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1.  The potential energy associated with an electron in the orbit
(a) increases with the increases 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 these

2. 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?

=4
1 03
n=2
I I 1 v n=l
@ v (b) I () I (d I

3. Electronsin a certain energy level n = n,, can emit 3 spectral
lines. When they are in another energy level, n = n,. They
can emit 6 spectral lines. The orbital speed of the electrons
in the two orbits are in the ratio of

(@ 4:3 (b)y 3:4 (c) 2:1 d 1:2

In Rutherford scattering experiment, the number of
a-particles scattered at 60° is 5 x 10%. The number of
o-particles scattered at 120° will be

6 3 6
(@ 15x10 (b) 35 x 10
5
(©) 3 106 (d) None of these
In the Bohr model an electron moves in a circular orbit around
the proton. Considering the orbiting electron to be a circular

current loop, the magnetic moment of the hydrogen atom,
when the electron is in n™ excited state, is :

e n’h e \nh
(a) (%Z_RJ (b) (;jz_n

e \nh e \n’h
o[l e
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6. A 12.5 eV electron beam is used to bombard gaseous 14. One of the lines in the emission %pectrum of LiZ" has the
hydrogen at room temperature. It will emit : same wavelength as that of the 2" line of Balmer series in
(@) 2 lines in the Lyman series and 1 line in the Balmar hydrogen spectrum. The electronic transition corresponding
series to this lineisn =12 — n =x. Find the value of x.
ines in the Lyman series a c c
b) 3linesinthe L i (@ 8 (b) 6 (c) 7 () 5
(¢) 1 line in the Lyman series and 2 lines in the Balmar 5, Ifthe atom 100Fm?®7 follows the Bohr model and the radius
series
(d) 3 lines in the Balmer series of | goFm**" is n times the Bohr radius, then find .

7. A Hydrogen atom and a Li*" ion are both in the second (@ 100  (b) 200 © 4 (d) 14
excited state. If £y and /;; are their respective electronic 16 Theenergy of He" in the ground state is —54.4 eV, then the
angular momenta, and £, and E| ; their respective energies, energy of Li™" in the first excited state will be
then (@ -30.6eV (b) 27.2eV
@ > fand |Eyl> |E | (b) = (; and |[Ey<|E | () —13.6eV d) -272ev.

(© fy={r;and |Ey|> E[| (d) £ < and |Ey| < |E[| 17. Ifthe angular momentum of an electron in an orbit is J then
1 1 1 1 . o .

8. The radius of hydrogen atom in its ground state is the K.E. of the electron in that orbit is
5.3 x 107! m. After collision with an electron it is found to 12 Jv 72 72
havea radius of21.2 x 10~ m. What s the principal quantum (@) > (b)) — ) — d —

ber n of the final state of th 2mr ' 2m 27
?‘;m er 20 t(be) 1na s;ate 0 (t)e aton;6 @ 3 18. Suppose an electron is attracted towards the origin by a
a) n= n= c) n= n=

9.  When hydrogen atom is in its first excited level, its radius is force k where ‘%’ is a constant and ‘7 is the distance of the
(a) four times its ground state radius r . . .
(b) twice electron from the origin. By applying Bohr model to this
() same system, the radius of the n™ orbital of the electron is found
(d) half to be ‘r,” and the kinetic energy of the electron to be ‘7, .

10. Consider 3™ orbit of He" (Helium), using non-relativistic Then which of the following is true?
approach, the speed of electron in this orbit will be [given K 1 2 .
=9 x 10% constant, Z=2 and h (Plank's Constant) @ T, 2 5w (b) T, independent of n, 7, oc n
=6.6x10734]J5] 1 !

(@) 1.46x10°m/s (b) 0.73x10°m/s © T,oc—,r, on d T, oc— ’,,n —
(¢) 3.0x10%m/s (d) 2.92x10°m/s n o

11.  Anelectron in the hydrogen atom jumps from excited state  19-  In Hydrogen spectrum, the Wavelength of H, lineis 656 nm,
n to the ground state. The wavelength so emitted illuminates whereas in .the spectrum of a distant galaxy, H hpe
a photosensitive material having work function 2.75 eV. If wavelength is 706 nm. Estimated speed of the galaxy with
thensg(s)pping potential of the photoelectron is 10 V, the value E;)Spegtxt(l’ (f’gagl/lsls () 2% 107ms

12. Theelectron in a hydrogen atom makes a transition from an 20. Injhe hyclrogen atom, an.electr on makes a transition frpm
excited state to the ground state. Which of the following n=2ton=1. Themagnetic field produced by the circulating
staterments is true? ' electron at the nucleus

TR . . . a) decreases 16 times b) increases 4 times
(@) g:clr(ézzgs energy increases and its potential energy Ecg decreases 4 times Edg increases 32 times
: 21. Whatis theradius ofiodine atom (At. no. 53 126
(b) Its ki'netip energy decreasgs, potentia}l energy increases. @) a2.155x 16 éah ;;15 oHo (ll)r)le; 50 rxnl(079 Irrllo > ass o )
() Its kmet}c and its potentlal energy increases. () 7x10°m (d) 7x10°m
(d) Its kinetic, potential energy decrease. 22. When an a-particle of mass 'm' moving with velocity 'v'
13. An energy of 24.6 eV is required to remove one of the

electrons from a neutral helium atom. The energy in (eV)
required to remove both the electrons from a neutral helium
atom is

(@) 382 (b) 49.2

©) 518 (d)79.0

bombards on a heavy nucleus of charge 'Ze', its distance of
closest approach from the nucleus depends on m as :

1 1
7w © 5 @m

RESPONSE

GRID

Get More Learning Materials Here : &

Space for Rough Work

EBD_71

@g www.studentbro.in



DPP/ CP26

23.

24,

25.

26.

27.

28.

29.

The ionization 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 radiation corresponds to the
transition between

(@) n=3ton=1 states (b)
(c) n=4ton= 3 states (d

n=2ton= 1 states
n =3 ton= 2 states

The wavelengths involved in the spectrum of deuterium

( %D) are slightly different from that of hydrogen spectrum,

because

(a) thesize of the two nuclei are different

(b) the nuclear forces are different in the two cases

(c) the masses of the two nuclei are different

(d) the attraction between the electron and the nucleus is
differernt in the two cases

An electron in hydrogen atom makes a transition n; — n,

where n; and n, are principal quantum numbers of the two

states. Assuming Bohr’s model to be valid the time period

of the electron in the initial state is eight times that in the

final state. The possible values of n, and 7, are

(@ ny=4andn,=2 (b) ny=6andn,=2

(©0 ny=8andn,=1 (d) n,=8andn,=2

Ina hydrogen like atom electronmake transition from an

energy level with quantum number n to another with quantum

number (n— 1). Ifn>>1, the frequency of radiation emitted is

proportional to :
1 1 1 1
@ — (b) =z (© 7 (d) ]
%

The spectrum obtained from a sodium vapour lamp is an

example of

(a) band spectrum

(b) continuous spectrum

(c) emission spectrum

(d) absorption spectrum

Ionization potential of hydrogen atom is 13.6eV. Hydrogen

atoms in the ground state are excited by monochromatic

radiation of photon energy 12.1 eV. According to Bohr’s

theory, the spectral lines emitted by hydrogen will be

(@) three (b) four (c) one (d) two

The Bohr model of atoms

(@) predicts the same emission spectra for all types of
atoms

(b) assumes that the angular momentum of electrons is
quantised

30.

31.

32.

33.

34.

3s.

36.

37.

Jrp-103]

(c) uses Einstein’s photoelectric equation

(d) predicts continuous emission spectra for atoms

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

(@ 802nm (b) 83nm (c¢) 1882nm (d) 1648nm
A doubly ionised Li atom is excited from its ground state(n
=1) to n =3 state. The wavelengths of the spectral lines are
given by A;,, A4, and A,,. The ratio A;,/A;; and A, /A4,
are, respectively

(@ 8.1,0.67 (b) 81,12

(c) 64,12 (d 64,067

In Rutherford scattering experiment, what will be the correct
angle for a-scattering for an impact parameter, b=0?

(@ 90° (b) 270° (c) (d) 180°
Consider 3™ orbit of He" (Helium), using non-relativistic
approach, the speed of electron in this orbit will be [given
K = 9 x 10° constant, Z = 2 and h (Plank's Constant)
=6.6x 107347 5]

(@) 1.46x10°m/s (b) 0.73 x 10°m/s

(¢) 3.0x108m/s (d) 2.92x10°m/s

The ionization energy of hydrogen atom is 13.6 eV. Following
Bohr’s theory, the energy corresponding to a transition
between 3rd and 4th orbit is

(@) 340eV (b) 151eV (c) 085eV  (d) 0.66eV
The transition from the state n=3 ton =1 in a hydrogen like
atom results in ultraviolet radiation. Infrared radiation will
be obtained in the transition from :

@ 2->1 (b)) 352 (¢) 452 d 4-3
Given the value of Rydberg constant is 10’m™!, the wave
number of the last line of the Balmer series in hydrogen
spectrum will be :

@@ 0.025x10*m!' (b) 0.5x107m™!

() 025x107m! (d) 25x10m™!

Which of the plots shown in the figure represents speed
(v,) of the electron in a hydrogen atom as a function of the
principal quantum number (7)?

;::iB;
IR A
b D © C

@@ B d) 4

B.EOOD 24.GOOOD
8B.OOOWD 29-®OOWD
B.BOOD H4.GOOOW
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38.

39.

40.

41.
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Theionisation potential of H-atomis 13.6 V. When itis excited ~ 42.

from ground state by monochromatic radiations of 970.6 A,
the number of emission lines will be (according to Bohr’s
theory)

(@ 10 (b) 8 (c) 6 d 4

The energy of hydrogen atom in nth orbit is £,, then the
energy in nth orbit of single ionised helium atom will be
(@) 4E, (b) E/A4 () 2E, d EJ2

In the Rutherford experiment, a-particles are scattered from 3

anucleus as shown. Out of the four paths, which path is not
possible?

A

B

Ji

C
D

’

@ D (b) B © C d) 4
An electron changes its position from orbit n =2 to the orbit
n=4 of an atom. The wavelength of the emitted radiations is

(R = Rydberg’s constant) 45.
1616 1616
@ % O 5y © o @ o

@/ 44.

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 approach
is ). The energy of the projectile is

(@) directly proportional to Z, Z,

(b) inversely proportional to Z,

(c) directly proportional to mass M,

(d) directly proportional to M, x M,

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

(@ 1215A (b) 1640 A (c) 2430 A (d) 4687 A
If v, is the frequency of the series limit of Lyman series,
v, is the frequency of the first line of Lyman series and
v, is the frequency of the series limit of the Balmer series
then

(@ v, —v,=v, (®) v, =v,-v,
At r T
© L2 VY VY3 @ Uy L2 U3

In a hypothetical Bohr hydrogen atom, the mass of the electron
is doubled. The energy E', and radius t’, of the first orbit will
be (r,, is the Bohr radius)

@) —112eV  (b) —68eV  (c) —13.6eV (d) -272¢eV

RESPONSE

GRID
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Total Questions 45 Total Marks 180
Attempted Correct
Incorrect Net Score
Cut-off Score 50 Qualifying Score 70
Success Gap = Net Score — Qualifying Score
Net Score = (Correct x 4) — (Incorrect x 1)
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2

PE.= . Negative sign indicates that revolving

e QT
electron is bound to the positive nucleus.
So, it decreases with increase in radii of orbit.

1 1
E= RhC [—2 — —2]
nom

FE will be maximum for the transition for which

Lz _ Lz} is maximum. Here n, is the higher energy
mom

level.

Clearly, L1} s maximum for the third transition,
I’l12 I’l22
i.e. 2 — 1. I transition represents the absorption of
energy.
Number of emission spectral lines
n(n—1)
2
_ ny (nl — 1)
2
Or n12 -ny—6=0o0r (n; -3)(n; +2)=0
Take positive root.
sonp =3

N:

23 , 1n first case.

Again, 6=

np(ny —1) .
%, in second case.

Or n3 —ny—12=0or (n, —4)(ny +3) = 0.
Take positive root, orn, =4

2
Now velocity of electron v = %
n
o _mp 4
B v, n; 3
. 4
N o 41 ;&:sm (6,/2)
sin*0/2 Ny sin*(0,/2)

N 4o

or ) = s1n4 (60°/2)

5x10%  sin*(120°/2)
N,  sin?30°

5x10°  sin? 60°

4 4
or N, =5x10° x(lj [i] =2 106
2) B 9
Magnetic moment of the hydrogen atom, when the
electron is in n" excited state, i.e.,n'=(n+1)
As magnetic moment M =1 A=i (nr ?)

or

PHYSICS
SOLUTIONS

@

)

)

@

DPP/CP26

m2265

4gln’h’

n’h? 1
I'n = 3 2 k =
4n°kzme 4n g,

Solving we get magnetic moment of the hydrogen atom
for n'" excited state

M. = (ijn_h
2m )2m

he he 6.62x1073%x3x108
E=—=A=—=
I8 E 12.5x1.6x107"?
=993 A°

1_r Lz _Lz
A oy
(where Rydberg constant , R=1.097 x 107)

;m=l.097><107 iz—%
> 993x10” 1> n,

Solving we getn, =3

Spectral lines

Total number of spectral lines =3

Two lines in Lyman series forn, = 1,n,=2andn, =1,
n, = 3 and one in Balmer series forn, =2 ,n,=3

Or.

N =3 qeemsmpensencemneeaeean
n=2 ¥ Balmer

Lyman |Lyman
n=1%

h
l:n—,|E|ocZ2/n2;n:3
2n

=y =1 and |Ey|<|E |l
r O‘an

radius of final state )

. =n
radius of initial state

212x10™"
5.3x107"
n=4orn=2
_ Rol’lz
Z

R

R
Radius in ground state = 70

o : Ry x4
Radius in first excited state = s ("~ n=2)

Hence, radius of first excited state is four times the
radius in ground state.

EBD_71
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10. (a) Speed of electron in nth orbit 52 ) 1
5 r, =2 =y (given) > n=
v - 2mKZe 100 4
" oh 16. (a) Energy of electron in n' orbit is
2
Z Z
V=(2.19 x 10°m/s) o =— (Rch)—zz —54.4 eV
n
2 For He" is ground state
:(2.19><106)§(Z:2&n:3) @ )
V=146 % 106 m/s E; =—(Rch) — e =-544=Rch=13.6
11. ® KE_ , =10eV . For Li™" in first excited state (n =2)
Total incident energy E'=—13.6 % (2)2 =-30.6eV
E=¢+ KEm?X: 12.75eV . 17. (@) Angular momentum=mrv=]J
. Energy is released when electron jumps from the
excited state n to the ground state. v = R
w By—E,={-085-(-13.6)ev} mr
=12.75eV 1 5 1 (1Y
- value of n = 4 K. E. of electron = Emv = Em E
12. (@) As the electron comes nearer to the nucleus the 5
potential energy decreases ]
2
( —k.Ze* ) 2mr
L =PE.and r decreasesJ i PR
r 18. () When F =—=centripetal force, then — =
r r r
The K.E. will increase | -+ K.E. = _| PE.|= 1 kZe = mv? = constant = kipet'ic energy is constant
r = T'is independent of n.
1 kZe 1 1 [c—v
TE=-—— 19. — ==
The total energy decreases { >, } o) o eay
13. (d) When one e~ is removed from neutral helium atom, it Here, 1.' =706 nm, ). =656 nm
becomes a one e~ species.
For one e~ species we know c—v ( A jz (656j2 0.6
—13622 C+V_ T B % -
E, = 2 eV/atom
n v _ 0.14
For helium ion, Z=2 and for first orbit n=1. = ¢ 186
— 8 7
E - 136 22 _ 5440y = v=0.075x3x108=2.25 x 10"m/s
OF wl R
Energyrequired to remove thise™ =+54.4eV 20. @ B="" and I=—
Total energy requlred 54.4+24.6=79eV r T
14. () For 27 Jine of Balmer series in hydrogen spectrum o€ 1
=—— [rcn?,Ten’]; Bo—
1 1 3 2rT 5
=R (1) — __2 =—R n
x 4 16 21. (@) 53 electrons in iodine atom are distributed as 2, 8, 18, 18,7
1 1 1) 3R Sn=5
e[t 2
A 2 2 16
12 r = (0.53x10719)
which is satisfied byn=12 —>n=6. zZ
15. (d) Foran atom following Bohr’s model, the radius is given 0.53x1071% x 52 11
b =—=25x100 'm
y 53
r = M here ro = Bohr’s radius and m = orbit 22. (a) At close.st dist;ance of approach, the l'dnetic energy gf
b the particle will convert completely into electrostatic
number.

For Fim, m=5 (Fifth orbit in which the outermost electron
is present)

potential energy.

1
KineticenergyK.E. = 3 mv?
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KQq 30. () The smallest frequency and largest wavelength in
Potential energy P.E. = - ultraviolet region will be for transition of electron from
| K | orbit 2 to orbit 1.
—mv? = & = ro— 1 (1 1)
2 r m s —=R|—-——
£ an n2
nn-1) 6 "
3. © — = 1 {1 1} [ 1} 3R
= ———— =R|—=——|=R[1——|=Z=
. 4 122x10°m 12 27 4] 4
3 = R_ 4 !
2 3x122x107
1 The highest frequency and smallest wavelength for
5 B infrared region will be for transition of electron from oo
n°-n-12=0 to 3rd orbit.
24. (o) ("111"1:64) Eln;jn) Thoof:rectri :nfis iven b .2 R[ Lo = 1 : [ : lj
. wav u v Lo =Rl - Py B s
( g \P g Y ] A LnIZ n3) A 3x122x107\3%
1 1 1 _1.097 x10 9
=R L—z——zj where R=———"— =X 22OX10 g3 50m
ny o ny 1+—
_ (1 1)
where m = mass of electron 3. (¢) —=R L—z - where R = Rydberg constant
M = mass of nucleus. A non
For different M, R is different and therefore A is different. 1 ( 1 1) 5
25. @ T A3 N4 9/ 36
Tn, =8 Tn, (given) o A= 36
Hence, n, = 2n, 5
26. (@ AE=hv Similarly solving for A5, and &,
9 4
yoBAE_ 1 1) k@n-D) A31=g and A2 =3
h m-1% n?| n’(m-1? N N
2k 232 _64 and 221 =12
~— or vo— 231 »31
3 3
n n 2 0
27. (¢) A spectrum is observed, when light coming directly Ze" cot|
from a source is examined with a spectroscope. 32. @ b= i & =0= cot (—j =0
Therefore spectrum obtained from a sodium vapour TSk
lamp is emission spectrum. 0
—=90° =180°
28. (a) Energyofground state 13.6 eV = 2 or 0
Energy of first excited state 33. (@) Speed ofelectron in nth orbit
21 KZe?
_ B3O a4y Vo= ———
4 nh
Energy of second excited state Z
V=(2.19 % 10°m/s) —
13.6 n
=———=-15eV 2
9 V=(2.19x10% = (Z=2 &n=3)
Difference between ground state and 2nd excited state 3
=13.6-15=12.1eV V=1.46x 10° m/s
So, electron can be excited upto 3rd orbit 34. @ E=E,—E,
No. of possible transition __136 _[_ 136] 0854151
152,153,253 42 32
So, three lines are possible. =0.66eV
29. (b) InBohr’s model, angular momentum is quantised i.e |
, ( h ] 35. @ - The frequency of the transition vcc 5 when
=n| n
n=1,2,3.
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36. (c) According to Bohr's theory, the wave number of the Thus energy of the projectile is directly proportional
last line of the Balmer series in hydrogen spectrum, t0Z,,2,
For hydrogen atom z= 1 1 1 1
1 1 1 43. (a) Weknow that —= RZ?> {—2 ——2}
_:Rzz(_z__zj A ny  n
non The wave length of first spectral line in the
1 1 Balmer series of hydrogen atom is 6561A . Here n,=3
107x12(—2— 2) andn,; =2
1 1 1) 5R .
1 S L I
= wavenumber - =0.25 x 107 m™! 6561 R(1) (4 9) 36 ®
37. (@) Velocity of electron in n'h orbit of hydrogen atom is For the second spectral line in the Balmer series of
given by : singlyionised heliumion n,=4andn, =2;2=2
2nKZe* 1 ,[1 17 3R
— . R 2 == .
v, . (2) [4 16} 4 (i)

n
Substituting the values we get, Dividing equation (i) and equation (ii) we get

6 1
Vn: 2.2x10 m/s or VnOC; s _SRX 4 B 5
n —_ = X — = —
As principal quantum number increases, velocity 6561 36 3R 27
decreases. Lo A=12154A
1 1 1 44. (a) For Lyman series
38. ¢©) ~=R|—5-—
A Ill I12 _ 1 1
v=Re| TS
SR T L. —4 L
T onexi0 0 T R TT where n=2,3,4, ......

N -1) 4x3 r

.. Number of emission line N = n(n ): “° -6 L. =R LR R @)

2 2 » A c
2, 2,2 4 . : _
39. (@ Wehavep, = 2nmK"Z7e m2K Z7€" Forhelium Z=2. Hence For the first line of Lyman series, 7 = 2

n“h r

requisite answer is 4E, % 11 = 3 R (it

12 22] 4

40. (c¢) As a-particles are doubly ionised helium He*™" i.e.

o . o For Bal i
Positively charged and nucleus is also positively or balmer series

charged and we know that like charges repel each other. R {i _ i}
V=Kol y2 2
_ (o) o 2
41. ® V:RLnT_nTJ’Wherenl_z’HZ_4 where n=3,4,5 .....
! 2 For the series limit of Balmer series, n = o
— 1 1
V=R (_ T 1 1] R
4 16 Lo =R | ———|=2C (i)
3 C 2 2 4
1 12 16 27
x = R(4 16) = A= IR From equation (i), (ii) and (iii), we get
X
=v, + — v, =
42. (a) The kinetic energy of the projectile is given by e : Y3 Oi V1T V2= s
1, ZeQe) 5. @ Aster— L=
Emv - 4megry '
7 7 As Exm S Eg =2(-13.6)=-27.2¢eV
142
- 4megry
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