26
Atoms

TOPIC 1

Alpha-Particle Scattering
and Rutherford Nuclear
Model of Atom
01 When ana-particle of mass m
moving with velocity v bombards
on a heavy nucleus of charge Ze, its ]

Ans. (b)

distance of closest approach from 2

the nucleus depends on m as
[NEET 2016]

—Mu

A particle of mass M, and charge Z,
possess initial velocity u, whenitis at a
large distance from the nucleus of an
atom having atomic number Z,. At the
distance of closest approach, the kinetic
energy of particle is completely
converted to potential energy.
Mathematically,

2 _ ] 2122

4T, 1

So, the energy of the particle is directly

1 ] proportional to Z,Z,.
(a)—— (b)— .
Jm m 03 In Rutherford scattering
(c)m (d)i experiment, what will be the
m correct angle for a-scattering for
Ans. (d) an impact parameter,b=07?

When ana-particle of mass m moving

with velocity vbombards on a heavy (a)90°
nucleus of charge Ze, then there will be
no loss of energy as in this case, initial Ans. (d)

kinetic energy of a-particle =potential
energy of a-particle at closest approach.
2
O Ly = 228
2 4rigr,

[} I I]i

This is the required distance of closest
approach toa-particle from the nucleus.

02 In a Rutherford scattering ’
experiment when a projectile of
charge Z, and mass M, approaches
a target nucleus of charge Z, and
mass M, , the distance of closest
approachisr,. The energy of the
projectile is [CBSE AIPMT 2009]
(a)directly proportional toM, xM, b=
(b)directly proportional to Z,Z,
(c)inversely proportional to Z,
(d)

the atom.

[CBSE AIPMT 1994]
(b)270° (c)0°

(d)180°

Impact parameter is perpendicular
distance of the velocity vector of the
alpha particle from the central line of the
nucleus, when the particle is far away
from the nucleus of the atom.
Rutherford calculated analytically, the

m relation between the impact parameterb
and scattering angle 8, which is given by

Ze* cot~

T4me, E
where, £ =%m\/2 is kinetic energy of

alpha particle, when it is far away from

According to problem,

Ze’ cotg

1@ 2 -

_41180 E
As given thatb =0

d)directly proportional to mass M, so, cotgzo O g=90° or 6=180°
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TOPIC 2

Bohr Model and
Hydrogen Spectra

0_4 The total energy of an electron in
the nth stationary orbit of the

hydrogen atom can be obtained by
[NEET (Oct.) 2020]
136 136

(a)E,=—-eV (b)E, =——-eV
n

(©)E,=-"Cev  (dE, =-136 xn’

eV

Ans. (b)

Total energy of an electron in the nth
stationary orbit of hydrogen atom is
given by

£ _~FRhc _-13.6

n’ n’

eV

[-Rhc =13.6eV]

05 For which one of the following,

Bohr model is not valid?
[NEET (Sep.) 2020]

(a) Singly ionised helium atom (He ™)
(b) Deuteron atom

(c)Singly ionised neon atom (Ne ™)
(d)Hydrogen atom

Ans. (c)

Since, Bohr's modelis valid for hydrogen
and hydrogen like atomsHe™, deuteron,
etc. So, itis not valid for singly ionised
neonatom(Ne™).

Hence, correct optionis(c).

E The radius of the first permitted

Bohr orbit for the electron, in a
hydrogen atom equals 0.51 A and
its ground state energy equals
—13.6 eV. If the electron in the
hydrogen atom is replaced by
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muon (u~")[Charge same as
electron and mass 207 m, ], the
first Bohr radius and ground state
energy will be [NEET (Odisha) 2019]
(a) 053%x107™" m, -36eV

(b) 25.6 x10™" m, —28 eV

(c) 256 107" m, —28 keV

(d) 256 x107™" m, —=13.6 eV

Ans. (¢

Key Idea Hydrogen atom can be
considered to be the system of two
charges, positive charged nucleus and
negative charged electron. A system of
this kind is equivalent to a single particle
of mass m' that revolves around the
position of the heavier particle. Then,
the reduced mass of electron is

mM

m+ M

m'=

where, m=mass of electron and
M=mass of nucleus

Its values is less than m.

Given, radius of firstoorbit for electron

r,=0.61A
ground state energy of electron,
E, =-136eV,

mass of electron=m,
mass of muon, m, =207m, and
mass of nucleus, M=1836m,

When electron in hydrogen atom is
replaced by muon, the reduced mass of
muon is
M .
m,'= My i)
m, +M

Substituting the given values in Eq. (i),
we get
, _ 207m, x 1836m,

Y 207m, +1836m,
=186 m, (i)

The radius of first orbit in hydrogen atom
for electron is given by,

m

2
L i)
mm, e
The radius of first orbit for muon is
._ h’g,
= " 2
mm, e
[-charge of u =charge of ™ ]
2
L [from Eq. (ii)]
% 186m, e’
2
= BLUZEQ:L[from Eq. (jii)]
Omm,e” (0186 186
= 0815 [r,=0.51A]
186
=274%x10"m  [1A=10""m]

The total energy of electron is given by
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_mzz 4
r 8e2h? %Q
O E.Om
Forelectronin first orbit of hydrogen
atom,
E =km, iv)
elo
~ = constant.
0
For muon in first orbit
E)"=km,/
=k x186m,
=186km,
=186E, [from Eq. (iv)]
=186(-136) eV (given)
=-25296eV
=-2.5keV

[0 The values are closest to that of
options(c).

where, k =

[from Eq. (i)]

0_7 The total energy of an electron in

an atom in an orbit is —3.4 eV.
Its kinetic and potential energies
are, respectively:

[NEET (National) 2019]
(a)=3.4eV,—6.8eV (b)3.4eV, —6.8eV
(c)3.4eV, 3.4eV (d)=3.4eV,=3.4eV
Ans. (b)

According to Bohr's model, the kinetic
energy of electron in term of Rydberg
constant R is given by
KE= Rnhzc

where, h=Planck’s constant,

¢ =speed of light
and n =principal quantum number.
Similarly, potential energy is given by,

pE = - 2R ..(ii)
n

[ Total energy, E =PE + KE

- _Rhc [from Egs. (i)and (ii)
n’

O KE=-Eand PE=2E
Given, E =-34eV

0 KE =—(-34) =34eV
and PE=2(-34)=-638eV

E The ratio of kinetic energy to the

total energy of an electronin a
Bohr orbit of the hydrogen atom, is
[NEET 2018]

(a) 2:=1 (b) 1:=1 (c) 1:1  (d) 1:-2

Ans. (b)

Kinetic energy of an electron in a Bohr
orbit of a hydrogen atomis given as
_ Rhe

nZ

Total energy of an electron in a Bohr
orbit of a hydrogen atom is given as
TE, = -Rhc
nZ

Dividing Eq. (i) by Eq. (ii), we get
Rhc
KE, _ QTZQ
i Fa
n?

O KE,:TE, =1:~1

i)

E The ratio of wavelengths of the last

line of Balmer series and the last
line of Lyman seriesis [NEET 2017]

(a)2 (b)1

(c)4 (d)0.5

Ans. (c)

Wavelength of spectral lines are given by
1 1 1d

PR

For last line of Balmer series,
n,=2andn, =

0 L:ZZRQZL—LQ:B [vz=1]
A, 7 0?0 4

Similarly, for last line of Lyman series,
n,=landn, = oo

1R
O h:z:l
1T R 4
)\L
O L:lmﬁ:q
D — A

10 If anelectronina hydrogen atom

jumps from the 3rd orbit to the 2nd
orbit, it emits a photon of
wavelength A. When it jumps from
the 4th orbit to the 3rd orbit, the
corresponding wavelength of the

photon will be [NEET 2016]
16 9
a) —A b) —A
(a) o ( )16
20 20
c) —A —A
(c) ; (d) 3
Ans. (¢)
Key Idea Excessenergy of e appears as
photon.
From Rydberg's formula,
T_ U1 o 1H. o@1 _1O_5R
_=R - [=R ==
» “He wH “BrFH
1 T 7R
=R - =
Y @57 AZQ 144
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1/1 5R . 7R

NN 36 144
o N_BR, W4 _20
N B TR 7
o wn=20,
7

11 A proton and an alpha particle both

enter a region of uniform magnetic
field B, moving at right angles to
the field B. If the radius of circular
orbits for both the particles is
equal and the kinetic energy
acquired by protonis 1MeV, the
energy acquired by the alpha
particle will be [CBSE AIPMT 2015]

(a)4 MeV (b)0.5MeV

(c) 1.5 MeV (d)1MeV

Ans. (d)

Radiusin magnetic fields of circular orbit,
mV _~2
qB qB

and total energy of a movmg particleina

circular orbit, E = qi
2m
Fora proton enterin aregion of
magnet|cf|e|d
2 2
E _e xB° xR (I)
2xm,
where m, is the mass of proton.
Similarly, for aa-particle movesin a
uniform magnetic field
E = (2e)? xB* xR?
, =
2x(4m,)
[omy, =4m,]..(ii)
Dividing Eq. (i) by Eq. (i), we get
E, _(2e)* xB* xR? 2xm,
—= = X
E, 2 x(4m,) e’ xB? xR’
E

~2=10 E,=E,=1MeV
5

1

12 In the spectrum of hydrogen, the

ratio of the longest wavelength in
the Lyman series to the longest
wavelength in the Balmer series

is [CBSE AIPMT 2015]
@ 0 0l w2

9 4 5 27
Ans. (d)

In hydrogen atom, wavelength of
characteristic spectrum

1,01
- 57—7

ForLymanseriesn, =1n, =2
2D1 _ 10 )

272 H

1
A Y
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For Balmer seriesn, =2,n, =3

T gpeDl 1D
A, Ho? (378
Dividing Eq. (ii) by Eq. (i) we get
O _10 5
Rz = ——
Mo B 9B 3%
}\Z RZZE—JD §
48 4
A_5,45
A, 36 3 27

13 Consider 3™ orbit of He* (Helium),
using non-relativistic approach, the

speed of electron in this orbit will
be (given K =9 x10° constant, Z=

and h (Planck's constant)

2

=6.6 X107 J-s) [CBSE AIPMT 2015]

(a)2.92 x10° m/s
(c)0.73x10°m/s

Ans. (b)

(d)3.0x10° m/s

Energy of electron in the 3rd orbit of He ™

2
E,=-136x2_ev=-136x_' eV
n’ 3

=138 xg x16 x107 J

From Bohr's model,

T 2
E.=-KE, =——m,v
3 3 2

O 1><9.1 x 107" xv?
2

-_138 xg x16 x107°

_ 136 x 16 x4 x2 x107"
9x91

or, v=146x10°m/s

o v

14 Hydrogen atom in ground state is
excited by a monochromatic
radiation of A =975 A. Number of
spectral lines in the resulting
spectrum emitted will be

(b) 1.46 x10° m/s

is

[CBSE AIPMT 2014]

(a)3 (b)2 (c)6

Ans. (¢)

Energy provided to the ground state
electron

_hc _6.6x107 x3x10°
A 975x107"°
_66x3
975
=0.020 X107 =2x107"%J
-19
_20x107" ., _20
1.6x107"

(d)10

xlO—lS

Z—eV=12.75eV
1.6

It means the electron jumps ton=4from
n=1

When electron will fall back, number of
spectral lines emitted
_nln=1_44-1

= =06
2 2

15 Ratio of longest wavelengths

corresponding to Lyman and
Balmer series in hydrogen

spectrum is [NEET 2013]
@2 o @l @

27 23 29 31
Ans. (a)

Wavelength for Lyman series
4

and wavelength for Balmer series

1_ 1 _38
. =36
SO _10 -O50 SR
R R
BI 9t " ieH
oM=fW5Ro5 gy =6
A, 3R 36 27

16 Monochromatic radiation emitted

when electron state on hydrogen
atom jumps from first excited state
to the ground state irradiates a
photosensitive material. The
stopping potential is measured to be
3.57V. The threshold frequency of
the material is [CBSE AIPMT 2012]

(a)4 x10" (b)5 x10™ Hz
(c)1.6 x10™ Hz (d)25 x10" Hz
Ans. (¢)

Concept When an electron in hydrogen
atom jumps from first excited state
(n=2)to ground state(n="1)energy is
released and is given by

where, E, = -

Energy released from emission of
electronis given by
E=-34-(-136)
=102eV
Now, from photoelectric equation,
work function,
@=E —eV =hv
_E-ev_(102-357)e
h 667 x 107
_663x16x107"
667 x 107

=16x10"Hz
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17 Electron in hydrogen atom first
jumps from third excited state to
second excited state and then
from second excited to the first
excited state. The ratio of the
wavelengths A | : A, emitted in the

As,

two cases is [CBSE AIPMT 2012] equal to that of the second line of
(a)7/5 (b)27/20 Balmer series for a hydrogen like
(c)27/5 (d)20/7 ion. The atomic number Z of
Ans. (d) hydrogen like ion is
s . [CBSE AIPMT 2011]
According to question, 4 o)1 5 03
forwavelengthA,, n, =4 and n, =3 (a) (b) (c) (d)
andfor A,,n =3andn, =2 Ans. (¢)
g 0 i -
and we know that, he _ -136 [% _izD For Lym:’i?csenes fér] H aﬁog
A [ﬁ I’IZD TthC%_ZTH
So, forA, -
. he BD 1 10 and foth—Ilke ion, : :
= C_opp [ 0
A Ha? (37 H = =Z'Rhe -
hi:msalg (i) QR ); 0, 1?
S"II)\Wf)\ - 78 %%
imilarly, Tor 2 1 ) 1 1
-—0=Z -—g 0 z=2
o he-_zeQl - 10 Q‘ 4@ EYI 18§
A, Hy)? (°H o
he _ 136050 (i 20 The energy of a hydrogen atom in
A,  Bs6H the ground state is - 13.6 eV. The
Hence, from Egs. (i)and (ii), we get energy of aHe™ ion in the first
A _20 excited state will be
A, 7 [CBSE AIPMT 2010]
o . (a)-13.6 eV (b)-27.2eV
18 Anelectronof a statlongry hydrogen (c)-54.4 gV (d)-6.8 eV
atom passes from the fifth energy
Ans. (a)

level to the ground level. The velocity
3that the atom acquired as a result
of photon emission will be
[CBSE AIPMT 2012]
(a)24hR (b)ZShR (c) 25m (d) 24m
25m 24m 24h R 25hR

(mis the mass of electron, Ris Rydberg
constant and his Planck’s constant.)

Ans. (a)

Concept According to third postulate
of Bohr's model, when an atom makes a
transition from higher energy state to
lower energy state, the difference of
energy is carried away by a photon such

f=C136
n

So, E=

thathv=F —F orN® =ppeal 10 radiation corresponds to the transition
TN Ehf n’ g between [CBSE AIPMT 2009]

[where, n, = quantum number of (a)ni3toni2 states

higher energy state and n, =quantum (bJn=3ton =1states

number of lower energy state. ] (c)n=2ton =lstates

Energy difference between fifth and first (d)n=4ton =3states

orbitisE, — E, ="C and Ans. (d)

Number of spectral lines
Rhc—@:h—C _nln=1 nin=1 _

%A e P
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E The wavelength of the first line of
Lyman series for hydrogen atom is

Energy E of an atom with principal
quantum number nis given by

Z? for first excited staten=2

and forHe", Z=2
-136x (2f _
e

-13.6eV

21 The ionisation energy of the
electron in the hydrogen atom in its
ground state is 13.6 eV. The atoms
are excited to higher energy levels
to emit radiations of 6 wavelengths.
Maximum wavelength of emitted

or n?-n-12=0

or (n=4{n+3) =0 or n=4

Now as the first line of the series has the
maximum wavelength, therefore
electron jumps from the fourth orbit to
the third orbit.

22 The ground state energy of
hydrogen atom is —13.6 eV. When
its electron is in the first excited
state, its excitation energy is

[CBSE AIPMT 2008]

(a)3.4eV (b)6.8 eV
(c)10.2 eV (d)zero
Ans. (¢)
In the ground state, n=1

£,=-130 - 4366y

12

For the first excited state(i.e. forn=2)

E, =130 2 34ev

AE=E, -E,

=-34+13.6=10.2eV

23 The total energy of electron in the
ground state of hydrogen atom is
-13.6 eV. The kinetic energy of an
electron in the first excited state is

[CBSE AIPMT 2007]

(a)3.4eV (b)6.8 eV
(c)13.6eV (d)1.7eV
Ans. (a)

The energy of hydrogen atom when the
electron revolves in nth orbit is given by
— 2
E="B0% o 721

nZ

In the ground state; n=1
- 136 _ _

E= 13.6eV
12
For n=2,
F="136 - 540y
22

So, kinetic energy of electron in the first

excited state(i.e.forn=2)is
KE=—-F=—(-34)=34eV

24 |n a discharge tube ionisation of
enclosed gas is produced due to
collisions between

[CBSE AIPMT 2006]
positive ions and neutral
atoms/molecules

negative electrons and neutral atoms/
molecules

photons and neutral
atoms/molecules
neutral gas atoms/molecules

(a)
(b)
(c)
(d)
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Ans. (b)

Inadischarge tube, after being
accelerated though a high potential
difference the ionsin the gas strike the
cathode with huge kinetic energy. This
collision liberates electrons from the
cathode. These free electrons can
further liberate ions from gas molecules
through collisions. The positive ions are
attracted towards the cathode and
negatively charged electrons move
towards anode. Thus, ionisation of

gas results.

25 |onisation potential of hydrogen
atomis 13.6 eV. Hydrogen atoms in
the ground state are excited by
monochromatic radiation of photon
energy 12.1eV. According to Bohr's
theory, the spectral lines emitted by
hydrogen will be [CBSE AIPMT 2006]

(a)two (b)three
(c)four (d)one
Ans. (b)

lonisation energy corresponding to
ionisation potential (E, =-13 8eV)
Photon energy incident(A E) =12.1 eV
So, the energy of electron in excited
state(E,)is given by

E,-E,=AME 0 E,=AE+E,

0 E,=-136+121

0 E,=-15eV

. _ 136

ie. E,=- = ev
_-136

-15= .
0 ot =198 =9
-15
O n=3

i.e.energy of electron in excited state
corresponds to third orbit.

The possible spectral lines is given by
nn=1) 0 3(3-1) 03
2 2

26 The total energy of an electron in
the first excited state of hydrogen
is about - 3.4 eV. Its kinetic energy
in this state is [CBSE AIPMT 2005]

(a)-3.4eV (b)-6.8eV
(c)6.8eV (d)3.4eV
Ans. (d)
Kinetic energy of electron
2
KE = Ze
8 r
Potential energy of electron
2
U=- ! Zi
4me, 1
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O Totalenergy E =KE + U

_ Ze® _ Ze?
8rmer 4mgr
2
or E=—ZL or E=-KE
8 r
or KE=-E=-(-34)=34eV
NOTE

Total kinetic energy of a revolving electron
in any given orbit is equal to the negative of
total energy of electrons in that orbiti.e.

KE =-E

E Energy E of a hydrogen atom with
principal quantum number nis given

byE = 58 eV. The energy of a

n2

photon ejected when the electron
jumps from n =3 state to n =2 state
of hydrogen, is approximately

[CBSE AIPMT 2004]

(a)1.5eV (b)0.85eV
(c)3.4eV (d)1.9eV
Ans. (d)
Given, E, = —@ev

n?

Energy of photon ejected when electron
jumps from n=3to n=2state is given by

AE=E, -E,
Energy of third orbit
E, = —@ev= —@ev
(3) 9
Energy of second orbit
E,=-38y=_18qy
(2)? 4
136 0 1360
So,AE=E -E, =———-——
P 9 O &
=19eV (approximately)

28 The Bohr model of atoms
[CBSE AIPMT 2004]
(a) assumes that the angular
momentum of electrons is quantised
(b) uses Einstein’s photoelectric
equation
(c) predicts  continuous
spectra for atoms
(d) predicts the same emission spectra
for all types of atoms

Ans. (a)

According to Bohr's hypothesis, electron
can revolve only in those orbits in which
its angular momentum is an integral

multiple of —, where his Planck’s
2m

emission

constant. In these orbits, angular
momentum of electron can have

h 2h 3h

'

T2m2

1.5h 2.5h 35h
neveras —, ", =~

2m 2m 2T
called the quantisation of angular
momentum.

magnitude as

.......... etc. Thisis

E Which of the following transitions

gives photon of maximum energy?

[CBSE AIPMT 2000]
(b)n=2 ton=1
(d)n=6 ton=2

(a)n=1ton=2
(c)n=2 ton=6

Ans. (b)
Energy levels of H-atom are given by
2
£ =-1382 oy (z=1)

nZ

O E, =-136/n" eV

Photons are emitted only when electron
jumps from higher energy level (higher
n-value)to lower energy level (lower
n-value). So, alternative (a) and(c) are
wrong.

Energy difference fromn=2ton=1
levelis

AEM:B.G%—%@W

=13 8 x% ~1026V

Energy difference fromn=6to n=2level

..ol 10
o, =18 -
:13.6x§}—i§:13.6x§
36 9
=302eV

Thus, itis evident that difference is
larger for n=2to n=1transition. Hence,
maximum energy photon or shortest
wavelength will be emitted during
transition fromn=2ton=1

30 When electron jumps from n=4 to

n=2 orbit, we get

[CBSE AIPMT 2000]
(a)second line of Lyman series
(b) second line of Balmer series
(c)second line of Paschen series
(d)an absorption line of Balmer series

Ans.(b)

(a) Second line of Lyman series
corresponds to the transition
n=3 - n=l

(b) Second line of Balmer series
corresponds to the
transition n=4-n=2

(c) Second line of Paschen series
corresponds to the
transition n=5-n=3
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(d) Anabsorption line of Balmer
series arises when electron jumps
fromn=2 to any other higher
state.

Thus, choice(b) is correct.

NOTE
For Lyman series

For Paschen Series
n2 =4r 5;6 — n1 =3
For Brackett series

3_1 In the Bohr's model of a hydrogen

atom, the centripetal force is
furnished by the Coulomb
attraction between the proton and
the electron. If a ; is the radius of
the ground state orbit, mis the
mass and e is the charge on the
electron, g is the vacuum
permittivity, the speed of the

electronis [CBSE AIPMT 1998]
e

VE Oy M
e (d)w/"n%%m
e

C)\/Zonsuaom

(a)zero (b)

Ans. (c)
From Coulomb'’s attraction between the
positive proton and negative electron
_ 1 €
4T, 17
[For neutral atom]
Centripetal force has magnitude

2
mv
F=
P
So for the revolving electrons
mv: 1 e?
ro4me, r’
1 e?
| vi= =
4T, mr
e
or VE—
4T, mr
For ground state of H-atom, r=a,
e
O v=__ -
4T Ma,

32 The energy of ground electronic

state of hydrogen atom is —13.6 eV.
The energy of the first excited
state will be [CBSE AIPMT 1997]
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(a)-b4heV
(b)=272eV
(c)-68eV
(d)-34eV

Ans. (d)

The energy of hydrogen like atom in its
nth excited state is given by
2

£, =-156%.
n

For ground state (n=1),

and atomic number(Z) =1

=-15 _y3pev
Q)

For first excited state (n=2),

-_136__136
P 4
==34eV

Note

In ground state (n =1) energy of atom is
—13.6 eV and energy corresponding ton =
o is zero. Therefore, energy required to
remove the electron from ground state is
13.6 eV.

§ When hydrogen atom is in its first

excited level, its radius is

[CBSE AIPMT 1997]
four times, its ground state radius
twice, its ground state radius
c)same as its ground sate radius
d) half of its ground state radius
Ans. (a)

The radius of nth Bohr's orbit of
hydrogen and hydrogen like atom

a
b

_g,n’N
r=
mme’Z
2 2
n’a n
O r,=—2=2 or rnlj?

Forground state, n=1
Atomic number, Z =1
For first excited state, n=2

3

or r, =4

Therefore, radius of first excited state is
4 times than that of ground state radius
in H-atom.

0 I,

2
h

3_4 When a hydrogen atom is raised

from the ground state to an excited
state [CBSE AIPMT 1995]
(a) PE decreases and KE increases

(b) PE increases and KE decreases
(c)both KE and PE decrease

(d) absorption spectrum

Ans. (¢)
Kinetic energy of electron is given by
kZe®
2r
Potential energy of electron is
y=_hze’
r

When a hydrogen atom is raised from the
ground, to an excited state both potential
energy and kinetic energy decreases.

KE=

The spectrum obtained from a
sodium vapour lamp is an example
of [CBSE AIPMT 1995]

(a)band spectrum (b)continuous
spectrum

(c)emission spectrum

(d) absorption spectrum

Ans. (¢)

When continuous light from a source is
examined directly in a spectroscope, we
observe the emission spectrum of the
source. The sodium vapour spectrum,
consists of a few isolated bright lines.
Each bright line corresponds to a
particular wavelength. It is emitted by
the atoms in the gaseous state.

When continuous light from a source is
made to pass through an absorbing
substance and then examined in a
spectroscope, we observe absorption
spectrum of the substance.

Aband spectrum is emitted by chemical
compounds in the vapour state. It is
therefore a molecule spectrum.

A continuous emission spectrum
consists of a wide range of unseparated
wavelengths.

Doubly ionised helium atoms and
hydrogen ions are accelerated from
rest through the same potential
drop. The ratio of the final
velocities of the helium and the

hydrogenionis [CBSE AIPMT 1994]
1

(a)E] (b)2
(C)ﬁ (d)v2
Ans. (c)

Ifvis the speed acquired by particle
when accelerated under a potential
differenceV, then

KE gained by particle :%m\/2 =eV

_ |2eV
or v= |22
m
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So, for two different cases of the He-atom
and H-atom,

2(e),.V
VHe = mHe
vy 2(e),V
mH
As m,, =4m, and (e),, =2(e),
% 1
O He —_
v, 2

3_7 The radius of hydrogen atom in its

ground state is 5.3x10™" m. After
collision with an electron it is found
to have aradius of 21.2x10™" m.
What is the principal quantum
number n of the final state of the

atom ? [CBSE AIPMT 1994]
(a)n=4 (b)n =2
(c)n=16 (d)n=3
Ans. (b)
Radii of Bohr's stationary orbit is given by
n’h? n’
r=— rid—
41¢ mke®Z Z
Considering two situations of electrons,
(r)_n’
O =
(r) n’

Forground state n, =1

21.2x 107 _

=== =n

53x 10"
or i =4
a n =2

f

38 Hydrogen atoms are excited from

ground state of the principal
quantum number 4. Then, the
number of spectral lines observed

will be [CBSE AIPMT 1993]
(a)3 (b)6

(c)5 (d)2

Ans. (b)

Number of spectral lines observed in
hydrogen spectrum is given by
:M :M =6
2 2
Where, n = principal quantum number
=number of orbits.

39 Which source is associated with a

line emission spectrum?
[CBSE AIPMT 1993]
a) Electric fire
b)Neon street sign
c) Red traffic light
)

(
(
(
(d)Sun
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Ans. (b)

Inline emission spectrum, every line
spectrum consists of a few isolated
bright lines, each bright line corresponds
to a particular wavelength. It is emitted
by atoms in the gaseous state.

e.g. a sodium discharge lamp, a mercury
vapour lamp, a neon discharge tube and
a helium discharge tube all emit sharp
lines of definite wavelengths.

E The ionisation energy of hydrogen

atomis 13.6 eV. Following Bohr's
theory, the energy corresponding
to a transition between 3rd and 4th

orbit is [CBSE AIPMT 1992]
(a)3.40eV (b)1.51eV
(c)0.85eV (d)0.66 eV

Ans. (d)

Total energy of electron for hydrogen
like atomis given by

2

£, =-136Z
n

0 E=28ev  [zz1n=3

32

=-151eV

£, =-138 - _ggsey

42

0 E,-E,=151-0.85=0.66eV

41 In terms of Bohr radiusa;, the

radius of the second Bohr orbit of a
hydrogen atom is given by

[CBSE AIPMT 1992]
(a)4a (b)8a,
(c)«/ﬁjaO (d)2a,
Ans. (a)
From Bohr's postulate, for any permitted
(stationary orbit).
Angular momentum of electron revolving
inan orbit is constant

()

. nh nh
i.e. mvr=— or v=
2T 2 Timr

mv: _ Ze® _ kZe’
roo4megr’ o’

(i)

Also,

)

(where, k=

4T1E,
Symbols have their usual meaning.
From Egs. (i)and (ii),

,= n’h’
4T mkZe®
For hydrogen atom,
Z=1
212
0 p=_ N h
410 mke’
0 r, On?
O a, =4a,

Note

For solving the problem, dependence of
radius of nth orbit of hydrogen like atom
2

must be keptinmind i.e.r, O n?

[where, n = nth orbit and Z = atomic number]

42 The ground state energy of H-atom

is 13.6 eV. The energy needed to
ionise H-atom from its second
excited state [CBSE AIPMT 1991]

(a)1.567eV (b)3.4eV
(c)13.6eV (d)12.1eV
Ans. (a)

For second excited state, n=3

OEnergy needed to ionise H-atom from
its second excited state

E_erzmke“ T
1

or we can say that

2
Enl
nZ
[7 = atomic numberd
[h=nth orbit O
So, F=180y=1510v
32

E Consider an electron in the nth

orbit of a hydrogen atom in the
Bohr model. The circumference of
the orbit can be expressed in terms
of de-Broglie wavelength A of that

electron as [CBSE AIPMT 1990]
(a)(0.529)nA (b)r/nA

(c)(13.8)A (d)nA

Ans. (d)

The circumference of an orbit in an atom
in terms of wavelength of wave
associated with electron is given by
21, =nA
[r, =radius of any norbit]

44 The valence electron in alkali metal

isa [CBSE AIPMT 1990]
(a) f-electron (b) p-electron
(c)s-electron (d)d-electron

Ans. (¢)

The outermost electrons in an atom are
called valence electrons. In alkali metals
(IA group) outermost electron is present
in s-orbital. Alkali metals have one
valence electron. e.g. Li, Na, K.

45 Energy levels A,B,C of a certain

atom correspond to increasing
values of energyi.e.E, <E, <E_.If
A A, A are the wavelengths of
radiation corresponding to the
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transitions CtoB, Bto AandCto A
respectively, which of the following
relation is correct ?

[CBSE AIPMT 1990]

(@)A, =\, +A, (b))\zz%
()N, +A, +A, =0 (d)A] =N) +A7,
Ans. (b)

Ec c

A A3
Eg B
A2
Ex A

Using Bohr's postulate for radiation of
spectral line, we have

Radiation of wavelength fromC to B

E -E,="C i)
)\1
Radiation of wavelength from B to A
E,-E,="C i)

2
Radiation of wavelength fromC to A
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E.-E,=2¢ i)
Cc A )\3
Nso, (E, -E,)=(E, -E,)+(E, -E,)
0 he _ ’L he
AN A,
o L L+L
AN,
A,
0 A, =
A +A,

E To explain his theory, Bohr used

[CBSE AIPMT 1989]
(a)conservation of linear momentum
(b) conservation of angular momentum
(c)conservation of quantum frequency
(d) conservation of energy

Ans. (b)

According to Bohr, electron can revolve
only in certain discrete non-radiating
orbits, called stationary orbits, for which
total angular momentum of the revolving

2T

where his Planck's constant. For orbits,
conservation of angular momentum is

applicable.

O Forany permitted orbit, mvr - nh

2T

47 The ionisation energy of hydrogen

atomis 13.6 eV, the ionisation

energy of helium atom would be
[CBSE AIPMT 1988]

(a)13.6 eV (b)27.2 eV
(c)6.8eV (d)54.4 eV
Ans. (d)

lonisation energy is defined as the
energy required to knock an electron
completely out of anisolated gaseous
atom. When electron is raised to the
orbit n = oo, it will be completely out of
the atom.

lonisation energy of helium,

- 21 mZ*k*e" ol

h? B
_2mwm2’ ke 01 _ 10
H B B

lonisation energy for hydrogen atom

2,2
=136 eV:ZT[Z% X4 x

10
o

1

ol _ 10
B «?H
=4x%x13.6 =544 eV
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