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Chapter 2 (Particle Nature of Light)
Solution of Worksheet

Ans. 1: (a)

Solution: KE =hv—hy,
So plot of K.E. vs. frequency is a straight line with slope 4, i.e. 8 =tan' &, which is independent
of work function.

Ans. 2: (b)

Solution: Stopping potential is the negative potential which stops the emission of (KE)mX electrons

when applied. .. Stopping potential =4V
Ans. 3: (d)
Ans. 4: (d)
Solution: In photoelectric effect, the energy of electron is given as

2
MY W =  3eV =8eV -W

work function W =(8-3)eV , W =5eV

Now, if energy corresponding to v, is 8¢V, then energy corresponding to 1.2v, .

=1.2x8el =9.6eV so, energy of electron= hv —W =(9.6-5)eV =4.6eV

Ans. 5: (c)
1 g '
Solution: If the threshold frequency v, is given as then Emv2 =hv—hv, /
(KE),
where £ is Planck’s constant i.e., (KE) of electron = hv—hy, K
thus, y -axis is KE of electron and x-axis is frequency of incident ," N
Vv —»
photon.
Ans. 6: (d) Ia
Same intensity
Solution: At stopping potential, photoelectric current is zero. Saturation current
Itis same for 4 and B. ;B

..A and B will have equal frequencies c

Saturation current is proportional to intensity. B and JA

C will have equal intensity.

v

Option (d) represents correct answer
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Ans. 7: (d)
Solution: 7' =hv—hy,
hv=1241/253.7=4.89¢V
hv, =1,241/325=3.81eV
T=eV=489-381=1.08
The required potential is 1.08V
Ans. 8: (d)
Ans. 9: (a)
he

h
Solution: p=— F=—

P=2"77
Ans. 10: (c)

n.hc  nyhc
Solution: P=—-—=-2—"hence 4. >4, =n.>n,

1 o

Ans. 11: (c)
Ans. 12: (a)
Ans. 13: (c)
Ans. 14: (b)
Ans. 15: (c)

eV =hv=9 :h2v—¢: Vo :2—c >2 where c:i
eV, =hwv—-¢ 1V, 1-c hv

s

Solution: eV, =hv—-¢=g=hv—el,,, eV, =h2v—¢,

Ans. 16: (b)
Solution: Saturation photo current is proportional to intensity

Frequency will double then maximum kinetic energy will more than double.
Ans. 17: (c)

Solution: Stopping potential will not dependent on intensity .

Ans. 18: (d)
. . 1 o1
Solution: foc]oc— s0ic—
r r
Ans. 19: (c)
Solution: KE,_,, :E—yﬁ
A

Ans. 20: (c)
Solution: Zzﬁz h :>/”tocL

p 2mE Jm
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Ans. 21: (b)
Solution 16: g=4eV =4x1.6x107"°J
(a) Threshold wavelength = A

h he 6.63x107*x3x10° 6.63x3 107
B A0 _DoIx T X DBIXI, =3.1x107 m=3101m

¢ A ¢ 4x1.6x107" 64 107

(b) Stopping potential is 2.5V
E=¢+elV

_6.63x107* x3x10°

4425
Ax1.6x107"

h
:>7C:4><1.6><10’19 +1.6x10"°%x25 = 4

6.63x3x107%
= -19
1.6x10 7 x6.5

Ans. 22: (d)

=1.9125x10"7 =190 nm

Solution 18: A =400nm =400x10" m

v, =1.1V
E:E_Fe%
P

_34 8 -34 8
6.63x107" x3x10 :6.63><10 x3x10 1 1.6x107° x1.1

400x10°° A
19.89x107¢ 19.89 %107
=497 =220 176 =220 _497-17.6=3.21
0 0

P 19.89x107%

. =6.196x10" m = 620nm
321

Ans. 23: (c)

Solution: E = E, sin [(1.57>< 107m’1)(x—ct)]

7 8
W:1-57><107><C:>f:1'57><10 x3x10 I

2
W, =19eV
1.57x3x10"
Now, eV, = hv—W, = 4.14x 1075 x—22 22"~ | gey
2
-19
= 3.105-1.9=1205 eV . So, ¥, =20 VOO, 55

1.6x107"
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Ans. 24: (c)
Solution: W, =0.6eV

For W, to be min'A"'becomes maximum

34 8
W :E or /1:£:6.63x10 ><3><1910
A 0.6x1.6x10"

f =20.71x10"m=2071nm
W,

Ans. 25: (a)

Solution: The work function of lithium is 2.5eV . The threshold wavelength is

e (414x10els)x(3x10°ms ™) 1242 ehm

= = =497 nm
Q 25eV 2.5eV
This is the required maximum wavelength.
Ans. 26: (d)
200 Js~!
Solution: The energy of each photon = % =5x10"J
x107 s~
he (6.63x107Js)x(3x10°ms) ;
Wavelength =4 =—= =4.0x10""m =400nm
E (5x10™)
Ans. 27: (c)

Solution: The light contains two different frequencies. The one with larger frequency will cause

photoelectrons with largest kinetic energy. This larger frequency is

_ o 8x10°s™
2r 27

The maximum kinetic energy of the photoelectrons is

8x10"
Ko =hv—p = (4.14><10156Vs)><( . Slj—Z.OeV
2
=527eV -2.0eV =327¢V.
Ans. 28: (b)
Solution: Y v Scattered
,\| electron L/"fphoton
DN\ / N ¢ >
S Y Y [v=0 ¢ Recoiling
electron
incident photon

. After collision
Before collision
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The change in wavelength of scattered photon is given asAi:L(l—cosqﬁ)where @ is
0

scattered angle. Hence, ¢ =90° (given)

So, M:L(l—cos%") :L(l_o) oago

myc myc m,c
h
If 4 is wavelength of incident photon then wavelength of photon =4 +— (i)
mc
h
But moment of incident photon mc (given)=> A1 =—
mc
h h L 2h
So, wavelength of scattered photon =—+— by equation (i) 4, =—
mc  mc mc
Corresponding momentum —i Momentum —L —lmc
P & ) 2h 2

s _

mc
Ans. 29: (c)

Solution: This problem can be solved via the Compton Effect equation AA :ﬂc(l—cose), where @ is

the angle of the scattered photon and A. = h/(mec) is the so-called Compton Wavelength.

h
In this case, since the particles are protons, one has Al =——
m,c
_h
Ad_me 1
A h 1840
mc

Ans. 30: (a)
Solution: AA =4, (1—cos8)

When photon scatter in perpendicular direction then 6 zg =>AM=1

A
Fractional shift :Mzi

A A

Ans. 31: (c)
. 1 1
Solution: — =—+—— (1-cos®)
v v omyc

hV'ZL(l—cosﬁ)

( Y j
1+ >
mpc
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KE=hv—h' =hv- hv :KE:LZ
hv m,c

1 1—cos@ 1+—-2

+(mpczj( cos6) T

Ans. 32: (a)

Solution: % = E+k Where k is kinetic energy

_E_ he e hcAA
A (A+AQ) UA+AL)

Ans. 33: (b)

heAA .
Solution: K—hc E—C— E where L =A+AAL

A A MA+AL) 22
MSQ (Multiple Select Questions)
Ans. 34: (a), (b) and (c)
Solution: Consider metal 4
Incident energy = work function + Kinetic energy of photoelectrons
S 425(eV) =W, +T, (i)
2

Kinetic energy = 2i where P = momentum
m

2 2
P2 1 (A 1 ( h
. — by de Broglie equation .. 7', = — i
47 2m 2m[ﬂ,j y g a 2m[ﬂAJ ()
Consider metal B
4.7=(T,-1.5)+W, (iii)
1 (nY 1(nY
Also T,=—I|—| =—|— (iv)
2m\ A, 2m\ A,

From (iv) and (ii), we get

Qz[ﬁjz or L1 :[ﬁjz [T, =T,~15]
TA ﬂ“B TA ﬂ“B
2
or TA—1.5:[1AJ oy = 22,]
1, |24,

or  4T,—6.0=T, or 3T, =6

T, =2.00eV (v)
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from (i), W,=4.25-T,=4.25-2=2.25¢V

From (iii),
WB:4.7—(TA—1.5):4.7—(2—1.5):3.95eV (vii)
Again 1,=T7,-15=225-15=05eV (viii)

Option (a), (b), (c) are correct as depicted in equation (vi) (vii) and (v) above
Ans. 35: (a) and (c)

Solution: According to Einstein’s equation, v,
Metall Metal2 Metal3

%—q}:eV where ¢ = work function ¢/7¢3 /
or V:E_g or Vz(ﬁjl—g g

e e ejh e 0.001 0.002 0.004
1 l(nm’l)—>
V and (zj relation represents a straight line. J)
Slope of line :E or tan@zﬁ
e e
Option (c) is correct (i)
At V,=0
hc hc hc
60 p=—1—1— :(0.00Ihc):(0.002hc):(0.004hc):1:2:4
B N S

.. Option (a) is correct (ii)

Option (b) is obviously incorrect when (a) is correct.

From graph

1
—=0.001nm™" . 4, =1000nm for metal 1.
Z
L 0.0020m . Ay, =500nm for metal 2
A

1
. =0.004nm™" .. A, =250nm for metal 3.

3

A of ultraviolet < 400nm.

The ultraviolet light can be used to emit photoelectrons from metal 1 and metal 2. It cannot
emit electrons from metal 3.

Option (d) is incorrect.

Options (a) and (c) are correct.
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Ans. 36: (a), (b) and (d)

Solution: (a) According to Einstein’s photoelectric equation Incident Energy = work function +
Maximum kinetic energy of the photoelectron
or £=1.82+0.73
E=255eV (i)

(b) Quantum numbers of the two levels:

2

In case of hydrogen atom, £ = —(13'6j
n

SE=-136 eV, E,=-34 eV

E, =-0.85¢eV . The discharge tube contains hydrogen atoms

Since E, —E, =—0.85—(3.4)=2.55¢V (ii)

Hence the quantum numbers of the two levels involved in the emission of these photons are 4
and 2.

The transition occurs from 4 to 2 (ii)

(c) Change in angular momentum in above transition

AL=1L,-L,

or Mzz(ij—{ij orALzﬁ
2 2 T

(d) Recoil speed of the emitting atom: Momentum is conserved in the process

Momentum of hydrogen atom =mv

E
Momentum of emitted photon =— .. myv=—
c c

or . E of v 2.55x1.6x107"
" e (1.67x107 f3x10°)

orv=08l4m/s
.. Recoil speed of emitting atom 0.814m /s

Ans. 37:(a), (c) and (d)

Solution: The stopping potential for shorter wavelength is 3.95 volt i.e., maximum kinetic energy of
photoelectrons corresponding to shorter wavelength will be3.95eV . Further energy of incident

photons corresponding to shorter wavelength will be in transition from n=4to n=3.

E. . —E, - ~(13.6)3) _{—(13.6)(3)2}:5.9%[/

(4) (3)
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Now from the equation, K, =E—-W

Wehave, W =E-K__ =FE, ,—K_ . =(595-395)eV =2eV

Longer wavelength will correspond to transition from n =5to n=4. From the relation
L

A n, n

1 VRYIE! 1 _ 0
The longer wavelength, = = (1.094 x 10 X3) 6 35 or L=4514x10""m=4514 A

Energy corresponding to this wavelength,

12375eV
==

45144

E =274elV

.. Maximum kinetic energy of photoelectrons

K. . .=E-W= (2.74—2)eV =0.74eV or the stopping potential is 0.74 volt
Ans. 38: (a), (d)

_2x1.6x107"

T 4.9%10% sec™

Solution: For threshold frequency Af =2x1.6x10™" = f

K .=ho-W

For given wave maximum kinetic energy is for highest » so @=12.56x10" sec™

34 15 -1 -19
:6.6><10 Jsx12.56x107s "  82.8x10"J oV =8 24eV

hao = 5
2 6.28x1.6x10"

K . =ho-W =824eV —-2elV =6.24eV

Ans. 39: (c), (d)

Solution: Suppose the photoelectric effect does take place with a free electron due to the absorption
of a photon of energy 7' . The photoelectron must be ejected with energy in the incident
direction. Energy and momentum conservation give I’ = hv

P=hv/c
Equation (1) can be written as the relativistic relation connecting momentum and kinetic
energy

T*=c’p* =T +2Tmc?
Using (1) and (2) in (3), we get

2hv.imc® =0
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Neither # nor mc® is zero. We thus end up with an absurd situation. This only means that both
energy and momentum can not be conserved for photoelectric effect with a free electron.

Ans. 40: (a), (b), (c), (d)

Solution: 7, =4.25-W, (i)
T,=47-W, (ii)
T, pP 2
e Y (iii)
TB PB X’A
T,=T,-15 (iv)

Solving the above equations,

T,=2eV and I, =0.5¢eV
W,=2.25eV and W, =42¢eV

Ans. 41: (a), (b)
Ans. 42: (a), (b), (c)
Ans. 43: (b), (d)
Ans. 44: (a)

Ans. 45: (b)

Ans. 46: (a), (c), (d)
Ans. 47: (a), (c), (d)

Solution: (a) Here intensity =7 =1.4x10°w/m’ Intensity, / = POWEL 1 4x10°w/m?
area
. . nhc
Let number of photons / sec emitted =n .. Power = Energy emitted / sec = - =P

h
Number of photons /m* = n_;tc = intensity

,  Intensity x4 _ 1.9x10°x5x10”

21
= = - =3.5x10
he 6.63x107"x3x10

(b) Consider number of two parts at a distance » and r +dr from the source.

dv
The time interval 'dt ' in which the photon travel from one point to another = — = dr
e

In this time the total number of photons emitted = N = ndf = (p_ﬁjﬂ

he ) C
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These points will be present between two spherical shells of radii '#' and r+dr. It is the
distance of the 1st point from the source. Number of photons per volume in the shell

N Pidr 1  pA
27r2dr hc? Azrich  Arhcr?

(r+r+a’r):

In the case =1.5x10"m, 1 =500nm, =500x10"° m

P
=1.4x10°, .. Number of photons /m’ __r A
2 2 2
4rr 4zr” he
9
_1.4x10° x—200x10 ~1.2x10"

6.63x107" x3x10°
(c) Number photons = (Number of photons/sec/m*) x Area

:(3.5><10“)><4;zr2

=3.5x10" x4(3.14)(1.5x10"" ) =9.9x10"

Ans. 48: (a), (b), (c), (d)

Solution: W, =2.5x107"J

(a) We know W, = hv,

W, 2.5x107"
: :fzm:3.77><10”Hz=3.8><10”Hz
. X
(b) Knlax :hv_WO

or, K, =663x107""x6x10" —2.5x10™"" =0.91eV =0.91x1.6x10™""J =1.46x10""J
(c) 1=500nm=v=6x10"Hz
K =663x10""x6x10"-2.5%x10"" =091eV
(d) K, =eV =V =091V
Ans. 49: (a), (b), (c), (d)

Solution: (a) The energy of each photon is

4.14x10 % eVs )x(3x10°ms™"
E:@:( )x( ):12426Vnm:2.486V
A 500 nm 500 nm

(b) In one second, 10J of energy passes through any cross section of the beam. Thus, the

10J
48eV

number of photons crossing a cross sectionis n= =2.52x10"

This is also the number of photons falling on the surface per second and being absorbed.
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v
C

h
(c) The linear momentum of each photonis p=—=

The total momentum of all the photons falling per second on the surface is

Cnhv 10J 10

=333x10°Ns

c ¢ 3x10°ms™
(d) As the photons are completely absorbed by the surface, this much momentum is transferred

to the surface per second. The rate of change of the momentum of the surface, i.e., the force

dp _3.33x10°°
dt ls

onitis I = =333x10°N

Ans. 50: (a), (b), (c), (d)
Solution: The kinetic energy of the most energetic electrons is

gl 2ReVm oy — 0766V =12x107J

A 450 nm

The linear momentum = mv =+/2mK

= \/2 x(9.1x 10*31kg) x(1.2% 10’19J) =4.67x107 kgms™

When a charged particle is sent perpendicular to a magnetic field, it goes along a circle of radius

_my

Y =—
qB

4.67x10 " kgms™
(1.6><10’19C)><B

Thus, 020m =

25 -1
or, B= 4'67“1? k&ms 461077
(1.6x107°C)x(0.20m)

Ans. 51: (a) and (b)
Ans. 52: (b) and (c)

Solution: According to Compton scattering formula, the difference in wavelength of the scattered

A'and incident A photonis A'-A4 :i(] —cosH), where @ is the scattering angle. In our

mc
/] /] /]
case, # =90° and A'-4 =—_But F :—C, so E'= —C, where E’ is the energy of the
mc A A
hic h /] .me?
scattered photon. Thus, L —, from which E'= M
E' E mc E +mc?
E.mc? E*+ Emc* — E.mc? _ E?

Energy of recoil electron E—E =E — - = k _ :
E+mc E+mc E+mc
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Ans. 53:(a) and (b)

Ans. 54: (a), (c), (d)

Solution: (a) Let £ =hv be the energy of the scattered photon and /#v/c be its momentum
Energy conservation gives hv, = hvT (2)
where T is the electron’s kinetic energy.

Balancing momentum along and perpendicular to the direction of incidence

T L,

hv,hv/c
hv,/c=hvcos@/c+ P cosp (2)
O0=hvsin@/c+P,sing (3)
where P, is the electron momentum
Re-arranging (2) and (3) and squaring
2
Pezcoszgo:(ﬁ—hvcosej (%)
c c
h 2
P’sin’ g = (—vsin 9) (5)
c
Add (4) and (5) and using the relativistic equation
AP =T?+2Tmc* = (vé +v? —2v,vcos 49) (6)
Eliminating 7 between (1) and (2) and simplifying we get
E:EO/[1+a(l—cost9)] (7)

aE,(1-cosb)

T=E-EFE=E —-E /|1 1- ) |=T=—=> 7
(c) 0 ) 0/[ +a(1-cos )] v E—

(8)
(d) From (2) and (3), we get
cotp =(v, —vcosd)/vsiné

With the aid of (7), and re-arranging we find tan(9/2) = (1+a)tango (9)
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NAT (Numerical Answer Type)
Ans. 55: 6.24
Solution: K =ho—-W

For given wave maximum kinetic energy is for highest @ so @ =12.56x10" sec”’

34 15 —1 -19
_6.6x10 " Jsx12.56x10"s ~ _ 82.8x10 " J eV =8 24eV

ho = T
27 6.28x1.6x10"

K, =ho-W =>824eV —2eV =6.24eV

Ans. 56: 4 eV
Solution: The kinetic energy of photoelectron is given as
KE=hv-W
where v — frequency of incident photon W — work function of the substance /% —> Planck
constant
Now, hv, =8eV ,KE =2eV
So, work function =(8—2)eV W =6eV
Now, if hv,=8elV =125hv, =10el
Thus, hv=10eV , W =6eV = Kineticenergy =hv—-W =10eV —6eV =4eV
Ans.57:1.775eV
Solution: The maximum wavelength A of a photon which can emit electron from a metal is known as

threshold wavelength of the metal. The energy corresponding to this threshold wavelength is

equal to work function of the metal. Hence, Work function = Threshold energy

_he 6.624x107x3x10° _ 12375

= - eV =1.775¢V
Ao 7000x10 7000
Ans. 58: 310
Solution: 4__ :L,
work function
(6.63x107)x(3x10°%) ,
A = 5 or A =310x10"m
4x1.6x10
Ans.59: 5.5

12375

%)

Solution: Energy of photon in eV =

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559
Website: www.pravegaaeducation.com | Email: pravegaaeducation@gmail.com

14



PraVegarl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

12375 12375 12375
L= eV =299 eV, E, = eV =249%¢eV, E,=———eV =199V
4144 4972 6216

work function =2.3elV

First two wavelengths have energies great than work function of metallic surface. Hence they
can eject photoelectrons.

Total intensity =3.6x107°Wm™

Number of wavelengths = 3

3.6x107°

Intensity perwavelength:T:1.2><10’3 Wm> Area=10" m’

Energy falling per second :(l.2><10’3)><104 =12x10"J/S
Let number of photons of first wavelength =» and number of photons of second

wavelength =n,

12x1077 1.2x107

= =2.5x10" = =3.0x10"
2.99x(1.6x107™ ) ? 249x1.6x107"

ny

.. Total photons per second 2(2.5+3.0)10“:5.5><10“ .. Each capable photon ejects an
electron
. Photoelectrons liberated in sec 5.5x10"

Ans. 60: (a) 6.25,(b) 0, (c) 5

Solution: (a) Incident energy £=10.6e/ =10.6x(1.6x10 )7 =16.96x10 .7

Energy incident _ > Wim

area x time

. Number of incident photons 2

- =1.18x10"*
area x time 16.96x107"

Incident photons

PR (1.18x10" )x area

~1.18x10" x(1.0x10*) =1.18 x 10"

. Number of photoelectrons

(?ggjx(l.lsxlo“):n:6.25><10“ (i)

time
Minimum energy = zero
Maximum energy = E, — work function

or K .= (10.6—5.6)eVor K__=50eV (i)
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Ans. 61: 4.67

Solution: k :%_(,5 :%—Zd/ =0.76eV =1.2x10"°J

Momentum p =+/2mk = \/2x(9.1x10*31)x(1.2x10*19) =4.67x10 kg m/s

8 - 0.6>c* =m,x0.62¢”

__ "™ _ M
AW =0.62¢
Ans. 62: 4

Solution: Stopping potential is the negative potential which stops the emission of (KE) XeIectrons

ma:

when applied.
.. Stopping potential = 4 volt
Ans. 63: 6.15
Solution: The velocity of Solution: According to Einstein’s equation, kinetic energy of the photoelectron
T =hv—hv, (i)
where v is the frequency of the incident photon and v, is the threshold frequency.
A=2,536x10""m =253.6nm
Corresponding energy £ =hv=1,241/253.6eV =4.894¢el
Ao =3,250x107" " m =325nm, E = hv, =1,241/325=3.818eV
T =4.894-3.818=1.076¢V hence kinetic energy is in electron volt so there is not any
need to solve the problem by special relativity so
T =1/2mv* =mc*v? /2¢* =0.511x10° xv* / 2¢* =1.076
where v=2.05x10"¢=6.15x10"ms™
Ans. 64: 264
Solution: hv, =W =4.7eV
A, =1,241/4.7 =264nm
Ans. 65: 1.77
Solution: P=10W ..E in1sec =10J % used to convert into photon =60%

.. Energy used =6J

he  6.63x107*x3x10°  6.633
Energy used to take out 1 photon :702 s ox T x107"

590x10~° 590
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Number of photons used = 6 _ 6x590 x10"7 =176.9x10" =1.77x10"
6.63%x3 _17 6.63x3
x10
590
Ans. 66: 1.6
Solution: A =350nm =350x10"m
$=19eV
34 8
Max K.E. of electrons :E—yﬁ = 663)(12 X3X1019 -1.9 =1.65¢eV =1.6¢eV
A 350x107 x1.6x10"
Ans. 67: 4.2

Solution: Energy of photoelectron

—15 8
-%mvzzﬁf—huf:4l4X10 3310 5 ser =0.605¢

=
A 4x1077

We know K.E. = % = P’ =2mxKE.
P?=2x9.1x107" x0.605x1.6x10™"
P=4.197x10"kg-m/s

Ans. 68: 0.48

Solution 20: The electric field becomes 01.2x10*

1.2x10"
.. Frequency = XT =0.6x10"

6.63x107* x0.6x10"
hv = ¢, + KE = hv - ¢, = KE = KE = X16;;wx ~2=0.482¢V =0.48eV
O X

Ans. 69: 393

Solution 22: E = 1005in[(3><1015s’1)t]sin[(6x1015s’l)t]
:100%[am(9xldisly]—cosﬁ3x10“s‘y]

The values of w are 9x10" and 3x10"

Wi 9x107
For largestK.E. f, =—"%= X
2 2

E—¢,=KE.=hf -4, =K.E.

6.63x107* x9x10"

AL 6x10" —-2=KE. = K.E.=3938eV =3.93¢eV
T x1.6x
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Ans.70: 1.9

Solution: W, = hv—eV

5x107°
= SX e —~1.6x107" x2 (Given ¥, =2V, No. of photons =8x10", Power =5mW)
10
-19
=6.25x10"" =3.2x107" =3.05x10"°J :%:1.906et/
.OX
Ans.71:1.6

Solution: The energy of each photon is

o ke (6.63x107"Js)x(3x10°ms™) lunl0)
2 (632.8x10°m)

The energy of the laser emitted per second is 5x107°.J . Thus, the number of photons emitted

5x107°J
per second :X—719=1.6><1016
3.14x107°J

Ans.72: 24

Solution: Applying the conservation law of linear momentum along the horizontal and vertical

component, we have *\
S0
. h h . ﬂ\,\.‘}
Horizontal Z—Tcosqﬁrpcos@ (i) dcattered photon

) h '
Linear momentumz (Wavelength A )

Vertical component ﬁrsin¢:p5in(9 i) A~
A Incident photon

\ (wavelength 1) i N
By equation A= %; ¢ =180° Before collision

Putting these values in equations (i) and (ii), we get After collision

= 2mc:%005180° +pcosd = 2mc :pcosﬁ—% (iii)

12mc
5

by equation (ii)= 0 = psin & By equations (iii) and (ii), we get p=
Ans. 73: 3.14

h
Solution: In Compton effect the range in wavelength is given as Axlz—(l—cosqﬁ) where m, =
m,c

electron rest mass, ¢ =scattering angle.
The maximum energy is transferred to electron, if AL is maximum

i.e., (I—cosg) is maximum = ¢=180° Thus, scattering angle is 180° or 7.
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Ans.74: 2.4

Solution: When a photon of wavelength A strike a stationary 2

electron photon !

The wavelength of the photon increases. This effect is before strike |

after strike

known as Compton Effect.

The change b wavelength is given as A4 :L(l—cosqﬁ)
m,c

The change in wavelength does not depend on the energy of the incident photon.

Here, ¢#=90° AZ:L(I—COS%")=L=2.4x10’12m

myc m,c
Ans. 75: 0.5mc y y Scattered
Solution: A| electron T /Trf photon
D NN / N 7 .
Y Y =0 6 Recoiling
electron
incident photon

. After collision
Before collision

The change in wavelength of scattered photon is given as

AL = L(l— cos ¢) , Where ¢ is scattered angle
m,c

As, $=90° (given), so A1 :i(l—cos90°) :i(l—O) = i
mc mc mc

Now, if A is wavelength of incident photon,

then wavelength of photon = /1+i (i)
mc

h
But moment of incident photon is mc (given), so A =—
mc

h h
so, wavelength of scattered photon =—+— by equation (i)

mc mc
= 2h . h mc
= A =— and corresponding momentum ===—
mc A 2
mc mc
Momentum _ __" :lmc, SoAp=me——=—
2h/me 2 2

¢photon A’

electron
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Ans. 76: 2.64
Solution: Fractional shift in frequency is

1
Mc?

2hv, sin’ (gj
2

hv,=E, =1,241/2,, =1,241/0.1=12,410eV = 0.01241MeV

Av/v, =
1+

Put @=180° and MC?* =938.3 MeV to obtain

1
(AV/%),,, = =353 = 2-:645%107
| .

J’_i
2x0.01241
Ans. 77: 0.03

Solution: The energy of scattered photon will be

hv =hv, /[ 1+a(1-cos6) |

For hv, =30keV ,a = hv,/mc* =30/511=0.0587 and 6 =30°

We find hv =29.766keV
Therefore the kinetic energy of the electron
T=30.0-29.766 =0.234 keV

1/2 1/2

The velocity v=(27'/m)"* =¢(21'/mc*) " =c¢(2x0.234/511)" =0.03¢
Ans. 78: 0.3
Solution: For Compton scattering, if 4, and A are the wavelength of the incident photon and

scattered photon,

0 0
A= A—-2 :i(l—cose) =0.02425(1-cos60°) A = 0.01212 A
mc

0
Therefore, 4,=1-0.01212=0.312-0.012=0.3A

Ans. 79: 0.48

Solution: The change in wavelength in Compton scattering is

h
AA :—(l—cos 49) where @ is the scattering angle. A4 will be maximum for & =180° in which
mc

case AA(max)=2h/mc=0.484"
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