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Date: 22/10/2021

Q1. There are two sources of light, each emitting with a power of 100 W. One emits X-rays of
wavelength 1nm and the other visible light at 500 nm. Find the ratio of number of photons
of X-rays to the photons of visible light of the given wavelength?

Q2. Do all the electrons that absorb a photon come out as photoelectrons?

Q3. There are materials which absorb photons of shorter wavelength and emit photons of
longer wavelength. Can there be stable substances which absorb photons of larger
wavelength and emit light of shorter wavelength.

Q4. (a) In the explanation of photo electric effect, we assume one photon of frequency v
collides with an electron and transfers its energy. This leads to the equation for the
maximum energy E__ of the emitted electron as

max
E ..=hv—4¢,,

where ¢, is the work function of the metal. If an electron absorbs 2 photons (each of
frequency v) what will be the maximum energy for the emitted electron?

(b) Why is this fact (two photon absorption) not taken into consideration in our discussion
of the stopping potential?

Q5. A proton and an a-particle are accelerated, using the same potential difference. How are
the deBroglie wavelengths A, and A, related to each other?

Q6. Two monochromatic beams A and B of equal intensity I, hit a screen. The:number of
photons hitting the screen by beam A is twice that by beam B. Then whatiinference can
you make about their frequencies?

Q7. Consider a metal exposed to light of wavelength 600 nm. The maximum energy of the
electron doubles when light of wavelength 400 nm is used. Find.the work function in eV.

Q8. Two particles A and B of de Broglie wavelengths A, and A; combine to form a particle C.
The process conserves momentum. Find the de Broglie wavelength of the particle C.
(The motion is one dimensional).

Q9. Consider (see figure) for photoemission. Electron
How would you reconcile with momentum-conservation? Note light M Liht
(photons) have momentum in a different direction than the emitted J
electrons. Metal

Q10. Assuming an electron is confined to.athm wide region, find the uncertainty in momentum
using Heisenberg Uncertainty principle. You can assume the uncertainty in position Ax
as 1 nm. Assuming p — Ap, find the energy of the electron in electron volts.

Q11. A neutron beam of energy E scatters from atoms on a surface with a spacing d=0.1 nm.
The first maximum of intensity in the reflected beam occurs at 6 = 30°. What is the kinetic
energy E of the beam in eV?
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Q12. A student performs an experiment on photoelectric effect,
using two materials A and B. A plot of V,  vs v is given in
figure.

(a) Which material A or B has a higher work function?

(b) Given the electric charge of an electron = 1.6 x 10~ '°C, VA NN
find the value of h obtained from the experiment for both 5x 107101071510
A and B. Frequency (Hz)

Comment on whether it is consistent with Einstein’s theory:

Q13. Consider a thin target (10" %)?m?% 10~ 3 m thickness) of sodium, which produces a
photocurrent of 100 pA when a light of intensity 100 W/m? (A = 660 nm) falls on it. Find the
probability that a photoelectron is produced when a photons strikes a sodium atom.
[Take density of Na = 0.97 kg/m®].

Q14. Consider a 20 W bulb emitting light of wavelength 5000 A and shining on a metal surface
kept at a distance 2 m. Assume that the metal surface has work function of 2 eV and that
each atom on the metal surface can be treated as a circular disk of radius 1.5A.

(a) Estimate no. of photons emitted by the bulb per second. [Assume no other losses]
(b) Will there be photoelectric emission?

(c) How much time would be required by the atomic disk to receive energy equal to
work function (2eV)?

(d) How many photons would atomic disk receive within time duration calculated in (iii)
above?

(e) Can you explain how photoelectric effect was observed instantaneously?

Q15. A particle A with a mass m, is moving with a velocity'v and hits a particle B(mass m;) at
rest (one dimensional motion). Find the change in the de Broglie wavelength of the particle
A. Treat the collision as elastic.

Q16. Consider an electron in front of metallicisurface at a distance d (treated as an infinite
q

4n aodz

Calculate work in taking the charge to an infinite distance from the plate. Taking d=0.1 nm.

find the work done in electron volts. [Such a force law is notvalid for d < 0.1 nm].

1
plane surface). Assume the force of attraction by the plate is given as 2
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S1. Suppose wavelength of X-rays is A, and the wavelength of visible light is 4,.
Given, P=100W; Ai,=1nm; X,=500nm

Also, n, and n, represents number of photons of X-rays and visible light emitted from the two
sources per sec,

SO, E = P n1 hc = nz h_c
t M2,
— M2
Mo R
ng _ hy _ 1
f— —_ E — = —
n, 7%, 500

S2. No, most electrons get scattered into the metal. Only a few come outof the surface of the metal.

$3. In the first case energy given out is less than the energy supplied: In the second case, the
material has to supply the energy as the emitted photon has‘more energy. This cannot happen
for stable substances.

S4. (a) Here, itis giventhat, an electron absorbs 2 photons each of frequency v theny’ = 2v where
v is the frequency of emitted electron
Given, E. .= hv—=10,.

Now, maximum energy for emitted.electrons is
E, . = 1(2Y) = ¢, = 2hv = @,

max
(b) The probability of absorbing.2 photons by the same electron is very low. Hence such
emissions will be negligible.

S5. As, A= [V = Potential difference]

2mq 4

_‘Tb

_P Mg ‘V x 2e _ \/g
Ao myq, \J

8 Lq

i.e., wavelength of proton is \/g times wavelength of o-particle.

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 1



$6. Suppose, n, is the number of photons falling per second of beam A and ng is the number of

S7.

S8.

photons falling per second of beam B.

Thus, n,=2ng

Energy of falling photon of beam  A=n,hv,
Energy of falling photon of beam B = nghv,

Now, according to question,

intensity of A = intensity of B

nyhv,=nghvy

n_A=2=v_B
Ng Va

The frequency of beam B is twice that of A.

Given, For the first condition,
Wavelength of light A = 600 nm

and for the second condition,
Wavelength "= 400 nm

Also, maximum Kinetic energy for the second condition is equalto:the twice of the kinetic energy

in first condition.

ie., K. =2K
Here, Kr;ax=%—¢
he
= 2Kmax=?_'¢
p230_¢J=_1(u30_¢J
600 2\ 400
o=1230 _4 eV
1200
P.=Psl +Pgl
h _ h “h
= —_— = A

Ao “ka  hp

N h _ g +hh,
he Aaksg
h hig + hh4
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= 7\‘A)LEI
ha +2g

= ¢

Case I:  Suppose both p, and p, are positive,

then A= %
AT AB

Case II: When both p,and pg are negative,

then lcz ﬂ
ha+ g
Case IIL: Whenp,>0, p;<0
then )Lc= &
ha—2g
Case IV: Whenp,<0, p;>0
then A, = Pats
ha =g

S§9. The momentum is transferred to the metal. At the microscopic level, atoms absorb the photon
and its momentum is transferred mainly to the nucleus and electrons. The excited electron is
emitted. Conservation of momentum needs to be accounted far the-momentum transferred to
the nucleus and electrons.

$10. Here, Ax=1nm=10"°% Ap="?

As AxAp=h
ap= Mo h
P= AXx 2nAX
6.62%x 1073 Js
= =

2x(22/7)(107%) m
1.05 x 10" 2°kg m/s

_ p® _ (1.05x10.%)

E_
2m  2x94x10%
2 2
_1.05 (1519 = 1.05%
182 18.2x1.6
=3.8% 10 %eV.

S11. Given,d=0.1nm
0=30° = n=1
2d sin 6 = Path difference
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Now, according Bragg'’s law:
2d sin 6 = nA [Condition for constructive interference]
= 2x0.1xsin30=1A

h 66x10*

- _ 21
p—10_10— 100 =6.6x10"“" kgm/s

2412 2
_ (6.6x10 )27 «16x10-19 — 6.6
2x(1.7x107") 2x1.7

=20.5%x102eV=021eV.

x1.6x10% eV

S$12. (a) Stopping potential = 0 at a higher frequency for B. Hence it has a higher work function.

2
b Slope = for A.
®) P (10 -5)x 10"

25 or B.

~ (15-10)x10™

_1.6x107"

h x2x10 " =6.04 x10™** Js for A

_16x10"x25x10"
5

Since h works out differently, experiment is not consistent with the theory.

=.8.x 10~>* Js for B.

$13. Given, A=(10%2m?=10"%% 10" %?m?
=10 *m?
d=10"°m

i=100x 10" °A=10"*A
Intensity, I[=400W/m?
= %=1660 nm =660x10"°m
Pra = 0.97 kg/m®

Avogadro's number = 6 x 10?° atoms
Volume of sodium target= A x d
=10 4%10°°

= =10""m°
We know that 6 x 10?3 atoms of Na weights = 23 kg

So, volume of 6 x 10°Na atoms = 23 m>
0.97

23

= m® =3.95x 10" °m®
097x6x10

Volume occupied of 1 Na atom =
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1077
3.95x 10

Let n be the number of photons falling per second on the target.

No. of sodium atoms in the target = =2.53x10"®

Energy of each photon = hc/A

1
~
>

Total energy falling per second on target = %

_ 100x10"*x (660x10"°)
(6.62x10%*)x (3 x 10°)

Let P be the probability of emission per atom per photon.

=3.3x10'°

The number of photoelectrons emitted per second
N = P xnx("Na)
= Px(3.3x10"%) x (2.53 x 10'®)

Now, according to question,
i=100pA=100x10"%=10"*A,

Current, i=Ne

107*= P x(3.3x10") x(2.53 % 10"®) x (1.6 x 107 '°)

_ 104
P= 16 18 19
(3.3x10"%)%x(2.53x 10") x (1.6 x 10749
=7.84 102

Thus, the probability of emission by-a single photon on a single atom is very much less than 1.
It is due to this reason, the absorption of two photons by an atom is negligible.

s14. Given, P=20W, X=5000A25000x 10" "m
d=2m, ¢,=2eV w=15A=15x10""m

(@) Number of photon emitted by bulb per second is

_ 20x(5000x10"")
(6.62x10 ) x (3x10°)

— =5x10""s "
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-34 8 d
(b) Energy of the incident photon= E= (6.62x10 7)< (3x107)

) 5000x107 "% x1.6x10"°
=248eV p

As this energy is greater than 2eV (i.e., work function of metal surface), hence photoelectric
emission takes place.

(c) Let Atbe the time spent in getting the energy ¢ = (work function of metal).
Consider the figure,

_4x(2x16x107"°)x 2
20x(1.5%x107'9)2

~28.4s

(d) Number of photons received by atomic disc in time At is

_n'xmr?

ana? N

_ n'r’At
4d?
(5x10'%) x (1.5%107'°)* x 28.4 _

2
4% (2)°

(e) As time of emission of electrons is 11:04.s.

Hence, the photoelectric emission is not instantaneous in this problem.

In photoelectric emission, there is an collision between incident photon and free electron of
the metal surface, which lasts.for very very short interval of time (= 10 °s), hence we say
photoelectric emission‘is instantaneous.

S$15. As collision is elastic, hence laws of conservation of momentum and kinetic energy are obeyed.
According to law of conservation of momentum,
m,v=m,v, ¥Mgv,

According to law of conservation of kinetic energy,

1 1 1
Emsz = EmAv$+§va§
Im (V=vy) (Vg —Vy) L

2 A 1 A 1 2 BYB

v+ V, =V, Or v=V,—V,
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- 2
v1 = M v and ""2 = L Vv
my +mg my + Mg
_ h
Mnitial = v
A
W= h ‘ h(m, +mg)
initial
" mav my(my —mg)v
m= || Mat Mg g
$16. According to question, consider the figure given below X
From figure, d=0.1nm=10""m, .
- P
Let the electron be at distance x from metallic surface. Then force of
attraction on it is d =10 %am

. q
Fo=—1——
4 % 47[80d

Work done by external agency in taking the electron from distance d to infinity is

2
o e qdx 1
w= |, Fax=], 4x dne, x2

9 [1
4x4ney | d
(1.6x107"%)2x 9% 10°

With d=0.1nm, Energy =
¥ 4%10° "

J

- -1942 9
- GERT0 P £ 0:10°) oy
(4% 107 "°)x (1.6 x10°'°)
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