PHYSICS

Q.1

Q.2

Q3

Q.4

Q5

Hydrogen atom emits blue light when it changes
from n = 4 to n = 2 level. Which colour of light
would the atom emit when it changesn=5ton=2
(A) Red (B) Yellow

(C) Green (D) Violet [D]

The ionisation potential of mercury is 10.39
volt. To gain energy sufficient enough to ionise
mercury,an electron must travel in an electric
field of 1.5 x 106 V/m, a distance of -

10.39

A
*) 1.5%x10°

(B) 10.39 x 1.5 x 105 m
(C)10.39x 1.6 x 10 ¥ m

10.39x1.6x1071°

D
©) 1.5x10°

[A]

A hydrogen atom in its fourth excited state de-
excites to ground state. The number of differenat
possible ways of de-excitation are —

(A)3 (B) 6

(C)8 (D) 10 [B]
The energy required to remove the electron
from second execited state “of “Triply ionised
Lithium is —
(A) 54.4 eV
(C)40.8 eV,

(B) 51 eV
(D) 122.4 eV [C]

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

(A) 3 Lyman, 2 Balmer, 1 Paschen

(B) 2 Lyman, 1 Balmer, 1 Paschen

(C) 2 Lyman, 1 Paschen, 1 Brackett

(D) 1 Lyman, 1 Balmer, 1 Paschen [A]

Q.6

Sol.

Q7

Sol.

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 “guantum
physics

(C) wavelength of electron De” Broglie
wavelength does not depend on Kkinetic
energy of electron

(D) Energy of electrons are Aot quantized  [A]

Frequency of revelution of electron is f o« is
n
frequency of pheton emitted

=1 1
(h-1)? n?

- {nz—(n—l)z}
n(n-1)]°
oo Ln-1]
n?(n-1)2
whenn>>1
2n

VvV oC —
n4

Vo —
n3

In a transition to a state of excitation energy
10.19ev, a hydrogen atom emits a 4890A° photon.
The Binding energy of the initial state is -

(A) 151 ev (B) 3.4 ev
(C) 0.54 ev (D) 0.87 ev [D]
Energy of emitted photon is

hc

E=— =254ev
A

The excitation energy is the energy to excite the
atom to a level above the ground state.
Therefore the energy level is
E=-136+10.19=-3.41eV

Photon arises from transition between energy
state such that

Ei—Ef=hv=254¢eV

Ei=2.54 + E¢
Ei=2.54 + (E) = 2.54 - 3.41eV = - 0.87eV
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Q.38

Sol.

Q9

Sol.

Q.10

Sol.

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

(A) 1/n3 (B) 1/n®
(€)n° (D) n® [B]
B= Ll_orl ; magnetic field at centre of hydrogen

atom i.e. at nucleus.
e

i= = =ef= o z%n?
T

roniz

B a ilr oo Z3/n°

Bal/n®

The shortest wavelength of the Bragkett series
of a hydrogen like atom (atomic number = Z) is
the same as the shortest wavelength of the
Balmar series of hydrogen atom. The value of Z
is—

(A)2 B)3
C4 (D)6 [A]
Shortest wavelength of Bracket series

corresponds to the transition of electron n; = 4
and n; = o« and the shortest wavelength of
Balmer series corresponds to the transition of
electron between n; = 2 and n, = 0. So

2 (136) - (138
16 4
Z2=40rZ=2

Assume an imaginary world,Swhere angular
momentum is quantizeéd toneven multiple 7.
Find the longest possible wavelength emitted by
Hydrogen in the \isible spectrum.

(A) 700nm (B) 484 nm

(C) 660nm (D) 584 nm [B]

MvE=2 17

2nh
ormv=—
r

m?v? _ (2nh)?

mv2 =

Q.11

Q.12

Sol.

orr= (2nh)24TlBO
mze?
2 2.4
be:k+e:_Ze = —Ze;’n
Breol | 8meo(2nh)24me,
_ —Z%*m
32¢on2h?

-34 :
BE = n—ZeV for Hydrogen. To/find, longest

wavelength hv = 3.4 [1%}
=34 x 3. 2.55
4

A (nm) = % =484 nm

Thefground state and first excited state energies

of hydrogen atom are — 13.6 eV and -3.4 eV

respectively. If potential energy in ground state

is;taken to be zero, then :

(A) Potential energy in the first excited state
would be 20.4eV

(B) total energy in the first excited state would
be 23.8 eV

(C) kinetic energy in the first excited state
would 3.4 eV

(D) all of the above [D]

When hydrogen like atom in excited state make
a transition from excited state to ground state.
Most  energetic  photons have  energy
Emax = 52.224 eV and least energetic photon
have energy Emin = 1.224 eV. Find the atomic
number -

(A) 4 (B) 6

(€2 (D)8 [C]
Max energy is liberated for transition En— 1
minimum energy for En— En_1

Hence E—; —E1=52.224 eV (1)
n
E—; __E > =1224eV....(ii)
n (n-2
Solving (i) and (ii)
Ei1=-54.4eV
_ 2
E, = 131.262
zZ=2
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Q.13

Sol.

Q.14

Q.15

Q.16

Find the quantum number 'n' corresponding to
the exciting state of He* ion. If on transition to
the ground state that ion emits two photons in
succession with wavelength 1026.7A and
304 A. (assume R = 1.096 x 107/m).

(A) 4 (B)6

€2 (D)1 [B]

ne, e _penze(t_L

}\41 7\.2 12 n2
puti;=1026.7 A & A1 =304 A
=2

Calculaten,n=6

a-particles are projected towards the nuclei of
the following metals, with the same Kkinetic
energy. Towards, which metal, the distance of
closest approach is minimum ?

(A)Cu(Z=29) (B) Ag (Z=47)
(C)Au(Z2=179) (D)Pd (z=46) [A]

The distance of closest approach of an (o-
particle fired towards a nucleus with momentum
p, is r. What will be the distance<ef closest
approach when the momentum ef_ oxparticle is

2p?
(A) 2r (B) 4r
(©)r/2 (D)’r/4 [D]

Which of the following curves may represent
radius of* orbit in H-atom as a function of
principal'quantum number ?

r r
(A) (B)
n n
;
(©) / (D) None [B]
n

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

How many times larger is the spacing between
the energy levels with n = 3 and n = 4 than the
spacing between the energy levels with n = 8
and n = 9 for a hydrogen like atom or ion ?

(A)0.71 (B) 0.41

(C) 243 (D) 14.82 D]

Balmer gives an equation for wavelength of
an

visible radiation of H-spectrum ag, = %~ 7
n —

The value of k in terms of Rydberg's constant R,
is -

(AR (B).4R

(C)R/4 (D) 4/R [D]

For an atomwof ion, having single electron, the
following ‘wavelengths are observed. What is
the value,0f missing wavelength, x ?

ng orbit

40mm xmm

n, orbit

60mm

A4 n, orbit

(B) 40

(D) 120 [D]

(A) 20
(C) 60

If an electron drops from 4™ orbit to 2" orbit in
an H-atom, then -

(A) it gains 2.55 eV of potential energy

(B) it gains 2.55 eV of total energy

(C) itemits a 2.55 eV electron

(D) it emits a 2.55 eV photon [D]

A H-atom moving with speed v makes a head on
collision 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) 6.25 x 10* m/s (B) 8 x 10* m/s

(C) 7.25 x 10* m/s (D) 13.6 x 10* m/s [A]

Which of the following is wrong about spin of

electron according to quantum mechanics ?

(A) Itis related to intrinsic angular momentum

(B) Spin is rotation of electron about its own
axis

(C) Value of spin quantum number must not be 1

(D) + % value of spin quantum number

represents up spin [B]

ATOMIC STRUCTURE



Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Sol.

What would happen, if the electrons in an atom

were stationary ?

(A) The electrons will be pulled into the
nucleus due to coulomb's attractive force.

(B) The structure of the atom would be more
stable.

(C) The atom would be negatively charged.

(D) The rest portion of the atom would have
been circulating around the electrons.  [A]

An o-particle of energy 5 MeV is scattered
through 180° by a stationary uranium nucleus. The
distance of closest approach is of the order of -

(A) 1A (B) 10 cm

(C)10*2 ¢cm (D) 10 cm [C]

In a head-on collision between an alpha particle
and a gold nucleus, the distance of closest
approach is 4 x 1014 m, Calculate the energy of
the a-particle in MeV —
(A)5.2 (B) 5.0

(C)5.69 (D) 5.86

[C]

A proton moves with a speed of 7.45 x 10° m/s
directly towards a free proton originally at rest.
Find the distance of closest approach for the two
protons. Take mass of a proton = 1.67 x 1027 kg —

(A)10 " m (B) 102 m [B]
(C) 10 m (D) 10°m

Consider a gold atom (Z = 79) model oféradius
7 x 10715 m according to Thomson¢ Find\the
strength of the electric field at the middle point
of a radius, consider only positive tharge —

(A) 2.1 x 102 N/C (B),32 *10?* N/C

(C) 1.16 x 10?* N/C (D)%.129’10% N/C

[C]
The Bohr radius of an atom of nuclear charge Z
is of order —
/] Zah
(A) B) —
Zamc mc
me mo.
C) — D) — A
(%)) Seh (D) e [A]

Note : o is the fine structure constant e?/fic.
The Bohr radius for a hydrogen-like atom of
nuclear charge Z and one electron outside

__h

. Thus the
melz Zamc

complete shells is

correct answer is (A)

Q.29

Q.30

Q31

Q.32

Q)33

Q.34

Sol.

Q.34

The energy of an excited hydrogen atom is
—3.4 eV. The angular momentum of the electron
in that orbit according to Bohr's model will be :
(A)2.11 x 10736 J-s (B) 2.11 x 1034 J-s
(C)2.11x1034J-s (D) none of these

[C]
A hydrogen atom rises from its n = 1 state to the
n = 4 state by absorbing energy. The energy
absorbed by the atom in this transition(is :
(A) 12.75eV (B) 12.01&eV
(C)1.89 eV (D) -3.4eV [A]

What is the wavelengthQf the radiation emitted
when the electron in a H-atom jumps from n =
ton=27?

(A) 400 nm
(C) 350 nm

(B) 420 nm
(D) 365 nm [D]

Findithe.binding energy of a H-atom in the state
n==2-

(A)2.1eV
(C)4.2eVv

(B) 3.4 eV
(D) 2.8 eV [B]

Calculate the value of the first excitation
potential of He* ion —

(A) 40.8 V
(C) 102V

(B) 20.4 V
(D) 81.6 V [A]

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) Paulli's exclusion behaviour

(D) none of the above [A]
nh

mvr = —
T

. h _(2m)
"mv n

l = de-Broglie wavelength
mv

If n >> 1, then the dependence of frequency of a
photon, emitted as a result of transition of electron

from nth orbit to (n—1)th orbit, on n will be-

1 1
(A)UOCH (B)\)ocn—2
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Q.36

Q.37

Q.38

Q.39

Q.40

1 1
Covoe = D)voc = [C]

n v

Q.42
In which of the following systems will the
radius of the first orbit be minimum ?
(A) hydrogen atom
(B) deuterium atom
(C) singly ionized helium
(D) doubly ionized lithium D] Sol
In which of the following systems will the
wavelength corresponding ton =2ton =1 be
minimum ?
(A) H atom (B) D atom
(C) He* (D) Li*2 [D]
As one consider orbits with higher values of n
in a hydrogen atom, the electric potential energy
of the atom.
(A) decreases (B) increases Q.43
(C) remains the same (D) does not increase
[B]

The energy of an atom (ion) in its ground state
is-54.4eV. It may be — Sol.
(A)H (B)D
(C) He* (D) Li*2 [C]

The radius of the shortest orbit in“a.ohe electron
system is 18 pm. It may be—

(A)H B)D

(C) He* (D\Lj*2 [D]

Q.41-A A hydrogen atom Nin_ground state absorbs

Sol.

10.2 eV of energy. The orbital angular
momentupof the electron is increased by -
(A) 1.05 104 Js (B) 211 x 1034 Js
(C) 316103 Js (D) 4.22 x 10734 Js
[A] Q.44
AE =\E, — E1 = 10.2eV = -3.4eV + 13.6eV
SO, Mm=2&n =1
2h h h 663x10%

AL ———=— J.s
2x3.14

2n 2n 2m
=1.05x%x 10345

Q.41-B A particle moving with a velocity 1/10" of that

Sol..

of light will cross a nucleus in about- Sol.

(A) 1047 s (B) 102%s
(C)10%s (D) 108s
[B]

t= Ezﬂzzxmfﬂs

v 3x10'm/s 3
The shortest wavelength of the Brackett series
of a hydrogen like atom (atomic number = Z) is
the same as the shortest wavelength of the
Balmar series of hydrogen atom. The value of Z

is:

(A) 2 (B)3
(C)4 (D) 6 [A]
Shortest wavelength of “"Brackett series

corresponds to the transition of electron between
n; = 4 and n, = « and‘the shortest wavelength of
Balmer series correspends to the transition of
electron between ng, = 2 and n, = w0, So,

e (2)[e)
16 4
SZ2=4%r Z=2

The binding energy of the deuteron is of order —
(A) 106 eV (B) 108 eV

(C) 10 eV (D) None of these
[A]

The uncertainty principle gives 2pr ~ 7, where p

is the momentum of each nucleon and r is their

separation, or

2r°
The binding energy is then

p°_ h%* _ (6.6x107°x3x10")?
2m  8r’me?  8x(L4x107%)? x940 x10°

=2.7x108eV.

The binding energy of the ground state of
positronium is a factor f times that of a
hydrogen atom. f =

1
OF ®) 5
1
©2 © ; [E]

An electron moving in the field of a proton or

2
. . e .
positron has potential energy —— , for which
T

the radial Schrodinger equation gives eigenvalue

ATOMIC STRUCTURE
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Q.45

Sol.

Q.46

Sal.

2
Ey=— 8

2n2n2’

where P is the reduced mass of the orbiting

n=123, ...,

o 1
electron. For the positronium :Eme, for

hydron atom p ~ me. Hence

L
_Ep_2 °_ 1
Eh Me 2

When an electron revolves around the nucleus,

then ratio of magnetic moment to angular

momentum is —
e 2e
(A) m (B) o
(C) e/m (D) (e/m)? [A]

h
Angular momentum : L=n—=mvr
T

Magnetic moment: u=iA= zi v X ur?

i
o
e(vr
)
_e(L
H 2 UM
h__¢
L 2m

When an electron 'makes”transition from one
energy level to the,other in an atom then which
of the following quantities is conserved ?

(A) Angulammomentum

(B) Linear.momentum
(C)‘Mechanical energy
(D)None of the above [D]
Change in angular momentum
AL = (ns— ni)h/2n

Since velocity of electron is

Voo —
n

Hence linear momentum changes

Q.47

Sol.

Q.48

Sol.

Difference in energy between energy levels is
released as electromagnetic energy.

An o - particle after passing through a potential
difference of V-volts collides with a nucleus. If
the atomic number of the nucleus is Z then the
distance of closest approach of o-particle'to the

nucleus will be -

Z Z
(A) 14.4 VA (B) 144 i m

(C)14.4 écm (D) all of these [A]

K.E.=P.E,=qV

26V = K(Ze)(2€) _ v
d

— 9x10° x Zxex2e

- 2eV

_ 9x109x1.6x10°xZ
Vv

~.d

d =14.4x 1010 (E) m
V

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

series will be —
(A) 1215.4 A (B) 2500 A
(C) 7500 A (D) 600 A [A]

hp 5136 _5 4 _5

A, 3/4 36 3 27
5

)\.Z—E}Ll

ATOMIC STRUCTURE



Q.49

Sol.

Q.50

Sol.

Ao = %x6563&= 1215.4A

The order of energies of energy levels A, B and
C is Ea < Eg < Ec. If the wavelength
corresponding to transition C — B, B — A and
C — A are M, A2 and As respectively, then
which of the following relation is correct ?

(A) A1+ 22+ 2A3=0

(B) A2 = M2 + A2

(C) hs =21+ o

Sy

D) A3z =
()3 7»1+7\.2

[D]

Eca=Ecs + Ega

ECB

ECA EBA

i _ 7L1+7\,2
)
haz 2
7\.1 +7\.2

Which the following series, fall in the visible
range of electromagfetic spectrum ?

(A) Brackett series (B) Lyman series

(C) Balmer series (D) Paschan series [C]

Lafi
A ;7 n;

Balmer Series; ns=2;ni=3,4,5.....
l= 1.097 x 107 l—l
A 4 9

1 1.097 x 107 >
A 36

36 1077
A= — X
5  1.097
A =656x10"m
A =656x10"°m

This wavelength falls in visible range

ATOMIC STRUCTURE



PHYSICS

Q.1

Sol.[6]

Q.2

Sol.

Q.3

Sol.

Q4

Sol.

Q5

Find the quantum number ‘n’ corresponding to
exciting state of He* ion if on transition to the
ground state that ion emits two photons in
succession with wavelength 1026.7 A and 304
A (R=1.096 x 107/ m)

According to conservation of energy

E+E = Rchz? 1 1
7\.1 )\.2 12 n2
n==6.03

quantum number = 6

The binding energy of an electron in the ground
state of He atom is equal to 24.6 eV. The energy
required to remove both the electrons
(if the ionisation energy of hydrogen is 13.6 eV)

is N x 10* eV then N is equal to —

[8]
- _ |1 1
Binding Energy = 24.6 + 13.6 x 2 -
1 [}
=79eV

The ratio between total acceleration “of ithe
electron in singly ionized helium~atem, and
hydrogen atom when both in ground state’is -

VZ (Z)Z

[8] a= — = ax = - Cas
r t/Z)

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
seriesyof hydrogen atom, then the value of Z is -
[2] Shortest  wavelength of  Brackett
corresponds to n = 4 and n = o and shortest

wavelength of Balmer series corresponds to n =

2andn=owo
@y [B0)-B8 5,
16 4

A 100 eV electron collides with a stationary
helium ion (He™) in its ground state and exits to
a higher level. After the collision, He* ions

Sol.

Q6

Sol.[8]

emits two photons in succession with
wavelength 1085 A and 304 A. Calculate the
energy of the electron after the collision (in 10*
eV). Given h =6.63 x 1073 Js.

[5]

The energy of the electron in the n™ statesof He*

ion of atomic number Z is given by
2
En=-(13.6) eVZ—2 for H* ion Z = 2NFherefore
n

(13.6eV)x(2)? 544 ]
_ ) 4

2
n n
The energies E; and \E, of the two emitted
photons in eV aré

En= V

E;= 124351eV =114eV
andE= 12431

eV=409eV
4

Thusytotal energy E = Ex + E; = 11.4 + 40.9 =
52:3 eV

et n be the principle quantum number of exited
state.

Now we have for the transition fromn=nton=1

E=-(54.4) eV[ L i)

122 p?
But E = 52.3 eV. Therefore
5236V =544 ¢V x (%_%j
n
Orlfi: %:096
n? 544

Which gives n?=250orn=>5

The energy of the incident electron = 100 eV
(given). The energy supplied to He* ion =52.3 V.
Therefore, the energy of the electrons left after
the collision = 100 — 52.3 = 47.7 eV.

A 100 eV electron collides with a stationary
helium ion (He") in its ground state and excites
to a higher level. After the collision, He* ions
emits two photons in succession with
wavelength 1085 A and 304 A. Also the energy
of the electron after the collision is 6 x ..... eV
(approximately). Given h = 6.63 x 1073 Js.

The energy of the electron in the n'" state of He*

ion of atomic number Z is given by
2
En=-(13.6)eV Z—Z
n

for He* ion Z — 2. Therefore

ATOMIC STRUCTURE



 (136eV)x(2)* _ 544,

n? n?

En= V

The energies E; and E, of the two emitted

124351ev =11.4¢eV

photons in eV are E; =

12431

and E, = 2 eV =409eV

Thus total energy E = E; + E;
=11.4+409=523eV

Let n be the principle quantum number of

excited state. Now we have for the transition

fromn=nton=1

_ 101
E=-(54.4) eV (1—2—n—2j

ButE =52.3¢eV.

Therefore 52.3 eV = 54.4eV x (l—izj
n

which givesn?=250rn-5

The energy of the incident electron = 100eV*
(given). The energy supplied to He*).ion, =
52.3eV.

Therefore, the energy of the-glectrons left after
the collision = 100 — 52,35 4~ 7eV

ATOMIC STRUCTURE



