CHAPTER

Two electrons are moving with non-relativistic speeds
perpendicular to each other. If corresponding de Broglie
wavelengths are A, and A,, their de Broglie wavelength
in the frame of reference attached to their centre of mass is

2MA
@ Aem=T5— ) Au=r =L
A +A5
MA+A 1 1 1
e =] = 2) d) —=— 4+ —
(c) CM( 5 ()KCM )»1+7»2

(Online 2018)

If the de Broglie wavelengths associated with a proton
and an o-particle are equal, then the ratio of velocities
of the proton and the ol-particle will be
(a) 1:2 (b) 2:1 (c) 1:4 (d) 4:1

(Online 2018)

The de-Broglie wavelength (Ag) associated with the
electron orbiting in the second excited state of hydrogen
atom is related to that in the ground state (Ay) by

(a) Ap=Ag/3 (b) Az =3Ag

(¢) Ag=Ag/2 (d) Az = 2Ag (Online 2018)

An electron beam is accelerated by a potential difference
V to hit a metallic target to produce X-rays. It produces
continuous as well as characteristic X-rays. If A,;, is the
smallest possible wavelength of X-ray in the spectrum,
the variation of logA,,;, with loglV is correctly represented in

(@) logh in i (b) logh in :
logV logV’
A

10g7‘min
(c) (d)
logV > logV
(2017)

A particle 4 of mass m and initial velocity v collides with

logh

min

m
a particle B of mass ) which is at rest. The collision is

head on, and elastic. The ratio of the de-Broglie
wavelengths A, to Ay after the collision is

Ay 1 Ay
(@ 3,73 (®) 3,2
Ay 2 Ay 1
© 3,73 @ 73,72 (2017)

The maximum velocity of the photoelectrons emitted from
the surface is v when light of frequency n falls on a metal

10.

11.

Dual Nature of Matter
and Radiation

surface. If the incident frequency is increased to 3n, the
maximum velocity of the ejected photoelectrons will be

(a) more than /3y (b) less than /3,

(c) v (d) equal to \/§v

(Online 2017)
A Laser light of wavelength 660 nm is used to weld Retina
detachment. If a Laser pulse of width 60 ms and power
0.5 kW is used, the approximate number of photons in
the pulse are
[Take Planck’s constant & = 6.62 x 10734 J s]
(a) 10" (b) 1022
(c) 1018 (d) 1020 (Online 2017)
Radiation of wavelength A, is incident on a photocell.
The fastest emitted electron has speed v. If the wavelength

3A .
is changed to —, the speed of the fastest emitted electron

will be
4 1/2 4 1/2
(a) >v(gj (b) <v(§)
1/2
3
o)

4 1/2
o -}

When photons of wavelength A, are incident on an isolated
sphere, the corresponding stopping potential is found
to be V. When photons of wavelength 7»2 are used, the
corresponding stopping potential was thrice that of the
above value. If light of wavelength 7»3 is used then find
the stopping potential for this case

hc{ul_l} ) hc{ul_l}
@ 0, T, ®) %, "o,

hc{l 1 1} dhc{1+1 3}

o) —|—-—-— L D

© n, ", A @) 1, T2n, A,
(Online 2016)

A photoelectric surface is illuminated successively by

(2016)

monochromatic light of wavelengths A and bY If the

maximum kinetic energy of the emitted photoelectrons in
the second case is 3 times that in the first case, the work
function of the surface is

he

h 3h
@ 5 b 5 :

@ 5
(Online 2016)

Match List-I (Fundamental Experiment) with List-II (its
conclusion) and select the correct option from the choices
given below the list.
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14.

15.

16.

List-I List-II
Franck-Hertz Experiment (i) Particle nature of light
Photo-electric Experiment (ii) Discrete energy levels of atom
Davisson-Germer (iii)) Wave nature
Experiment of electron

(iv) Structure of atom

(a) P-(ii), Q - (i), R - (iii)
(b) P - (iv), Q - (iii), R - (ii)
(¢) P-(i), Q- (iv), R - (iii)
(d) P-(i), Q - (iv), R - (iii) (2015)
de-Broglie wavelength of an electron accelerated by a
voltage of 50 V is close to (le] = 1.6 x 107! C,
m,=9.1x103" kg, h =6.6 x 103 Js)
(@ 05A (b) 1.2A (¢) 1.74A (d) 2.4 A
(Online 2015)

The de-Broglie wavelength associated with the electron

in the n = 4 level is

(a) two times the de-Broglie wavelength of the electron
in the ground state

(b) four times the de-Broglie wavelength of the electron
in the ground state

(c) half of the de-Broglie wavelength of the electron in
the ground state

(d) 1/4™ of the de-Broglie wavelength of the electron in
the ground state. (Online 2015)

The anode voltage of a photocell is kept fixed. The
wavelength A of the light falling on the cathode is gradually
changed. The plate current 7 of the photocell varies as follows

I I
(@) T (b)
(@) r—> (@) rA—>
I I
(©) T f (d) T (2013)
(@] rA—> (@) rA—>

This question has Statement 1 and Statement 2. Of the four

choices given after the statements, choose the one that

best describes the two statements.

Statement 1 : Davisson - Germer experiment established

the wave nature of electrons.

Statement 2 : If electrons have wave nature, they can

interfere and show diffraction.

(a) Statement 1 is true, Statement 2 is false.

(b) Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation for Statement 1.

(c) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1.

(d) Statement 1 is false, Statement 2 is true. (2012)

This question has Statement-1 and Statement-2. Of the
four choices given after the statements, choose the one
that best describes the two statements.

Statement-1 : A metallic surface is irradiated by a
monochromatic light of frequency v > v, (the threshold
frequency). The maximum kinetic energy and the stopping
potential are K, and V| respectively. If the frequency
incident on the surface is doubled, both the K, and ¥,
are also doubled.

Statement-2 : The maximum kinetic energy and the stopping

potential of photoelectrons emitted from a surface are

linearly dependent on the frequency of incident light.

(a) Statement-1 is true, statement-2 is false.

(b) Statement-1 is true, Statement-2 is true, Statement-2 is
the correct explanation of Statement-1.

(c) Statement-1 is true, Statement-2 is true, Statement-2 is
not the correct explanation of Statement-1.

(d) Statement-1 is false, Statement-2 is true. (2011)

17. If a source of power 4 kW produces 10% photons/second,
the radiation belongs to a part of the spectrum called
(a) y-rays (b) X-rays

(c) ultraviolet rays (d) microwaves (2010)

18. This question has Statement-1 and Statement-2. Of the
four choices given after the statements, choose the one
that best describes the two statements.

Statement-1 : When ultraviolet light is incident on a photocell,

its stopping potential is 7, and the maximum kinetic energy

of the photoelectrons is K,.. When the ultraviolet light is

replaced by X-rays, both V; and K, increase.

Statement-2 : Photoelectrons are emitted with speeds

ranging from zero to a maximum value because of the range

of frequencies present in the incident light.

(a) Statement-1 is true, Statement-2 is false.

(b) Statement-1 is true, Statement-2 is true; Statement-2 is
the correct explanation of Statement-1.

(c) Statement-1 is true, Statement-2 is true; Statement-2 is
not the correct explanation of Statement-1.

(d) Statement-1 is false, Statement-2 is true. (2010)

19. The surface of a metal is illuminated with the light of
400 nm. The kinetic energy of the ejected photoelectrons
was found to be 1.68 eV. The work function of the metal is
(hc = 1240 eV nm)

(a) 3.09eV (b) 1.41eV

(c) 1.51eV (d) 1.68eV (2009)
Directions : Questions 20, 21 and 22 are based on the following
paragraph.

Wave property of electrons implies that they will show
diffraction effects. Davisson and Germer demonstrated this
by diffracting electrons from crystals. The law governing the
diffraction from a crystal is obtained by requiring that electron
waves reflected from the planes of atoms in a crystal interfere

constructively (see figure).
incoming

outgoing
electrons

electrons

-crystal plane

20. Electrons accelerated by potential V are diffracted from
a crystal. If d = 1 A and i = 30°, ¥ should be about
(h=6.6x103*Ts,m,=9.1 x 103 kg, e=1.6 x 1071° C)
(a) 1000V (b) 2000V
(c) 50V (d) 500V

21. If a strong diffraction peak is observed when electrons
are incident at an angle i from the normal to the crystal
planes with distance d between them (see figure), de Broglie
wavelength A ; of electrons can be calculated by the
relationship (n is an integer)



22.

23.

24.

25.

26.

(a) d cosi = nhy (b) d sini = nAg
(¢) 2d cosi = nhg (d) 2d sini = nhy

In an experiment, electrons are made to pass through a
narrow slit of width d comparable to their de Broglie
wavelength. They are detected on a screen at a distance
D from the slit.

«——D —»
Which of the following graphs can be expected to represent
the number of electrons N detected as a function of the
detector position y (y = 0 corresponds to the middle of the slit)?

Ay y

e B !

Ay y

(c) Ne Id d w~ ]d
(2008)

If gz and g,, are the accelerations due to gravity on the
surfaces of the earth and the moon respectively and if
Millikan’s oil drop experiment could be performed on the
two surfaces, one will find the ratio

electronic charge on the moon

electronic charge on the earth to be
(@) gm/ge (b) 1
(c) 0 (d) ge/gw  (2007)

Photon of frequency v has a momentum associated with
it. If ¢ is the velocity of light, the momentum is

(a) hv/c (b) v/c

(c) hvce (d) hv/c? (2007)

The anode voltage of a photocell is kept fixed. The
wavelength A of the light falling on the cathode is
gradually changed. The plate current / of the photocell
varies as follows

1 1
(a) (b)
o [
1 1
(© (d) [\
TR e (2006)

The threshold frequency for a metallic surface
corresponds to an energy of 6.2 eV, and the stopping

1.

13.
25.

@ 2. d 3. (b
(b) 14. (@  15. (b)
© 26 (b) 27. (o)

4. @ 5 () 6 (2
16.(d) 17. (b) 18. (a)
28.(a)  29. (d)  30. (a)
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ANSWER KEY
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19.
31.

potential for a radiation incident on this surface 5 V. The
incident radiation lies in
(a) X-ray region

(c¢) infra-red region

(b) ultra-violet region

(d) visible region  (2006)

The time by a photoelectron to come out after the photon
strikes is approximately

(@ 10's (b) 10*s

(c) 1010 (d) 1075 (2006)

If the kinetic energy of a free electron doubles, its
de Broglie wavelength changes by the factor

@ 142 ® V2 (c) 172 (d) 2 (2005)

A photocell is illuminated by a small bright source placed
1 m away. When the same source of light is placed
(1/2) m away, the number of electrons emitted by
photocathode would

(a) decrease by a factor of 2

(b) increase by a factor of 2

(c) decrease by a factor of 4

(d) increase by a factor of 4 (2005)

A charged oil drop is suspended in a uniform field of
3 x 10* V/m so that it neither falls nor rises. The charge on
the drop will be (take the mass of the charge
=99 x 10" kg and g = 10 m/s?)

(@) 3.3x1018C (b) 3.2 x 108 C

() 1.6 x 10718 C (d) 4.8 x 10718 C (2004)

The work function of a substance is 4.0 eV. The longest
wavelength of light that can cause photoelectron emission
from this substance is approximately

(a) 540 nm (b) 400 nm

(c) 310 nm (d) 220 nm (2004)

According to Einstein’s photoelectric equation, the plot

of the kinetic energy of the emitted photo electrons from

a metal vs the frequency, of the incident radiation gives

a straight line whose slope

(a) depends on the nature of the metal used

(b) depends on the intensity of the radiation

(c) depends both on the intensity of the radiation and
the metal used

(d) is the same for all metals and independent of the
intensity of the radiation. (2004)

Two identical photocathodes receive light of frequencies
f, and f,. If the velocities of the photoelectrons (of mass
m) coming out are respectively v, and v,, then

@ v =2hh) ®) n+v = sy |

=

1
@ w-vy=|Zesi- gy
(2003)

Sodium and copper have work functions 2.3 eV and
4.5 eV respectively. Then the ratio of the wavelengths is
nearest to

© wWid=2ep)

(@ 1:2  (b) 4:1 () 2:1 (d) 1:4

(2002)
@@ 8 (@ 9 () 10. @ 1. @ 12. (0)
(b)  20. (¢) 21. (©) 22. () 23.(b) 24. (a)
(© 32.(d 33 (a 34 (o)
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1. (a) : Momentum of two electrons are ——Zand —j.
M )
. — A hoo~
Velocity of centre of mass ey = i+
M 2m7x1 2m7»2 J
Velocity of first electron about centre of mass is
_ hoo~ ~
14 = i— j
teM 2m7\.1 2m7\.2 /
[ h 2N
CM— -
J R 1423
2 T2
45 4?»}% ,
2. @ :A,=—= and Ay =
Py  Mmyv, MgV,
4
As, A=Ay or h __h o Y _mg My 4
m,v, MgV Vo, m, m, 1
3. (b) : As de Brogile wavelength is given by
ho . hp_pc_mvg
P A¢ pp mvg
Z A 3
As vee—; S0 LB _TB 2 or Ay=3 A,
n }\,G I’lG 1
4. (a): Minimum possible wavelengthof X-raysis A ; = h—;
e

log(hpyin) = 10g(2j ~logV
e

This is the equation of a straight line with negative slope and
positive intercept on the y-axis (10gAyin).

5. (b) : Velocity of the particle before and after the collision
is shown in figure.
rest V1, 2,

& ® © ©

before collision after collision
Applying momentum conservation, we get

m V2

my =myv, +_V2, v=w +—=
2 2

2v=2v; + v, .. ()
Also, coefficient of restitution,

_ velocity of separation v, — v

velocity of approach Cv=0
For elastic collision, e = 1
V=V, — 1 ... (i1)
Solving eqns. (i) and (ii), we get v, =§, vy =
h

h . 1
Now, A=—=— ie. Aoc—
p  my mv

2o
Ag  2m\ 3 J\v

wl"@

Ay _mgvg _ mpvy
hg  muvy  myw

1
6. (a) :E1=Emv2 =hn—-¢

If incident frequency is increased to 3n
1 1
E,= 5mv’2:3hn—¢:3(hn—¢)+2(]):3 x Emv2+2¢

V2= 32 + 4dim; v > vAf3
7. (d) :Here, A = 660 nm = 660 x 10° m
t=60ms=060x103s; P=0.5kW =500 W
h=6.62x103*Js,n="2"

As, P=£=n—hc; n=P—M
t M he
n_500><660><10‘9><60><10‘3

son =102
6.62x1073* x3x10%

8. (a) :According to Einstein’s photoelectric effect maximum

he
kinetic energy of a photoelectron, KE:;”’”’Z —7_(])

According to question, for incident radiation of wavelength
A maximum speed of photoelectron is v.

Emv 27—(1) (1)

Assume speed of fastest photoelectron is v/ when incident

3
photon has wavelength Zk.

2

1
or —my’ =—rm/2+9 or V=, —vi+——.o. v >, | =V
2 3 3 3

9. (d) : Let the threshold wavelength for sphere be 7»0.
According to Einstein’s photoelectric equation

eV=E—h—C 6V=E—E @)
S )\‘ }\‘0 }\’1 }\’U s
gev = e _he (i)
Ay Ay
ev’ =%_% ...(iii)
From eqns. (i) and (ii)
2hc _3hc  he hc _3hc  hc

A A, Ay 2M 20,
Substituting in eqn. (iii)
hc  3hc  hc , hc{ 1 3 1 }
= or V'=—

0 1

eV =28 2
A 24, 2M, e

7_7_'_7
Ay 20 2R,
10. (a) : According to Einstein’s photoelectric equation,

Maximum energy of photoelectrons
(KE)max =hv - q)O



he

(KE)max = 7 -9
h
First case, K= TC —dp ..(0)
Second case, 3K = ZThC - dp ...(i1)
From equations (i) and (ii)
he 2hc 3hc 2hc  hc hc
3—— = 2 =E—= = —
(x%)x%:’%x PR TY

11. (a) : Franck-Hertz Experiment - Discrete energy levels of atom.

Photo-electric experiment - Particle nature of light.

Davisson-Germer Experiment - Wave nature of electron.

12. (¢) : Momentum, p = \/o;yE and E = eV

So, de-Broglie wavelength of the electron is given by,
h_h h 6.6x107*

P NamE  2meV 501510 x1.6%10™° x50
=17%x10"m=17A

13. (b) : de-Broglie wavelength of electron, k:i
mv

h
Also mvr = n

o

n
For n =4, A, =4\, i.e, the de-Broglie wavelength is four times
that of ground state.

14. (a)

15. (b) : Davisson-Germer experiment showed that electron
beams can undergo diffraction when passed through atomic
crystals. This shows the wave nature of electrons as waves can
exhibit interference and diffraction.

rocnz.’.locn

16. (d) : The maximum kinetic energy of the electron
Kpax = 0 — hy,

Here, v, is threshold frequency.

The stopping potential is eV = K., = AV — hv,
Therefore, if v is doubled K, and ¥V is not doubled.

17. (b) : Here, power of a source, P =4 kW =4 x 10> W
Number of photons emitted per second, N = 102°

Energy of photon, E:hu:h—f
P . hc_P
E=% - TN
Nhe 100 %6.63%107* %x3%10°
or A= = 5
P 410

=4972x10°m=49.72 A
It lies in the X-ray region.
18. (a) : According to Einstein’s photoelectric equation
Kmax = hv - q)O
where, v = frequency of incident light
0, = work function of the metal
Since K, ,, = eV,
oo %
e e
Therefore, both K, ,, and V, increase when ultraviolet light

As UX-rays > Uyltraviolet

is replaced by X-rays.
Statement-2 is false.

19. (b) : The wavelength of light illuminating the photoelectric

surface = 400 nm.

1240 eV nm

400 nm
Max. kinetic energy of the electrons = 1.68 eV
hv = W, + kinetic energy
Wy, the work function = hv — kinetic energy

=3.1-1.68eV=142¢eV

20. (c) : For electron diffraction, d = 1 A, i = 30°

i.e., grazing angle 6 = 60°, 1 = 6.6 x 103 J s

m,=9.1x103" kg, e=1.6 x 107 C

Bragg’s equation for X-rays, which is also used in electron

diffraction gives nA = 2d sin®

2% 1(A) xsin 60°
1

ie, hv= =3.1eV

A

(assuming first order)

; 12.27x107'%)
r=v3A, y=U227x10 )
J3x10710

V'=50.18 Volt =50V

21. (c) : Bragg’s relation nA = 2d sin6 for having an intensity
maximum for diffraction pattern.

N

But as the angle of incidence is given,
nA = 2d cosi is the formula for finding a peak.

22. (a) : The electron diffraction pattern from a single slit will
be as shown below.

[«

o

~/\

=

. A
dsinf= T
The line of maximum intensity for the zeroth order will exceed
d very much.
23. (b) : Since electronic charge (1.6 x 107" C) universal
constant. It does not depend on g.
Electronic charge on the moon = electronic
charge on the earth
electronic charge on the moon

OT  “clectronic charge on the earth -
24. (a) : Energy of a photon E= /v .. (1)
Also E = pc ... (ii)

where p is the momentum of a photon

From (i) and (ii), we get hv = pc or p :h%)



25. (c) : The graph (c) depicts the variation of A with 1.
26. (b) : For photo-electron emission,

(Incident energy E) = (K.E.).x + (Work function ¢)
or E=K,+0

or E=5+62=112eV=112x(1.6x10"91]
he (6.63x107*)x (3x10%) .
B 11.2x1.6x107"

or A=1110x10"m=1110 A

The incident radiation lies in ultra violet region.

27. (c) : Emission of photo-electron starts from the surface
after incidence of photons in about 107! sec.

=112x1.6x107" or A=

28. (a) : de Broglie wavelength, A=h/p=h/|(2mK)
J— where K = kinetic energy of particle
K _ | K __
VK, 2K,
Pof
29. (d): = of source P

47(distance)?  4nd?

Here, we assume light to spread uniformly in all directions.
Number of photo-electrons emitted from a surface depend on
intensity of light / falling on it. Thus the number of electrons
emitted n depends directly on /. P remains constant as the
source is the same.

2
L_m_B(d) _n ”_2=(£][L)2_£
I m  Bl\dy) m " om \PN1/2) 1

30. (a) : For equilibrium of charged oil drop,

qE = mg

_mg _(9.9x107°)x10

= =33%1071%C
E (3x10%)

31. (c) : Let A,, = Longest wavelength of light
=¢ (work function)
he  (6.63x107*)x (3x10°)
"9 40x1.6x107"°
or A, =310 nm
32. (d) : According to Einstein's equation,

Kinetic energy = hf — ¢ where kinetic Kinetic energy
energy and f (frequency) are variables, A
compare it with equation, y = mx + ¢
*. slope of line = &

h is Planck's constant.

Hence the slope is same for all metals | 9 f

and independent of the intensity of ¢

radiation. y ;k .
Option (d) represents the answer. Work function
33. (a) : For photoelectric effect, according to Einstein's

equation,
Kinetic energy of emitted electron = Af — (work function ¢)

1
Emvl =hfi —¢ Em‘é:hfz_d)

TmOf =D =h(fi=f) o == )

34. (c¢) : Work function = hc/A
Wra _45_2
Weo 23 1
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