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STUDY CIRCLE

(UNIT-OFACCENTS EDUCATIONAL PRORIOTERS)

»»

D> Multiple Choice Questions (MCQs) \\

DIRECTIONS : This section contains multiple choice questions.
Each question has four choices (a), (b), (c) and (d) out of which
only one is correct.

1.  Inaphotoelectric experiment, anode potential (V) is plotted
against plate current (I)
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\

(a) Aand B will have different intensities while Band C
will have different frequencies.

(b) Band C will have different intensities while A and
C will have different frequencies.

(c) A and B will have different intensities while A and
C will have equal frequencies.

(d) A and B will have equal intensities while B and C
will have different frequencies.

2.  Select true/false statements according to the graph

Stopping
potential
Vo)

(=]

Frequency of incident radiation (v) =>

I.  the stopping potential varies lincarly with the
frequency of incident radiation for the given metal.

IL  the work function of metal 4 is greater than that for
metal B.

Il. stopping potential depends upon the angle of
incident light.

IV. thestopping potential is independent of the intensity
of incident radiation.
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(@ T,FTF ® T,EET

(c) ETET @d T,T,ET

A strong argument for the particle nature of cathode rays
is that they

(a) produce fluoroscence

(b) travel through vacuum

(c) get deflected by electric and magnetic fields

(d) cast shadow

The correct graph between the stopping potential (V)
and intensity of incident light (I) is

A

Vo Vo

() (b)

—

1
Vo
Vo
(c) (d)
: I

The work function of aluminiumis 4.2 eV. If two photons,
each of energy 3.5 eV strike an electron of aluminium,
then emission of electrons
(a) will be possible
(b) will not be possible
(c) data is incomplete
(d) depends upon the density of the surface
Which of the following is/are true/false regarding
cathode rays?
I.  They produce heating effect
IL They don’t deflect in electric field
lll. They cast shadow
IV. They produce fluorescence
(a ET,T,T b) TTT,T
(c) EEET d T,ETT
Which one of the following graphs represents the
variation of maximum kinetic energy (Ey) of the emitted

electrons with frequency f in photoelectric effect
correctly?
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% Eg Eg @ X=h>h<h, 0) h<Rh <
(© A< A= =k, () A= LP =M=y
% 15.  An electron is moving with an initial velocity v=v, | and
@ (b) \ is in a magnetic field B = By j . Then, it's de-Broglic
% > [ = [ wavelength
E. Ey (a) remains constant
% Pog 4 (b) increases with time
I / (c) decreases with me
% (d) increases and decreases periodically
3 () (d) 16. An electron (mass m) with an initial velocity v=v; i (v, > 0)
% > f = f, f is in an clectric field E = - E;, | (E( = constant > 0). It's
1 8. If a photon and an electron have same de-Broglie de-Broglie wavelength at time t is given by
% wavelength, then @ ) o [1+ eEt
3 (a) both have same kinetic energy (1 +ﬁL) mv,
(b) proton has more K.E. than electron m v,
% (c) electron has more K.E. than proton © 2 (d) Ayt
1 (d) both have same velocity v ) o . P
9. If E,, Ey, E, are the respective kinetic energies of an 17. Anelectron (mass m) with an initial velocity v = Vol isin
electron, an alpha-particle and a proton, each having the an electric field E = Eo]- If &, = h /mv, it's de-Broglic
same de-Broglie wavelength, then . Lo
% (@) E,>E;>E, (b) E,>Ey>E, wavelnegth at timet is given by
(c) E,>E,>E, (d) E,=E,=E, B2
% 10. Photons of energies 1 eV and 2 eV are successively (@) )0 (b) %o I+W
incident on a metallic surface of work function 0.5 eV. 0
% The ratio of kinetic energy of most energetic o Ao
photoelectrons in the two cases will be (c) 2E (d) 2B
% @ 1:2 (b) 1:1 1+ W
. : m-vjp Vg
(¢) 1:3 dy 1:4
% 11. A particle is dropped from a height H. The de-Broglic  18.  The photoelectrons emitted from a metal surface are such
= wavelength of the particle as a function of height is that their velocity
proportional to (a) iszeroforall
% (a) H (b) H' (b) issame forall
(c) HC . ) H'? ) (¢) lies between zero and infinity
% 12. Photons of energies 1 eV and 2 eV are successively (d) lies between zeroand a finite maximum
1 incident on a metallic surface of work function 0.5 €V. 19, The work function ofaluminiumis 4.2 eV. Iftwo photons,
g The ratio of kinetic energy of most energetic each of energy 3.5 eV strike an electron of aluminium,
1 photoelectrons in the two cases willbe  [CBSE 2020] then emission of electrons
(@ 1:2 (b) 1:1 (a) will be possible
% (c) 1:3 d 1:4 (b) will not be possible
:1 13. Consider a beam of electrons (cach clectron with energy E) (¢c) Datais incomplete
% incident on a metal surface kept in an evacuated chamber. (d) Depends upon the density of the surface
3 Then, 20. In a photoelectric experiment the stopping potential for
% (a) no electrons will be emitted as only photons can the incident ]lght ofwavelength 4000A is 2 volt. If't}’ne
= emit electrons Wjavelength be changed to 3000 A, the stopping potential
(b) electrons can be emitted but all with an energy, E, willbe
% (c) electrons can be emitted with any energy, with a (8] 2V (b) o
: 2 . T (¢) lessthan2V (d) morethan2V
maximum of E, — ¢ (¢ is the work function) 21 A B8 it o e AR . 2
. : ' . cc particle with initial kinetic energy £, de-Broglic
% (d) electrons can be emitted with any energy, with a wavelength A, enters a region wherein it has a potential
maximum of E, energy V, what is the new de-Broglie wavelength?
% 14. A proton, a neutron, an electron and an a-particle have (@ A(1+E/N) (b) A(1-VIE)
same energy. Then, their de-Broglic wavelengths compare () A(l+VE)PS (d r/(1-VIE)S
as
| 2= P NG Puddsd
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32.
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Cathode rays and canal rays produced in a certain
discharge tube are deflected in the same direction if
(a) amagnetic field isapplied normally

(b) anelectric field is applied normally

(c) anelectrin field is applied tangentially

(d) amagnetic field is applied tangentially

A material particle with a rest mass m, is moving with
speed of light ¢. The de-Broglie wavelength associated
is given by

(@) h

mgC
The ratio of de-Broglie wavelengths of proton and
o -particle having same kinetic energy is
@ V2:1(0) 242:1 (¢)2:1 d4:1
When the speed of electrons increase, then the value of
its specific charge
(a) increases
(b) decreases
(c¢) ramainsunchanged
(d) increases upto some velocity and then begins to
decrease
A steel ball of mass m is moving with a kinetic energy K.
The de Broglie wavelength associated with the ball is

(b) %0_‘5 (c) zero (d) =

Y 2mK ) \2mK

h d h
(©) omK @ 3
If the two particles have fallen through the same height,
the heavier of the two particles has __ de Broglie
wavelength.
(a) same (b) greater (c) smaller (d) None

The de-Broglie wavelength of neutron in thermal
equilibrium at temperature T is

30.8 A w 3.08 i 0.308 A & 0.0308 A
(a) N (b) N (© N d N
The wavelength A_ of an electron and A of a proton are
P
of same energy E are related by

@) hp=h, () &, =fA,

1
(c) xpxjt () A, <22

If the kinetic energy of a free electron doubles, it’s
deBroglie wavelength changes by the factor

1 1
(@) 2 (b) 7 © /2 (d) W

de-Broglie wavelength of an electron accelerated by
a voltage of 50 V is close to (le|= 1.6 x 107° C, m, =
9.1 x 1073 kg, h=6.6x 10734 Js)

@@ 24A (b) 05A (¢o) 1.7A d 124
The de Broglic wavelength of a necutron at 927 °C is A.
What will be its wavelength at 27°C ?

) % () A ©) 2% () 42

33.

34.

36.

37.

38.

39.

40.

41.
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Which of the following figures represent the variation of
particle momentum and the associated de-Broglie
wavelength?

p P
I k !
() (b)
—_— —n
P P
!
(©) (d
T —A —

Ifthe kinetic energy of the particle is increased to 16 times
its previous value, the percentage change in the de-Broglic
wavelength of the particle is :

(@ 25 (b) 75 (c) 60 (d) 50

The phenomenon which can be explained only by quantum

nature of light is

(a) photoelectric effect  (b) reflection

(c) interference (d) polarization

Photoelectric effect is the phenomenon in which

(a) photons come out of a metal when it is hit by a beam
of electrons.

(b) photons come out of the nucleus of an atom under
the action of an electric field.

(c) electrons comeout of a metal with a constant velocity
which depends on the frequency and intensity off
incident light wave.

(d) electrons come out ofa metal with different velocities
not greater than a certain value which depends only
on the frequency of the incident light wave and not
on its intensity.

In which of the following, emission of electrons does not

take place?

(@) Thermionic emission

(b) Photoclectric emission

(¢) Secondary emission

(d) None of these

In the photoeletric effect, electrons are emitted

(a) atarate that is proportional to the amplitude of the
incident radiation

(b) with a maximum velocity proportional to the
frequency of the incident radiation

(c) ata rate that is independent of the emitter

(d) only if the frequency of the incident radiations is
above a certain threshold value

The wavelength of a photon is 4000 A. Calculate its energy.

(@ 49.5x10719) (b) 495x 10717

(© 4.95x107'%k) (d) 4.95%10°1%)

What is the kinetic energy gained by an clectron due to

acceleration through a potential difference of 1 V?

(@ leV (b) ljoule (c) SNm (d) 10Nm

The work function of photoelectric substance is 3.3eV.

The value of threshold frequency will be

(@) 4x10'"Hz (b) 8x 1010Hz

(© 5x103Hz (d) 8x 10" Hz

A E P @Hm\u&u.s N[I&T%R%
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43.

44.

45.

46.

47.

48.

49.

S1.

52.

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

(@ 1:2 (b) 4:1 (c) 2:1 @ 1:4
Ifthe wavelength of incident light falling on a photosensitive
material decreases, then

(a) photoelectric current increases

(b) stopping potential decreases

(c) stopping potential remains constant

(d) stopping potential increases

A photosensitive metal is not emitting photo—electrons
when irradiated. It will do so when threshold is crossed.
To cross the threshold we need to increase

(a) intensity (b) frequency

() wavelength (d) None of these

The number of photoelectrons emitted for light of a
frequency v (higher than the threshold frequency vy) is
proportional to:

(@) Threshold frequency (vg)

(b) Intensity of light

(c) Frequency of light (v)

d v-v,

The wavelength of a 1 ke V photon is 1.24x10°m. What is
the frequency of 1 MeV photon?

(a) 1.24x105 (b) 2.4x 102

(@) 1.24x10® (b) 2x1x 105

Einstein’s photoelectric equation is E, = hv — ¢. In this
equation E, refers to

(a) kineticenergy of all the emitted electrons

(b) mean kinetic energy of emitted electrons

(c) maximum kinetic energy of emitted electrons

(d) minimum kinetic energy of emitted electrons

A monochromatic source of light operating at 200 W emits
4 x 10? photons per second. Find the wavelength of light.
(a) 400nm (b) 200nm

() 4x107104 (d) None of these

The photoelectric threshold of Tungsten is 2300A. The
energy of the electrons ejected from the surface by
ultraviolet light of wavelength 1800A is

(@) 0.15eV (b) L5eV

(c) 15eV (d) 150eV

Using light of wavelength 6000 A stopping potential is
obtained 2.4 volt for photoelectric cell. If light of wavelength
4000 A is used then stopping potential would be

(@ 29V (b) 19V (c) 343V (d) 94V
In an electron gun, the potential difference between the
filament and plate is 3000 V. What will be the velocity of
electron emitting from the gun?

(@) 3x108m/s (b) 3.18 x 10" m/s

(€ 3.52x107m/s (d) 3.26x 10" m/s

No photoelectrons are emitted from a metal if the
wavelength of the light exceeds 600 nm. The work function
of the metal is approximately equal to

53.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

65.
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(@ 3x10716) (b) 3x10°1?)

(©) 3x10720) (d) 3x1022)

The shortest wavelength of X-ray emitted from an X-ray
tube operated at 2 x 100 volt, is of the order of

(@ 105A®) 102A (c) 0.15A d 1A
What is the energy of k X-ray photon of copper
(Z2=29)?

(@ 7.99keV (b) 8.29keV

(c) 825keV (d) 7.19keV

When ultraviolet radiation is incident on a surface, no
photoelectrons are emitted. If a second beam causes
photoelectrons to be ejected, it may consists of

(a) infra-red waves (b) X-rays

(c) visiblelight rays (d) radio waves

The maximum kinetic energy of the electrons hitting a
target so as to produce X-ray of wavelength 1 A is

(a) 124keV (b) 124keV

(c) 124keV (d) None of these

Theratio ofthe energy of an X-ray photon of wavelength
1 A to that of visible light of wavelength 5000 A is

(a) 1:5000 (b) 5000: 1

() 1:25x10° (d) 25x10°

An X-rays tube is being operated at 20 kV, the maximum
speed of electrons striking the anticathode will be

(@) 84m/s (b) 8.4x 10" m/s

(©) 44x10"mss (d) zero

When the minimum wavelength of X-rays is 2A then the
applicd potcntial difference between cathode and
anticathode will be

(@) 6.2kV (b) 248kV  (c) 24.8kV (d) 62kV
The maximum distance between interatomic lattice planes
is 15 A. The maximum wavelength of X-rays which are
diffracted by this crystal will be

(@ 15A (b) 20A (c) 30A (d) 45A
An X-ray tube is operated at 15 kV. Calculate the upper
limit of the speed of the clectrons striking the target.

(@) 7.26x 107 m/s (b) 7.62x 10" m/s

(c) 7.62x107 cm/s (d) 7.26 x 109m/s

The glancing angle in a X-ray diffraction is 30° and the
wavelength of X-rays used is 20 nm. The interplanar
spacing of the crystal dffracting these X-rays will be

(a) 40nm (b) 20nm (c) 15nm (d) 10nm
An element with atomic number Z = 11 emits k x-ray of
wavelength A then the atomic number of the element which
emits k x-ray of wavelength 4 A is:

(@ 11 (b) 44 (c) 6 @ 5

The X-rays of wavelength 0.5 A are scattered bya target.
What will be the energy of incident X-rays, if these are
scattered at an angle of 72°?

(a) 1241keV (b) 6.2keV

(c) 18.6keV (d) 2482keV

An X-ray tube with Cu target is operated at 25 kV. The
glancing angle for a NaCl crystal for the Cuk  lineis 15.8°.
Find the wavelength of this line.

(d for NaCl=2.82 A, h=6.62 x 10727 erg-sec)

(@) 3.06A () 1.53A

(¢) 0.75A (d) None of these

A E P .@Hm\u(m.s N!i\?%ﬁ%
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B> Case/Passage Based Questions \\—

DIRECTIONS : Study the given Case/Passage and answer the

Jollowing questions.

Case/Passage-1
A physicist wishes (o gject electrons by shining light on a metal
surface. The light source emits light of wavelength of 450 nm.
The table lists the only available metals and their work
functions.

Metal W, (eV)
Barium 2.5
Lithium 2.3
Tantalum 4.2
Tungsten 4.5

66. Which metal(s) can be used to produce electrons by the
photocelectric effect from given source of light 7
(a) Barium only
(b) Barium or lithium
(¢) Lithium, tantalum or tungsten
(d) Tungsten or tantalum

67. Which option correctly identifies the metal that will
produce the most energetic electrons and their
energies ?
(a) Lithium, 0.45 eV (b) Tungston, 1.75 eV
(c¢) Lithium, 2.30 eV (d) Tungston,2.75 eV

68. Suppose photoelectric experiment is done separately
with these metals with light of wavelength 450 nm. The
maximum magnitude of stopping potential amongst all
the metals is-
(a) 2.75 volt (b) 4.5 volt
(c) 0.45 volt (d) 0.25 volt

69. The photoclectric effect is based on the law of
conservation of
(a) momentum (b) energy
(c) angularmomentum  (d) mass

70. The momentum of photon whose frequency fis

hl hc h [v
@ - = ©F (@
Casc/Passage-I1
According to de-Broglie a wave is associated with moving

material particle called matter waves or de-Broglic wave,
De Broglie proposed wavelength of a particle of momentum p as

m = mass of particle, v = speed

A=E—=——:

p mv
A = wavelength of matter wave or de Broglie wavelength.

71. If the momentum of electron is changed by P, then the
de- Broglie wavelength associated with it changes by
0.5%. The initial momentum of electron will be

(a) 200P (b) 400 P
4 d) 100 P
(c) 200 (d)

DUAL NATURIE
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72. If the kinetic energy of a free electron doubles, it’s de-
Broglie wavelength changes by the factor

| 1
(@ 2 ®) 3 © 2 @ 75

73. If the kinetic energy of the particle is increased to
16 times its previous value, the percentage change in the
de-Broglie wavelength of the particle is :

(a) 25 (b) 75 (c) 60 (d) 50

74. A proton and a-particle are accelerated through the same
potential difference. The ratio of their de-Broglie
wavelength will be

@ 1:1 (b)) 1:2  (¢) 2:1  (d) 2+2:1
75. An a-particle and a singly ionized 4Bce:8 atom are
accelerated through the same potential difference. What
is theratio ofthe de-Broglie wave lengths in the two cases?

(a) 1:2 (b) 1:1 () 2:1 (d) 4:1
Case/Passage-I11

When a high frequency electromagnetic radiation is incident

on a metallic surface, electrons are emitted from the surface.

Energy of emitted photoelectrons depends only on the frequency

of incident electromagnetic radiation and the number of emitted

electrons depends only on the intensity of incident light.

Einstein's photoelectric equation [K = hv — ¢] correctly

explains the PE, where v = frequency of incident light and

¢ = work function.

76. Light of wavelength 3300 is incident on two metals 4
and B, whosc work functions arc 4 ¢V and 2 ¢V,
respectively. Then
(a) A will emit photoelectrons but B will not
(b) B will emit photoelectrons, but 4 will not
(c) both A4 and B will not emit photoelectrons
(d) neither A4 nor B will emit photoelectrons

77.  For photoelectric effect in a metal, the graph of the
stopping potential ¥ (in volt) versus frequency v (in
hertz) of the incident radiation is shown in fig. The work
function of the metal (in eV) is

VoA
20
12+
ot
4..
12345678
v(x 10°) ——
(@ 125 (b) 145  (c) 16.5 (d) 18.5

78.  The slope of the graph shown in fig. [here & is the
Planck's constant and e is the charge of an electron] is

h e
@ = () eh (c) & @ +
79. The magnitude of saturation photoeclectric current
depends upon

A E P @J’ﬁ DUAL, wk%(mé
STUDY CIRCLE of MATTER & RADIATIONS
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(a) frequency (b) intensity
(c) work function (d) stopping potential
80. The number of photo-clectrons emitted per second from a
metal surface increases when
(a) the energy of incident photons increases
(b) the frequency of incident light increases
(c) the wavelength of the incident light increases
(d) theintensity of the incident light increases

D> Assertion & Reason \\— »»

DIRECTIONS : Each of these questions contains an assertion
Jollowed by reason. Read them carefully and answer the

question on the basis of following options. You have to select

the one that best describes the two statements.

(a) Ifboth Assertionand Reason arc correct and the Reason
is the correct explanation of the Assertion.

(b) Ifboth Assertion and Reason are correct but Reason is
not the correct explanation of the Assertion.

(c) Ifthe Assertion is correct but Reason is incorrect.

(d) Ifthe Assertion is incorrect but the Reason is correct.

81. Assertion : In photoelectric effect on increasing the
intensity of light, kinetic energy of electrons increased
but photoelectric current remains unchanged.

Reason : The photoelectric current depends on frequency
of light.

82. Assertion: The kinetic energy of photoelectrons emitted
from metal surface does not depend on the intensity of
incident photon

Reason : The ejection of electrons from metallic surface
is not possible with frequency of incident photons below
the threshold frequency.

83. Assertion : Though light of a single frequency
(monochromatic) is incident on a metal, the energies of
emitted photoelectrons are different.

Reason : The energy of electrons emitted from inside
the metal surface, is lost in collision with the other atoms
in the metal.

84. Assertion : The photon behaves like a particle.

Reason : IfE and P are the energy and momentum of the

photon, then p = E/e.

DIRECTIONS : Each question contains statements given in
two columns which have to be matched. Statements (A, B, C, D)
in column-1 have to be matched with statements (1, 2, 3, 4) in
colunm-I1.

»>» Match the Following

85. Match the Columns I and II.
Column I
(A) Field emission

Column 11
(1) Heat is supplied to the
metal surface

DUAL NATURIE
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(B) Photoelectric (2) Electric ficld is applied
emission to the metal surface

(C) Thermionic emission (3) Light of suitable
frequency illuminates
the metal surface

(D) Secondary emission (4) Striking fast moving
electrons on the metal
surface

(@ (A)=>(2):(B)=>(3): C = (1) (D)—>(4)

(b) (A) > (1):(B) > (3):. C »> (2): (D) —> (4)

(©) (A)=>@):(B)->(1):C—-3)(D)—=>(2)

(d) (A)=@):(B)=>3):C->2):MD)->(

> Fill in the Blanks \\— »»

DIRECTIONS : Complete the following statements with an
appropriate word / term to be filled in the blank space(s).

86. Photoelectric emmision occurs only when the incident light
has more than a certain minimum :

87. Sodium and copper have work functions 2.3 eV and
4.5 ¢V respectively. Then is the ratio of their
threshold wavelengths.

88. A steel ball of mass mis moving with a kinetic energy K.
The de-Broglie wavelength associated with the ball
is

89. The wavelength of the matter wave is independent
of — .

90. The wavelength of a photon needed to remove a proton
from a nucleus which is bound to the nuclear with 1 MeV
energy is nearly nm.

D> True / False \\— »»

DIRECTIONS : Read the following statements and write your

answer as true or false.

91. If a proton and electron have the same de Broglie
wavelength, then momentum of electron > momentum
of proton

92. In a photoelectric experiment, if both the intensity and
frequency of the incident light are doubled, then the
saturation photoelectric current is doubled.

93. Ifina photoelectric cell, the wavelength of incident light
is changed from 4000A to 3000 A then change in stopping
potential will be 0.33 V.

94, When the X-ray tube is operated at 1kV, then X-rays of
minimum wavelength 6.22 A are produced. Ifthe tubeis
operated at 10 kV, then the minimum wavelength of X-
rays will be 0.622 A.

BB PN §P it
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ANSWER KEY & SOLUTIONS

CECeeceecceaceecceccercccecec

W

(a) Fromthegraph itisclearthat A and B have the same
stopping potential and therefore the same frequency. Also
B and C have the same intensity.

()

(¢) As cathode rays are deflected by electric and
mangetic fields, it shows that cathode rays carry charged
particles (i.e. electrons)

(b) Stoping potential does not depend upon intensity
of incident light (I).

(b) For cmission of clectrons incident energy of cach
photon must be greater than work function (threshold
energy).

(d) Cathoderays deflect in electric field.

(d) hf- hfy = Ey, according to photoelectric equation,
when =, E, =0.

Graph (d) represents E,. — frelationship.

h
) A= = ;thenm v.=m_ v
© myv, MgV prp: rene
Vp m
or £=—¢
Ve m,
2 2 2
Ep 2™M'p _m, x[me] L
.1 5 m m
E, lmeVez m, | mp P
2
E,<E,
; ; 1 3
(@) According torelation, E= —mv

2

Because m| <mj <m,
So for sameA, E| >E3 > E;.

(c) K.E.=Photon energy — Work function.
KE 1-05 05 1

(d) Velocity of'a body freely falling from a height H is

v =J2gH

Amta A _oa D
So, mv  m,/2gH mJZJﬁ
(h, mand g are constant)

h .
Ilere, ———1is also constant

m/2g
o hocke = o [Tz

Option (c) is correct.
K.E. = Photon energy — Work function.
KE 1-05 05 1

" KE, ©2-05 15 3

(d) When a beam of electrons of energy E is incident
on a metal surface kept in vacuum or evacuated chamber
so electrons can be emitted with maximum energy E, (due
to elastic collision) and with any energy less than E,
when part of incident energy of electron is used in
liberating the clectrons from the surface of metal. So
maximum energy of emitted electrons can be E .

() The relation between A and K is given by

h
J2mK

So, for the given value of kinetic energy K,

h
5K is a constant.

Thus, A oc L

Jm

= Apthythe tAg

y

-

1 1 1 1

. /mp ,/mn ,fme ,[mu
if‘(mp =m,), then kp= A
if (m, > mp), then 2. < ).p
if(m,<m,),then 2 >2
Hence, 2., < Xp= A, <A,
(@) Asgiventhat, v=v, jand B= Boj
Force on moving electron due to perpendicular magnetic
field Bis, F=—¢ (v xB)

=—e[v0§x Boi] =—evoBo(i x})
= = —€Vg Boﬁ ( R = ‘1:)( ])
So, the force is perpendicular to v and B, both as the force
is 1 to the velocity so the magnitude of v will not change,

so momentum is (= mv) will remain same or constant in
magnitude. Hence,

h
de-Broglic wavelength A =— remains constant.
mv

A= P @H@D&?@%@%
STUDY CIRCLIE of MATTER & RADIATIONS



13171711311171113212137111331113

16.

17.
19.

20.

21.
22.

23.

24,

STUDY CIRCLE

(UNIT-OF-ACCENTS: EDUCATIONAL PROMOTERS)

(a) de-Brogile wavelength of electron,
-—1 :
0 mvp (1)

Force on electron
= F=—cE=(-¢)(-Eyi)=cEi
Acceleration of electron

(- F=ma)

m m
Velocity of electron after time t, is v = (v, + at)

2 | eEpi j cEqy -
v=vol+| —— [t=| vg+——1 |1
m m

Bs %
v=v0(l+cn—lol)i

Now for new de-Broglie wavelength associated with

qleftrgn attime tis h 1.
Tmy TS eEot)-] |. €E
Vom[(l*—mJ l] {]+Hn 0 l}

2 ['.' }.0 = ; = 1]

| my,

{H[ Eip ]I}

mv,

(¢) 18.(d)

(b) For emission of electrons incident energy of each
photon must be greater than work function (threshold
energy).

he
@ eVs= 3 Wy . If & decreases, V, increases

®)

(@) In discharge tube cathode rays (a beam of negative
particles) and canal rays (positive rays) move opposite to
each other. They will experience a magnetic force in the
same direction, if a normal magnetic field is applied.

m
h M vocemow

hence, A —0.

(¢) de-Broglie wavelength, ) = ﬁ
2mEg i

A m 4m 2
P o p _ <
_=J—=‘, == Bg =Eg
Ay m, m, | [** EkE(a) = ExE(p)]

() Here the velocity of electron increases, so as per
Einstein’s equation mass of the electron increases, hence

e
the specific charge ” decreases.

26.

27.
28.

29.

30.

31.

32.

33.

34.

355

36.
38.

39.

40.
41.

DUAL NATURIE
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(¢) de-Broglie’s relation, i = h ; p=+2mE
p

h h
DI —— = —— oR =
V2mE  V2mK [FE=K)

(©

(@) I'romformula =

h
N2mKT

6.63x10 3 30.8

ox167x10 7 x138x10 27 VT
(@)

h h ; 1

@ *= p ) J2.m.(K.E) ahan JK.E

If K.E is doubled, wavelength becomes k.3

V2

JEN TS
(c) >~ - F - mv ,2,"‘1 V
34
A 6.6x10
or, A= . =1.7A

V2x9.1x1073 x1.6x1071% x50
(¢) de-Broglie wavelength of a material particle at
temperature T is given by
__h 1
2kt T A mﬁ

h 1
(a) According to De-broglie p= 3 o P x

1
P oy represents rectangular hyperbola.

) As wé know

~h h [ ,I()K 4
A== =i = =it
P J2mK Xy K, K I

Therefore the percentage change in de-Broglie
1-4

wavelength = x 100 =-75%

(a) Photoelectric effect can be explained only by quantum
nature of light.

@ 37. @)

(d) Photoelectrons are emitted if the frequency of
incident light is greater than the threshold frequency.

g he_66x107x3x10°

d =
o h 4000101
(@ GaininK.E.=qV=(1.6x10"9x1)J=1eV.

@ W=33eV;hvy=33x16x1071),

=495%x10719)

3.3x1.6x107"7 -

VO T T eeax10H -
A = = B Al WaURE
STUDY CIRCLE of MATTER & RADIATIONS
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(c) We know that work function is the energy required
and energy £= hv

Ena _ 0N _ Acu
E(‘u hUCu ;‘Na
ANa _ Ecu _45 2
hy DBy 23 1

(d) Stopping potential increases if wavelength of light
falling on a photosensitive material decreases.

o)

() The number of photoelectrons emitted is
proportional to the intensity of incident light. Saturation
current o intensity.

(b) Here, %:103 eVandhv=10%V

10°¢
Hence, v=—
A
(©
200
(@) The energyof each photon = —4 <102 =5x10"19)

he  (6.63x107%)x(3x10%)
Wavelength =1= — = 0
E 5x10

= A=4.0x107=400nm
(@)
hel1 1)

Ek = ?LI—ZJ (ineV)

10'°)

-34 8( 10
=6.6xl() x3x10° [ 10 J=0.150V

Lox10® (1800 2300
_he_do
9 V= e e
he o

—— (1
6000x107 % ¢ 1)

hC ¢0
Vp=—————— -2 0
0" 4000x10 "% ¢ @

Eq. (1) - Eq.(2), and solving it, we get
Vy=24+1.03=343V

24

b 5oV _ [2x1.6x107 x3000
Vo VU oo

he 6.62x1034 x3x10%
b w=—-=

Ao 600x107Y
b E=cV=2x10°x1.6x10")
_he _ 6.6x107* x3x10%

E 32x1071
@ E(k,)=102(Z-1)7eV
=102 x 28% =7.997keV =8KeV

=326x10"mAs.

7 =331x1019]

~1072A

55.

56.

57.

60.
61.

62.

63.

65.

66.

67.
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(b) Encrgy of photon of X-rays is more than energy of
photon of ultraviolet rays. Because frequency of X rays is
more than ultraviolet rays.

) . 1240
® A,=1A(given) w2 ;= E (eV)(nm)

. 1240(¢V)(nm)

Thus, E = 0.01(nm) =12400eV; E=124KeV

®) E=hv=h); o tmila—

2eV
(b) anx = gr—
u m

2x1.6x10™" x20x10° ,
= T =8.4x 107 m/s
12400
@) v=,'24°0 Volt = V=——=62KV
min(A) 2
: 5 W
© )~nm.=2dsm0=..x15xsm90 —30A

Nmin.
(a) The maximum kinetic energy of an electron
accelerated through a potential difference of V volt is

|
5 mv2=eV

2eV

.. maximum velocity v=
m

= v=7.26x 107 m/s

sz|.6x10"°xlsooo
9.1x107"

nh _ 1x20

® 2dsin@=nhord=———= -
2sin)  2xsin30°

=20 nm

©)

¢ 6.6x1034x3x108
(d Energy=—-=

A 0.5x10710

 6.6x1074x3x10°

 5x107 x1.6x1071°
(b) According to Bragg’s law, = 2d sin 6 =nA,

n=1 for first order

=2x282sin158=L=>A=564%02723=153A

12400

® AE= 2 500A
For photoelectric effect, AE> W, (work function).
(@) AE=W,+E ; (E)=AE-W,
For maximum value of (E; ), W, should be minimum
W forlithium=2.3 eV

5 (E)=275-23=045eV

eV =24.82 keV

=275eV

~

>
DWAL NATWIKE
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68. (¢) Themaximum magnitude of stopping potential will
be for metal of least work function.
.. required stopping potential is
hv -
v=TV-t
&

L)

=0.45 volt.

69. (b) Photoelectric effect is based on law of conservation
of energy.

h
70. (a) Moment of photon =p = 3 wE= me2

he

But, p=mc - E=mcc So, E=pcor E=—
A

C h
S, —=PC or P=_and A . =£
A % £ P==
71. (a) The de-Broglie’s wavelength associated with the

moving electron A= %
Now, according to problem
d. _ dp
WP
0s_»p
100 P’
72. (d) de-Broglie wavelength,

. R h
N P —

P J2m(K.E)

1

JKE

IfK.E is doubled, % becomes

)

S

73. () Asweknow

L
"~ P 2mK
(v P=~2mKE)

M e 5 4
T % VK ViK1

Therefore the percentage change in de-Broglie wavelength
1-4

x 100 =-75%

.
@ gV =om v or mv=2¢Vm ;

So 7 h . 1

0 A=——= L6, A B85
my 29V m Ngm
A

so —£= (dula _ 5.4-2/2
ra N apmp

75.
76.

7.

78.

79.
80.
81.

82.

83.

84.

86.

87.
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)
() Energy of incident photon

g he _66x107x3x10°
h 330010710

A will not emit photoelectrons because energy of

incident photon is less than work function of 4.

(© eVy=h(v—vy)
When ¥, =0, v = v, the threshold frequency.

=3.75eV

From the graph it follows that

Vo= 4 X 103 Hz

Therefore, work function is

0= hv,=6.6 % 1034 x4 x10%=16.5¢V
(@ eV,=hv-hy,

Vo=—v——W
e e

Y=mn+e

_h
Slope = -
(b)
(d) Intensity = no. of photons « no. of photoelectrons.
(d) On increasing the intensity of incident light, the
current in photoelectric cell will increase. The energy of
the photon (hv) will however not increase with increase in
intensity, and hence the kinetic energy of the emitted
electrons will not increase. The photoelectric current does
not depends on frequency of light.
(b) According to Einstein’s equation, KE = hv—hy,
KE depends upon the frequency. Photoelectrons are
emitted only 1f incident frequency 1s more than threshold
frequency.
(a) When a light of single frequency falls on the

electrons of inner layer of metal, then this electron comes
out of the metal surface afier a large number of collisions.

(a)

@ (A)—>(2);(B) = (3) (C) > (1): (D) = (4)
(Frequency) For occurence of photoelectric effect, the
incident light should have frequency more than a certain
minimum which is called the threshold frequency (vg)-

We have, %mvz Zhl’—hvo

For photoelectric effect emission v > v

where v is the frequency of the incident light.

(Mo _(Wo)z 4.5

. ; _ . = =_'=2:|.
(2:1) he/h WO‘(ln)z (Won 23
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(_h ) (6.63x10 **x3x10%)
88. b_| de-Broglie’s relation, 3 =2 5. = he _16.63x Ko
|~ 2mk/ - =7 S0, E | 10°eV J
momentum p = y2mE % i e 663%107-3% %3108
= SgA=—=
WP (~E=K) E  10°x1.6x107'%)

v2mE V2mK

89. (Charge) The wavelength of the matter wave is
independent of charge.

=1.24x107x10% =124 x 10~ nm
91. (False) deBroglie wavelength, . = A
p

C As A

Giv
90. (1.2x10*nm) Energy ofa photon is E=l;— (Given)

proton zj'clccuun
> pclccum_ ppmlon

Where A is the mini ik BT o o
ere A IS the minimum wavelen 1 0 ¢ oton ialee » = ’
g p 93. (False) eV, =hv,

2 : . hv,; eV, =hv, - hy
0> “ V2 2 0
required to ¢ject the proton from nucleus.

Energy of photon must be equal to the binding energy of V, =V, = &(L_L) =1.03¢V
proton. e\l 2 '
So, energy of a photon, E = 1 MeV = 10%V  (given) Amy  V 6.22x10°
4 ’ . 94, (Truc) ‘:ﬂ = —1 = )'llh = —4 =0.622 A
( s hc) Ay V2 - 10
Now, E=—
A
‘ BHYSICS
A E [P ' DUAL NATURE
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