PHYSICS

The following questions consists of two statements Q.5
each, printed as  Assertion/Statement  and
Reason/Statement. While answering these questions
you are to choose any one of the following four

responses/Statement.

(A) If both Assertion/Statement and
Reason/Statement are true and the Qe
Reason/Statement is correct explanation of the
Assertion/Statement.

(B) If both Assertion/Statement and
Reason/Statement are true but
Reason/Statement is not correct explanation of
the Assertion/Statement. Q7

(C) If Assertion/Statement is true but the
Reason/Statement is false.

(D) If Assertion/Statement is false but
Reason/Statement is true.

Q.1 Assertion : In a photoelectric effect, the current
increases when positive potential of collector s Q.8
increased, before saturation of current.

Reason : The number of emitted photoeléetrons
increases. [C]

Q.2 Assertion : Work function of copper is\greater than
that of sodium. But both willhave_ same value of the Q-9
threshold frequency and threshold'wavelength.
Reason : The frequerey'is inversely proportional
to wavelength. [D]
Q.3 Assertion : The™photoelectrons produced by a
monochromatic light beam incident on a metal
surface, havesa spread in their kinetic energies.
Reason, sthe work function of the metal varies as
a funetionrof depth from the surface. Q.10
Sol. [€]
Statement is correct, but the work function only
depends on the photoelectric current.

Q4 Assertion : Photoelectric effect demonstrates the
wave nature of light.
Reason : The number of photoelectrons is
proportional to the frequency of light. [D]

Sol.

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. [A]
Assertion : The threshold frequency of
photoelectric effect supports the particle nature of
sunlight.

Reason : If frequency of\incident light is less than
the threshold frequency, electrons are not emitted
from metal surface. [A]

Assertion==, In the process of photoelectric
emission, al the emitted photoelectrons have the
Same Kinetic energy.

Reason : The photon transfers its whole energy to
the electron of the atom in photoelectric effect.

(E]

Assertion : Photosensitivity of a metal is high if
its work function is small

Reason : Work function = hfy where f; is the
threshold frequency. [B]
Assertion : For a point light source, frequency of
light emitted is numerically equal to number of
photons emitted per second.

Reason : According to wave theory frequency of
light wave is equivalent to number of cycles
completed per second and wave-particle duality

explains the dual nature of electromagnetic waves
as a wave or as a corpuscle. [D]

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

Reason : The energy of electrons just after they
absorb photons incident on metal surface may be
lost in collision with other atoms in the metal
before the electron is ejected out of metal.  [A]

Energy of photoelectron emitted is different
because after absorbing the photon electrons
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Q.11

Sol.

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

within metals collide with other atom before
being ejected out of metal. Hence (R) is correct
explanation of (A).

Assertion In the process of photoelectric
emission by monochromatic light, all the emitted
photo-electrons possess the same kinetic energy.
Reason : In photoelectric effect a single photon
interacts with a single electron and electron is
emitted only if energy of each of incident photon
is greater than the work function. [D]

Kmax = hv —¢

KE of emitted photoelectrons varies from zero to
Kmax.

Statement | : Photo-electric effect demonstrates
particle nature of light.

Statement 11 Number of photons s
proportional to frequency of photons. [C]
Statement | : K.E. of all photo-electrons are

same, when monochromatic light is incident on a
metal.
Statement II: K__ = hv—¢, where all symbols

have their usual meaning. [B]
Statement | Threshold frequency.. Supperts
wave nature of light.

Statement Il : Photo electrons<are\ not"emitted
when incident light has frequency lesser than
threshold frequency. [D]

Statement | : Photgsensitivity is high for a metal
of low work function
Statement Il : §=shv, where all symbols has

their usualmeaning. [A]

Statement=J : Slope of K V/s v graph is same

for albmetals having different work function.
Statement 11 : K__ = hv — ¢, where all symbols
have their usual meaning. [A]

Statement-1 : Stopping potential depends upon
the frequency of incident light

Statement-2 : Photo electric current depends
upon the intensity of incident light. [B]

Q.18

Sol.[D]

Q.19

Sol.[C]

Q.20

Sol.[C]

Assertion : Work function of copper is greater than
that of sodium. But both will have same value of the
threshold frequency and threshold wavelength.

Reason : The frequency is inversely proportional
to wavelength.

Statement-1 : When photon is incideat, on a
photo sensitive surface then electrons‘are always
emitted.

Statement-2 : Minimum energy, is)required to
remove an electron from surface is called as work
function.

Electrons are not emitted if energy of photon is

less than work funetion.

Statement:l Maximum kinetic energy of
emitted e is dependent on intensity
Statement-2 : Intensity is proportional to no. of

photons
A A (B)B ©c (D)D
Remember it
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PHYSICS

Q.1

Sol.

In the shown experimental setup to study
photoelectric effect, two conducting electrodes
are enclosed in an evacuated glass-tube as shown.
A parallel beam of monochromatic light, falls on
photosensitive electrodes. The emf of battery
shown is high enough such that all photo
electrons ejected from left electrode will reach the
right electrode. Under initial conditions
photoelectrons are emitted. As changes are made

Q.2

in each situation of column I,match the statements
in column-1 with results in calumn-11
Parallel beam of
light
Ans.
Q.3
Column-I Column-I1
(A) If frequency of incident  (P) magnitude of
light is increased stopping potential
keeping its intensity will increase
constant
(B) If frequency of incident (Q) current through
light is increased an it’s circuit may stop
intensity is decreased
(C) If work function of (R) maximum kinetic
photo-sensitive energy of ejectéd
electrode is increased photo electrons Sol.
will incréase
(D) If intensity of incident  (S) Saturation current
light is increased wilkincrease
keeping it’s frequency
constant.
(A->P,R) B>P,R)
(C->Q) (D>79S)
Consider two equations
eVs =%mv2m=hv—¢0 (D
no of-photoelectron ejected/sec.
- ingensity Q)
hv

(A)” As frequency is increased keeping intensity
constant |Vs| will increase, % M (V2max) Will

increase and saturation current will decrease
(B) As frequency is increased and intensity is

- 1 .
decreased |Vs| will increase 3 m (V2max) will

increase and saturation current will decrease.
(C) If work function is increased photo emission
may stop.

(D) If intensity is increased and frequency is
constant, saturation current will increase.

COLUMN I COLUMN 11
(A) Photoelectric effect  (P) Wave nature of
light
(B) Millikan’s experiment (Q) Particle nature
of light
(C) Young’s Double slit  (R) Partiele nature of
experiment electron
(D) Davisson-Germer (S)Wave nature of
experiment electron
a>Q;Bo>SHACHP;D>T
Column Column 11
(A) Pairspraduction (P) Few MeV
(B) «Inwerse photoelectric  (Q) 20 KeV
effect
(C)\De-excitation of Be*®*  (R) 54 eV
atom from second
excited state
(D) Ka— X-ray photons (S)0.1eV

of molybdenum
Z=42

A->P;B> Q;C>R;D->Q
y—o>e +e'
Pair production
E =2 M? =2 x 0.51 MeV
=1.02 MeV
Inverse photoelectric effect is X-ray production
and energy involved is of order of tens of KeV.
De-excitation of Be*® from first excited state
2 2
= 2—2 x13.6 = 4—2x13.6
n 2

E ~-54.4eV =55eV
Ka X-ray photon of molybdenum

E(Ka) = hv = h%cR (Z -1y
E(Ka) = % x (hCR) [Z- 1]

3
SB[z~ 12

% x 13.6 x (42 — 1)?

17.146 x 10% eV
E(Ko) = 17 KeV
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Q4

Ans.

Q6

Ans

(A)

(B)

©

(D)

In a photoelectric effect experiment, if the
following changes are made, then match the
column -1 with column-II

Column-I Column-11
If frequency of incident  (P) Stopping potential
light is increased keeping will increase

its intensity constant

If frequency of incident
light is increased and its
intensity is decreased

If work function of photo

(Q) Current through
circuit may stop

(R) Maximum kinetic

sensitive electrode is energy of ejected

increased photoelectrons
will increase

If intensity of incident (S) Saturation current

light is increased keeping will increase

its frequency constant
A->PR;B>PR;C>Q;D—>S

For photoelectric effect match the following table:

Column - 1 Column - 11

(a) If frequency of (p) Photo electric current

incident light is may increase
increased

(b) If intensity of

incident light is

(q) Stopping potential
must increase
increased

(c) If work function of (r) Photoeleetric effect
metal is increased may,stop

Ans. a >q,b—o>p,cor

Column 11

(a) lonization

(b) Very less usually
(c) Intensity of

Column i

(i) Photo electric ffect
(ii) Saturation current
(iii) Photon efficiency

radiation
(iv) Work function (d) Photon nature of

radiation
(v) Electron microscope (e) Wave nature of

radiation

(f) Wave nature of e~
(A) (i) > d, (i) >c, (iii))—>b,(iv)—>a (v)>f
(B) (i) > ¢, (ii) > d, (iii)y > b, (iv) > a, (v)>e
(C) (1)) >c, (i) —>b, (iii) >d,(iv)>f (v)>a
(D) None
[A]

Q.7

Some quantities related to photoelectric effect are
mentioned under Column-(I) and Column-(ll).
Match each quantity on Column-I with the
corresponding quantity in Column-(I1) on which
it depends.

Column-I Column-I1
(A) Saturation current (P) Frequency of light
(B) Stopping potential (Q) Work furction
(C) de-Broglie wavelength  (R) Area/6f photo

of photoelectron
(D) Force due to radiation
falling on metal plate

sensitive plate
(S) Intensity of light
(at,constant v)

Sol.(A) > S; (B)—»P,Q; ()% P,Q; (D) - P,R,S

Q.38

sol.

Q.9

Match the following/-
Colump-1 Column-I1

(A) Photo’eleetric’effect (P) lonisation

(B) Saturatiorrphoto  (Q) Very less
current usually

(C)\Photon efficiency  (R) Intensity of
radiation

(S) Photon nature of
radiation

C->Q D->P

(D) Work function

A—>S B> R
In the experimental setup for a photocell, the
wavelength of the light incident on the cathode is
initially 0.6 times the threshold wavelength for
the material of the cathode. Certain changes in the
experiment setup are given in column-I and their

possible effects are given in column-II.

Column -1
(A) The intensity of the
incident light is doubled
but the frequency
remains unaltered
(B) Both the intensity and
wavelength of the incident
light are doubled
(C) The intensity of the
incident light is doubled

and its wavelength is
made half
(D) The intensity of the

incident light remains the
same and the wavelength is
made half

Column-I1
(P) Saturation photocurrent
remains the same

(Q) Photocurrent falls to
Zero
(R) Stopping potential

increases

(S) Saturation photocurrent
increases

So,A->S;B>Q;C>RS;D>PR
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Q.10

In a photoelectric effect experiment, if f is the

frequency of radiations incident on the metal surface
and | is the intensity of incident radiations, then match

the following.
Column -1

(A) If fis increased keeping |
and work function constant

between

cathode and anode is increased

(B) If  distance

(C) If 1 is increased keeping f

& work function constant

(D) Work function is decreased

keeping f & I constant

Sol. AP, R;
C—->0Q,S;
Q.11

Column-I1

(P) Stopping potential
increases

(Q) Saturation current
increases

(R) Maximum Kinetic
energy of photoelectron
increases

(S) Stopping potential
remain same

B—>S
D->P,R

In a photoelectric effect experiment, if f is the

frequency of radiations incident on the metal
surface and | is the incident radiations, then match

the following -
Column-I

(A) If fisincreased keeping

I and work function
constant

(B) If distance between
cathode and anode is
increased

(C) If lis increased
keeping f and work
function constant
(D) Work function is
decreased keeping
fand I constant

Column-IlI

(P) Stopping potential

increases

(Q) Saturation current

increases

(R) Maximum kinetic

energy of photo
electron increases

(S)” Stopping potential

remain same

C->QS; Do>PR

With' respeet to photoelectric effect experiment,

matchrthe entries of Column-1 with the entries of

Sol. A>P,R; B— SY
Q.12
Celumn-II.
Cotumn -1
(A) _If'f (frequency ) is

increased  keeping

(intensity) and ¢ (work

function) constant
(B)

fand ¢ constant

If I is increased keeping

Column -11

(P) stopping potential
increases

(Q) Saturation
photocurrent

increases

(©)

(D)

If the distance between

anode and cathode
increases
If  ¢is decreased

keeping fand I constant

(R)

©®)

maximum K.E. of
the photoelectrons
increases

Stopping  potential
remains the same

Sol. (A) - P,R; (B) > Q,S; (C) - S; (D) — PR
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PHYSICS

Q.1

Sol.

A photomultiplier tube is to be used to detect Q.2
light pulses each of which consists of a small
but fixed number of photons. The average
photoelectric efficiency is 10%. That is photon
has 10% probability of causing the emission of
a detectable photoelectron. Assume the
photomultiplier gain is 108 and that the output
current as a function of time can be

approximated as shown in figure.

Q3
Imax When averaged over many pulses is 80 pA.
Then which of the following are true -
(A) The charge carried by one pulse is 8 x 10~
13¢
(B) Number of photoelectrons emitted per light pulse
is5
(C) Number of photons in one light pulse is 50
(D) Number of electrons carried by one pulse is 5 x
10°
[A,B,C]
The total quantity of charge carried by,One pulse
of current is
Q= [I o Q4
f—20 ns=——=| t
A\ T /TR
Imax
" “which is¢he-area of fh_eiﬁangle in Fig. Thus
Q= % %x20x10°x80x10°%=8x10%C
and the number of electrons carried by one pulse Q.5
is
-13
T
e  16x1079
Then the number of photoelectrons emitted per
light pulse is
n'=n/106=5,

and hence the number of photons in one light pulse
is
N =n'/0.1 =50.

When the
increased,

intensity of a light source is

(A) the number of photons emitted by the
source in unit time increases

(B) the total energy of the photons,emitted per
unit time increases

(C) more energetic photons areemitted

(D) faster photons are emitted [A,B]

Photoelectric effect supports quantum nature of

light because™

(A) there\issa_minimum frequency below which
no“photoelectrons are emitted

(B)\ the
photoelectrons

maximum  Kkinetic energy of

depends only on the
frequency of light and not on its intensity

(C) even when the metal surface is faintly
illuminated the photoelectrons leave the
surface immediately

(D) electric charge of the photoelectrons is
quantized [A,B,C]

If the wavelength of light in an experiment on

photoelectric effect is doubled,

(A) the photoelectric emission will not take
place

(B) the photoelectric emission may or may not
take place

(C) the stopping potential will increase

(D) the stopping potential will decrease

[B.D]

In which of the following situations the heavier

of the two particles has smaller de Broglie

wavelength ? The two particles

(A) move with the same speed

(B) move with the same linear momentum

(C) move with the same kinetic energy

(D) have fallen through the same height

[A,C,D]
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Q.6

Q.7

Q38

When the intensity of a light source is increased

(A) The number of photons emitted by the
source in unit time increases

(B) The total energy of the photons emitted per
unit time increases

(C) more energetic photons are emitted

(D) faster photons are emitted [A,B]

If the wavelength of light in an experiment on

photoelectric effect is doubled -

(A) the photoelectric emission will not take
place

(B) the photoelectric emission may or may not
take place

(C) the stopping potential will increase

(D) the stopping potential will decrease

[B.D]

Fig. shows a photo cell is illuminated by ja
monochromatic light. If the intensity is.kept
constant and the frequency of the incident¥ight

is increased, then the —

Photo cell S« Light

(A) photo electric current in the circuit increases

(B) photo electric current in the circuit
decreases

(C) maximum kinetic energy of the photo
electrons increases

(D) photo electric current in the circuit can be
reduced to zero, when the polarity of the

terminals is reversed. [C,D]

Q.9

Q.10

Q.11

Sol.

Q.12

Which of the following phenomena can be
explained only on the basis of quantum theory
of light ? -

(A) Energy spectrum of black body radiation
(B) Atomic spectra

(C) Photoelectric effect

(D) Doppler effect [AB;C]

Light from a monochromatic<ource is incident
normally on a small photo sensitive surface S
having work function®. I poWer of the source
is W and a is the-distance between the source
and S, then -

(A) the number of photons striking the surface

WAS j
4mhca?
(B)=the” maximum energy of the emitted
electrons will be (hc — Ad)
(C) the stopping potential needed to stop the

per=unit.time will be (

most energetic photons will be % (hc — Ad)

(D) photo emission occurs only if 0 <A <hc/ ¢
[A,B,D]

Photons of energy 4 eV are incident on cathode.
Electrons reaching the anode have Kkinetic
energies varying from 5.5 eV to 7eV.

? anode

I
5V
(A) The work function of the metal is 1.5eV

(B) Work function of the metal is 2 eV

(C) Current in the circuit is less than saturation

current
(D) Current in the circuit is equal to saturation
current [B,C]

7eV =K+ 5V, Knx= 28V, ¢ =46V - 26V =2eV

The threshold wavelength for photoelectric
emission from a material is 5200 A.
Photoelectrons will be emitted when this
material is illuminated with monochromatic
radiation from a -

(A) 50 watt infrared lamp

PHOTOELECTRIC EFFECT



Q.13

Sol.

Q.14

(B) 1 watt infra-red lamp
(C) 50 watt ultraviolet lamp
(D) 1 watt ultraviolet lamp [C,D]

Radiations of monochromatic waves of
wavelength 400 nm are made incident on the
surface of metals Zn, Fe and Ni of work
functions 3.4 eV, 48 eV and 59 eV
respectively (take hc = 12400 eV-A) :

(A)  maximum KE  associated  with
photoelectrons from the surface of any
metal is 0.3 eV

(B) no photoelectrons are emitted from the
surface of Ni

(C) if the wavelength of source of radiation is
doubled then KE of photoelectrons is also
doubled

(D) photoelectrons will be emitted from the
surface of all the three metals if the
wavelength of incident radiations is less
than 200 nm

[B,D]

Energy of photon incident

hy = 12400,

4000
hv =3.1eV
hv < work function of all metals
hence no electron will come out
if A =200nm

then hv = @ =6.2eV
2000

6.2eV > work funetion/ of all metals, hence
photoelectron will pe,emitted

Fig. shows\the results of an experiment
involving=photoelectric effect. The graphs A, B,
C, Durelated the light beam having different
wavelengths -

(Current)

Accelerating
0 v

Retarding

Q.15

Sol,

0.16

Sol.

(A) Beam B has highest frequency

(B) Beam C has longest wavelength

(C) Beam A has the highest rate of photoelectric
emission

(D) Photoelectrons ejected by beam B have the
highest momentum [A,B,C,D]

The maximum Kkinetic energy of photon
electrons ejected from a photometer4when, it is
irradiated with radiation of wavefength%400nm
is 1 eV. If the threshold energy of surface is 1.9
eV -

(A) the maximum K.E¢of photoelectrons when
it is irradiated with 500 nm photon will be 0.42
eV

(B) the maximum, K.E. in case (A) will be
1.725eV

(C) the_longest wavelength which will eject
photoelectrons is nearly 610 nm

(D) Allof the above

[AC]

hc
— = ¢ + (K.E)max
k ¢+ (KE.)

In an experiment of photoelectric effect, light

from a point source of monochromatic light of

wavelength 3000 A is incident on a metal

surface. The kinetic energies of photoelectrons

range from zero to 4.0 x 1072° J, then —

(A) Stopping potential for this light is 2.5 V

(B) Threshold wavelength for the material is
7590A

(C) Stopping potential will be doubled on
reducing the distance and the wavelength
of light source to half

(D) Saturation current will be doubled on
reducing the distance of source to half

[AB]
4x107°

Kmax =4 x 10719 = 5

=25eV

1.6x10

= Stopping potential = 2.5 eV

Kmax = hC l_i
A A

95 = 1240 B 1240
300 Ao
Ao =759 nm
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Q.17

Sol.

Q.18

Sol.

Light of wavelength 496 nm is incident on a

metal surface causing ejection of photoelectrons

for which stopping potential is 1.5 volt, then —

(A) The work function of the surface is 1 eV

(B) De Broglie wavelength of fastest
photoelectron is 100 nm

(C) To move the fastest electron in a circle of
radius 1m, perpendicular magnetic field B
required is 4.1 x 10°® Tesla

(D) This fastest electron if strikes zinc target
can produce X-rays [A, C]

Kmax = 1.5 eV

h
2mK

AdB =

=1nm

E of incident photon = 12£ =25eV
496

$=25-15=1eV

mv?

gvB= —
r

B= m: —memax

ar ar

_ \/2><9.1><10’31><e><1.5
exl

3x9.1x107°3
B= 19
1.6x10

=4.13 x 10% Tesla

X-rays are of order of 0.1'nm %12.4 KeV

When a monochromatic point source of light is
at a distance of 0,1"m-from a photoelectric cell,
the cut-offa/oltage’and the saturation current are
respectively 09 V and 90 mA. If the same
source is\placed 0.3 m away from the cell, then -
(A) Theystopping potential will be 0.9 V
(B)\The stopping potential will be 0.3 V
(C) The saturation current will be 30 mA
(D) The saturation current will be 10 mA

[A,D]

d—3d
|

|l ——
9

Stopping potential depends on frequency only.

Q.19

Sol.

Q.20

Sol.

For a 75 W point light source assuming all the
electric power consumed goes into emitted light
of wavelength 600 nm -

(A) Frequency of the emitted light is 5.0 x 10%

Hz

(B) Number of photons emitted per second is
2.3 x 10%

(C) When this emitted light falls, on “a_metal
surface of work function¢1.07 eV, kinetic
energy  photoelectrons  emitted  range
between 0 and 1 eM

(D) On doubling“the \distance of this metal
surface fromythe point source maximum

kinetic( enérgy” of photoelectrons emitted

becomes'0:25 eV [AB,C]
8
@D = 30 g5 oxgpu
A 600x10
_ P
ByN= —
(B) e
(C) KEmax = 240 40721
600

(D) KEmax depends upon frequency of incident
photons and not distance of source.

In an experiment of photoelectric effect, the

frequency and intensity of a light source are

both doubled, then —

(A) The saturation photocurrent remains almost
the same

(B) The saturation photocurrent becomes
doubled

(C) The maximum Kinetic energy of the
photoelectrons is doubled

(D) The stopping potential becomes more than

double [AD]
fo2f =152, N->N
Number of photons emitted same

%I’ﬂ\/2 =eVs=h(v-wvo)

h(2v — Vo) > h(V — Vo)

", %m\/2 and eVs becomes more than double.
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PHYSICS

Q.1

Sol.

Q.2

Sol.

Q.3

The wavelength of light incident on a metal
surface is reduced from 300 nm to 200 nm (both
are less than threshold wavelength). What is the
change in the stopping potential for
photoelectrons emitted from the surface.

(Take h=6.6 x 10-34 J-sec) [0002]
hc
eVi= ——
1 " [0}
hc
eVy= ——
2 » [0}
M—A
E(Vz - V1) =hc (1—2J
My
Vo -V = E Mty
e\ My
_ 6.6x10 %*x3x10° 100
1.6x107%° 6x107°
- @ X 10—34 +8+2+19+5
32
33

= — =2.0625 volt =2 volt
16

If photons of ultraviolet light of energy 12eV-are
incident on a metal surface of work function of
4eV, then the stopping potential (in eV)-will be--
[8]
eVs=hv-W

=12eV - 4eV
eV; = 8eV
Vs= 8V

In the photoelectric experiment, if we use a
monochromatic light,the' | — V curve is as shown.
If work function af the metal is 2eV, estimate the
power ofdight used (in W) (Assume efficiency of
photoEmission = 10° %, i.e. number of
phatoelectrons emitted are 102 % of number of
photonincident on metal) —

A

10pA

-5 Volt

Sol.[7] eVs=hv-W

5eV = hv — 2eV

Q4

Sol.[5]

@.5

Sol.[3]

Q6

hv =7eV
- P
hv
Ne=nxp %
i = ne.e
3
10 x 106= P x 10 x 1.6 x201°
\% 0
-3 19
10 x 106 = Px10 xl.(igxlo
7x1.6x20_% x100
P=7TW

The human-\eye-can barely detect a yellow light
(6000%A) ‘that delivers 1.7 x 108 W to the retina.
Hewmany photons strike the retina in one second ?
(in=10)

Try yourself.

The photoelectric current in a vacuum photocell is
reduced to zero when its cesium (¢ = 1.89%V)
electrode is irradiated by radiation of wavelength
A = 2700 A and a decelerating voltage V = 3V is
applied. Then the magnitude of outer contact
potential difference is N x 107! V, then the value
of Nis—

Let ¢' is work function in eV of material of
connecting wire.
0-¢)e=AVe=o—¢'=AV

also (%—c])ej =Ve+(op—9¢)e

Where V is the observed potential difference.
% —de =Ve + AVe

Sav=1C 4y
A

On a certain metal light of frequency v = 5v, falls
then maximum velocity of electrons emitted is
8 x 10° m/s, where vq is threshold frequency of
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Sol.

Q.7

Sol.

Q38

Sol.

metal. If v = 2vo then the maximum velocity of
photoelectron in 10° m/s will be -

[4]

%m(8><106)2:h(5vo—vo) ...(1)
also KE = % mv? = (2vq — vo) ..2)
. (sxjge)z 4

Sov=4x108mfs

When a surface 1 cm thick is illuminated with
light of wavelength A, the stopping potential is
Vo, but when the same surface is illuminated by
light of wavelength 3, the stopping potential is

—9 _ Then the threshold wavelength for metallic

surface will be n\. Find n.

[5]
eVo=hc H—%} ..(D)
0
Vo o F_i} Q)
6 I A

solve (1) and (2) and find Ao.

Hydrogen gas in the atomic state is emitted to an
energy level such that the eleCtrostatic potential
energy of H-atom becomes 317 V. Now the
photo-electric  plate «havingy work function
d = 2.3 eV is exposed to'the emission spectra of
this gas. Assumingsall the transitions to be
possible,  find \/the  minimum de-Broglie
wavelengthhef ejected photo-electrons (in A).

[4]

Given that™electrostatic potential — 1.7 eV we
know’that

KE)= ‘— ———085 ev.

Thus total energy =— 1.7 + 0.85 = - 0.85 eV

Hence the atom is exited to state n = 4. The
maximum energy is emitted when electrons will

Amin =

Q.9

Sol.J4]

make a transition n = 4 to n = 1 for which energy
emitted is
AE =-0.85-(-13.6) =12.75eV.
Now this photon energy when incident on a metal
plate having work function 2.3 eV, the kinetic
energy of fastest electron ejected can be given as
KEmax = AE — ¢ =12.75-2.3=10.45 eV
The minimum de-Broglie wavelength is given by

h h

Prax  \2M(KE)me
_ 6.63x10~

J2x(9.1x107%1) (10.45 1.6 x10;29)
=3.8x10m=384

A small plate of a metal (Wark function = 1.17 eV) is
placed at a distance¥of 2m from a monochromatic
light source Of wavelength 4800 A and power 1.0
watt. The light=falls normally on the plate. If a
constant ‘magnetic field of strength 10* tesla is
applied parallel to metal surface. Find the radius
of ‘the largest circular path followed by the
gmitted photo electrons. The answer in cm.
Energy of incident photon in eV is

= 12831y - 2586y
4800

=258x1.6x101°)

=4.125x 10719

The rate of emission of photon from source
_ | 10joule/sec .
r=—=———5 joul
E  4.125x10

No. of photon striking per square metal per sec on

e =2.424 x 10%8/sec

the plate

2.425 x10'8

= ————— =482x 10 m2 sec?!
4x 314 x(2)

The maximum Kkinetic energy of the
photoelectrons emitted from the plate having
work function ¢ = 1.17eV is given by
KEmax =E—¢
=258-1.17
=141eV

The maximum velocity of photo electrons ejected

is gives as % m V2, =14leV

PHOTOELECTRIC EFFECT



Q.10

Sol.[8]

Q.11

Sol.[7]

Q.12

J2x1.41x1.6x10‘19
Or Vimax =

9.1x1073!
=7.036 x 10° m/sec
The radius of the

photoelectrons in magnetic field B is given by

circle traversed by

_mV _ (9.1x107%%)(7.036 x10°)
qB (1.6x10719)(107%)

mv 2
r

=40.0 x 10 metre (asqV B =

)=4.0cm.

If photons of ultraviolet light of energy 12eV are
incident on a metal surface of work function of
4eV, then the stopping potential (in eV) will be
eVS = hV -W
=12eV —4eV = 8eV
V=8V
In the photoelectric experiment, if we use a
monochromatic light, the I —V curve is as shown.
If work function of the metal is 2eV, estimate the
power of light used (in W) (Assume efficiency of
photo emission = 10° %, i.e. number of
photoelectrons emitted are 10~ % of number of
photons incident on metal).
I

10pA

—5Ir volt X
eVs=hv-W
5eV = hv — 2eV
hv = 7eV
_ P
" hv
Ne = N X%
i =Ne.€
20 #70% = 10 i x1.6x1071°
hv 100
10 % 106 = Px107 xl.?:lO‘lg
7x1.6x1077 x100
P=7W

Photoelectric threshold of silver is & = 3800A.
Ultraviolet light of A = 2600 A is incident on a
silver surface. Calculate

a. the value of work function in joule and in eV.

Sol.

Q.13

Sol.

Q.14

Sol.

Q.15

Sol.

Q.16

b. maximum kinetic energy of the emitted
photoelectrons

c. the maximum velocity of the photoelectrons
(Mass of the electrons = 9.11 x 103! kg)

(@) 3.27 eV (b) 1.5 eV (c) 0.7289 x 10%ms*

The stopping potential for photoelectrons emitted
from a surface illuminated by light waveléngth,of
5893 A is 0.36 V. Calculate the maximum, kinetic
energy of photoelectrons, the wark funétion of the
surface and the threshold frequency.

K.E. max. =0.36 eV, ¢ #1.7 46 eV,

Fo=4.22 x 10YHz

Light of wavelength of 2000 A falls on an
aluminium surfage. In aluminium, 4.2 eV are
required.to ‘remove an electron from its surface.
What is,the kinetic energy in electron volt, of
(a)=thexfastest, and

(b) the slowest emitted photoelectrons.

(e) What is the stopping potential?

(d What is the cut-off wavelength for
aluminium?

(Plank's constant h = 6.6 x 10-%* Js, and speed of
light c= 3 x 108 ms™

(a) 2eV (b) zero (c) 2V (d) 3000 A

(i) A stopping potential of 0.82 V is required to
stop the emission of photoelectrons from the
surface of a metal by light of wavelength 4000 A.
For light of wavelength 3000 A, the stopping
potential is 1.85 V. Find the value of Planck's
constant. [1 electron volt (eV) = 1.6 x 1019]]

(if) At stopping potential , if the wavelength of
the incident light is kept fixed at 4000 A, but the
intensity of light increased two times, will
photoelectric current be obtained? Give reasons
for your answer.

(i) h = 6592 x 103 J-s (ii) No, because
stopping potential does not depend on intensity of
incident light

Ultraviolet light of wavelength 800 A and 700 A
when allowed to fall on hydrogen atoms in their
ground states is found to liberate electrons with
kinetic energies 1.8 eV and 4.0 eV, respectively.

PHOTOELECTRIC EFFECT
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Sol.

Q.17

Sol.

Q.18

Sol.

Q.19

Sol.
Q.20

Sol.

h=6.57 x 103 Js

When a beam of 10.6 eV photon of intensity 2.0
Wm~2 falls on a platinum surface of area 1.0 x 10~
4 m? and work function 5.6 eV, 0.53% of the
incident photons eject photoelectrons. Find the
number of photoelectrons, emitted per second and
their minimum and maximum energies (in eV).
Take 1eV =1.6x 107,

No. of photoelectrons emitted = 6.25 x 10 ,

max K.E.=5eV, min. K.E. =0

Photons of energy 5 eV are incident on the
cathode. Electrons reaching the anode have
Kinetic energies varying from 6 eV to 8 eV. Find
the work function of the metal and state whether
the current in the circuit is less than or equal to
saturation current.

—h\|/ ?@@®@|—

ih
! |
5V
¢ =2 eV, less than saturation current

A small plate of metal (¢ = 1.17eV)4s placed at a
distance of 2m from a gnoenochromatic light
source of wavelength 4.84< 10" i and power 1.0
watt. The light falls nofmally, on a plate. Find the
number of photons(striking the metal plate per
square meter per sec./If a constant uniform
magnetic field of ’steength 10 tesla is applied
parallel to,the metal surface then find the radius
of largest Gircular path followed by emitted
photoélectrons.

4.8,x 10% 4.0 cm

Light of wavelength 330 nm falling on a piece of
metal ejects electrons with sufficient energy
which requires voltage Vo to prevent an electron
from reaching collector. In the same setup, light
of wavelength, ejects electron which requires
twice the voltage Vo, to stop them in reaching a
collector. Find the numerical value of V.

15/3 volt

PHOTOELECTRIC EFFECT



PHYSICS

Q.1

Q.2

Q.3

Q.4

Q5

When yellow light is incident on a surface no
electrons are emitted while green light can emit.
Infrared light is incident on the surface then -
(A) no electrons are emitted
(B) Photons are emitted
(C) electrons of higher energy are emitted
(D) electrons of lower energy are emitted
[A]

Light of frequency v is incident on a certain photo
electric substance with threshold frequency vo.
The work function for the substance is -

(A) hv (B) hvo

(C)hv—hvyg (D) he (v + vo) [B]

Three photons of energy 5eV, 6eV, 7eV are
incident on metal having work function 3eV. The

maximum kinetic  energy of  emitted
photoelectrons is-

(A) 2eV (B) 3eV

(C)4dev (D) 15 eV [C]

Electromagnetic radiations having electrig field
variation is as

t
E= Eocosz% coSayt

is incident on metal plateshaving work function

M, h is planck's constant. The maximum
T
kinetic energy of 'emitted photoelectrons is —
ho ho
A) —2 B) —
) 4 (B) 4n
h(o+o h(o-—o
(C) % (D) u [C]
i 4n

We wish to observe an object which is 2.5 A in size.
The minimum energy photon that can be used -

(A) 5 KeV (B) 8 KeV

(C) 10 KeV (D) 12 KeV [A]

Q.6

Q7

Q.8

Q.9

When 24.8 KeV X-rays strike a material, the
photoelectrons emitted from K shell are observed
to move in a circle of radius 23 mm in a magnetic
field of 2 x 10-2T. The binding energy of K-shell
electrons is —
(A) 6.2 KeV
(C) 7.4 KeV

(B) 5.4 KeV
(D) 8.6 KeV [A]

The number of visible photons of wavelength
5000A that a 100 W bull with-3% efficiency emit
per second is —
(A) 10t°

(C) 10%

(B) 10°
(D) 10% [A]

In photeeleetric effect, the slope of straight line
graph=between stopping potential (Vo) and
frequency of incident light (v) gives :

Vo

!

v—> >
(A) charge on electrons
(B) work function of emitter
(C) Plank’s constant
(D) ratio of Planck's constant to charge on
electron [D]

A photoelectric experiment is performed at two
different light intensities 1y and I> ( > I1). Choose
the correct graph showing the variation of
stopping potential versus frequency of light.

v I 1y v
(A) // (B)
1, o o

|
2,

>f

PHOTOELECTRIC EFFECT



Sol.

Q.10

Sol.

(D) None of these

[D] Q11
The value of stopping potential depends on the
maximum Kinetic energy of the photo-electron
and thus it is independent of the intensity of light.
Therefore, none of the graph shown is correct.
The correct graph is shown in the figure.

\Y lyorl;

or T, f

The radiation emitted, when an electron jumps

from n =3 to n = 2 orbit is a hydrogen atom, falls Q.12
on a metal to produce photoelectron. The
electrons from the metal surface with maximum
kinetic energy are made to move perpendicular to
a magnetic field of i T in a radius of
10-3m. Find the work function of metal- Q.13
(A) 1.03eV (B) 1.89 eV
(C) 0.86 eV (D) 2.03 eV [A]
_ 1 1
E3 - EZ - 136 |:?—3—2:|
_ 13.6x5 — 189V
36
Photoelectrons with KEmax are moving on circular
path. Sol.
mv
r£€ 3—
B
mvi= gBr

P=gBr=1.6x10"°x _L 10
3200

% x 1024 =5 x 102° kg m/s

2
Energy of photoelectron = KEmax = :_m

25x107%0 oV
2x9.1x10731x1.6x107*°

= 0.86eV

Now use Einstein equation
hv = ¢ + KEmax
1.89=056+¢ ; ¢=1.03ev

Choose the correct statement (s) related to the

photocurrent and the potential difference.between

the plate and the collector-

(A) Photocurrent always increase S\with the
increase in potential differenee

(B) when the potential difference is zero, the
photocurrent is also\zero

(C) Photocurrent attaihwa saturation value of

some positivel value of the potential
difference
(D) None of.these [C]

Twe=photons having -

(A) equal wavelengths have equal linear monenta
(B) equal energies have equal linear momenta
(C) equal frequencies have equal linear momenta
(D) equal linear momenta have equal wavelengths

[D]
If K; and K; are the maximum kinetic energies of
photo electrons emitted when lights of
wavelength A1 and A, respectively incident on a
metallic surface and A1 = 31, . Then -

(A) K> % (B) Ky < ﬁ

(C) K1 =3K; (D) Kz = 3K; [B]
hc

Ki= — —

1 » ¢
hc

Ko= — —

2 ~ [0}

PHOTOELECTRIC EFFECT



Q.14

Q.15

Q.16

Q.17

Q.18

Q9

Let n, and n, be respectively the number of
photons emitted by a red bulb and a blue bulb of
equal power in a given time -

(A)nr=np

(B) nr<np

(©)nr>ny

(D) The information is insufficient to get a
relation between n; and ny [C]

The equation E = pc is valid -

(A) for an electron as well as for a photon
(B) for an electron but not for a photon

(C) for a photon but not for an electron

(D) neither for an electron nor for a photon

[C]

The work function of a metal is hve. Light of
frequency v falls on this metal. The photoelectric
effect will take place only if -

(A)v=wvo (B) v>2vgo

(C)v<wo (D) v <wgl2 [A]
Light of wavelength A falls on a metal having work

function hc/io. Photoelectric effect will take place
only if -

(A) A =20 (B) A =20

(C)r<ho (D) A < Mf2 [C]
When stopping potential js™ applied in an
experiment on  photoelectric / effect, no

photocurrent is observed. This means that -

(A) the emission of photoelectrons is stopped

(B) the photoelectrons’ are emitted but are
reabsorbed by the emitter metal

(C) the photeelectrons are accumulated near the
colleetor plate

(D)\ the, photoelectrons are dispersed from the
sides of the apparatus [B]

JThe kinetic energy of most energetic electrons
emitted from a metallic surface is doubled when
the wavelength A of the incident radiation is
changed from 400 nm to 310 nm. The work
function of the metal is -
(A)0.9eV

(C)2.2eV

(B) 1.7eV
(D)3.1eV [l

Sol.

Q.20

Q.21

Q.22

Sol.

Q.23

12400
K=s——-¢=31-
4000 ¢ ¢
12400
K=—— _p=4-
3100 ¢ ¢
=62-20=4-¢
or22evV=¢

L 0=22eV

The mass of an electron in motion depends upon
(A) direction of motion

(B) its velocity

(C) initial mass of e~

(D) its shell numbgr [B]

A photon of ener@y hv is absorbed by a free electron

of a metal.havingwork function ¢ < hv,

(A)AT he,electron is sure to come out

(B)Fhe.electron is sure to come out with a
Kinetic energy hv — ¢

(C) Either the electron does not come out or it
comes out with a kinetic energy hv — ¢

(D) It may come out with a kinetic energy less
than hv — ¢ [D]

A modern 200 watt sodium street lamp emits
yellow light of wavelength 0.6 pm. Assuming it
to be 25% efficient in converting electrical energy
to light, number of photons of yellow light it
emits per second is -
(A) 6.2 x 10%°

(C) 1.5 x 10%

(B) 3 x 10
(D) 6 x 1018 [C]

t hv hc hc

50 x6x10~"
6.6x103*x3x10°8
@xlolg
20

1.5 x 10%

The collector plate in an experiment on
photoelectric effect is kept vertically above the
emitter plate. Light source is put on and a saturation
photocurrent is recorded. An electric field is

switched on which has a vertically downward

PHOTOELECTRIC EFFECT
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Q.24

Sol.

Q.25

Sol.

Q.26

Q.27

(A) The photocurrent will increase

(B) The kinetic energy of the electrons will
increase

(C) The stopping potential will decrease

(D) The threshold wavelength will increase [B]

Two identical metal plates show photoelectric effect.
Light of wavelength A falls on plate A and A falls
on plate B. Aa = 24s. The maximum K.E. of the
photoelectrons are Ka and Kg respectively. Which
one of the following is true ?

(A) 2KA = KB (B) KA = 2KB

(C) Ka<Kg/2 (D) Ka> 2Kz (@]
_ he _ hc .

KA—E—d)— m—(l) (I)
_hc hce _ .

Ks—g—d)j g =Kg+ ¢ o (i)

Fromeq" (i) & (ii)

-1 =l ¢
KA—Z(KB+(I)) 2KB >
1

KA<§ Ks

The threshold frequency for photo electric effect
on sodium corresponds to a wavelength 5000 AT
Its work function is -
(A) 15 Joule

(C) 4 x 107*° Joule

(B) 10 x410*° Joule
(D), None of these

[C]
hc
o= N
0
-26
d= &010 54 x 10 % Joule
5000%10.

A point'source of light is used in a photoelectric
effect. If the source is removed farther from the
emitting metal, the stopping potential -

(A) will increase

(B) will decrease

(C) will remain constant

(D) will either increase or decrease [C]

A point source causes photoelectric effect from a
small metal plate. Which of the following curves
may represent the saturation photocurrent as a

Q.28

Sol.

Q.29

Q.30

Q.31

function of the distance between the source and
the metal ?

= a
= b
© C
d
distance
(A)a B)b
©)c (D)d [D]

Light of frequency 4vo is’incident on the metal of
threshold frequency4yo.\ The maximum Kinetic
energy of the emitted photo electrons is

(A) 3 hvo (B) 2 hvo
© 3 e © e N

K.E.max = 4hV0— hVO
K.E.max = 3 hVO

A proton and an electron are accelerated by the
same potential difference. Let A and A, denote the
de Broglie wavelengths of the electron and the
proton respectively -
(A) ke =1p
(B) ke <hp
(C) Ae > 2p
(D) The relation between . and A, depends on
the accelerating potential difference

[C]
A surface does not ejects electron when
illuminated with blue light. Then photoelectrons
will be ejected when the surface is illuminated by
(A) masers
(C) laser

(B) infra-red
(D) X-rays [D]

The phenomenon of photoelectric emission
depends on -

(A) only wavelength of incident light

(B) only work function of surface

(C) only nature of surface

(D) all of the above [D]

PHOTOELECTRIC EFFECT



Q.32

Sol.

Q.33

Sol.

Q.34

Q.35

Sol.

or

or

Q.36

The work function of a substance is 4 eV. What is
the approximate longest wavelength of light that
can cause photo-emission ?
(A) 309 nm (B) 209 nm
(C) 109 nm (D) 9 nm [A]

_ hc _ 12400

M= —=—— A=3100A =310 nm
b 4

=A< 310 nm

A photon behaves as if it had a mass equal to -

() B
C C
CZ
(C) o (D) hve [B]
A%
E = mc?
m=E - v
¢z ¢

A photosensitive plate is illuminated by green
light and photoelectrons are emitted with
maximum Kinetic energy 4 eV. If the intensity of
the incident radiation is reduced to one-fourth of
the original value, then the maximum K.E. of the
photoelectrons will be -
(A) 0.1eV

(C)4eV

(B) LeV
(D) 16 eV [C]

Photoelectron are emitted, wWith maximum kinetic
energy E from a metal sugface when light of
frequency v falls on it when light of frequency v’
falls on the same™metal; the max. KE. Of emitted
Photoelectrons is found to be 2E then v'is -

(A) vL=w (B) vl =2v

(C),v* >2u (D) vt<2v [C]
KE¥h+¢ ....(0)

2KE=hv'+¢ ...... (i)

2(ho+¢d)=ho'+¢

¢

U':ZU*‘F =v'>2v

The stopping potentials are Vi and V: with
incident lights of wavelength A; and X

respectively. Then V1 — V5 -

Sol.

Q.37

Sok

Q.38

Sol.

he( 1 1
@ )

he( 1 1 he
© _(___J ®) Chih,

(ra-2,)

[B]

eVo= — —¢

The graph between the stopping potential Vo and
frequency (n)xef.incident photons for photocell is
a straight\line with a slope -

(A) h (B) eh
(C)e/h (D) hle [D]
eVo=hn—-¢
Vo = (Dj n-— E
€ [
Vo

All electrons ejected from a surface by incident
light of wavelength 200 nm can be stopped before
travelling 1 m in the direction of uniform electric
field of 4N/C. The work function of the surface is
(A) 4eV
(C)2eV
Vs=E.d
Vs = 4Volt

oV, - 12;100 W

(B) 6.2 eV
(D) 2.2 eV [D]

12400eV
2000

4eV =6.2eV - W

[W=22eV]

4eV =

PHOTOELECTRIC EFFECT



Q.39

Sol.

Q.40

Sol.

Q.41

Sol.

Q42

The maximum Kkinetic energy of photoelectrons
emitted from a surface when photons of energy
5 eV fall on it is 3 eV. The stopping potential in
volts is —

(A) 3eV (B) 2 eV

(C)8eV (B)5eV [A]
eVs=hv - ¢ = Kmax

Vs=3eV

The graph between the frequency of incident light
and the stopping potential is a -
(A) Parabola (B) Straight line

(C) Hyperbola (D) Circle [B]
UseeVo=hv—¢
or Vo= D v — E
e e
Vo
\%

The surface of a metal is illuminated with the
light of 400 nm. The Kinetic energy of the"€jected
photoelectrons was found to be 1,68 V&, The
work function of the metal is (hc\= %240 eV.

nm)— [AIEEE=2009]
(A) 3.09 eV (B) T4leVv
(C)151eVv (D) 1768 Ev [B]
m: lrnvz_;_q)
A 2
= ¢= E—lmv2
A 2
1240
=——-1.68 =1.
400 1.41eV

kight of frequency 1.5 times the threshold
frequency is incident on a photosensitive material,
photoelectric current is emitted. If the frequency
of light is halved and intensity is doubled, the
photoelectric current becomes -

(A) 4 times the orginal current

(B) 2 times the original current

(C) half the original current

Sol.

Q.43

Sol.

Q.44

Sol.

Q.45

(D) zero times the original current [D]
vi=15vp
V2 = V_21 =0.75vo<wo

= photoelectric effect (P.E.E.) not possible.

We wish to observe an object which is.2:5 A in
size. The minimum energy photonthat, can be
used-

(A) 5 KeV (B) 8 KeV

(C) 10 KeV (D) 12 KeV [A]
In order for scattering t0,occug, the wavelength of
the waves must be ef, thessame order of magnitude
or smaller than the size of the object being
observed. Henceésthe largest possible wavelength
we can.use in the present problem is Amax = 2.5
A. Henee minimum energy is

hc
Emin= hvmin =
max
3 °
_ 12.40x10°eV.A — 5 KeV
2.5A°

In an experiment tungsten cathode which has a
threshold wavelength 2300 A is irradiated by
ultraviolet light of wavelength 1800 A. The
maximum energy of emitted photo-electron will
be —

(A)1.2eV
(C)1.6eV

hc (l—ij
x g
6.62 x10 34 x3x108 [1010 101(’}

1.6x10719 1800 2300
=15eV

(B) 1.5 eV
(D) 1.8 eV [B]

Kmax

The frequency of incident light falling on a photo
sensitive plate is doubled, then maximum Kinetic
energy of the emitted photoelectrons will become —
(A) 2 times of the earlier value

(B) More than 2 times of the earlier value

(C) Less than 2 times of the earlier value

(D) Unchanged [B]

PHOTOELECTRIC EFFECT



SOI KEmax = h(V*VO)
KE 1rax _ h(2v-vy) > 9
KEex  h(v—vp)

Q.46 1.5 mW of 400 nm light is directed at a photo
electric cell. If 0.1% of the incident photons
produce photo electrons, the current in the cell is-

(A) 0.48uA (B) 0.42mA
(C) 0.48 mA (D) 0.42uA [A]
Sol. n= ﬂ
hc
Ne=nx B 0p = ﬂ X i
hc 100

_ 15x10°x400x10° 01
6.6x1034x3x108 100
l=nece
=0.48 A

Q.47  Stopping potentials of 24, 100, 110, 115 kV are
measured for photoelectrons emitted from a
certain element when it is irradiated with
monochromatic X-rays. The element is used &8s a
target in an X-ray tube. The energy of Kqinhg is—
(A) 54 KeV (B) 76 KeV
(C) 88 KeV (D) 32 KeV [B]

Sol. Let Ek, E., Em, En be the binding energies of K,
L, M and N shell. Let Ep~be €nergy of incident
photon. Then

Ep - Ex = 24 KeV )
Ep— EL =100 KeV %t (2)
Er—Em=110KeV 7 ... (3)

E(Ka) = Ex SEL = 100 — 24 = 76 KeV

Q.48  Whenmghotons of energy hv are incident on the
surface of photosensitive material of work
function hvy, then -

(A) the kinetic energy of all emitted electrons is
hvo

(B) the kinetic energy of all emitted electrons is h
(v —vo)

(C) the kinetic energy of all fastest electrons is h

(v —vo)

(D) the kinetic energy of all emitted electrons

is hv [C]
Sol. % MVZgy = hv —hvo
=h (v-vo)
This is Einstein's equation of photoelectric
effect.

Q.49  We wish to observe an object whichis 25 A in
size. The minimum energy pheton that can be

used -

(A) 5 KeV (B)8 Kev

(C) 10 KeV (D) 12 KeV [A]
Sol. In order for scattéring to occur, the wavelength of

the waves must ke of’the same order of magnitude
or smallér\than/the size of the object being
obserdedHence the largest possible wavelength
we.can use in the present problem is Amax = 2.5 A.
Hence minimum energy is
Emin = NVmin = £
A
_ 12.40x10° VA
2.5A
=4.96 x 10% eV
=5KeV

Q.50  If the rate of emission of energy from a star is 2.7
x 10% J/sec, the rate of loss of mass in the star
will be -

(A) 3 x 108 kg/sec
(C) 3 x 10% kg/sec

(B) 3 x 10%° kg/sec
(D) 3 x 10 kg/sec

[B]
Sol. E = mc?
Cme E = 2.7x10%
' ¢ 9x10%
35
= %= 3 x 10*° kg/sec
X
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PHYSICS

Q.1

Ans.

Q.2

Ans.

Q.3

Ans.

Q.4

Ans.

Q5

Ans.

Q6

Ans.

Q7

Ans.

Visible light has wavelengths in the range of
400 nm to 780 nm. Calculate the range of
energy of the photons of visible light.

2.56 x 101°J t0 5.00 x 1071°J

Calculate the momentum of a photon of light of
wavelength 500 nm.
1.33 x 10" kg-m/s

Calculate the number of photons emitted per
second by a 10 W sodium vapour lamp. Assume
that 60% of the consumed energy is converted
into light. Wavelength of sodium light = 590
nm.

1.77 x 10%°

Find the maximum Kkinetic energy of the
photoelectrons ejected when light of wavelength
350 nm is incident on a cesium surface. Work
function of cesium =1.9 eV.

1.6 eV

The work function of a metal is 2.5 x 10-2%, (a)
Find the threshold frequency for photoelectric
emission. (b) If the metal is exposéd to,alight
beam of frequency 6.0 x 107%*Hz,"what will be
the stopping potential ?

(@) 3.8 x 10 Hz (b) 091V

The electric field.at a‘point associated with a light
wave is E =,(100\W/m) sin [(3.0 x 10% s ] sin
[(6.0 x108%Dt]. If this light falls on a metal
surfacé having a work function of 2.0 eV, what
will=be the maximum Kkinetic energy of the
photaelectrons ?

393 Ev

In a photoelectric experiment, it was found that
the stopping potential decreases from 1.85 V to
0.82 V as the wavelength of the incident light is
varied from 300 nm to 400 nm. Calculate the
value of the Planck constant from these data.
412 x10%eV-s

Q.38

AnNS.

Q.9

Ans.

Q.10

Ans.

Q.11

Ans.

Q.12

Ans.

Q.13

AnNS.

Light described at a place by the equation

E = (100 V/m) [sin(5
x 10% s1)t + sin (8 x 101 s71) 1]
falls on a metal surface having work function
2.0 eV. Calculate the maximum kinetiC*energy
of the photoelectrons.
3.27eV

The work function of a photoelectric material is
4.0 eV. (a) What is the threshold wavelength ?
(b) Find the wavelength of light for which the
stopping potential is.2.5 V.

(2) 310 Amy(b) 190 nm

Fifid “the>maximum magnitude of the linear
momentum of a photoelectron emitted when
light of
400 nm falls on a metal having work function
2.5eV.

4.2 x 102 kg-m/s

wavelength

When a metal plate is exposed to a
monochromatic beam of light of wavelength
400 nm, a negative potential of 1.1 V is needed
to stop the photocurrent. Find the threshold
wavelength for the metal.

620 nm

The electric field associated with a light wave is
given by

E = Eosin [(1.57 x 10" m™) (x — ct)]
Find the stopping potential when this light is
used in an experiment on photoelectric effect
with the emitter having work function 1.9 eV.
12V

Find the maximum kinetic energy of the
photoelectrons ejected when light of wavelength
350 nm is incident on a cesium surface . Work
function of cesium = 1.9 eV.

1.6eV
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Q.14

Ans.

Q.15

Ans.

Q.16

Ans.

Q.17

Ans.

Q.18

Ans.

Q.19

Ans.

Q.20

Ans.

The work function of a photoelectric material is
4.0 eV. (a) what is the threshold wavelength ?
(b) Find the wavelength of light for which the
stopping potential is 2.5 V.

310 nm (b) 190 nm

Find the maximum magnitude of the linear
momentum of a photoelectron emitted when
light of wavelength 400 nm falls on a metal
having work function 2.5 eV.

4.2 x 102 kg-m/s

The work function of metal is 2.5 x 1019 J.

(@ Find the threshold frequency for
photoelectric emission (b) If the metal is
exposed to a light beam of frequency 6.0 x 1014
Hz , what will be the stopping potential ?

(a) 3.8 x 101*Hz, (b) 0.91V

The photo-electrons emitted from a metal for
light of wavelengths 4.36 x 107 m and
5.46 x 10" m have speeds 6.51 x 10> ms1 and
4.74 x 105ms1 respectively. Compute

(i) value of Planck’s constant

(ii) work function of the metal

(iii) threshold wavelength A,
(i) 6.53 x 103 J-s
(ii) Work- function = 2.57 x 1019 J (iii), 7%02.A

What will be the change in the ‘stopping
potential for photoelectrons emitted from a
surface if the wavelength™of" the incident
radiation is reduced from.4000, Arto 3600 A ?
0.34 V (increase )

A photometer isyillumindted by monochromatic
light of unknownywavelength. It is known that
no photo-electrons are emitted above a
wavelefigth 5000 A from the same metal. Find
the, unknoWn wavelength, if the stopping
poteptial-is found to be 3.1 volt.

22224

In a photoelectric experiment, the collector plate
is at 2.0 V with respect to the emitter plate made

of copper (¢ = 4.5 eV). The emitter is
illuminated by a source of monochromatic light
of wavelength 200 nm. Find the minimum and
maximum kinetic energy of the photoelectrons
reaching the collector.

2eV &3.71eV
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