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Chapter 19. Dual Nature of Radiation
and Matter

The de-Broghe wavelength ol a neutron 1n
thermal equlibrium with heavy water at a
lemperature 7' (kelvin) and mass m, 15

h 2h

@) A 3ImkT () N 3mkT
h

2h
. d e Te——
(©) kT ) mkT
(NEET 2017)

The photoelectne threshold wavelength of silver
is 3250 = 107" m. The velocity of the electron
ejected from a silver surface by ultraviolet hight
of wavelength 2536 = 10 " m s
[Giveni=4.14 x 10 ¥eVsande=3 x 108 m s}
(@) =06x10ms?' (b) =61 x 10° ngw
(¢) =0.3%x10°ms™ (d) =6 = 10° mes™
(NEET 2017)
Electrons of mass m with de-Brogheavavelength
A fall on the target in an X-ray tube. The cutof!
wavelength (A ) of the emitted Yerayis

2meh> | ~2h
(@) Ag= > (b) }""Um-
2 2~
2mT ek
(c) Ao = W2 d) A=A

(NEET-[T 2016)

Photonswwith gnergy 5 ¢V are incident on a
cathode Camva photoelectric cell. The maximum
energy of emitted photoelectrons 1s 2 ¢V, When
photons of energy 6 ¢V are mnecident on ', no
photoelectrons will reach the anode A, 1if the
stopping potential of A relative to (" 15
@) 3V (b) +4V
(¢) -1V (d)y -3V
(NEET-11 2016)
An electron of mass m and a photon have same
energy k. The ratio of de-Broghe wavelengths
associated with them 1s
1 k
(a) ¢(2mE)?2 () l[ﬁ]l
c\ E

|
(¢) l( E ]3
ch\2m

(¢ being velocity of Tight)

2m
(NEET-I 2016)

(d) L_“i ]I

When a metallic surface 1s 1llumiated with
radiation 6f wavelength A. the stopping potential
1s 700 the same surface 1s 1lluminated with
radi@tion.6f wavelength 2A, the stopping

potential is o The threshold wavelength for
(the metallic surface 1s
5
(a) E:"‘- (b) 3A
(c) 4A (d) SA

(NEET-I 2016)

A photoelectric surface 1s 1lluminated
successively by monochromatic hght ol
wavelength A and [f'the maximum kinetic energy
ol the emitted photoelectrons in the second case
1s 3 times that in the lirst case. the work function
of the surface of the material 1s

(h = Planck’s constant, ¢ = speed of light)

2he e
(a) K (b) T

he he )
(c) B (d) n (2015)

Light of wavelength 500 nm 1s incident on a
metal with work function 2.28 ¢V, The de Broghe
wavelength ol the emutted electron 1s
(a) 22.8x107m (by €£2.8x 10" m
(¢) <2.8x101%m (d) <28x10"m
(2015)
Which of the followmg figures represent the
variation of particle momentum and the
associated de-Broghie wavelength?
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P P
r 1
(a) (b) /
—+ A =+ A
P P
t t
(€) / (d)
= — A

(2015 Cancelled)

A certain metallic surface 1s illuminated with
monochromatic light of wavelength, A. The
stopping potential for photo-electric eurrent for
this light1s 317, If'the same surface 1s 1lluminated
with light of wavelength 2A, the stopping
potential is I . The threshold wavelength for this
surface for photo-electric effect 15

(¢) 6A  (d) 4A
(2015 Cancelled|

oe. Bk
{a}4

o, 20
(D) 6
When the energy of the mncident radiationuis
mmcreased by 20%, the kinetic energy oF tli€
photoelectrons emitted from a metal surface
mereased from 0.5 eV to 0.8 eVl The work
[unction ol the metal 1s

(a) 0.65eV (b 1.0eV
() 1.3eV fd) 15eV

If the kinetic energy of the particle 1s increased
to 16 times 1ts previous value, the percentage
change 1n the de Breghe wavelength of the
particle.is
(a} 23
(c) 6O

(2014)

(by 75

(d) 30 (2014)

The wavelength A of an electron and lﬁ of a
photon ol same energy [ are related by

1
(@) Ape=yA,

® R
() A, ed)? (d) A, <A,
(NEET 2013)

For photoelectric emission from certain metal
the cutolf frequency 1s v. If radiation of
frequency 2v impinges on the metal plate, the
maximum possible velocity of the emitted
electron will be (m1 15 the electron mass)

I5.

16.

| 17:

18.

19,

200,

x>

ey o oy 2™
" m
fru m 1Y
() (2m) @y
(INEET 2013)

A source of hghtis placed at a distance of 50 ¢cm
[rom a photo cell and the stopping potential 1s
found to be I, I the distance between the light
source and photo cell 15 made 25 em, the new
stopping potential will be

(a) 17/2 (b) T, &) A (D) 21

(Karmataka NEET 2013)

The de-Broghe wanelength of neutrons n
thermal egoilibrium at temperature 7'is

(a) 7?: * (b) —ﬁt‘ '
0.0308 . 308 .
A (d) —— A

@ 7 JT
(Karnataka NEET 2013)
A 200 W sodium street lamp emits yellow hight
of wavelength (.6 pm. Assuming 1t to be 25%
elficient 1n converting electrical energy to light,
the number of photons of yvellow Lght 1t emuts
per second 1s
(a) 1.5 x10%
() 62x 10%

(by 6= 10"
(d) 3=10Y (2012)

Monochromatic radiation emitted when
electron on hydrogen atom jumps from [irst
excited to the ground state wrradiates a
photosensitive material. The stopping potential
1s measured to be 3.57 V. The threshold
requency of the matenal 1s
(a) 4 = 10" Hz (b) 5x 10" Hz
(¢) 1.6x 10V Hz (d) 2.5x 10" Hz
(2012)
An o-particle moves 1n a cireular path of radius
(.83 em in the presence of a magnetic field of
0.25 Wb/m*. The de Broglie wavelength
assoctated with the particle will be
(a) 1A (by 0.1 A
(¢) 10A (dy 001 A

If the momentum of an electron 1s changed by
P, then the de Broglie wavelength associated
with it changes by 0,.3%. The imtial momentum
of electron will be

(2012)
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|
00 b) 400 ) — 00
(a) 200P (b) P (€ 500 (d) 100P

(Mains 2012)

21. Two radiations of photons energies 1 eV and
2.5 eV, successively illuminate a photosensitive
metallic surface of work function 0.5 eV The
ratio of the maximum speeds of the emitted
electrons 1s
(@) 1:4 (b) 1:2 @y 1:1 @ 15

(Mains 2012)

22. Photoelectric emission occurs only when the

ineident light has more than a certain minimum

(a) power (b) wavelength
(¢) intensity (d) I[requency
(2011)

23. In the Dawvisson and Germer experiment, the
veloeity ol electrons emitted from the electron
gun can be mcreased by
(a) increasing the potential difference
between the anode and filament

(b) mereasing the filament current

(¢) decreasing the filament current

(d) decreasing the potential differcnce
between the anode and filament (20 /)

24. Light of two different frequeneiés whase
photons have energies 1 eV and.2.5 eV
respectively illuminate a metallie surface
whose work [unction 1s 0.5 eVisuccessively.
Ratio of maximum speeds of emitted electrons
will be
@ 1:4 M k2 © 1:1 () 1:5

(2011)

25. Electronsmused invan electron microscope are
accelerated byavoltage of 25 kV. If'the voltage
1s inereased to 100 kV then the de-Broglie
wavelemgth associated with the electrons
would
(a) mncrease by 2 times
(b) decrease by 2 times
(c) decrease by 4 times
(d) 1ncrease by 4 times (2011)

26. In photoelectric emission process [rom a metal
of work function 1.8 eV, the kinetic energy of
most energetic clectrons 1s 0.5 eV. The
corresponding stopping potential 1s
(a) 18V (b) 13V
() 05V (d) 23V (2011)
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The threshold frequency for a photosensitive

metal 18 3.3 x 10" Hz. If hght of frequency

8.2 % 10" Hz 1s incident on this metal. the cut-

ofl voltage for the photoelectron emussion is

nearly

(a) 1V (b) 2V (¢) 3V (d) 5V
(Mains 2011)

A beam of cathode rays 1s subjected to crossed
electric (£) and magnetic fields (8). The fields
are adjusted such that the beam 1s nol
deflected. The specific charge of the cathode
rays 18 given by

B> 2VB>
i) ~ f’h] 3
@ Ve E2
23 > |
—_ E"
&y =t (d) = (2010
i |
Br 2VB-

(Where 1”18 the potential difference between
gcathode and anode)

A Source 8, 1s producing, 107 photons per
second of wavelength 5000 A. Another source
S, 1s producing 1.02 x 10" photons per second
of wavelength 5100 A. Then, (power of S,
(power of §,) 1s equal to

(a) 1.00 (b) 1.02

(c) 104 (d) 098 (2010)

The potential difference that must be apphed
to stop the fastest photoelectrons emitted by
a nickel surface, having work function 5,01 eV,
when ultraviolet hight of 200 nm falls on 1t, must
be

(a) 24V (b) =12V

(¢) =24V )y 1.2V (2010)

When monochromatic radiation of mtensity /
falls on a metal surface. the number of
photoelectrons and theirr maximum kinetic
energy are N and 7' respectively. If the intensity
of radiation 1s 2/, the number of emitted
electrons and thewr maximum kinetic energy are
respectively
(a) Nand 2T (b) 2N and T
(c) 2N and 2T (d) Nand 7’

(Mains 2010)

The electron in the hvdrogen atom jumps from
excited state (n = 3) to its ground state (n = 1)
and the photons thus emitted 1rradiate a
photosensitive matenal If the work function
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of the matenal 1s 5.1 eV, the stopping potential
15 estimated to be (the energy of the electron

=13
m n' state E,, =#cv1
n-
(@) 51V (b) 121V (¢) 172V () 7V

(Mains 2010 )

The number of photo electrons emutted for
light of a frequency v (higher than the
threshold frequency 1) 1s proportional to
(a) threshold frequency (u,)

(b) mtensity of hight

(¢) [requency of light (v)

(d) v-u, 2009)

The figure shows a plot of photo current

versus anode potential for a photo sensitive

surface for three different radiations, Which

one of the following 1s a correct statement?
4 photo current

—

[~

>

retarding potential — anode potential

Curves (a) and (b) represent inGident
radiations of same frequeney but of
different intensities.

Curves (b) and (¢) represent icident
radiations of differenl Ireguencies and
different intensities.

Curves (b) and (c) represent incident
radiations ol sameddrequency having same
intensity,

Curves (a)-and (b) represent incident
radiations of different frequencies and
different nitensities 2009)

Monpehrommatic light of wavelength 667 nm 1s

produced By a helium neon laser. The power

emitted 15 9 mW. The number of photons

arriving per sec. on the average at a target

irrachated by this beam 1s

(a) 3x 10 (b) 9= 10"

(¢) 3x10" (dy 910" (2009)

The work f[unction of a surface of a

photosensitive material 158 6.2 eV, The

wavelength of the incident radiation for which

the stopping potential 1s 5 V hes m the

(a) Infrared region (b) X-ray region

(¢) Ultraviolet region (d) Visible region
(2008)

37.

38.

39,

40.

41.

42.

x>

A particle of mass 1 mg has the same wavelength
as an electron moving with a velocity of
3 % 10°m s7'. The velocity of the particle 1s
(a). 3 %107 ms™ (b) 2.7 x 1021 ms"!
(c) 2.7x10"¥ms! (d) 9% 10" ms™!
(mass of electron = 9.1 = 107 kg) 2008)

In the phenomenon of electric discharge

through gases at low pressure, the coloured

glow 1n the tube appears as a result of

(a) collisions between the eharged particles

emitted from the cathode and the atoms of

the gas

collision between different electrons of the

atoms of the gas

excitation of electrons in the atoms

collision between the atoms of the gas
(2008)

(b)

(¢)
(d)

A beanm of electron passes undeflected
through mutually perpendicular electric and
magnetic fields, If the electrie field 18 switched
off. and the same magnetic field 1s maintained,
the electrons move

(a) 1 a circular orbit

(b) along a parabolic path

(¢) along a straight line

(d) 1 an elliptical orbit (2007)

Monochromatic light of frequency 6.0 x 10" [z
1s produced by a laser The power emitted 1s
2 x 10 W. The number of photons emitted,
on the average, by the source per second 1s
(a) 5 x 10® (by 5= 10"

(c) 5x 10 (d) 5= 10 (2007)

A S watt source emits monochromatic light of
wavelength 5000 A. When placed 0.5 m away,
it  liberates photoelectrons from a
photosensitive metallic surface, When the
source 18 moved to a distance of 1.0 m. the
number of photoelectrons hiberated will be
reduced by a lactor of
(a) &

(c) 2

(b) 16

(d) 4. (2007)

A photocell employs photoelectrie effect to

converl

(a) change in the frequency of light mto a
change m the electric current

(b) change in the frequency of light mto a
change n electrie voltage

&
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46.

47.

485.

Get More Learning Materials Here : &

(¢) change in the intensity ol illumination mnto
a change 1 photoelectric current

(d) change in the intensity ol illumination mnto
a change in the work lunction of the
photocathode, (2006)

When photons ol energy Av [all on an
alumimmium plate (of work function £ ),
photoelectrons of maximum kinetic energy K
are ejected. Il the frequency of radiation 1s
doubled, the maximum kinetic energy of the
ejected photoelectrons will be

(a) K + hv (by K+ E_

(c) 2K (d) K 2006)

In a discharge tube 10omzation of enclosed gas

1s produced due to collisions belween

(a) necutral gas atoms/molecules

(b) positive 1ons and neutral atloms/molecules

(c) negative electrons and neutral atoms/

molecules

(d) photons and neutral atoms/molecules.

(2006)

The momentum of a photon of energy 1 MeV
in kg m/s will be
(@) § %10+
(€) 7 x10-%

(b) 0.33 = 10°
(d) 10= f2006)

The work functions for metals A, Bagd € are
respectively 1.92 eV, 2.0 eV.and SeV. According
to Einstein’s equation thesmetals which will

emit photoclectrons for & radiation of

wavelength 4100 A 18fare
(a) A only

(b) A and B only

(¢) all thesthrec metals

(d) none (2005)

A photosensitive metallic surface has work
function, /ru,. If photons of energy 2Au, fall
on this surface, the electrons come out with
a maximum velocity of 4 * 10° m/s. When the
photon energy 1s increased to 5hv,. then
maximum velocity of photoelectrons will be
(@) 2= 107 m/s (by 2 = 10° m/s
(¢) 8 x 10°m/s (d) 8 % 10° m/s.
(2003)

According to Emstein’s photoelectric
equation, the graph between the kinetic energy
ol photoelectrons ejected and the lrequency

ol incident radiation 1s

49.

s0.

x>

247
A A
] B
¥ (]
: : /
= o
[El] o “_"I'} 5
A= e
ne e
Frequency Frequency
i A
B4 Bl
:
05 (V]
(¢) = (d) 2
£
R =4 >
Frequency » Frequency

(2004, 1996)

A photoelectric cell is Wlluminated by a point

source of hght 1 m away. When the source 1s

shifted to 2 m then

(a) each smitted eleetron carries one quarter
of the mitial energy

(b} number-ol electrons emitted 1s hall the
il mumber

(¢) eachrenutied electron carnes half the imitial
energy

() number of electrons emitied is a quarter of
the mtial number (2003)

I.J. Thomson’s cathode-ray tube experiment
demonstrated that

(a) cathode rays are streams of negatively
charged 10ns

all the mass of an atom 15 essentially n the
nucleus

(¢) the e /m of electrons 18 much greater than

thee /m of protons

(b)

(d) the e /m ratio ol the cathode-ray particles
changes when a different gas 1s placed n
the discharge tube (2003)

The value of Planck’s constant is

(a) 6.63 x 1073 J/sec.

(b) 6.63 x 107* kg-m*/sec

(¢) 6.63 x 10 kg-m’

(dy 6.63 x 103" J-sec. (2002)

[l particles are moving with same veloeity, then

which has maximum de Broghie wavelength?

(a) proton (b) a-particle

(¢) neutron (d) B-particle.
(2002)

When ultraviolet rays incident on metal plate
then photoelectric elfect does not occur, 1t
occurs by ncidence of
(a) nlrared rays

(¢) radio wave

(by X-rays
(d) mcro wave.
(2002)
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. Which of the followmg 1s not the property of

cathode rays?

(a) It produces heating eflect

(b) It does not deflect n electrie field
(¢) It casts shadow

(d) Tt produces fluorescence. (2002)

. Which one among the following shows particle

nature ol light?

(a) photo electrie effect (b) nterference

(b) refraction (d) polanzation,
(2001)

In Thomson mass spectrograph £ L B then
the velocity of electron beam will be

(a) Bl (by ExB
1B E?
(c) \E | (d) 2 (2001)

A photo-cell 1s illuminated by a source of light,
which 18 placed at a distance d Irom the cell.
If the distance become /2. then number of
electrons emutted per second will be

(b) four times

(d) one-fourth.

(a) remamn same
(¢} two tumes

(200

By photoelectric effect, Einstein prowed

{d} E‘ s h'U {h] KE4=J§E”'2
(¢) E=me (d) B ﬁ{icr‘ |
(2000)

Who evaluated the mass ol electron mdirectly
with help of charge
(a) Thomrson

(¢) Rutheriord

(b) Millikan
(d) Newton. (2000)

When"@ piélon 1s accelerated through 1 'V, then
its kinetic energy will be
(a) leV (b) 13.6eV

(¢) 1840eV (d) 0.54eV (1999)

The photoelectric work function for a metal
surface 15 4.125 eV. The cut-off wavelength
for this surface 1s
(a) 3000 A
(c) 4125 A

(b) 2062.5 A

(d) 6000 A (1999)

As the mntensity of incident hight increases
(a) Kinetic energy of emitted photoelectrons
Increases

63.

64.

66.

67.

68.

x>

(b) photoelectric current decreases

(¢) photoelectrie current increases

(d) kinetic energy of emitted photoelectrons
decreases (1999)

In a photo-emissive cell. with exciting
wavelength A. the fastest electron has speed
q
the speed of the fastest emuitted electron will
be

(a)
(b)
(c)
()

v. If the exciting wavelength 1s changed to

less than w(4/3)!*
w(4/3)"-
v(3/4)12

greater than w(473)" (1998)

Which of.the following statement is correct?
(a) The Phu’tﬂcurrf:m' mcreases with intensity
F Tight

The stopping potential increases with
imcrease of incident light

JHe current 1in photocell increases with
increasing [requency

The photocurrent 1s proportional to the
applied voltage. (1997)

(b
(&

)

. The kmetic energy of an electron, which 1s

accelerated 1n the potential difference of
100 volts, 18
(a) 416.6 cal
(c) 1.602x 10717 ]

(b) 6.636 cal
(d)y 1.6 x 10" ],
(1997)

An electron beam has a kinetic energy equal
to 100 eV. Find its wavelength associated with
a beam, 1 mass of electron = 9.1 x 107! kg and
1eV=1.6x10""7JeV

(Planck’s constant = 6.6 x 107 Is)

(a) 24.6 A (by 0.12 A

(e) 1.2 A (d) 63A  (1996)

In a discharge tube at (.02 mm, there 1s formation
of

(a) Crooke’s dark space

(b) Faraday's dark space

(¢) both space partly

(d) none ol these, (1996)

An electron of mass m and charge e 1s
accelerated from rest through a potential
difference " in vacuum. Its final velocity will
be
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2eV eV
(a) (b)
i I
. eV : eV
(¢) 3 (d) (1996)
= m

69. I a photon has velocity ¢ and frequeney v,
then which of the following represents its
wavelength?

I he Inu
@ —= O hh @ — d —
i E C
(1996)

70. The velocity of photons 1s proportional to
(where v = frequency)

(@ 1/ (b) 172

(c) v d) . (1996)

71. An electron of mass m. when accelerated
through a potential difference I, has de Broghe
wavelength A. The de Broghe wavelength
associated with a proton of mass M accelerated

through the same potential difference, will be
M mn
(a) A — (by A —
m
M m .
(© A\— d) M e 1 1995)
m M

72. If we consider electrons and photons of same
wavelength, then they wall have same
(a) momentum
(b) angular momentum
(¢) energy
(d) velocity (1995)

73. When light ofwavelength 300 nm (nanometer)
fallsson @ photoelectric emitter, photoelectrons
are liberated. I'or another emitter, however,
light of 600 nm wavelength 1s sufficient for
creating photoemission. What 1s the ratio of
the work functions of the two emitters?

(a) 1:2 () 2:1
@) 41 (d)y 1:4 (1993)

74. Number of ejected photoelectrons increases
with increase
(a) 1n intensity of hght
(b) 1n wavelegth of light
(c) 1n frequency of light
(d) never (1993)
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Momentum of photon wavelength A 15

- ha.
(a) J’t{_‘.} (b) zero (¢) {_1 (d) ﬂ—l

(1993)

The cathode of a photoelectric cell 1s changed
such that the work function changes from
W, to W, (W, > 1)) II the current before and
after changes are I, and /., all other conditions
remaining unchanged, then (assuming /v > I17)

l:i:l} ‘fl:]: (h] jl Il

(c) I, 21, (- 8,9, <2],
(1992)

Photoelectric work funétion of a metal 15 1 eV,
Light of wavelength A=3000 A falls on 1t. The
photo eleettons come out with a maximum

veloaily
(a) L0 métres/sec (b) 107 metres/ sec
(¢) HFqietres/sec (d) 10° metres/sec

(1991)

The wavelength of a 1 keV photon 1s
.24 = 10" m. What 1s the frequency of 1 MeV

photon?
(a) 1.24 = 10" (b) 2.4 x 10%
(¢) 1.24 x 1018 (d) 2.4 x 1023

(1991)
An electron with (rest mass m ) moves with a
speed of 0.8 ¢. Its mass when 1t moves with
this speed 1s

m
(a) (b) —ﬁﬂ-
Sy, 3y,

A radio transmitter operates at a [requency
&80 kHz and a power of 10 kW. The number of
photons emitted per second 18

(a) 1.72 x 107! {h} 1.327 = 1073
(c) 1.327 x 10% (d) 1.327 % 10
(1990)

The momentum of a photon of an

electromagnetic radiation 15 3.3 10" kg ms ™,

What 1s the frequency of the associated

waves?

[h=66x%10]Js,c=3 x 10®° ms™]

(@) 1.5x 10" Hz (b) 7.5 = 10" Hz

(¢) 6= 10" Hz (d) 3= 10" Hz
(1990)
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82. Ultraviolet radiations of 6.2 eV falls on an | 84. The energy of a photon of wavelength A 15
aluminium surface. Kinetic energy ol fastest he
slectron emitted 1s (work function = 4.2 ¢V) W, e ®) A
L
(@ 32x102) (b) 3.2 1019] (c) % (d) % (1988)
© 7% 107 (d) 9x 107 85. Thermions are
(1%63) (a) protons (b) electrons
83. The de Broghe wave corresponding to a (c) photons (d) positrons (1988)
particle of mass m and velocity v has a | g6, The threshold frequency for photoelectric
wavelength associated with it effect on sodium corresponds-1o a wavelength
(a) ”‘% ®) Ay of 5000 A._Jilﬂ work [unction i.ﬂ
(@) 4= 1077] (b 1J
iy, 2B oy B (1989) (¢) 2% 1071°] @3 % 1077
v hv (1988)
fAnswer I{Ey}
. (&) 2. (ad)3. (a) 4 (D S (© 6. (b) 7. (o) 8 (2 9. (d) 10. (d)
11. (b)y 12. (b) 13. (¢) 14. (a) 15. (b) 16. (d) 17. (a) 18. (¢) 19. (d) 20. (a)
21. (b) 22. (d) 23. (a) 24. (b) 25. (b) 26. (c) 27. (b) 28. (d) 29. (a) 30. (b)
31. (b) 32. (d) 33. (b) 34. (a) 35. (a) 36. (¢) 37. (¢) 38. (a) 39. (a) 40. (d)
41. (d) 42, (¢c) 43. (a) 44. (¢) 45. (a) 46. (b) 47. (c) 48. (d) 49. (d) 50. (¢)
51. (d) 52. (dy 5§3. (b) 54. (b) §5. (a) 56. (a) 57. (b) 58. (a) 59. (a) 60. (a)
61. (a) 62. (¢) 63. (d) 64. (a) 65. (c) 66. (¢c) 67. (a) 68. (a) 69. (c) 70. (%)
71. (d) 72. (& 73. (bY 74. (a) 75. (a) 76. (ay 77. (d) 78. (b)Y 79. (c) 80. (a)
81. (a) 82, (b) 83 (a) 84. (b) 85. (b) 86. (a)

* None 18 correct,
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TR LR R EXPLANATI ONS VSRR E AR O AR (AT

1. (a) : Kinetic energy of a neutron in thermal
cequilibrium with heavy water at a temperature 7" 1s
gIven as

2
K=-%kT 4
W 2mK

Also momentum (p) 15, p =
I‘rom eqn. (1)

foib \/Zni : % KT = \[3mkT

chuirud du-l.imgllc wavelength 1s given as

L h
IL 3mkT

2. (a, d) : The maximum kinetic energy 1s given as

he  he
n ), = \ }'-{'_l
where A, = threshold wavelength

K. .=hh—¢,=h-

max

: I 2 he he
or Hil'l }.,, ?'bu
Here. h 414210 eVs.e=3%108ms™!

A =3250 x 107" m=3250 A
A =2536x 1070 m = 2536 A,
m=91x 10" kg
he=4.14 % 107 eV s x 3 x 105mm™
= 12420 eV A

I
2

1
2536 stu}w
= 1.076 eV

2 _2152eM R.I8Px1.6x107"
m 9.1 x m'“
v =6 ol =06 % 10°m s
Note: Oplions (a) -.11'[1.] (d) are same. So both are
correct;

my?® = 12421:{

3. (a): Kimetic energy of electrons

4

K- ,-'13 _{ha"l}z I
2m 2 2mh>

So. maximum energy ol photon = K

he .-'r?' 2
— R }k- —.
Ao 2mi> R

4. (d): According Einstemn’s photoelectric equation

maximum kinetic energy of photoelectrons,

KE =E —{

or 2=5-¢ =3¢V
Whu E. =6 c"v’ then
KFIM =H—-3=3 eV
or eV, .-V T eV
or I cathode =V mnode =IN == SLOPPIng
ﬂiJPI'.H.'I]ﬁ. = _3 V
5. (¢) : For electron of energy E,
: h h
de-Brogle wavelength, A, = —=
2 of2mE
frie
For photon of energy, E'= Iny==
.i"-. P
he
= }LF = _E

2m

he i ,{E_l(i]m
Ay SRE he
6. (h) : Aecording to Einstein’s photoelectric

v oI

he  he

eV, =—-——

R S ¥

.'Iil'l‘. he

As per question, ¢V = — - — :
perq g )
eV _he  he ..
4 2N Ay (11)

From equations (1) and (1), we get
he he B he B he

2 4k Ay 4hg
he  3he A 4

~ or Ag =3A
4 4y

7. (e) : Let ¢, be the work function of the surface of
the matenal. Then,
According to Einstein’s photoelectric equation, the
maximum kinetic energy of the emitted photoelectrons
in the first case 1s

K max, — hf =y

and that in the second case 15

he Ehr
Knmxg ;.‘ ¢’{l T q’!]
2
Blll RI'II.H"I. lﬁbl'llfl."\n. [Ei ‘Lrt:n }
2he fc
5 =3 I“Lf'u]
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2he 3N
= $o="—=3p
3he 2he
3bg— g = =
bo=P0 ="~
he he
) S bt
) X or gy A

8. (a) : According to Einstein’s photoelectric
equation, the maximum kinetic energy of the emitted
electron 18

he

Kl‘l‘li‘l}t :Tﬁ{bﬂ

where A 1s the wavelength of mcident light and ¢, 1s
the work function.
Here, A =500 nm, ic = 1240 eV nmand ¢, =2 28 ¢V
. 1240 eV nm 298 &V

500 nm
=248eV-228eV=02¢eV
The de Broghie wavelength of the emitted electron
15

M

A = h

min
N2 MK

where & 1s the Planck’s constant and m 1s the mass of |

the electron,
As h=66x 102" Js, m=9x 10 kg
andK__ =02eV=02x16x10"7]

6.6x1074 I 4

209 %107 kg ) (0.2 1.6%107" 1)
6.6

%107 m=2.8%10™"m

So. A 22.8 % 10m

| h
9. (d): de-Broghewavelength, A = ;

!
or A ed == constant
. P
This represents d rectangular hyperbola.

10. (d)
11. (b) : According to Einstemn’s photoelectric
equation,
The kinetic energy of emitted photoelectrons is
K=h-{,
where /v 1s the energy ol incident radiation and ¢, 1s
work function of the metal.
As per question.,
0.5eV=h-¢,
0.8eV =12h-{,
On solving eqns. (1) and (1), we get

5 )
.. (n)

Get More Learning Materials Here : &

¢, =1.0eV
12. (b) : de Broghe wavelength,

.. (i)
J2mK

where m 15 the mass and A 1s the kinetic energy of the

particle,

When kinetic energy ol the particle 1s increased to

16 times, then its de Broglie wavelength becomes,
h |l A A

;e = = Using (i
A J2ma6K) 4\2mk 4 B

% change in the de Broglie wavelength'

:%xum:(lﬁ“)mm

J (1 _ﬁ « 100 = 75%

13. (¢): Wﬂ!ﬂengﬂl ol an electron of energy E 18

A, == ;
e L)

Wayelengthool a photon of same energy E 1s

lr':%: ar E:h—r (1)
Squaring both sides of li:L]. (1). we get
2 W . h?
2 2m [ or f= 2’”#}“3 . (111)
Equating (1) and (1), we get
he _ I 2mc . 4
Ay _ Emri'u:_: o }IHF' = J';r e
Ao A

14. (a) : Work function, ¢ = I

According to Einstein’s photoelectric equation

1 "

E mv. = h(20) = hu
L ]

—mu,  =hu

2
lﬂ:‘la‘n = % ::. t':III!TL'I.'M - E—hu
m . II|,| m

15. (b) : By changing the position of source of light
from photocell, there will be a change 1n the intensity
of hight falling on photocell.

As stopping potential 1s independent ol the intensity
ol the mcident hight, hence stopping potential remains

same I.e.. f'”.

16. (d): de Broglie wavelength of neutrons in thermal

equilibrium at temperature 7'1s

x>
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h

N2k, T

where m 15 the mass ol the neutron

Here. m=1.67 = 10 kg
k.=138x 1072 J K™
h=663x10"]s

6.63x10™*

V2x1.67%107 x1.38x 102 T

_ 3.08x10* x10%
JT
_308x10™" _ 308 ¢
JT JT
17. (a) : Energy of a photon,

(66x107# 5)3x10° ms™!

g

-

m

—
==y

=33 x 107 ]

0.6 %100 m
Number of photons emitied per second 1s
5 P 5 % 200 W
N=1 100 _q5,10%
E A3 x107 ]
18. (¢) : For hydrogen atom. E, =— 1—3'? eV
n-
For ground state, n = |
E =—13;6 =-136¢V
For first excited state, n = 2
By 1;‘;6 =-34eV

The energy of the emifred"plioton when an electron
Jumps from firstexered state to ground state 1s
hv=E, - E/=3@eV (-13.6 eV) = 10.2 eV
Maximum Kinetigenergy.

K, .= gTex3.57V=357¢eV

1ax

According to Einstem’s photoelectne equation
K _=ho-,

kA
where ¢, 1s the work function and hv is the meident
energy

p,=hu—K =102eV-357¢eV=06063¢cV
1 119
Threshold frequency, v, = g _6:63x1.6x107 ]
h 6.63x107 s
= 1.6 g IDH I':[ﬂ

19. (d) : Radwus of the circular path of a charged
particle in a magnetic field 1s given by

253

mu
R e — § =
Bg or mv = RBq
Here. R=0.83cm =083 = 10"m
B=025Wbm™=

g=2=2x16x%107"C
mo = (0.83 x 107)(0.25)(2 x 1.6 = 1077
de Broglie wavelength,

s ho_ 6.6 %107
mv 083%102x0.25x2x1.6x107"
=001 A

20. (a) : de Broglie wavelength assoeiated with an
electron 1s

A= ;—! or P= E—
P A
AP ; A
P A
P 05
Pima 100
Fw= 200

21, _{I':::‘,I : According to Einstein’s photoelectric
equation
1 -

E’”T’Em =hv -

. i ;
where 3 mug, .. 18 the maximum kinetic energy ol the

emitted electrons. hv 1s the mcident energy and ¢, 1s
the work function of the metal,

—;—mrﬁmt =1eV-0.5eV=05eV (1)
1.5

and Errmﬁ“h: =25eV-05eV=2eV .(n)

Divide (i) and (ii), we get

~
1,;;2 2

maxa

Umax L i :l

2 2

i
L THax

22. (d) : According to Emnstein’s photoelectric
equation
K =ho-hv,
Since K15 +ve, the photoelectric emission occurs
only 1f
hu=ho, or v>u,
The photoelectric emission occurs only when the

incident light has more than a certain mimimum

x>
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frequency. This mimimum frequency is called
threshold frequency.
23. (a)

24. (b) : Here, work function, ¢, =0.5 eV
According to Emnstein’s photoelectric equation
Maximum kinetic energy of the emitted electrons
= Incident photon energy — Work function

S Ko =1eV-=05eV=05eV A1)
and K, =25eV-05eV=2eV (i)
Divide (1) by (11), we get

Kn'm:-'.l - (.5eV - 1
S 2eV 4

Madxn

1.5

=

e IMekx 1 Ht'.'m:q: 1 1
2 1 1

== I = |—=—

1 - 4 T 4 2

— T

2 I‘I'Is‘::'-:

1
IMaxs

25. (b) : The de Broglie wavelength A associated with
the electrons 1s

A= R nm

Jv

where V 1s the accelerating potential in volts,

1

or .Jn.::n:—

Vv
3 .
i'-.-.l:.-z El: M:E or },_}...—_h
Ay YV | 25x10° (g

26. (c) : The stopping potennal V_is'vekited to the

maximum kinetic energy of the'emitied electrons K _

through the relation
K  =eV
05eV=eV, or W =05V
27. (b) : Accordifig te Einstein’s photoelectric
equation
eV =ilii= Ty,
where, v =Tpeident frequency
v, = Threshold frequency
V, = Cut-off or stopping potential

h
or W= l—_(U— V)
Substituting the given values. we get

_6.63x1048.2x10'4 -3.3x10') 5
16x10717

28. (d) : When a beam of cathode rays (or electrons)

Vi

Vv

are subjected to crossed electnie (E) and magnetic (B)
[1ields. the beam 18 not dellected, 1
Force on electron due to = Force on electron due

" Emergy ot each photon, E, = =

"Power of source 5. P, =E N, =

x>

magnetic [eld to electrie feld

Bev = eE

or EJ:E (1)

If V 1s the potential difference between the anode
and the cathode. then

31—

. —mu =¢V
e v )
m 2V ()

Substituting the value of v from eguation (1) m

equation (11), we get

e __E
T AuR2
m .
Spedifi i #B.catirode rays — =—
Speciiic charge'o cathrode rays m_ VB

29. (a) v Faer asonrce S,

Wavelength, &, = 5000 A

Numberol photons emitted per second. N, = 10
hic

1
N,he

I
For a source S_,

Wavelength, A, = 5100 A
Number of photons emitted per second,
N,=102 = 10

IEnergy of each photon, E, = it

N lic
Power of source 5., P,=N.E, = DL

N:}TL
Powerof S5, P A, N
Iy e 2%
PowerofS, P N/jic =
| [ ;f NA,
1

(102 x 10 photons/s) x (5000 A) 51
(101 photons/s) x (5100 A) 51
30. (b) : Here,

Incident wavelength, A = 200 nm
Work function, ¢, =501 eV
According to Einstemn’s photoelectric equation

=1

eV_=hv-¢,
he

.IV —

Wite ) ¢D
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where V_1s the stoppmng potential
6V s (1240eV nm) 5.01 eV
| (200 nm)

=6.2eV-50leV=12¢eV
Stopping potential, V. =12V
The potential difference that must be applied to stop
photoelectrons =-V =-12V
31. (b) : The number of photoelectrons ejected 15
directly proportional to the intensity of incident light
Maximum kinetic energy 1s independent of intensity
of incident hght but depends upon the frequency of
light. Hence option (b) 1s correct.
32. (d) : Energy released when electron 1n the atom
jumps Irom excited state (n = 3) to ground state

(n=1)1s

-13.6 [-13.6
E=.F?U=E3—E1= 32 —[ ]2 ]
_-13.6

+136=12.1eV

=

Therefore, stopping potential

eV, =hu-¢,
=12.1-5.1 [ work fimetion, =5.1]
V., =7V

33. (b) : The number of photoelectrons deerde the
photocurrent. Assuming that (he mumber of
electrons emitted depends on the pumber of
photons cident. the number of photoelectrons
depend on the intensity of light:

34. (a)
35. (a):A=066704A:
12400EVA 12400

6670 A 6670

Energy enuftéd per second, power P =9 x 107 ]

x1.6x10717 ],

E of a photon'=

sl [ ol i _Pﬂw:.ar_P
Lmner o P 101lons mnmeaent = Energ}f — E
0x107 x 6670
= =3%10'%

12400 %1.6 %1071
36. (€): IV _=62eV
K =5eV. = hu=112eV

A

he 12400eV.A
E 11.2eV
This wavelength 1s 1n the ultraviolet region.

=1107 A

x>

255

h
107 kg xv
h
9.1x107" kgx3x10" m/s
v=2"7x 107" m/s,

37. (c): A=

38. (a) : Collisions ol the charged particles with
the atoms 1n the gas,
39. (a) : Electron travelling in a magnetic field
perpendicular to its velocity - errcular path.
40. (d) : Power ol monochromalie hght beam 1s
P = Nhv where N 1s the numberefpliotons emitted
per second.
Power P=2x |0 W
Energy of one photon /= A
= 6.63 x A x 6 x 10M ]
Number of photons emifted per second.
N=PIE

B XA

6.63%107 x 6x10M
41 (d) : Tor a hight source ol power P wall, the
mitensity at a distance d 15 given by

.J.'l
I= -

4nd”

where we assume light to spread out umformly n

all directions i.e. 1t 18 a spherical source.

=0.05%10" =5x10".

fnc-—lz— or iL:—di;

ﬂl Irz df_
Or. d =[ ! ] or, i'—zﬂf or, hzi.
/s 0.5 I SR |

[n a photoelectric emission, the number ol
photoelectrons liberated per second from a
photosensitive metallic surface 1s proportional to
the mtensity of the light When a intensity of
source 1s reduced by a factor of lour. the number
ol photoelectrons 1s also reduced by a factor of 4.

42. (¢) : The photoelectric current 1s directly
proportional to the intensity of i1llumination.
Therefore a change in the intensity of the incident
radiation will change the photocurrent also
43. (a) : Let K and A be the maximum kinetic
energy of photoelectrons for incident hight of
[requency v and 2U respectively.
According to FHinstein’s photoelectric equation,
K=h-E, (1)
and K" = h(2v) - E, . (11)
=2l —E;=h+ ho-E,
K= h+K lusing (1)]
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44. (¢)

45. (a) : Energy of photon £ = | MeV
Momentum ol photon p = El¢

E 1x10°x1.6x107" J

=0.53x107°!

P_? 3x10° ms™
=5 x 10* kg m/s.
46. (b)
47. (¢) : KE =huo-TW

I ,
I.e. E”’”'-mux =h-W

= lzmx{d,xm“}z = 2hv, —hy,

1 5
or, ;fnx(ﬁl}:lﬂﬁ )" = hy,

Another case. 2hu, — Shuy

L 3
—mv .. =4h0
) 1 0
L5 1 62
= =MV =4:#:-i-xmx{4>r:lﬂ )
= mvf;m =64x10"" = I =8x10° mis.

48. (d) : The maximum Kinetic energy @l
photoelectron ejected 15 given by

KE =h-0I=h -y
A

KE| v
vl

1, -

Frequengy —s==

where work function depends.on the type of matenal
If the frequency ofmeidentradiation is greater than
Uy only then thegjeetionof photoelectrons start. After
that as [reguency wmercases kinetic energy also
Increases:s

49. (d) : Phbtoeclectric current [ =< mtensity of hght

and mtensity ee ! -
(distance)”
. I ec ! -
(distance)”
50. (¢)

3l. (d) : The value ol Planck's constant 1s
6.63 =« 103 J-sec.

52. (d): de Broghe wavelength for a particle 1s given
el

by A= — . where m, v and p are the mass,
. poomy

x>

velocity and momentum respectively. /1 1s Planck’s
constant. Now, since all the particles are moving with
same velocity, the particle with least mass will have
maximum de-Broglie wavelength. Out of the given
four particles (proton, t-particles, 7.e. He nucleus and
[-particles. i.e. electrons) f-particles has the lowest
mass and therefore it has maximum wavelength.
53. (b)

54. (b) : Cathode rays are basically negatively
charged particles (electrons), I the cathode rays
are allowed to pass between twe plates kept at a
difference ol potential, the ravs are found to be
deflected from the reclalmear path. The direction
of deflection shows that the rays carry negative

charges.
55. (a)

3 _|E|
56. (a) : ¢l =epB V=R

57. (b)® Iuténsity becomes 4 times. So number
nereases:

a8, lﬂ} 59. (a)

60! (a) : KE =16%x 10" x1=1eV

_he 1242 eV, nm _
:”“'q;‘ e 3000 A

62. (c): If' the intensity of light of a given [requency
1s mereased, then the number of photons striking
the surface per second will merease mn the same ratio.
This 1nereased number of photons strikes more
electrons ol metals and hence number of photolectrons
emitted through the surface increase and hence
photoelectric current mmereases.
63. (d) : According to Emstein’s photoelectric
equation,

» he he |

|
—my =T_w“ or, T=Emr

2 :+H;['I

1 2_ he 41 4
and My =—3}:j4-‘iﬂ=~§-($;m' +H=;,)—H=’”

So. vy 15 greater than v(4/3)"=

64. (a) : Since the enmussion of photoelectrons 1s
directly proportional to the mtensity ol the meident
light. therefore photocurrent mcreases with the
mntensity ol hght,

65. (¢) : Potential difference (1) = 100 volts.
Kinetic energy of an electron (K E )
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=el = (1.6 x 1071 x 100 = 1.6 x 1077 joule
66. (¢) : Kinetic energy (£) = 100 ¢V,
Mass of electron (m) = 9.1 x 1073 ka:
1eV=16x10""77Jand
Planck’s constant (7)) = 6.6 x 107 J-s

Energy of an electron (£) = 100 x (1.6 x 107'%) ]

e M e 6.6x107"
i V2mE  2%9.1x10 x100x1.6x10"
=12 % 10" m=12A
67. (a)
68. (a) :

1 5
—Xmy =¢eV
2

The kinetic energy ol an electron

g | j 2eV
or final velocity ol electron (v) = T
he he
69. (c) : Energy of the photon E=T or A = Nk

where A 15 the wavelength,

70. (*) : The velocity of a photon m vacuum 1s a
constant. ¢ = LA, Bul ¢ = constant and one cannot
say that it is proportional to L or A but only ¢ ="/
In media, for a particular medium. v reman the
same. velocity changes. Therefore A changes: The
queslion 18 wrong.

71. (d) : Momentum ol electrons (p )& v 2nieV and
Va2MeV:

Lnev [m]

momentum for proton LPP} =

, i }.p N hip, _Hh
Theretore. 3 =

. hip, - Dy Mev | M J
o s B
[herefore A, =4 -;1}-] ;
h h
72. (a) 7 Wanelength (A) = e =;. Therefore for

same wavelength of electrons and photons, the
momentum should be same.

he |
73. (b): Wy==— or W, o
} () }.,{] o T ‘-"'“n
"""’l _ A _ 600 _
Ay 300

74. {a} : Photoelectric current 1s directly
proportional to the mmtensity of mcident hght.

; o
Momentum of the photon = s

75, (a) :

257

76. (a) : The work function has no effect on

photoelectric current so long as v > W, The

photoelectric current 1s proportional to the intensity

of meident light. Since there 1s no change 1n the
|

mtensity of hght, hence /, = I,
77. (d) : =W +%ﬂ‘.".'2 or hT{ =W +Emw2
Here A = 3000 A = 3000 = 10719 m

and W= 1¢eV =16 = 10" joule
(6 6x 107 (3% 10%)

3000x 10710
= (1.6X1071%) + = x (9.1x10°2
Solving we get v = 10° m/s

78. (b) : Here. i— 10F @Veamd /ro = 10° eV

A
3 3 o
inds | 10° ¢ |[} w 3%10
l 1 24 % 10~

=2 4 & 10:”
.ml} 5”’1“

- e 2 =
['

80: (a) : No. of photons Lmﬂ[t.d per sec,

- Power
Energy of photon
= By 10000 - .
"I 66x10 7 x8s0x10r 7210
o
81. (a) : Momentum of the photon = <
— ..[:._.fl:‘f‘.__},_
vop
i 29
=L =L 235108 x2:2X19
A h 6.6x10-%

=1.5 % 10" Hz
where, v = frequency of radiation
82. (b) : Kinetic energy of fastest electron
=K-W,=62-42=20eV
=2 % 1.6 1079-=32x 10°49]

83. (a) h

: de Broghe wavelength, A=—=—_
pomy

84. (b) : Energy ol a photon E=hu= ;;i .

85. (b) : When a metal 1s heated, electrons are
ejected out of 1t, which are called thermions.

86. (a) : W, = ¢
ho
_6.63x107% x3x10°

= -y
50001010 =alrd
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