Chapter

Dual Nature of Radiation and
Matter

[ﬁj Topic-1: Matter Waves, Cathode and Positive Rays

R S H AL £
1. Aproton has kinetic energy £ = 100 keV which is equal to
that of a photon, The wavelength of photon is A, and that
of proton is A,. The ratio of A,/ is proportional to
[20048]
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2. A particle of mass M at rest decays into two particles of

masses m, and m,, having non-zero velocities, Theratio
of thede éroglie wavelengths of the particles, A /A, is

[1999S - 2 Marks]

(a) J'MIIMPI2 (b) mz.-"m]

© 10 () fmy [ Jm;

An o,;part1c]e and a proton are a
potential difference of 100 V. After this, their de Broglie

S
ccelerated from rest by a

A

% : ’ P
wavelengths are & and A . respectively. The ratio ,to

A

the nearest integer, is [2%10]

The potential energy of a particle of mass m is given by

Bl i S

Ey; 0<x<1
Vix)=
0; x>l

%y and X, are the de-Broglie wavelengths of the particle,
when () < x <1 and x > 1 respectively. If the total energy

of particleis 2E, find &.; / A, [2005-2 Marks]

CE?J Topic-2: Photon, Photoelectric Effect X-rays and Davisson-Germer Experiment

=

1. When light of a given wavelength is incident on a metallic
surface, the minimum potential needed to stop the emitted
photoelectrons is 6.0 ¥. This potential drops t0 0.6 Vif another
source with wavelength four times that of the first one and
intensity half ofthe first one is used. Whatare the wavelength
of the first source and the work function of the metal,

) g i
respectively? [Take — = 1.24 x 10 JmC™".] [Adv. 2022]
e

(@) 1.72x107m,120eV  (b) 1.72x107m,5.60eV
(c) 378%10"m,560eV  (d) 3.78x107m, 1.20eV

2. This equation has statement 1 and statement 2. Of the
four choices given after the statements, choose the one
that 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. [2012]
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(a) Statement 1 is false, Statement 2 is true.

(b) Statement 1 is true, Statement 2 is false

(c) Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation of statement 1

(d) Statement | is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1

[n a historical experiment to determine Planck's constant,

a metal surface was irradiated with light of different

wavelengths. The emitted photoelectron energies were

measured by applying a stopping potential. The relevant

data for the wavelength (1) of incident light and the

corresponding stopping potential (V) are given below :

A (um) V,, (Volt)
03 20
04 10
0.5 04
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Giventhatc=3 x 10®ms~!ande=1.6 x 1071% C, Planck's

constant (in units of J s) found from such an experiment is
[Ady. 2016]

(b) 6.4x10734

@ 6.8x10734

(a) 6.0x 10734
(©) 6.6x10734

" A metal surface is illuminated by light of two different

wavelengths 248 nm and 310 nm. The maximum speeds of
the photoelectrons corresponding to these wavelengths
are u, and u,, respectively. If the ratiou; 1 uy =2 : 1 and
he=1240 eV nm, the work function of the metal is nearly

[Adv. 2014]
(@) 3.7eV (b) 32eV
(c) 28eV (d) 25eV
If Ay, is the wavelength of K X-ray line of copper (atomic
number 29) and L is the wavelength of the K, X-ray line
of molybdenum (atomic number 42), then the ratio A /
Ano 18 close to [Adv. 2014]
(@ 19 @®) 214 (c) 050 (d) 048
A pulse of light of duration 100 ns is absorbed completely
by a small object initially at rest. Power of the pulse is 30
mW and the speed of light is 3x10% ms~!. The final
momentum of the object is [Adv. 2013]
@@ 03x107kgms?! (b) 3.0x107'7kgms!
(¢) 1.0x107kgms™! (d) 9.0x 1077 kgms!
Which one of the following statements is WRONG in the
context of X-rays generated from a X-ray tube? [2008]
(a) Wavelength of characteristic X-rays decreases when
the atomic number of the target increases.
(b) Cut-off wavelength of the continuous X-rays
depends on the atomic number of the target
(c) Intensity of the characteristic X-rays depends on the
electrical power given to the X-ray tube
(d) Cut-off wavelength of the continuous X-rays depends
on the energy of the electrons in the X-ray tube
Electrons with de-Broglie wavelength A fall on the target in
an X-ray tube. The cut-off wavelength of the emitted X-

rays is [2007]
2men 2h
@ Ap= ® ro=—
h mc
2943
© x{}:z’”zl @ Ao=n
h

K, wavelength emitted by an atom of atomic number
Z=111is \. Find the atomic number for an atom that emits
K, radiation with wavelength 4A. [2005S]
(a) Z=6 (b) Z=4 (c) Z=11 (d) Z=44

In a photoelectric experiment anode potential is plotted
against plate current. [20048]

N

o]

> ®

7>
(a) A and B will have different intensities while Band C
will have different frequencies

11.

12.

13.

14.

15,

16.

17.

18.

cnrene €

B and C will have different intensities while 4 and C

will have different frequencies

(c) A and B will have different intensities while 4 and C
will have equal frequencies

(d) Band Cwill have equal intensities while 4 and B will
have same frequencies

The potential difference applied to an X-ray tube is 5kV

and the current through it is 3.2mA. Then the number of

electrons striking the target per second is [2002S]

@ 2x10'°®) 5x10° (¢) 1x107 (d) 4x10

The intensity of X-rays from a Coolidge tube is plotted
against wavelength 1 as shown in the figure. The minimum
wavelength found is 1. -and the wavelength of the K line s

M- As the accelerating voltage is increased [2001S]
|

(b)

(@) Ag- A increases
(b) Ag-Adecreases
(c) Agincreases

(d) Ay decreases T T

Electrons with energy 80keV are incident on the tungsten target

of an X-ray tube. K-shell electrons of tungsten have 72.5 keV

energy. X-rays emitted by the tube contain only [20008]

(a) acontinuous X-ray spectrum (Bremsstrahlung) with

aminimum wavelength of 0.155A ]

a continuous X-ray spectrum (Bremsstrahlung) with

all wavelengths

the characteristic X-ray spectrum of tungsten

a continuous X-ray spectrum (Bremsstrahlung) with

a minimum wavelength of 0.155A and the

characteristic X-ray spectrum of tungsten.

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 [1998S -2 Marks]

(@) 540nm(b) 400nm (¢) 310nm (d) 220nm

X-rays are produced in an X-ray tube operating at a given

accelerating voltage. The wavelength of the continuous

X-rays has values from [1998S - 2 Marks]|

(a) Otooo

(b)  Appyin to %0 where A >0

©

(d)  Amin 10 Apay Where 0< Ay < Apax <0

The maximum kinetic energy of photoelectrons emitted

from a surface when photons of energy 6 eV fall on itis 4

eV. The stopping potential, in volt, is [1997 - 1 Mark]

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

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 [1995S]

@ 382 (b) 492 (c) 518 @ 790

The X-raybeam coming from an X-ray tube will be

(a) monochromatic [1985 - 2 Marks]

(b) having all wavelengths smaller than a certain maximum
wavelength

(b)

(c)
(@

0to A pay Where A ., <o
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(c)  havingall wavelengths larger than a certain minimum
wavelength
(d)- having all wavelengths lying between a minimum
‘and a maximum wavelength
19. Theshortest wavelength of X-rays emitted from an X-ray
tube depends on [1982 - 3 Marks]
(a) " the current in the tube
(b) the voltage applied to the tube
(c) - the nature of the gas in tube
(d)" ‘the atomic number of the target material

20. In & photoemission experiment, the maximum kinetic
energies of photoelectrons from metals P, Qand Rarc E,,
E_and E,, respectively, and they are related by E, = 2E
= 2E_ .In this experiment, the same source o
mmoghromatic light is used for metals P and Q while a
different source of monochromatic light is used for the
metal R. The work functions for metals P, Q and R are
4.0eV,4.5eV and 5.5 eV, respectively. The energy of the
incident photon used for metal R, ineV,is .

[Adv. 2021]

21. A perfectly reflecting mirror of mass M mounted on a
spring constitutes a spring-mass system of angular
frequency such that = 102*m? with & as Planck’s
constant. N photons of wavelength A= 8x x 10°° m strike
the mirror simultaneously at
normal incidence such that the
mirror gets displaced by 1um. If
the value of Nis x x 10'2, then the
val_}'ic'_qf' x is
[Comsider the spring as massless]

3T [Adv. 2019] Mitror

22. The work functions of Silver and Sodium are 4.6 and
2.3 eV, respectively. The ratio of the slope of the
stopping potential versus frequency plot for Silver
to that of Sodium is [Adv. 2013-1]

23. Asilver sphere of radius 1 cm and work function 4.7 eV is
suspended from an insulating thread in freespace. It is
under continuous illumination 0f 200 nm wavelength light.
As photoelectrons are emitted, the sphere gets charged
and dcquires a potential. The maximum number of
phetoelectrons emitted from the sphere is A x 10* (where

1 <A< 10). The valueof ‘z’is [2011]

Light

In‘a photoelectric experiment a parallel beam of
monochromatic light with power of 200 Wis incident on a
perfectly absorbing cathode of work function 6.25 eV. The
frequency of light is just above the threshold frequency
so that the photoelectrons are emitted with negligible
kinetic energy. Assume that the photoelectron emission
efficiencyis 100%. A potential difference of 500 Visapplied
between the cathode and the anode. All the emitted
electrons are incident normally on the anode and are
absorbed. The anode experiences a force F=n < 107#N
due to the impact of the electrons. The value of n is
. Mass of the electron m, =9 x10-3! kg and
1.0eV =1.6x10719J. [Adv. 2018]

B87

25. The wavelength of K_ X-rays produced by an X-ray tube

is 0.76A. The atomic humber of the anode material of the

tube is..... [1996 - 2 Marks]
26. A potential difference of 20 kV is applied across an X-ray
tube. The minimum wavelength of X-rays generated
16 v [1996 - 2 Marks]
27. In an X-ray tube, electrons accelerated through a potential
difference of 15, 000 volts strike a copper target. The speed
of the emitted X-ray inside the tube is ........c.cc.c.. M/S
[1992 - 1 Mark]
The wavelength of the characteristic X-ray K, line
emitted by a hydrogen like element is 0.32 A. The
wavelength of the Ky line emitted by the same element
willbe............ [1990 - 2 Marks]
When the number of elecirons striking the anode of an
X-ray tube is increased, the ........ of the emitted X-rays
increases, while when the speeds of the electrons striking
the anode are increased, the cut-off wavelength of the
emitted X-rays......... [1986 - 2 Marks]
The maximum kinetic energy of electrons emitted in the
photoelectric effect is linearly dependent on the ...... of the
incident radiation. [1984- 2 Marks]
31. To produce characteristic X-rays using a Tungsten target
in an X-ray generator, the accelerating voltage should be
greater than volts and the energy of the
characteristic radiation is eV.
(The binding energy of the innermost electron in Tungsten
is 40 keV). [1983 - 2 Marks]

& 5

32. Inaphotoelectric emission process the maximum energy
of the photo-electrons increases with increasing intensity
of the incident light. [1986 - 3 Marks]

33. The kinetic energy of photoelectrons emitted by a
photosensitive surface depends on the intensity of the
incident radiation. [1981-2 Marks]

34.

Light of wavelength A, falls on a cathode plate inside a
vacuum tube as shown in the figure. The work function
of the cathode surface is ¢ and the anode is a wire mesh of
conducting material kept at a distance d from the cathode.
A potential difference V is maintained between the
electrodes. If the minimum de Broglie wavelength of the
electrons passing through the anode is A, which of the
following statement(s) is (are) true? [Adv. 2016]

ﬁi-l"FLig’hr

i
- > > —
.ﬂ Electrons

\")
‘ -l +
I

28.

29.

30.

(a) 1, decreases with increase in ¢ and A,

(b) A, is approximately halved, if d is doubled

(¢c) For large potential difference (V >> d/e), A, is
approximately halved if V is made four times

(d) A increases at the same rate as Ay, for A < he/d
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For ﬁhnto-clectric effect with incident photon wavelength
A, the stopping potential is V,. Identify the correct

variation(s) of ¥, with A and 1/A. [Ady. 2015]
Vs Vo
(@) (b)
% A
© Yo @ Y
1 1/
The graph between the stopping potential () and [%}

is shown in the figure. ¢y, ¢, and ¢; are work functions,
which of the following is/are correct [2006 - 5M, 1]

Vo
Metal I Metal 2 Metal 3
/)/ b3
— 1
0001 0002 0004 ™)
(@ O0:0:03=1:2:4
b)) d:¢r:03=4:2:1
he
(c) tanBeoc—
e
ultravioletlight can be used to emit photoelectrons

from metal 2 and metal 3 only
‘When photons of energy 4,25 eV strike the surface of metal
A, the ejected photoelectrons have maximum kinetic energy,
T eV and de Broglie wavelength A ,. The maximum kinetic
energy of photoelectrons liberated from another metal B by
photons of energy 4.70 ¢Vis Tz = (T; —1.50)eV.Ifthe de
Broglie wavelength of these photoelectrons is Ap = 22 4.
then [1994 - 2 Marks]
(@) The work function of 4 is2.25eV
(b) Thework function of Bis4.20 eV
(¢) T,=2.00eV
(@ Ip=2.75eV
‘When a monochromatic point source of light is at a distance
0f 0.2 m from a photoelectric cell, the cut off voltage and
the saturation current are respectively 0.6 V and 18.0 mA.
If the same source is placed 0.6 m away from the
photoelectric cell, then [1992 - 2 Marks]
(a) the stopping potential will be 0.2 volt
(b) the stopping potential will be 0.6 volt
(c) the saturation current will be 6.0 mA
(d) the saturation current will be 2.0 mA
The potential difference applied to an X-ray tube is increased.
Asaresult, in the emitted radiation [1988 - 2 Marks]
(a) the intensity increases
(b) the minimum wavelength increases
(c) theintensity remain unchanged
(d) theminimum wavelength decreases

&

42. Match the temperature of a black body given in List-I

cnrene €

©(d)

Photoelectric effect supports quantum nature of
light because [1987 - 2 Marks]
(a) thereis a minimum frequency of light below which no
photoelectrons are emitted
(b)  the maximum kinetic energy of photo electrons depends
only on the frequency of light and not on its intensity
(¢) even when the metal surface is faintly illuminated,
the photoelectrons leave the surface immediately
clectric charge of the photoelectrons is quantized
The threshold wavelength for photoelectric emission from
a material is 5200 A. Photoelectrons will be emitted when
this material is illuminated with monochromatic radiation
froma [1982 -3 Marks]
(a) 50wattinfrared lamp (b) 1-watt infra-red lamp
(¢) SOwattultravioletlamp (d) 1-watt ultraviolet lamp

i

with an appropriate statement in List-II, and choose the
correct option, : [Adv. 2023]
[Given: Wien's constant a5 2.9 x 10> m-K

and 2% = 194075 V-m]

e
List-11
The radiation at peak wavelength
can lead to emission of
photoelectrons from a metal of
work function 4 eV.
The radiation at peak wavelength
is visible to human eye.
The radiation at peak emission
wavelength will result in the widest
central maximum of a single slit
diffraction.
The power emitted per unit area is
1/16 of that emitted by a blackbody
at temperature 6000 K.

(5) Theradiation at peak emission
wavelength can be used to image
human bones.

P-3,Q—-5R->2,8>53
(b) P>3,052.R>54,8>1
(c) P>3,0Q0-24R->2 81
P>51,032,R—>5S8—-3

List-1
2000K (D

Q) 3000K

®R)

@)

S000K  (3)

() 10000K @)

o STATEMENT-1: Ifthe acce lérag potnlal in ay

tube is increased, the wavelengths of the characteristic X-

rays do not change.

STATEMENT-2: When an electron beam strikes the target

in an X-ray tube, part of the kinetic energy is converted

into X-ray energy. [2007]

(a) Statement-1is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-
218 NOT a correct explanation for Statement-1

(¢) Statement-1is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

@g www.studentbro.in



Dual Nature of Radiation and Matter

g 10 - _..:.::

44. Inaphotoelectric experiment set up, photons of energy 5
eV falls on the cathode having work function 3 eV, (a)
Ifthe saturation current is i , = 4pA for intensity 105 W/
m?, then plot a graph between anode potential and current.
(b) Also draw a graph for intensity of incident radiation
2% 107> W/m?. [2003 - 2 Marks]

45. Frequency of a photon emitted due to transition of
electron of a certain element from L to K shell is found to
be 4.2 x 1018 Hz. Using Moseley’s law, find the atomic
number of the element, given that the Rydberg’s constant
R=11x10"m™. [2003 - 2 Marks|

46. Twometallic plates 4 and B, each of area 5% 107 m?2, are
placed parallel to each other at a separation of 1 cm. Plate B
carries a positive charge of 3.7 x 1012 C. Amonochromatic
beam of light, with photons of energy 5 eV each, starts falling
on plate 4 at t= 0 so that 10'¢ photons fall on it per square
meter per second. Assume that one photoelectron is emitted
for every 10 incident photons. Also assume that all the

25 S

emitted photoelectrons are collected by plate B and the work

function of plate 4 remains constant at the value 2¢V. Determine
12002 - 5 Marks]

(@) the number of photoelectrons emitted up to 1 = 10's,

(b) the magnitude of the electric field between the plates

B89

Aand Batt=10s,and
(c) thekinetic energy of the most energetic photoelectron
emitted at ¢= 10 s when it reaches plate B.
Neglect the time taken by the photoelectron to reach plate B.
Take &,=8.85 x 10712 C2/N-m?

47. Photoclectrons are emitted when 40 nm radiation is incident
on a surface of work function 1.9 eV. These photoelectrons
pass through a region containing a-particles. A maximum
energy electron combines with an c-particle to form a He*
ion, emitting a single photon in this process. He" ions thus
formed are in their fourth excited state. Find the energies in
¢V of the photons, lying in the 2 to 4 eV range, that are likely
to be emitted during and afier the combination. [Take h =
4.14x10 3 eVs.] [1999 - 5 Marks]

48. Assume that the de Broglie wave associated with an
electron can form a standing wave between the atoms
arranged in a one dimensional array with nodes at each of
the atomic sites. It is found that one such standing wave
is formed if the distance d between the atoms of the array
is 2A. A similar standing wave is again formed if d is
increased to 2.5 A but not for any intermediate value of d.
Find the energy of the electrons in electron volts and the
least value of d for which the standing wave of the type
described above can form. [1997 - 5 Marks]

Topic-3: Miscellaneous (Mixed Concepts) Problems

& S ARASLE R SRR
1. A proton is fired from very far away towards a nucleus
with charge O = 120 e, where e is the electronic charge.
It makes a closest approach of 10 fin to the nucleus. The de
Broglie wavelength (in units of fm) of the proton at its
start is: (take the proton mass, m,= (5/3) x 1027 kg; hle

1
=42x10157s/C; o =9x10°m/F: 1 fin=10"m [2012]

Eg
€5 I

2.  Thefilament of a light bulb has surface area 64 mm?. The
filament can be considered as a black body at temperature
2500 K emitting radiation like a point source when viewed
from far. At night the light bulb is observed from a distance

pE e N S5 O D e T Sy T, s Ty e

g Answer Key

of 100 m. Assume the pupil of the eyes of the observer to

be circular with radius 3 mm. Then

(Take Stefan-Boltzmann constant=5.67 * 10~8 Wm 2K,

Wien's displacement constant=2.90 x 10~ m-K, Planck’s

constant = 6,63 x 10734 Js, speed of light in vacuum

=300x108ms™) [Adv2016]

(a) power radiated by the filament is in the range 642 W
to 645 W

(b) radiated power entering into one eye of the observer
isintherange 3.15x 108 Wt03.25 x 108 W

(c) the wavelength corresponding to the maximum
intensity of light is 1160 nm

(d) taking the average wavelength of emitted radiation to
be 1740 nm, the total number of photons entering per
second into one eye of the observer is in the range
2.75x 101 t02.85 x 10*!

Topic-1 : Matter Waves, Cathode and Positive Rays
1. (d 2.0 . 0
Topic-2 : Photon, Photoelectric Effect X-rays and Davisson-Germer Experiment

1. (a) 2. (a) 3. (b) 4. (a) 5. (b 6. (h) 7. (b) 8. (a) 9, (a) 10. (d)
0 @ 12 @ 13. () 14 ( 15 ® 16 (0 17.(@ 18 () 19 () 20. (6
2. () 22 () 23 (1) 24 (2400)32. (False)33. (False)34. ()  35. (0 36. (2,037 (abo)
38. (b,d) 39. (c,d) 40. (a,b,c) 41. (c.d) 42. (c) 43. (b)

Topic-3 : Miscelluneous (Mixed Concepts) Problems
@) 2 (beid)
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Hints & Solutions

Topic-1: Matter Waves, Cathode and

Positive Rays
he g

(d) For photon, A, = ~E— .(1)

h h V‘r—f L
For proton, A L= ; = :E]——'——IE— vop= 2mE (1)
cda_ ke 2
; » e

E x
~N2mE

(c) Applying conservation of linear momentum, P, = P,
0 =my, —my, = myv, =m,v, 3

de-Broglie wavelength }, = 2
P

! )._1_ Bl myvy =y
ka3 7 Rl myvs i
My =|MoPs |

f 1
(3) We know that, A = e 0L, ) 20—
52 mq \/qm

oul

m pfi o

h
de-Broglie wavelength A =—= A =
my

when 0<x<1
Potential energy E,
and total energy = 2E, (given)
Kinetic energy K.E. = 2E -
h .
J2mE, (1)
when x > |
Potential energy = 0
and total energy = 2E, (given)
- Kinetic energy = 2E
h

R ) (i)

2F AT
it
By

E,=E,

hy =

A
Dividing eq. (i) by (i) — =

C_L__TJ Topic-2; Photon, Photoelectric Effect X-rays
(=

and Davisson-Germer Experiment
(a) By Einstein Photoelectric equation
hC
} —¢= evswpping
hC :
For Ist source, — —¢ =6e (i)

A

2.

hC
For IInd source, T ¢ =0.6¢e -Aii)
Substracting (ii) from (i), we get

2 hc 213’6x124x10—6_172x10—7

4><5 4 e
So, ¢=I—6e [from (i)]

e }_12400_6_1 R~

@) Dawsson Gcrmer experiment showed that electron
beams can undergo diffraction when passed through
atomic crystal. This established wave nature of electron
as waves can exhibit interference and diffraction.

{b) E“'E—}/ and Ag —2‘ fo_’[ -———¢=EVO)
e, e ek, e L

he 1
B R
' [7*1 lzjl 9

ey ~Vo, iy
Az —A)e
From the first two values given in data
_ 1.6x107°[2-1]x0.4x03x107°
0.1x3x10°
h=0.64x10" =6.4x107 s
Similarly if we calculate b for the last two values of data we get
same values of & = 6.4 x 1075

hC 1
(a) Here, ?-¢=5’"“12 (D)

hC R
and T_‘b = = mith . (i)
2 -
Dividing equations, (i) by (ii)
hC
_}. “— ¢ . 1240 0%
M w248 " _4
BT e
Xa 310
1240 4x1240
-6= ~4% . ¢=37eV
248 T e
Hence the work function of the metal is nearly, ¢ = 3.7 eV
e i)
) S5 = { ; —3J For K-series, b = 1 and for k_
= ) M

2 1
transition np=2tom =1 .. —oc(z —1)2
: )

o (Bl =(42‘1)2 =[ﬂ]2 =214

At (Zcﬂ—‘_}l 29-1 28
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(b) Final momentum,
_E_Pxt 30x107x100x1077
3x10°

c c

=1.0x10"" kg ms™'

(b) The wavelength of continuous X - rays s mdependent of the
atomic number of target material. Wave length of ckamacteristic X-ray
depends on atomic number of target matenial.

(a) The cut off wavelength of the emitted X-ray,

he

Ap = = (i

= eV @
According to de Broglie equation
l = i = h

P 2meV
2 o
ora? = : V= A (i)
2meV Imed 2 -

From eq. (i) and (ii),

s hex2mer?  2me)?
L3 eh? o

(a) ForKu,le-:x(Z—l]z

 h_ @G-
Mo (Z-1) A

o _ (11-1?
-1 -

= Zz—l=129 .'.22 =6

(d) Saturation current = (intensity) and stopping potential increases
with increase in frequency. From the graph it is clear that 4 and B have
the same stopping potential and therefore, the same frequency. Ao, B
and C have the same intensity.

(a) As we know, !:g:%

.. No. of electrons striking the target per second
I
—=Z-2x10'®
14 €

(a) In case of Coolidge tube & = = k—; =%

Thus the minimum wavelength is ﬁwerse]y proportional to
accelerating voltage. As V increases, A _decreases. i, is the
wavelength of K line which is independent of accelerating voltage
of bombarding electron. Since A, always refers to a photon
wavelength of transition of e~ from 11]8 target element from 2 — 1.
Therefore &, — A increases as accelerating voltage is increased.

(d) Minimum wave length of continuous X-ray spectrum
he
A"mi:l > E

12375

min - gOx10°

Energy of incident electrons is greater than the ionization energy

of electrons in K-shell, the K-shell electrons will be knocked off.
Hence, characteristic X-ray spectrum will be obtained.

A=0.155A [ E =80 kev given]

he  6.63x1073% x3x10%

© A= 4 406x10) =310 % 10~°m.

=310 nm

185,

16.

17.

18.
19.

20.

21.

22.

(b) The continuous X-ray spectrum is shown in figure.
All wavelengths > 7 . are found E
ie, b too; A >0
- 12400
where Ao, = ¥V (in volt)
Here ¥ is the applied voltage. Mot
(b) Stopping potential is the negative potential applied to stop
the electrons having maximum kinetic energy.
.. Stopping potential = 4 volt.
(d) According to question, 24.6 ev is required to remove one of
the electrons from & neutral hellum atom.
For helium ion, Z = 2 and for first orbitn = 1.
~13.6x 27
E=s———%0rm
n- (-
Energy required to remove this e =+ 54.4 eV
Total energy required = 54.4 + 24.6 =79 eV
h
() Cut-off wave length, A pin = —;
e
(b) The wavelength of characteristic X-rays depends on the type
of atoms of which the target material is made. It does not depend
on the accelerating potential. Cut-off wavelength depends on the
acceterating voltage.
When an electric beam strikes the target in an X-ray tube, part of the
kinetic energy approximately (2%) is converted into X-ray energy.
(6) From photoelectric equation, £ = ¢, + K.E.max
For metals Pand Q
E = ¢P+K§P=>El —4=Epand E; —-4.5 =EQ
Ep=2E 0 (given)
“ E\-4=2(E,-45)=>E;=5¢eV
E -4=Ep=5-4=E,
“ Ep=leVandE,=Ep=05¢eV
For metal R, E, — ¢, =KE,
. Ey—5.5=05
E,=0.5+55=6el
(1) From conservation of momentum principle, change in mo-
mentum of photon = change in momentum of mirror
2(NP) =MV,

- (e

Nh

A

—

136
x2% =_544¢eV

I
2 2T= M(AQ) [~V =AQ)
N_(@Jﬁ_mz‘* 107 x8nx107
h )2 4n 2
24
SHRACI et k=B 1S
h 4m
= N=1x10P=xx102 - x=1
(1) For photoelectric effect Vv
hv—¢=eV, ¢
W b _y
e e
The slope of V,, versus v graph 0 v

is a straight line with slope
h

tan® = — = constant
e

. The ratio of two slopes will be 1.
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25.

27.

29,
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h
(7) From Tc—di =-elj

1| he 30.
Stopping potential ¥, = = T‘i’ where
e
he = 1240eV -nm
1| 1240 1 1
= =—=47| = —[62-4.7] = —=x1.5¢V -
8[200 j! e[ 7] em1 5 o 3
1 1 n = no. of photo-
Buv=—>= 7€ { o J
4meg r  4mgy r  \electrons emitted
Vr(dneg) 1.5x1072
e 9x10°x1.6x1071°
son=1.04x10"
Comparing it with A x 10 we get, z=7
(24.00) Number of electrons emitted/s
200w
" 625x1.6x107%7
Force, F = Rate of change of linear momentum = Nv2m¥
200
= 625x1.6x10-1° A J2x9x10_3'x1.6x10'i9x500
= F=24x10*N[ K=eV : e=1.6x10"%=V=500]
n=24.00
1=R(z_1)z{;g_]
A 2 2
ol S 32
ForK ,n,=2andn, =1 7
-—-I—~1097 z 1”[ﬂ]~—i}
“076x1070 ~ M9TE-1F |50
= z-1=40 =Z=41 33.
n=2
Mx'my
n=1
The atomic number of the anode material of the tube is 41,
he  6.63x1073* x3x10%
M =~ = —_ 0,624 3.
eV 1.6x107Y x20x10°

All electromagnetic waves propagate at 3 x 10® m/sin vacuum.
. Speed of X-rays is 3 x 10®m/s in vacuum.

We know that

K, corresponds ton=2ton=1, %=C|:_z_‘I_J’ where C is

a constant
> =C[L_L]=£
0.32A 12 22 4
K, correspondston =3 ton = I, = '—“C[-I—‘L}=£
B A : ]2 32 9

Dividing, we get L. = 0.27 A

More the number of electrons striking the anode, more number of
photons of X-rays emitted. Hence more is the intensity of X-rays.
When the speed of the striking electrons on anode is increased,

cnrene €

the emitted X-rays have greater energy. And energy, E = i;"_c -
. when E increases then i decreases.

According to Einstein’s photoelectric equation

(K.E.)m“ = hv - hv,

~ Maximum kinetic energy of electrons emitted in the
photoelectric effect is linearly dependent on the frequency of
incident radiation.

For characteristic X-rays

1 el 1-L] _E
A k.@ ])2[ n? he

As for minimum accelerating voltage, electron jumps from n =
lton=2.
The binding energy of innermost electron in tungsten,
E,=40keV

1

£ _ e
Y

Dividing eq. (i) by (ii)

-]
2] =L__L sp =35 <3 va0,000ev
E, [ 1 } 47 4

=g

oo

. Vinin =30,000 eV =30x10°V
(False) .
According to Einstein’s photoelectric equation, (KE), .. =hv-
hvy = (KE),, x v
Thus maximum kinetic energy is proportional ta frequency and
not intensity.
(False)
The kinetic energy of photo electrons emitted depends on
frequency (v) of incident radiation. For photoelectric effect
hv - hvy=(KE)_
where & = Planck’s constt,
Vo = Threshold frequency
= (K.E.)mu x v
K.E. does not depend on the intensity of incident radiation.
(c) de-Broglie wavelength passing through the anode,

h h
z_ =e—=
° P 2m(KE)
‘When ¢ increases, K.E. decreases and therefore i, increases
When 4, increases, Np, decreases | K E decreases and therefore

Ae increases,
e is independent of the distance d.

he h?
Also after reaching anode, i‘g‘f"-"—‘i':-

2m3.2
{M: h ] . he Py
2|I]k£ iy c;‘-ph

For V>>g‘, p<<eV

h2
ez O

V-i:
€
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. i For metal B
{ I=(T,-15)+W, ...(iif)
Also <<V . fromeq(i). hex—— g liai B
i q (D). Ae W 2
Hence, if V is made four times, A, is approximately half. And Tp = 3 ..(iv)
35. (a,c) We know that 2mAy
hC he he(l] () 2 2
bbbl A Nk B -l T, h 2mdy %
poAmeh R op =galbsep pons il 2 TSRO LY |

1
Therefore ¥, versus x graph is a straight line with negative
hc b
slope and positive intercept | —
For Vn versus A, we will get a hy'perbola as A decreases V,

he
increases. And V, becomwzemwhcn[ ] ‘ble whenA=2,

he ¢

he
36. (a, ¢) From eV=‘l—-¢V=a—;AIV=0, G 20,10, .

=0.001:0.002:0.004=1:2:4
Yo
Metal 1 Metal 2 Metal 3

6 % 63

(] (1 ]

-]
0.001 0002 o004 /A (am )

39.

he
By Einstein’s photoelectric equation, T—fb =

(1)

From the graph ¥ versus — it is clear that, 42.

=0. 002(nm)ﬁ 0 = 500nm and ?..03 = 250nm
Violet colour light has wavelength 400 nm.
Therefore, this light will be unable to show photoelectric effect
on plate 3 can eject photoelectrons from metal-1 and metal-2.
37.  (a,b,c) From Einstein’s photoelectric equation, K, =E-W
For metal 4
425=W, +T, i)
mvj =

Also TAz':?l"

Get More Learning Materials Here : &

38.

. Saturation current oc —

40.

cnrene €

Dividing equation (iv) by (ii), T, Zmli % l%

o Tis . G0 :
=—2to=—fr=— [+ Ag=2L, given]
T () e 4 .
=4T,-6=T, ». T,=2eV

Putting this value of T, in equation (i) and (ii) we get
W,=225eVand Wy=4.2eV

Aiso Ty=T,~ 1.5 = T,=0.5¢V

(b, d) There is no change in stopping potential by increasing the
distance of source from the cell as neither the energy of incident
light nor the work function of metal wil change. The saturation
current depends on the intensity (D) of incident light on the cathode
of the photocell.

1
Intensity, 1 o — and saturation current o /
r

(Saturation current) gy rnz,i-

»2 " (Saturation current)yiay 52,
! 0.2x0.2
2 (Saturation C )  =— =2mA
(Saturation Current), 0.6x0.6’(18

Hence the saturation current will be 2.0 mA4
(¢, d) When potential difference (V) applied to an X-ray tube
12375

is increased, the minimum wavelength Amgin = will
decrease.

Potential difference or voltage (V) does not change the intensity
of emitted radiation,

(a, b, c)

(c, d) For ejection of electrons, the wavelength of the light
should be less than threshold wavelength, 5200 A, U.V light has
less wavelength than 5200 A

(c) From Wien's displacement lens, A, T=Db(constant)
andb=2.9x 10 mK

-3
When T=200K (P), A = > = 22X107
T 2000
= 1450 nm (max)
When T = 3000K (Q)
-3
}Jn-_—g.:g_xlo_:gﬁﬁ_ﬁﬁnm
3000

When T= 5000K (R)

29x107°
A, =—————=580nm
™ 5000

When T = 10000K (s)
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29x1073 : dy Wy,
== = E —— e — -_—
5= oo 290nm min 220 s, 28} (O5-02y)
AD 17.7x1072
) A : _AD . ; :
For option (P) .. maximum and B q P PPy R 2000 NiC
" widest central maximum (¢) K.E.of most energetic particles = energy of photoelectrons due
For option (Q) Power E{ﬁhi :}‘i“: E"'-‘E;‘):"kz';“:“; by photoelectrons between the plates
P3000= OA (3000)* 47.  Given: Work function, ¢ = 1.9 ev and = 400nm
Pgooo= OA (6000)* =400 % 10° m The energy of the incident photon is
4
S (_I'J =L, P3000 =LP5000 E =iTE = (414x10eVs)3x10°m/s) =3.leV
Psooo \2/ 16 16 A (400 x107%m)
For (R) Wavelength 1= 580 nm ;he fﬂ;@;ﬁ;ﬂﬁ& et % e
Visible to human eyes As per qlucstion ' ' '
For (S) = he 124x10° T Emitted electrons of e ik
LS 4 o maximum kinetic energy ) 2 in 4th excited state
290 nm < 310 nm so this radiation lead to emission of + 1 photon
photo electrons from a metal of work function The fourth excited state implies that the electron 5“"3“;_ "‘mlhe
= n =) slate,
¢=dev. In this state its energy
For imaging human bones x—rays wavelength range 1-10 9 5 2
: : 6eV)(2
nm is used. Es =-13.62—2w=—gﬁe—2‘£_=—££6—c,—“{—1_
43.  (b) Note : Shortest wavelength means highest frequency So it 4 2 5
highest energy. Tt e » y e
Shortest or cut-off wave length of X-rays emitted from an X-ray The energy of the emitted photon in the above combination
tube depends on the voltage applied to the tube. g]; farmf; J;r(: E;) =inl -i;-‘:: : t:i;;:lss erHT: +3 AeV
) CTgies 0
Also, according to Moseley’s law [y = a(Z —b) . Thus the $ 13.66V)(22
frequency also depends on the atomic number. E, = Ef%‘i]@_): _3.4eV E = L__%_.(._} =-6.04eV
44. (a) eVy=hn—hn, =5-3=2¢V 4
V=2 volt 2
(b) Saturation current is doubled, when the intensity is doubled a (_13 '&V)(z ) s
L= 5 =gy
SuA (®)I=2 % 10~ w/m? Thespossible4transiiions are
4pA s 2 TS =
/ @T=10" wim AE=E,—E,=[-2.18-(-34)]eV=128 eV
n=5-n=3
tar =2y AE=E~E;=[-2.18(- 6.04)] ¢V =3.84 oV
n=5-53n=2
45.  Energy released during transition from n,ton AE=E.~E,=[-2.18-(- 13.6)] eV=114¢eV
] : n=4—n=3
o e S AE=E,~E =[-34-(-6.04)] eV =2.64 cV
v e( ) le nf } Hence, the photons that are likely to be emitted in the range of 2
o eVtodeVare 34 eV during combination, 3.84 eV and .64 eV
For transition L shell - K shell sfler combination
48. N fi ic sites
b=lny=2.n=1: (2 _Ugm{%_{l h odes are :nned at each of the atomic sites,
Putting the value of R=1.1 x 107 m™ andc =3 x 108 m/s, and St "(EJ (i)
solving we get Z = 42 g ; -
46. (a) Number of electrons incident on the metal plate A4 [ - Distance between successive nodes e

Get More Learning Materials Here : &

=10%x (5 x 104
. Number of photoelectrons emitted from platc 4 in 10 s

4 16
ne=(—5-x—w—:ﬁi0—xlﬂ=5><107

10
(b) At =10 sec charge on plate B
0,=33.7x102-5x107x 1.6 x 1079=257 x 10-12 C
and 0 =8 <1012 C

cnrene €

e S
SOOO, NN R
N™ N N N TN NegsK (n+1) loops

n loops

And2.5A=(n+1)—;~ (i)
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Dual Nature of Radiation and Matter

A
From eq (if) — (1) 0.5 = — .= 14

2
Now, de broglie wavelength
h W
A=—re =
omk K57,

. (6.63x107>4)?
1x1071%)? x2x9.1x107! x1.6x107"°
(

2
= (60 pevmisiev
8x0.1x1.6
d will be minimum, when only one loop is formed .. n =1
Soda =-?E =E =0.5A
S
ﬁ Topic-3: Miscellaneous (Mixed Concepts)
=) Problems

1. (7) From energy conservation Loss in K.E. of proton = gain in
potential energy of the proton — nucleus system
2
lmyz =-]_q1£ j g1 a4

dregy r = Z_m_4rreu r

= - 4rt50r.h2
S 2m\)f) dmg 7 TN @m

Putting the values of 4ne, r, h, g,, ¢, and m we get, de-Broglie
wavelength of proton, A = 7fm

1()_ 1 qe

) e

cnrene €

B213

(b, ¢, d) According to question,
surface area of filament of light bulb, A = 64 mm?
Temperature of filament, T = 2500 K
distance of bulb or source from observer, d = 100m
Radiu;;ofthepupiloftheeywofﬂneobsewer, Re=3mm=3
*x 107 m
(a) Power radiated by the filament P = gAeT?
=5.67 % 108 % 64 x 100% 1 x (2500)* = 141.75 w
(e =1 for black body)
Hence, option (a) is incorrect.
(b) Radiated power entering into one eye of the observer,

I=P
4

— x(nR2)

_ 14175
4nx(100)°

Hence, option (b) is correct

(c) From wein's displacement law, A, T=b

or, A, x 2500 =2.9x 1073

or, _=1.16x10% =1160 nm

Hence, option (c) is correct

(d) Total no. of photons entering per second into one eye of the

xmx(3x107)2=3.189375 x 10 W

he
observer =[TJXN"] =1
6.63x10734 x3x108
1740%107°

3.189375 x 108 = X Nphotons

S o ,22‘79 >t_10”
Hence, option (d) is correct.
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