choice Type Problems

1. CD
6. A, D

2. A/B,D

52

8

68
26206
154

AC

6. D
16. D
26. D

6. C
16. B

4,
9.
14.
19.

17.

17.

L ] ]

D—(q) E—(s)

D — (s)

D—(r)

D —(t)

D—(q

D-(p)

D - (s)

D—(prt)

D—(p)

D—-(qg) E—(r)

D —(t)

D—(b) E—(q)

D - (s)

D —(s)

D—-(q)

D—(p)
5 5. 139
1 10. 4
6 15. 6
114 20. (a) 4, (b) 396

8. C 9. B 10. A

B 18. B 19. A 20. B
A 8. B 9. A 10. A
D 18. C 19. C 20. C
A, D 5. A,D
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Reasoning Based Questions

1. B

Comprehension Type Questions

1. D 2. B & € 4. A 5. B

Integer/Numerical Answer Type Questions

13 2.7 g 5 4,6 5 2

6. D 7. C

6. 2 7.7
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8 C

9. A



