
PHYSICS

BOOKS - PRADEEP PHYSICS (HINGLISH)

DUAL NATURE OF RADIATION AND MATTER

Solved Examples

1. The work function of cesium is 2.14 eV. Find (a) the threshold frequency

for cesium, and (b) the wavelength of the incident light if the photo

current is brought to zero by a stopping potential 0.60 V. Given

.

Watch Video Solution

h = 6.63 × 10− 34Js

https://doubtnut.app.link/lkek2J5wfhb
https://doubtnut.app.link/MVcbJvrhfnb
https://doubtnut.app.link/MVcbJvrhfnb
https://dl.doubtnut.com/l/_T92ZqBv6hEod


2. Using the graph shown in �g for stopping potential  the incident

frequency of photons, calculate Planck's constant. 

Watch Video Solution

vs

3. The momentum of photon of electromagnetic radiation is

. What is the frequency and wavelength of the waves

associated with it ? .

Watch Video Solution

3.3 × 10− 29kgms− 1

h = 6.6 × 10− 34Js

https://dl.doubtnut.com/l/_S7tmWZzL6nb8
https://dl.doubtnut.com/l/_BqC9KoNOgrlV


4. Find the number of emitted per minute by a 25W source of

monochromatic light of wavelength 5000Å. Use .

Watch Video Solution

h = 6.63 × 10− 34Js

5. What is the de-Broglie wavelength associated with (a) an electron

moving with speed of , and (b) a ball of mass 150g

travelling at ? , mass of electron 

.

Watch Video Solution

5.4 × 106ms− 1

30.0ms− 1 h = 6.63 × 10− 34Js

= 9.11 × 10− 31kg

6. The equivalent wavelength of a moving electron has the same value as

that of a photon having an energy of . Calculate the

momentum of the electron.

Watch Video Solution

6 × 10− 17J

https://dl.doubtnut.com/l/_l0tHWLbVDURv
https://dl.doubtnut.com/l/_2OY0xBCoxD9z
https://dl.doubtnut.com/l/_8PFjd8C1P0Vs
https://dl.doubtnut.com/l/_ZMm11eo0zdWv


7. Through what potential di�erence should an electron be accelerated so

that its de-Broglie wavelength becomes 0.4Å?

Watch Video Solution

8. Find the de-Broglie wavelength of an electron in a metal at .

Given, mass of electron , Boltsmann constant 

 , Plank constant .

Watch Video Solution

127∘C

= 9.11 × 10− 31kg

= 1.38 × 10− 23J mole− 1K − 1 = 6.63 × 10− 34Js

9. The work function , of a metal X, equals . Calculate the

number (N) of photons, of light of wavelength 26.52nm, whose total

energy equal W. Plank's constant 

Watch Video Solution

(ϕ0) 3 × 10− 19J

= 6.63 × 10− 34Js.

https://dl.doubtnut.com/l/_ZMm11eo0zdWv
https://dl.doubtnut.com/l/_7cAJCcrdDbBk
https://dl.doubtnut.com/l/_gqvESI1xhvVZ


10. The work function for the following metals is given Na: 2.75 eV, K:2.30

eV , Mo: 4.17 eV , Ni: 515 eV. 

Which of these metals will not give photoelectric emission for a radiation

of wavelength 3300 A from a  laser placed 1m away from the

photocell? What happens if the laser is brought nearer and placed 50 cm

away?

Watch Video Solution

He − Cd

11. By how which would the stopping potential for a given photosensitive

surface go up if the frequency of the incident radiations were to be

increased from  to ? Given, , 

.

Watch Video Solution

4 × 1015Hz 8 × 1015Hz h = 6.6 × 10− 34Js

e = 1.6 × 10− 19C and c = 3 × 108ms− 1

12. Work function of sodium is 2.3 eV. Does sodium show photoelectric

emission for orange light ? (λ = 6800Å)

https://dl.doubtnut.com/l/_8SJDKsAXQTxI
https://dl.doubtnut.com/l/_mZ8sYMXcGfJ4
https://dl.doubtnut.com/l/_T7csMhW8U0K7


Given 

Watch Video Solution

h = 6.63 × 10− 34Js

13. A metal has a work function of 2.0 eV and is illuminated by

monochromatic light of wavelength 500nm. Calculate (a) the threshold

wavelength (b) the maximum energy of photoelectrons (c) the stopping

potential. [use h= ]

Watch Video Solution

6.63 × 10− 34J, c = 3 × 108ms− 1

14. The work fuction of caseium is 2.14 eV. Find (a) the threshold frequency

for caesium and (b) the wavelength of the incident light if the

photocurrent is brought to zero by a stopping potential of 0.60V. Given

Watch Video Solution

h = 6.63 × 10− 34Js.

https://dl.doubtnut.com/l/_T7csMhW8U0K7
https://dl.doubtnut.com/l/_lnLMYuRutX9L
https://dl.doubtnut.com/l/_GZrRkjVlUsWp


15. The work function for a metal is 1.8eV. Light of 5000Å is incident on it.

Calculate (a) threshold frequency and threshold wavelength, (b)

maximum kinetic energy of the emitted electrons, (c) maximum velocity of

the emitted electrons, (d) if the intensity of the incident light be doubled,

then what will be the maximum kinetic energy of the emitted electrons?

given, 

Watch Video Solution

h = 6.63 × 10− 34Js, me = 9 × 10− 31kg, c = 3 × 108ms− 1.

16. Photoelectrons are emitted from a metal surface when ultraviolet light

of wavelength 300nm is incident on it. The minimum negative potential

required on it. The minimum negative potential required to stop the

emission of electrons is 0.54V. Calculate: 

(i) the energy of the incident photons 

(ii) the maximum kinetic energy of the photoelectrons emitted 

(iii) the work function of the metal Express all answer in eV.

Watch Video Solution

(useh = 6.63 × 10− 34Js)

https://dl.doubtnut.com/l/_AsJEcPLvoiia
https://dl.doubtnut.com/l/_SN5TMA6NE2iY


17. By how which would the stopping potential for a given photosensitive

surface go up if the frequency of the incident radiations were to be

increased from  to ? Given, , 

.

Watch Video Solution

6 × 1015Hz 16 × 1015Hz h = 6.6 × 10− 34Js

e = 1.6 × 10− 19C and c = 3 × 108ms− 1

18. Light of wavelength 5000Å falls on a metal surface of work function

1.9eV. Find (i) the energy of photons in eV (ii) the kinetic energy of

photoelectrons and (iii) the stopping potential. Use ,

Watch Video Solution

h = 6.63 × 10− 34Js

c = 3 × 108ms− 1, e = 1.6 × 10− 9C.

19. (a) The work function for the surface of aluminum is 4.2eV. How much

potential di�erence will be required to stop the emission of maximum

energy electrons emitted by light of 2000Å wavelength? 

https://dl.doubtnut.com/l/_SN5TMA6NE2iY
https://dl.doubtnut.com/l/_Lp2X57kp0U6k
https://dl.doubtnut.com/l/_DoE15Cil0zGh
https://dl.doubtnut.com/l/_BE9oy54h3Udt


(b) What will be the wavelength of that incident light for which stopping

potential will be zero ? .

Watch Video Solution

h = 6.6 × 10− 34Js, c = 3 × 108ms− 1

20. (a) The work function for the surface of aluminium is 4.2eV. Find

potential di�erence will be required to stop the emission of maximum

kinetic energy photoelectrons emitted by light of 1800Å wavelenght? 

(b) Determine the wavelength of that incident light for which stopping

potential will be zero? 

Watch Video Solution

(h = 6.6 × 10− 34)

21. In an experiment on photoelectic e�ect, the graph between maximum

kinetic energy  and frequency of emitted photoelectron from

metal surface is found to be a straight line as shown in �g. Calculate 

(Kmax )

https://dl.doubtnut.com/l/_BE9oy54h3Udt
https://dl.doubtnut.com/l/_JfCVTfV8HC2p
https://dl.doubtnut.com/l/_CUeoDHmORxO5


  

(a) thereshold frequency. 

(b) work function of metal in electron volt. 

(c) Planck's constant and 

maximum kinetic energy of the emitted electron by light of frequency

.

Watch Video Solution

v = 8 × 1014s− 1

22. When a piece of metal is illuminated by monochromatic light of

wavelength  then the stopping potential for photoelectric current is 2.5

. When the same surface is illuminated by light of wavelength 1.5 ,

λ

V0 λ

https://dl.doubtnut.com/l/_CUeoDHmORxO5
https://dl.doubtnut.com/l/_QFW2SDuSqH3M


then the stopping potential becomes . Find the value of threshold

wavelength for photoelctric emission.

Watch Video Solution

V0

23. A monochromatic source of light operating at 500W emits 

photon per second. Find the wavelength of the light used. Use

Watch Video Solution

6 × 1020

h = 6.6 × 10− 34Js, C = 3 × 108m/s

24. Monochromatic light of frequency  is produced by a

laser. The power emitted is , (a) What is the energy of a

photon in the light beam? (b) How many photons per second, on the

average, are emitted by the source? Given 

Watch Video Solution

6.0 × 1014Hz

2.0 × 10− 3W

h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_QFW2SDuSqH3M
https://dl.doubtnut.com/l/_8GagPoJBYCf6
https://dl.doubtnut.com/l/_jQrTbSLumbP6


25. A monochromatic source emitting light of wavelength, 600nm, has a

power output of 66W. Caculate the number of photons emitted by this

source in 2minuts. Use .

Watch Video Solution

h = 6.6 × 10( − 34)Js

26. How many photons are received on earth per  per hour if the

energy from the sun reaching on the earth is at the rate of

 and average wavelength of solar light be taken as 5500Å.

Use  and 

Watch Video Solution

cm− 2

2calcm− 2
− 1

min

h = 6.6 × 10− 34J, c = 3 × 108ms− 1 1cal = 4, 2J

27. If 10% of the energy supplied to an incandescent light bulb is radiated

as visible light, how many visible light photons are emitted by 200watt

bulb? Assume wavelength of all visible photons to be 5000Å. Given

.

Watch Video Solution

h = 6.6 × 10− 34Js

https://dl.doubtnut.com/l/_zvvxPJ3417Sm
https://dl.doubtnut.com/l/_U64Vy6sySnBN
https://dl.doubtnut.com/l/_mBsI4pFl07i7


Watch Video Solution

28. The wavelength of light in the visible region is about 390nm for violet

colour, about 550nm (average wavelength) for yellow green colour and

about 760nm for red colour. What are the energies of photon in eV at the

(i) violet end (ii) average wavelength yellow-green colour and (iii) red end

of the visible spectrum?

Watch Video Solution

(Take h = 6.63 × 10− 34Js and 1eV = 1.6 × 10− 19Js)

29. The kinetic energy of the electron orbiting in the �rst excited state of

hydrogen atom is 3.4 eV. Determine the de- broglie wavelength

associated with it. 

Mass of electron= ,  

Planck's constant= .

Watch Video Solution

9.1 × 10− 31kg

6.63 × 10− 34Js

https://dl.doubtnut.com/l/_mBsI4pFl07i7
https://dl.doubtnut.com/l/_3jGUgkYIx8C2
https://dl.doubtnut.com/l/_V1CuvQ3Avn72
https://dl.doubtnut.com/l/_f9xOVv0IwNdn


30. The wavelength  of a photon and the de-Broglie wavelength of an

electron have the same value. Show that the energy of the photon is

 times the kinetic energy of the electron, Where m,c and h have

their usual meanings.

Watch Video Solution

λ

2λmc

h

31. The equivalent wavelength of a moving electron has the same value as

that of a photon having an energy of . Calculate the

momentum of the electron.

Watch Video Solution

6 × 10− 17
J

32. An electron, an -particle, and a photon have the same kinetic energy.

Which of these particles has the shortest, de -broglie wavelenght?

Watch Video Solution

α

https://dl.doubtnut.com/l/_f9xOVv0IwNdn
https://dl.doubtnut.com/l/_OZ9gAM18Ivrn
https://dl.doubtnut.com/l/_oWF4Q9E0HOc5


33. A particle is moving three times as fast as an electron. The ratio of the

de- Broglie wavelength of the particle to that of the electron is

. Calculate the particle's mass and identity the particle.

Mass of electron .

Watch Video Solution

1.813 × 10− 4

= 9.11 × 10− 31kg

34. What is the de-Broglie wavelength associated with an electron moving

with an electron, accelerated through a potential di�erence of 100 volt?

Watch Video Solution

35. Find the de-Broglie wavelength (inÅ) associated with an electron

moving with a velocity 0.6c, where  and rest mass of

electron .

Watch Video Solution

c = 3 × 108m/s

= 9.1 × 10− 31kg, h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_Pk3z3JZWOB5k
https://dl.doubtnut.com/l/_hA9msIodU8wN
https://dl.doubtnut.com/l/_uxHmFENLcRsi
https://dl.doubtnut.com/l/_b2tc7UkMkZNG


36. Find the de Broglie wavlength of a neutron at C Given that

Boltzmann's constant   . Planck's

constant , mass of neutron .

Watch Video Solution

127∘

k = 1.38 × 10− 23J molecule− 1 K − 1

= 6.625 × 10− 34Js = 1.66 × 10− 27kg

37. For what kinetic energy of a proton, will the associated de-Broglie

wavelength be 16.5nm? Mass of proton

Watch Video Solution

= 1.675 × 10− 27kg, h = 6.63 × 10− 34Js

38. What is the de-Broglie wavelength of nitrogen molecule in air at 300K

? Assume that the molecule is moving with the root mean square speed

fo molecules at this temperature. (Atomic mass of nitrogen )

Plank's constant=  , Boltzmann constant 

Watch Video Solution

= 14.0076U

6.63 × 10− 34Js

= 1.38 × 10− 23JK − 1

https://dl.doubtnut.com/l/_b2tc7UkMkZNG
https://dl.doubtnut.com/l/_T62sxg7bP1Ty
https://dl.doubtnut.com/l/_5HhVjggoQo2F


39. X-rays of wavelength 0.82Å fall on a metal plate. Find the wavelength

associated with photoelectron emitted. Neglect work function of the

metal. 

Given 

Watch Video Solution

c = 3 × 108m/sh = 6.63 × 10− 34Js.

40. Find the typical de-Broglie wavelength associated with a H-atom in

helium gas at room temperature  and 1atm pressure, and

compare it with the mean separation between two atom under these

conditions.

Watch Video Solution

(27∘C)

41. a. A stopping potential of  is required to stop the emission of

photoelectrons from the surface of a metal by light of eavelength .

For light of wavelength , the stopping potential is . Find the

0.82V

4000A

3000A 1.85V

https://dl.doubtnut.com/l/_5HhVjggoQo2F
https://dl.doubtnut.com/l/_eDE5HTye6V9b
https://dl.doubtnut.com/l/_Z914alcazfpW
https://dl.doubtnut.com/l/_rFdKhAsfjjfB


value of Planck's constant. [1 electrons volt (eV)   

b. At stopping potential, if the wavelength of the incident light is kept

�xed at , but the intensity of light increases two times, will

photoelectric current be botained ? Give reasons for your answer.

Watch Video Solution

= 1.6 × 10− 19J]

4000A

42. Light of wavelength 4000Å is incident on barium. Photoelectrons

emitted describe a circle of radius 50 cm by a magnetic �eld of �ux

density . What is the work of barium in eV? Given 

Watch Video Solution

5.26 × 10− 6tesla

h = 6.6 × 10− 34Js, e = 1.6 × 10− 19C, me = 9.1 × 10− 31kg.

43. Calculate the strength of the transverse magnetic �eld required to

bend all photoelectorns within a circle of radius 50 cm, when light of

wavelength 4000Å is incident on a barium emitter. Work function of

barium is 2.5eV. Given,

me = 9.1 × 10− 31kg, e = 1.6 × 10− 19C, h = 6.6 × 10− 34Js.

https://dl.doubtnut.com/l/_rFdKhAsfjjfB
https://dl.doubtnut.com/l/_r6E3G8dOHKFV
https://dl.doubtnut.com/l/_xqt3rMOlM7zy


Watch Video Solution

44. The extent of localization of a particle is determined roughly by its de

Broglie wave. If an electron is localized within the nucleus (of size about

m) of an atom, what is its energy? Compare this energy with the

typical binding energies (of the order of a few MeV) in a nucleus and

hence argue why electrons cannot reside in a nucleus.

Watch Video Solution

1014

45. Radiations of frequency  is incident on three photosenstive

surfaces. A,B and C. Following observations are recorded, 

(a) Surface A. No photoemission occurs. 

(b) Surface B. Photoemission occurs but the photoelectrons have zero

kinetic energy. 

(c) Surface C. Photoemission occurs and photoelectrons have some KE. 

Based on Einstein's photoelectric equation, expalain the three

observations.

1015Hz

https://dl.doubtnut.com/l/_xqt3rMOlM7zy
https://dl.doubtnut.com/l/_fBL7ynzoEbK9
https://dl.doubtnut.com/l/_O5TqTeRoR4XI


Watch Video Solution

46. It is easier to remove an electron from sodium then from copper.

Which metal has higher value of threshold frequency?

Watch Video Solution

47. Blue light can eject electrons from a photosenstive surface while

orange light can not. Will violet and red light eject electrons from the

same surfac?

Watch Video Solution

48. If the intensity of light falling on the emitting substance of a

photoelectric cell be increased then what will be the e�ect on (i) current

�owing from the cell, (ii) potential di�erence required to stop the current

completely?

W t h Vid S l ti

https://dl.doubtnut.com/l/_O5TqTeRoR4XI
https://dl.doubtnut.com/l/_2OLZEoJaHC5N
https://dl.doubtnut.com/l/_lUe78RwqQ26i
https://dl.doubtnut.com/l/_Yhv70aBw5Qjl


Watch Video Solution

49. When a metal surface is exposed with a monochromatic light, then all

the photoelectrons are not emitted from the metal surface with the same

kintetic energy. Why?

Watch Video Solution

50. For three di�erent materials, the variation of the stopping potential

 and the wavelength  of the incident light is shown by curves a,b and

c in �g. which material has maximum work function and which one has

least work function ?

Watch Video Solution

V0 λ

51. Draw a graph showing the variation of stopping potential with

frequency of the incident radiation. What does the slope of the line with

https://dl.doubtnut.com/l/_Yhv70aBw5Qjl
https://dl.doubtnut.com/l/_twTwZv8aQhhd
https://dl.doubtnut.com/l/_1OIuS8EmhSbN
https://dl.doubtnut.com/l/_tK6VqoBahhkD


frequency axis indicate? What information can be obtained from the

values of intercept on the potential axis?

Watch Video Solution

52. Fig. shows the variation of stopping potential  with the frequency v

of the incident radiation for two photosensitive metal P and Q: 

(i) Explain which metal has smaller threshold wavelength 

 

(ii) Explain, giving reason, which metal emits photoelectrons having

smaller kinetic energy, for the same wavelength of incident radiation.

V0

https://dl.doubtnut.com/l/_tK6VqoBahhkD
https://dl.doubtnut.com/l/_BxsD8isajRca


(iii) If the distance between the light source and metal P is doubled, how

will the stopping potential change.

Watch Video Solution

53. In the study of a photoelectric e�ect the graph between the stopping

potential V and frequency v of the incident radiation on two di�erent

metals P and Q is shown in �g. 

(i) which one of two metals have higher threshold frequency 

(ii) Determine the work function of the metal which has greater value 

(iii) Find the maximum kinetic energy of electron emitted by light of

https://dl.doubtnut.com/l/_BxsD8isajRca
https://dl.doubtnut.com/l/_lyRP3XMk0CYU


frequency  for this metal. 

Watch Video Solution

8 × 1014Hz

54. �g. shows variation of stopping potential  with frequency (v) for

two photosenstive matrials .  

(V0)

M1 and M2

https://dl.doubtnut.com/l/_lyRP3XMk0CYU
https://dl.doubtnut.com/l/_AOSJ2niRPYeY


  

(i) why is the slope same for both lines? 

(ii) For which material will the emitted electrons have greater kinetic

energy for the incident radiations of the same frequency? Justify your

answer.

Watch Video Solution

55. Draw a plot showing the variation of photoelectric current with

collector plate potential for two di�erent frequencies,  of incidentv1 > v2

https://dl.doubtnut.com/l/_AOSJ2niRPYeY
https://dl.doubtnut.com/l/_FTyw8IIa4XbL


radiation having the same intensity. In which case will the stopping

potential be higher? Justify your answer.

Watch Video Solution

56. The graph of Fig. shows the variation of photoelectric current with

collector plate potential for di�erent frequencies of incident radiations. 

  

(i) Which physical parameter is kept constant for the three curves? 

(ii) Which frequency  is the highest?

Watch Video Solution

(v1, v2 or v3)

https://dl.doubtnut.com/l/_FTyw8IIa4XbL
https://dl.doubtnut.com/l/_4b2El7xTwHte


57. A source of light is emitting photons. Does all the photons emitted

have the same energy? Is the source monochromatic? Explain.

Watch Video Solution

58. A lamp mainly emits light of wavelength . The lamp is rated at P watt

and 8% of the energy is emitted as visible light. 

(i) How many photons of light are emitted by the lamp per second? 

(ii) How many photons are falling per second on a square whose length of

each side is a, held perpendicular to the incident photons at a distance r

from the lamp.

Watch Video Solution

λ

59. X-rays of wavelength  fall on photosenstive surface, emitting

electrons. Assuming that the work function of the surface can be

λ

https://dl.doubtnut.com/l/_4b2El7xTwHte
https://dl.doubtnut.com/l/_3c3vw1NuGZK5
https://dl.doubtnut.com/l/_nrFx8OvXozV6
https://dl.doubtnut.com/l/_PSnxtlmwKAVQ


neglected, prove that the de-broglie wavelength of electrons emitted will

be .

Watch Video Solution

√
hλ

2mc

60. If an em wave of wavelength  is incident on a photosenstive surface

of negligible work function. If the photoelectrons emitted from this

surface have the de-Broglie wavelength , prove that  

Watch Video Solution

λ

λ1

λ = ( )λ2
1

2mc

h

61. X-ray fall on a photosenstive surface to cause photoelectric emission.

Assuming that the work function of the surface can be neglected, �nd the

relation between the de -Broglie wavelength  of the electrons emitted

to the energy  of the incident photons. Draw the nature of the graph

for  as a function of .

Watch Video Solution

(λ)

(Ev)

λ Ev

https://dl.doubtnut.com/l/_PSnxtlmwKAVQ
https://dl.doubtnut.com/l/_FZI9Lj1HVieZ
https://dl.doubtnut.com/l/_bXkEFgriRQuu


62. An electron and a photon have the same de Broglie wavelength.

Which one of these has higher kinetic energy?

Watch Video Solution

63. A proton and an electron have same d-Broglie wavelength which of

them moves fast and which possess more K.E. Justify your answer.

Watch Video Solution

64. Show that d-Broglie hypothesis of matter wave supports the Bohr's

concept of stationary orbit.

Watch Video Solution

https://dl.doubtnut.com/l/_bXkEFgriRQuu
https://dl.doubtnut.com/l/_4ymgVelKhZNG
https://dl.doubtnut.com/l/_BYODWa0KUEEl
https://dl.doubtnut.com/l/_dwedUsYiWz7K


65. In the nth orbit of hydrogen atom, �nd the ratio of the radius of the

electron orbit and de-Broglie wavelength associated with it.

Watch Video Solution

66. If the intensity of the incident light (whose frequency is greater than

threshold frequency) is increased then explain its e�ect on (i) the

maximum momentum that photoelectron could have and (ii) the

minimum de -Broglie wavelength that photoelectron could have.

Watch Video Solution

https://dl.doubtnut.com/l/_uwVyUWC1yFcV
https://dl.doubtnut.com/l/_8islydD0MnO7


67.   

The two lines A and B in �g. show the photo electron of de Broglie

wavelength  as a function of (V is the accelerating potential) for

two particles having the same charge. Which of the two represents the

particle of heavier mass?

Watch Video Solution

(λ)
1

√V

https://dl.doubtnut.com/l/_1hHB2LvErX0Z


68. The graph of Fig. shows the variation of photoelectric current (I)

versus applied voltage (V) for the two di�erent photosensitive materials

for two di�erent intensities of the incident radiation. Identify the pairs of

curves that correspond to di�erent materials but same intensity of

incident radiation. 

Watch Video Solution

69. The threshold wavelength for photoelectric emission for a material is

. Will the photoelectrons be emitted when this material is

illuminated with monochromatic radiation from 1 watt ultra violet lamp?

5200A ∘

https://dl.doubtnut.com/l/_BeYXKvLk1O7m
https://dl.doubtnut.com/l/_dGr9hpDoYLXw


Watch Video Solution

70. How will the photoelectric current change on decreasing the

wavelength of incident radiation for a given photo-sensitive material?

Watch Video Solution

71. The stopping potential in an experiment on a photo electric e�ect is

1.5 V. What is the maximum kinetic energy of the photoelectrons emitted?

Watch Video Solution

72. The Fig shows a plot of three curves a, b, c showing the variation of

photocurrent versis collector plate potential for the di�erent intensities

 having frequencies  respectively, incident on a

photosensitive surface. Point out the two curves for which the incident

I1, I2 and I3 v1, v2 and v3

https://dl.doubtnut.com/l/_dGr9hpDoYLXw
https://dl.doubtnut.com/l/_yc3LYOlApkfG
https://dl.doubtnut.com/l/_BKG5B7Zzrl2h
https://dl.doubtnut.com/l/_uzcukmRlDbQF


radiation have same frequency but di�erent intensities. 

Watch Video Solution

73. Why are alkali metal surfaces most suited as photo-sensitive surfaces?

Watch Video Solution

74. Does each incident photon essentially ejcted photoelectron?

Watch Video Solution

https://dl.doubtnut.com/l/_uzcukmRlDbQF
https://dl.doubtnut.com/l/_vZXBa4MVdtzj
https://dl.doubtnut.com/l/_73v0lYrC2DJb


75. A source of light is placed at a distance of 1m. From a photocell and

the cut o� potential is found to be  If the distance is doubled what

will be the cut o� potential?

Watch Video Solution

V0.

76. De�ne photoelectric work function. How is it related to thresold

frequency?

Watch Video Solution

77. The work function of cesium is 2eV. Explain this statement.

Watch Video Solution

78. The work function of lithium and copper are 2.3 eV and 4.0 eV

respectively. Which of these metals will be useful for the photo-electric

https://dl.doubtnut.com/l/_73v0lYrC2DJb
https://dl.doubtnut.com/l/_eNCBve6gP9KM
https://dl.doubtnut.com/l/_hc32hl5NUvv2
https://dl.doubtnut.com/l/_mAooDsz7jJpU
https://dl.doubtnut.com/l/_aVlkLmg2Nsyd


cell working with visible light? Explain.

Watch Video Solution

79. It is harder to remove free electron from copper than from sodium.

Which has higher work function?

Watch Video Solution

80. The work function of copper is 4.0 eV. If two photons, each of energy

2.5 eV strike with some electrons of copper, will the emission be possible?

Watch Video Solution

81. What determines the maximum velocity of the photoelectrons?

Watch Video Solution

https://dl.doubtnut.com/l/_aVlkLmg2Nsyd
https://dl.doubtnut.com/l/_vxe0uGutPBad
https://dl.doubtnut.com/l/_klUFjQOSCkuc
https://dl.doubtnut.com/l/_rZTYcF3XFVA4


82. De�ne thresold frequency. Is it a constant quantity for a metal

surface? Comment. De�ne space charge. What is its e�ect on the

emission of photoelectrons from a metal surface?

Watch Video Solution

83. De�ne space charge. What is its e�ect on the emission of

photoelectrons from a metal surface?

Watch Video Solution

84. Is photoelectric emission possible at all frequencies? Give reason for

your answer?

Watch Video Solution

https://dl.doubtnut.com/l/_oOwhroMGKjKT
https://dl.doubtnut.com/l/_Ty9cDtKz70EA
https://dl.doubtnut.com/l/_xL53Wyt9YjXA


85. Out of microwaves, ultraviolet rays and infra-red rays, which radiations

will be most e�ective for emission of electrons from metallic surface?

Watch Video Solution

86. Two metals A and B have work functions 4 eV and 10 eV respectively.

Which metal has higher threshold wavelength?

Watch Video Solution

87. Does the stopping potential in photoelectric emission depend upon

the intensity of the incident radiation in a photo cell? Comment on it.

Watch Video Solution

88. What is the e�ect of decrease in frequency of incident radiation on

the stopping potential in photoelectric emission?

https://dl.doubtnut.com/l/_aMtojlKKxb6G
https://dl.doubtnut.com/l/_CihSlwxHxAzS
https://dl.doubtnut.com/l/_LfC0j3bC7lrn
https://dl.doubtnut.com/l/_6Tyv21vw2m15


Watch Video Solution

89. When the frequency of incident radiation is less than threshold

frequency for a metal surface, what is value of stopping potential for that

and why?

Watch Video Solution

90. Two beams one of red light and other of blue light of the same

intensity are incident on a metallic surface to emit photoelectrons. Which

one of the two beam emits electrons of greater kinetic energy?

Watch Video Solution

91. The photo electric current at distances  of light source from

photoelectric cell are  respectively. Find the value of .

Watch Video Solution

r1 and r2

I1 and I2 I1 /I2

https://dl.doubtnut.com/l/_6Tyv21vw2m15
https://dl.doubtnut.com/l/_RocUUlYqW9Mf
https://dl.doubtnut.com/l/_CprzsbAVVgWQ
https://dl.doubtnut.com/l/_noGHbB2BNM8r


92. Light of frequency .25  is incident on a metal surface of threshold

frequency 2 . If its frequency is halved and intensity is made three times

then �nd the new value of photoelectric current.

Watch Video Solution

v0

v0

93. How does the maximum kinetic energy of electrons emitted very with

work uniform of the metal?

Watch Video Solution

94. The frequency (v) of the incident radiation is greater than threshold

frequency  in photocell. How will the stopping potential very if

frequency v is increased, keeping other factors constant.

Watch Video Solution

v0

https://dl.doubtnut.com/l/_E7PTMKPd15mp
https://dl.doubtnut.com/l/_dXE43dMV2PC9
https://dl.doubtnut.com/l/_3ius7U8K1lFD


95. If the intensity of the incident radiation in a photocell is increased,

how does the stopping potential very?

Watch Video Solution

96. Plot a graph showing the variation of photoelectric current with

anode potential for two light beam of same wavelength but di�erent

intensity.

Watch Video Solution

97. In an experiment on photoelectic e�ect, the graph as shown in �g.

were obtained between the photoelectric current (I) and the anode

potential (V). Name the characterstic of the incident radiation that was

https://dl.doubtnut.com/l/_NvSRhjEeXfwS
https://dl.doubtnut.com/l/_yIDh1z6c5hRk
https://dl.doubtnut.com/l/_4aTBX0qgmUuJ


kept constant in this experiment. 

Watch Video Solution

98. Draw a plot showing the variation of photoelectric current versus the

intensity of incident radiation on a given photosenstive surface.

Watch Video Solution

99. Name the phenomenon which shows the quantum nature of

electromagnetic radiation.

https://dl.doubtnut.com/l/_4aTBX0qgmUuJ
https://dl.doubtnut.com/l/_uh9Es97UIaSy
https://dl.doubtnut.com/l/_HR6emcq705bP


Watch Video Solution

100. How does one explain the emission of electrons from a

photosenstive surface with the help of Einstein's equation?

Watch Video Solution

101. If h is Plank's constant. Find the momentum of a photon of

wavelength 0.01Å.

Watch Video Solution

102. What is the energy of a photon in eV corresponding to the vissible

light of maximum wavelength?

Watch Video Solution

https://dl.doubtnut.com/l/_HR6emcq705bP
https://dl.doubtnut.com/l/_3qtIb0VM8Gd5
https://dl.doubtnut.com/l/_PCZZ4FFeSZHx
https://dl.doubtnut.com/l/_ktRWOdH5Gl7E


103. What is the momentum of photon of energy 3MeV in kg ?

Watch Video Solution

ms− 1

104. Which photon is more energetic: A red one or a violet one?

Watch Video Solution

105. Do all the photons of di�erents colour have the same mass? If not,

why?

Watch Video Solution

106. What consideration led de-Broglie to suggest that material particles

can also show wave property?

Watch Video Solution

https://dl.doubtnut.com/l/_MGxkdwhdyVOg
https://dl.doubtnut.com/l/_hcA7qPuryhTj
https://dl.doubtnut.com/l/_xPnrgbuvzGJZ
https://dl.doubtnut.com/l/_LWzWojtkBlVe
https://dl.doubtnut.com/l/_2fGlKTZXUlf6


107. Why are de-Broglie waves with a moving foot ball not visible?

Watch Video Solution

108. If an electron behaves like a wave, what should determine the

wavelength and frequency of this wave.

Watch Video Solution

109. Is there any di�erence between light waves and matter waves?

Watch Video Solution

110. Are matter waves electronmagnetic? Write de-Broglie equation.

Watch Video Solution

https://dl.doubtnut.com/l/_2fGlKTZXUlf6
https://dl.doubtnut.com/l/_4pFPOOIW51Bp
https://dl.doubtnut.com/l/_BVx9vRdzLFnE
https://dl.doubtnut.com/l/_3FkboPOXPymz


111. What is the momentum of electron beam of wavelength 4Å?

Watch Video Solution

(h = 6.62 × 10− 34Js)

112. What is de-Broglie wavelength of an atom of mass m, moving at

absolute temperature TK.

Watch Video Solution

113. What inference was drawn from Davisson and Germer experiment

regarding the nature of electron?

Watch Video Solution

114. The most proable kinetic energy of thermal neutrons at a

temperature of T Kelvin, may be taken equal to kT, where k is Boltzmann

https://dl.doubtnut.com/l/_J6EZroUhfVqX
https://dl.doubtnut.com/l/_n5DAjwjeddVZ
https://dl.doubtnut.com/l/_CR6GHhOTDnWv
https://dl.doubtnut.com/l/_bi1S10uM6sQ1


constant. Taking the mass of a neutron and its associated de-Broglie

wavelength as m and  respectively, state the dependence of  on m

and t.

Watch Video Solution

λB λB

115. The deBroglie wavelength of a particle of kinetic energy K is . What

would be the wavelength of the particle, if its kinetic energy were ?

Watch Video Solution

λ

K

4

116. Find the ratio of de Broglie wavelength of molecules of hydrogen and

helium which are at temperatures  and , respectively.

Watch Video Solution

27∘ 127∘C

117. Name the expriment used to establish the wave nature of electron (i)

for slow moving electrons (ii) for fast moving electrons.

https://dl.doubtnut.com/l/_bi1S10uM6sQ1
https://dl.doubtnut.com/l/_WVZoFaTMKoOj
https://dl.doubtnut.com/l/_8UJFhmBsjoU9
https://dl.doubtnut.com/l/_GkWXKFGqiluh


Watch Video Solution

118. In Davisson-Germer experiment, if the angle of di�raction is , the

�nd the glancing angle.

Watch Video Solution

52∘

119. de-Broglie wavelength associated with an electron accelerated

through a potential di�erence V is . What will be its wavelength when

the accelerating potential is increased to 4V?

Watch Video Solution

λ

120. Show graphically, the variation of the de-Broglie wavelength  with

the potential (V) through which an electron is accelerated from rest.

Watch Video Solution

(λ)

https://dl.doubtnut.com/l/_GkWXKFGqiluh
https://dl.doubtnut.com/l/_ZEdLi24XnxWY
https://dl.doubtnut.com/l/_2P8Cpkk0fWcQ
https://dl.doubtnut.com/l/_b0EzyvFkBqxH
https://dl.doubtnut.com/l/_ufzXBfb9JBFI


121. Draw a plot showing the variation of de-Broglie wavelength of

electron as a function of its K.E.

Watch Video Solution

122. A proton and an electron have same velocity. Which one has greater

de-Broglie wavelength and why?

Watch Video Solution

123. On what principal is an electron micro-scope based?

Watch Video Solution

124. Is the de-Broglie wavelength of a photon of an electromagnetic

radiation equal to the wavelength of the radiation?

Watch Video Solution

https://dl.doubtnut.com/l/_ufzXBfb9JBFI
https://dl.doubtnut.com/l/_mbxqRzCLM3Xb
https://dl.doubtnut.com/l/_3lt2147IEjsS
https://dl.doubtnut.com/l/_GkMubTGyPAhS


125. Number of ejected photoelectorns increases with an increase in

intensity of light but not with the increase in frequency of light. Why?

Watch Video Solution

126. An increase in the frequency of the incident light increase the

velocity with which photoelectron is ejected. Explain how?

Watch Video Solution

127. Explain the term stopping potential and threshold frequency.

Watch Video Solution

128. Draw a graph showing the variation of stopping potential with

frequency of the incident on a metal plate. How can the value of Planck's

constant be determined from this graph?

https://dl.doubtnut.com/l/_OHD9tfilAngX
https://dl.doubtnut.com/l/_e59s1KTlmvn8
https://dl.doubtnut.com/l/_r32hEU5mVNCF
https://dl.doubtnut.com/l/_XDMTwS7ZJ5aO


Watch Video Solution

129. Radiations of frequencies  are made to fall in turn, on a

photosenstive surface. The stopping potential required for stopping the

most energetic photoelectrons in the two cases are 

respectively. Obtain a formula for determining the threshold freqeuncy in

terms of these parameters.

Watch Video Solution

v2 and v2

V1 and V2

130. Using Einstein's photoelectric equation show how the cut -o� voltage

and threshold frequency for a given photosenstive material can be

determined with the help of a suitable plot/graph.

Watch Video Solution

131. When a given photosenstive material is irradiated with light of

frequency v, and maximum speed of the emitted photoelectrons equals

https://dl.doubtnut.com/l/_XDMTwS7ZJ5aO
https://dl.doubtnut.com/l/_CQLGrxWDzB0S
https://dl.doubtnut.com/l/_e0sMCjT9tDVf
https://dl.doubtnut.com/l/_228ttLsV6dZe


. The square of is observed to very with v, as per the graph

shown in �g. Obtain expression for (i) Planck's constant and (ii) the work

function of the given photosenstive material, in terms of the parameter l,

n and the mass m of the electrons. 

Watch Video Solution

vmax vmax

https://dl.doubtnut.com/l/_228ttLsV6dZe


132. What is the e�ect on the maximum velocity of the emitted electron if

the wavelength of the incident light is decreased?

Watch Video Solution

133. For a photosenstive surface, threshold wavelength is . Does

photoemission occur if the wavelength  of the incident radiation is (i)

more than  (ii) less than ? Justify your answer.

Watch Video Solution

λ0

(λ)

λ0 λ0

134. If we go on increasing the wavelength of light incident on a metal

surface, what change in the number of electrons and the energy take

place?

Watch Video Solution

https://dl.doubtnut.com/l/_4qrrSrIdRJR9
https://dl.doubtnut.com/l/_3ODVwSNwPiSJ
https://dl.doubtnut.com/l/_eoUtH0opEGyy


135. The work function for a certain metal is 4.2eV. Will this metal give

photoelectric emission for incident radiation of wavelength 330 nm? Use,

.

Watch Video Solution

h = 6.6 × 10− 34Js

136. Is photoelectric emission possible at all frequencies? Give reason for

your answer?

Watch Video Solution

137. State how in a photo-cell, the work function of the metal in�uence

the kinetic energy of the emitted electrons. 

(a) If the intensity of the incident radiation is doubled, what change occur

in (i) the stopping potential and (ii) in photoelectric current? 

(b) If the frequency of the incident radiation is doubled, what changes

occur in the (i) stopping potential and (ii) photoelectric current.

Watch Video Solution

https://dl.doubtnut.com/l/_fob0a6ud7d8G
https://dl.doubtnut.com/l/_miye90tRbWRc
https://dl.doubtnut.com/l/_EM17rvgKLQSL


Watch Video Solution

138. Write two characterstic features observed in photoelectric e�ect

which support the photon picture of electromagnetic radiation.

Watch Video Solution

139. The threshold frequency of a metal is . When the light of frequency 

 is incident on the metal plate, the maximum velocity of electrons

emitted is . When the frequency of the incident radiation is increased

to , the maximum velocity of electrons emitted is . Find the ratio of 

.

Watch Video Solution

f0

2f0

v1

5f0 v2

v1 and v2

140. Explain how Einstein's photoelectric equation enables us to

understand the (i) linear dependence, of the maximum K.E. of the emitted

https://dl.doubtnut.com/l/_EM17rvgKLQSL
https://dl.doubtnut.com/l/_9roi3IpCxWs2
https://dl.doubtnut.com/l/_9DpPPQ3txrYJ
https://dl.doubtnut.com/l/_cUNNDIcokEM4


electrons, on the frequency of the incident radiations (ii) existance of a

threshold frequency for a given photoemitter.

Watch Video Solution

141. Green light ejects photoelectrons from a given photosenstive surface

where as yellow light does not. What will happen in case of violet and red

light? Give reason for your answer.

Watch Video Solution

142. Ultraviolet light is incident on two photosenstive materials having

work functions  and . In which case will the K.E. of the

emitted electrons be greater ? Why ?

Watch Video Solution

ϕ1 ϕ2(ϕ1 > ϕ2)

https://dl.doubtnut.com/l/_cUNNDIcokEM4
https://dl.doubtnut.com/l/_BGWyXZ1iOS8X
https://dl.doubtnut.com/l/_2sJVEaY7VNCS


143. In a photoelectric e�ect experiment, the graph between the stopping

potential (V) and frequency (v) of the incident radiations on two di�erent

metal plates P and Q are shown in plates, P and Q has greater value of

work function ? (ii) What does the slope of the lines depict? 

Watch Video Solution

144. Name the device that converts changes in intesity illumination into

changes in electric current. Give three applications of this device.

https://dl.doubtnut.com/l/_2AY92MWVDBeB
https://dl.doubtnut.com/l/_TLl8079BTju6


Watch Video Solution

145. Why is a photoelectric cell also called an electric eye?

Watch Video Solution

146. What is a photon? Show that it has zero rest mass or photons can

not exist at rest. Explain.

Watch Video Solution

147. If the wavelength of an electromagentic radiation is doubled, what

will happen to (i) the energy of photons and (ii) the momentum of

photon?

Watch Video Solution

https://dl.doubtnut.com/l/_TLl8079BTju6
https://dl.doubtnut.com/l/_HUrfNrl8hOui
https://dl.doubtnut.com/l/_Udll85UWFjby
https://dl.doubtnut.com/l/_CQoM1YvhqqyU


148. State two laws of photoelectic emission. Are cathode rays waves or

particle?

Watch Video Solution

149. Why is the wave nature of matter not more apparent to our daily

observations?

Watch Video Solution

150. A particle of a mass M at rest decays into two particles of masses

 having non-zero velocities. What is the ratio of the de-

Broglie wavelength of the two particles?

Watch Video Solution

m1 and m2

https://dl.doubtnut.com/l/_FvnNEyuC7G5n
https://dl.doubtnut.com/l/_nPfSDcShodav
https://dl.doubtnut.com/l/_ygzSOeMEEoZN


151. Calculate the ratio of the accelerating potential required to

accelerate (i) a proton and (ii) and  particle to have the same de-Broglie

wavelength associated with them.

Watch Video Solution

α

152. An electron, an -particle and a proton have the same kinetic energy.

Which of these particles has the largest de-Broglie wavelength?

Watch Video Solution

α

153. A photon and an elecron have the same de Broglie wavelength.

Which has greater total energy? Explain

Watch Video Solution

https://dl.doubtnut.com/l/_AX4VxWGTHIlf
https://dl.doubtnut.com/l/_NAr2QWBjbVF8
https://dl.doubtnut.com/l/_YOVciOt95p9o


154. A particle with rest mass  is moving with velocity c. what is the de-

Broglie wavelength associated with it?

Watch Video Solution

m0

155. Calculate the ratio of de-Broglie wavelengths associated with a

deutron moving with velocity 2v and an alpha particle moving with

velocity v.

Watch Video Solution

156. A proton and alpha particle are acclerated through the same

accelerating potential. Which one of the two has (a) greater value of de-

broglie wavelength associated with it, and (b) less kinetic energy? justify

your answer.

Watch Video Solution

https://dl.doubtnut.com/l/_tEg5rjdASzJF
https://dl.doubtnut.com/l/_0EHsZLltuNcB
https://dl.doubtnut.com/l/_dL7PSbTFUpyh
https://dl.doubtnut.com/l/_6pxzYnYFMhzt


157. An electron and a proton are accelerated through the same potential.

Which one of the two has (i)b greater value of de-Broglie wavelength

associated with it and (ii) less momentum?justify your answer.

Watch Video Solution

158. A proton and deutron are acclerated through the same accelerating

potential. Which one of the two has (a) greater value of de-broglie

wavelength associated with it, and (b) less momentum? Give reasons to

justify your answer.

Watch Video Solution

159. An electron and proton have same de-Broglie wavelength. Which one

possess greater energy?

Watch Video Solution

https://dl.doubtnut.com/l/_6pxzYnYFMhzt
https://dl.doubtnut.com/l/_jc5RHs6s0y6S
https://dl.doubtnut.com/l/_CDRqwyzj0d5N


160. An electron and proton have the same de-broglie wavelength. Which

one of these has higher kinetic energy? Which one is moving faster?

Watch Video Solution

161. Plot a graph showing variation of de-broglie wavelength  versus

, where V is accelerating potential for two particle A and P carrying

same charge but of masses . Which one of the

two represents a particle of smaller mass and why?

Watch Video Solution

λ

1/√V

m1 and m2(m1 > m2)

162. Describe photoelectric e�ect and state the laws of photoelectric

emission.

Watch Video Solution

https://dl.doubtnut.com/l/_XjtEEgJ5Fhph
https://dl.doubtnut.com/l/_Hujoj81iOFca
https://dl.doubtnut.com/l/_ZGsA44ZsbsOY


163. Draw a plot showing the variation of photoelectric current with

collector plate potential for two di�erent frequencies

of incident radiation having the same intensity. In which case will the

stopping potential be higher? Justify your answer.

Watch Video Solution

v1 and v2(v1 > v2)

164. Light of intensity I and frequency v is incident on a photosenstive

surface and causes photoelectric emission. What will be the e�ect on

anode current when (i) the intensity of light is gradually increased, (ii) the

frequency of incident radiation is increased and (iii) the anode potential

is increased? In each case, all other factors remains the same. Explain,

giving justi�cation in each case.

Watch Video Solution

165. Write Einstein's photoelectric equation. State clearly any two salient

features observe in photoelctric e�ect, which can be explained on the

https://dl.doubtnut.com/l/_3DvF2fQvDIEv
https://dl.doubtnut.com/l/_lZ2J7g8FtZPw
https://dl.doubtnut.com/l/_RYP2PPQxatqZ


basis of the above equation.

Watch Video Solution

166. Derive Einstein's photo-electric relation. Prove intensity law on the

basis of Einstein relation.

Watch Video Solution

167. Find a relation between cut-o� potential, frequency of the incident

light and threshold frequency.

Watch Video Solution

168. Write the three characterstic features in photoelectric e�ect which

cannot be explained on the basis of wave theory of light, but can be

explained by using Einstein's equation.

Watch Video Solution

https://dl.doubtnut.com/l/_RYP2PPQxatqZ
https://dl.doubtnut.com/l/_UxH8aQ77NcmE
https://dl.doubtnut.com/l/_TjCWExT5K5Qq
https://dl.doubtnut.com/l/_gdIBv78LUjga


169. Why photoelectric e�ect cannot be explained on the basis of wave

nature of light? Give reasons.

Watch Video Solution

170. Sketch a graph between frequency of incident radiations and

stopping potential for a given photosenstive material. What information

can be obtained from the value of the intercept on the potential axis? A

source of light of frequency greater than the threshold frequency is

placed at a distance of 1m from the cathode of a photocell. The stopping

potential is found to be V. If the distance of the light source from the

cathode is reduced, explain giving reasons, what change will you observe

in the (i) photoelectric current (i) stopping potential?

Watch Video Solution

https://dl.doubtnut.com/l/_gdIBv78LUjga
https://dl.doubtnut.com/l/_3iZHGfP7JkGL
https://dl.doubtnut.com/l/_ZYRbnAUAOKZ2


171. Sketch the graphs, showing the variation of stopping potential 

with frequency v of the incident radiations for two photosensitive

materials A and B having threshold frequencies  respectively. 

(i) which of the two metals A or B has higher work function? 

(ii) What information do you get from the slope of the graphs? 

(iii) What does the value of the intercept of graph A on the potential axis

represent?

Watch Video Solution

Vs

v0 > v'0

172. In a plot of photoelectric current versus anode potential, how does 

(i) the saturation current vary with anode potential for incident

radiations of di�erent frequencies but same intensity? 

(ii) the stopping potential vary for incident radiations of di�erent

intensities but the same frequency? 

(iii) Photoelectric current vary of di�erent intensities but same frequency

of incident radiation? justify your answer is each case.

Watch Video Solution

https://dl.doubtnut.com/l/_OSXgq41OBf3l
https://dl.doubtnut.com/l/_52vQJCC08ZKN


173. (i) State two important features of Einstein's photoelectric equation. 

(ii) Radiation of frequency  is incident on two photosenstive

surface P and Q. There is no photoemission from surface P. Photoemission

occurs from Q but photoelectrons have zero kinetic energy. Explain these

observation and �nd the value of work function for surface Q.

Watch Video Solution

1015Hz

174. Explain giving reasons for the following : 

(a) Photoelectric current in a photocell increases with the increases in

intensity of the incident radiation. 

(b) The stopping potential  varries linearly with the frequency (v) of

the incident radiation for a given photosenstive surface with the stop

remaining the same for di�erent surfaces. 

(c) Maximum kinetic energy of the photoelectrons is independent of the

intensity of incident radiation.

Watch Video Solution

(V0)

https://dl.doubtnut.com/l/_52vQJCC08ZKN
https://dl.doubtnut.com/l/_lr57ntBZtelU
https://dl.doubtnut.com/l/_tMqt2dnDrj1i


175. The following graph shows the variation of photoelectric current for

a photosensitive metal . 

  

(a) Identify the variable X on the horizontal line. 

(b) What does the point A on the horizontal axis represent? 

(c) Draw this graph for three di�erent values of frequencies of incident

radiation  for same intensity.  

(d) Draw this graph for three di�erent values of intensities of incident

radiation  having same frequency.

Watch Video Solution

v1, v2 and v3(v1 > v2 > v3)

I1, I2, I3(I1 > I2 > I3)

https://dl.doubtnut.com/l/_tMqt2dnDrj1i
https://dl.doubtnut.com/l/_q5f7Did6celr


176. Using Einstein's photoelectric equation show how the cut -o� voltage

and threshold frequency for a given photosensitive material can be

determined with the help of a suitable plot/graph.

Watch Video Solution

177. Write the basic features of photon pictures of electromagnetic

radiation on which Einstien's photoelectric equation is based.

Watch Video Solution

178. Explain de Broglie dualistic nature of matter and derive de-Broglie

relationship for wavelength of matter waves.

Watch Video Solution

https://dl.doubtnut.com/l/_CV80s2OJAIcA
https://dl.doubtnut.com/l/_sSu2a7LhFYRv
https://dl.doubtnut.com/l/_fscOY2LRv6ZF


179. What are matter waves? Show that de-Broglie wavelength associated

with an electron of energy, V-electron volt is approx. .

Watch Video Solution

Å
12.27

√V

180. What is photoelectric e�ect? Explain experimentally the variation of

photoelectric current with (i) the intensity of the incident light (ii) the

potential di�erence between the plates and (iii) the frequency of the

incident light and hence state the laws of photoelectric emission.

Watch Video Solution

181. State laws of photoelectric emission. Establish Einstein photo-electric

relation. Explain the laws of photoelectric emission on the bassis of this

relation.

Watch Video Solution

https://dl.doubtnut.com/l/_RLxq17LiatMS
https://dl.doubtnut.com/l/_s3VRZJUih51G
https://dl.doubtnut.com/l/_oETNC2qlgPde
https://dl.doubtnut.com/l/_zaOuanhfRQEv


182. What is photoelectric e�ect? Give any two practical applications of

this e�ect. Write Einstein's photoelectric equation and use it to explain (i)

independence of maximum energy of the emitted photoelectrons from

intensity of incident light (ii) existence of a threshold frequency of the

emitted photoelectrons from intensity of incident light.

Watch Video Solution

183. If the wavelength of light incident on a photoelectric cell be reduced

from  to , then what will be the change in the cut o�

potential? 

Watch Video Solution

4000Å 3600Å

(h = 6.6 × 10− 34Js, e = 1.6 × 10− 19C)

184. Light of intensity  falls on a sodium photocell of surface

area . Assuming that the top 5 layers of sodium absorb the incident

energy, estimate the time required for photoelectric emission in the wave

picture of radiation. The work function of the metal is givent to be about

10− 5Wm− 2

2cm2

https://dl.doubtnut.com/l/_zaOuanhfRQEv
https://dl.doubtnut.com/l/_rGT4pnPaIhXX
https://dl.doubtnut.com/l/_sHmFtxtxZIyq


2eV. What is the implication of your answer? e�ective atomic area

.

Watch Video Solution

= 10− 20m2

185. Estimate the following the following two numbers should be

interesting. The �rst number will tell you why radio engieers do not need

to worry much about a photons. The second number tells you why our

eye can never "count photon" even in barely detectable light. 

(i) The number of photons emitted per second by a MW transmitter of

10kW power emitting radiowaves of length 500m. 

(ii) The number of photons entering the pupil of our eye per second

corresponding to the minimum intensity of white light that we humans

can precieve . Take the area of the pupil to be about 

, and the average frequency of white light to be about 

Watch Video Solution

(~10− 10Wm− 2)

0.4cm2

6 × 104Hz. (h = 6.6 × 10− 34J)

https://dl.doubtnut.com/l/_sHmFtxtxZIyq
https://dl.doubtnut.com/l/_2FKBUQPYaAzB
https://dl.doubtnut.com/l/_6DVMDTgCmyuk


186. In an experiment on photoelectric emission of -rays on platinum,

the energy distribution of photoelectron exhibits peaks at a number of

descrete energies : 270keV, 339keV and 354keV. The binding energy of K,L

and M shell in platinum are known to be 77keV, 13keV and 3.5keV approx.,

what is the wavelength of -rays with which the data are consistent.

Watch Video Solution

γ

γ

187. An X-ray pulse of wavelength 4.9Å is sent through a section of Wilson

cloud chamber containing a super saturated gas, and tracks of

photoelectrons ejected from the gaseous atom are observed. Two groups

of tracks of length 1.40cm and 2.02 cm are noted. If the range-energy

relation for cloud chamber is given by , with ,

obtain the binding energies of two levels from which electrons are

emitted. Given .

Watch Video Solution

R = αE α = 1cm/keV

h = 6.63 × 10− 34Js, e = 1.6 × 10− 19C

https://dl.doubtnut.com/l/_6DVMDTgCmyuk
https://dl.doubtnut.com/l/_urC649O3FGKC


188. When a surface is irradiated with light of wavelength , a

photocurrent appears which vanishes if a retarding potential appears

which vanishes if a retarding potential greater than 1.2 volt is applied

across the phototube. When a di�erent source of light is used, it is found

that the critical retarding potential is changed to 2.1 volt. Find the work

function of the emitting surface and the wavelength of second source. If

the photoelectrons (after emission from the surface) are subjected to a

magnetic �eld of 10 tesla, what changes will be observed in the above two

retarding potentials. Use .

Watch Video Solution

4950Å

h = 6.6 × 10− 34Js, e = 1.6 × 10− 19C

189. A beam of light has three wavelengths ,  and  with

a total instensity of  equally distributed amongst the

three wavelengths. The beam falls normally on an area  of a clean

metallic surface of work function 2.3 eV. Assume that there is no loss of

light by re�ection and that each energetically capable photon ejects on

4144Å 4972Å 6216Å

3.6 × 10− 3Wm− 2

1.0cm2

https://dl.doubtnut.com/l/_EEN1Xvm4Gqwx
https://dl.doubtnut.com/l/_59ddEoylKvvb


electron. Calculate the number of photo electrons liberated in two

seconds.

Watch Video Solution

190. A monochromatic light soure of frequency f illuminates a metallic

surface and ejects photoelectrons. The photoelectrons having maximum

energy are just able to ionize the hydrogen atoms in ground state. When

the whole experiment is repeated with an incident radiation of frequency

, the photoelectrons so emitted are able to excite the hydrogen atom

beam which then emits a radiation of wavelength . (a) What is the

frequency of radiation? (b) Find the work- function of the metal.

Watch Video Solution

f
5

6

1215Å

191. A small plate of a metal (work function ) is placed at a

distance of 2m from a monochromatic light source of wavelength

 and power 1.0watt. The light falls normally on the plate.

Find the number of protons striking the metal plate per square metre per

= 1.7eV

4.8 × 10− 7m

https://dl.doubtnut.com/l/_59ddEoylKvvb
https://dl.doubtnut.com/l/_ZvVkIHZKxMB3
https://dl.doubtnut.com/l/_FsXllYXLenoj


second. If a constant magnetic �eld of strength  is applied parallel

to the metal surface, �nd the radius of the largest circular path followed

by the emitted photoelectron. (use  , mass of

electron= , charge of electron=

Watch Video Solution

10− 4T

h = 6.63 × 10− 34Js

9.1 × 10− 31kg 1.6 × 10− 19C

192. Light of wavelength 180 nm ejects photoelectrons from a plate of

metal whose work - function is 2 eV. If a uniform magnetic �eld of

 T be applied parallel to the plate, what would be the radius of

the path followed by electrons ejected normally from the plate with

maximum energy.

Watch Video Solution

5 × 10− 5

193. A 40 W ultraviolet light source of wavelength . Illuminates a

magnesium (mg) surface placed 2 m away. Determine the number of

photons emitted from the surface per second and the number incident

on unit area of Mg surface per second . The photoelectric work function

2480A

https://dl.doubtnut.com/l/_FsXllYXLenoj
https://dl.doubtnut.com/l/_vKQsPyIMP4Va
https://dl.doubtnut.com/l/_gprW6t2rZkU5


for Mg is . Calculate the kinetic energy of the fastest electrons

ejected from the surface. Determine the maximum wavelength for which

the photoelectric e�ects can be observed with Mg surface.

Watch Video Solution

3.68eV

194. A cylindrical rod of some laser material m long and 

in diameter contains  ions per . If on excitation all the ions are

in the upper energy level and de-excite simultaneously emitting photons

in the same direction , calculate the maximum energy contained in a

polse of radiation of wavlength m. If the pulse lasts for ,

calculate the average power of the laser during the pulse.

Watch Video Solution

5 × 10− 2 10− 2m

2 × 1025 m3

6.6 × 10− 7 10− 7s

195. An X-ray tube operates at 10kV. Find the ratio of X-rays wavelength to

that of de-broglie wavelength associated with incident electron.

Watch Video Solution

https://dl.doubtnut.com/l/_gprW6t2rZkU5
https://dl.doubtnut.com/l/_UlIpGqY1PLDh
https://dl.doubtnut.com/l/_FgWGjA0Pjo9X


196. How fast does a proton have to be moving with order to have the

same de-Broglie wavelength as an electron that is moving with a speed of

? Mass of proton .

Watch Video Solution

5.5 × 106ms− 1 = 1.67 × 10− 27kg

197. An electron in hydrogen like atom is in excited state 2t has a total

energy of -3.4eV. Calculate (a) the kinetic energy (b) the de-Broglie

wavelength of the electron. [Given ]

Watch Video Solution

h = 6.63 × 10− 34Js

198. Find the (a) maximum frequency and (b) minimum wave-length of X-

rays produced by 30 kV electrons. Given, .

Watch Video Solution

h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_FgWGjA0Pjo9X
https://dl.doubtnut.com/l/_dcgH68b3ZlWl
https://dl.doubtnut.com/l/_Z5C5m5oci5I2
https://dl.doubtnut.com/l/_oGNXUIcZMx8e


199. The work function of caesium is 2.14 eV. When light of frequency

 is incident on the metal surface, photoemission of electrons

occurs. What is the (a) maximum kinetic energy of the emitted electrons.

(b) stopping potential and (c) maximum speed of the emitted

photoelectrons. given ,

.

Watch Video Solution

6 × 1014Hz

h = 6.63 × 10− 34Js, 1eV = 1.6 × 10− 19J, c = 3 × 108m/s

200. The photoelectric cut o� voltage in a certain expriment is 1.5V. What

is the maximum kinetic energy of photoelectrons emitted?

.

Watch Video Solution

e = 1.6 × 10− 19C

201. Monochromatic light of wavelength 632.8nm is produced by a

helium-neon laser. The power emitted is 9.42 mW. (a) Find the energy and

momentum of each photon in the light beam. (b) How many photons per

https://dl.doubtnut.com/l/_joSEyYQY2uGG
https://dl.doubtnut.com/l/_LUJrdlWDUCDS
https://dl.doubtnut.com/l/_c3cTmrW6N01k


second, on the average, arrive at a target irradiated by this beam?

(Assume the beam to have uniform cross-section which is less than the

target area). (c) How fast does a hydrogen atom have to travel in order to

have the same momentum as that of the photon.

.

Watch Video Solution

h = 6.663 × 10− 34Js, 1a. m. u. = 1.66 × 10− 27kg

202. The energy �ux of the sunlight reaching the surface of the earth is

. How many photons (nearly) per square meter are

incident on the earth per second? Assume that the photonsin the

sunlight have an average wavelength of 550 nm.

Watch Video Solution

1.388 × 103Wm− 2

203. In an experiment on photoelectric e�ect, the slope of the cut o�

voltage versus frequency of incident light is found to be .

Given , estimate the value of Planck's constant.

W t h Vid S l ti

4.12 × 10− 15V s

e = 1.6 × 10− 19C

https://dl.doubtnut.com/l/_c3cTmrW6N01k
https://dl.doubtnut.com/l/_fTTCdhBn06Zg
https://dl.doubtnut.com/l/_MOwcNZ1PTax8


Watch Video Solution

204. A 100W sodium lamp radiates energy uniformly in all directions. The

lamp is located at the centre of a large sphere that absorbs all the

sodium light which is incident on it. The wavelength of the sodium light is

589nm. (a) What is energy associated per photon with the sodium light?

(b) At what rate are photons delivered to the sphere?

Watch Video Solution

205. The threshold freqeuncy of a certain metal is . If light

of frequency  is incident on the metal, predict the cut o�

voltage for photoelectric emission. Given Planck's constant,

.

Watch Video Solution

3.3 × 1014Hz

8.2 × 104Hz

h = 6.62 × 10− 34Js

https://dl.doubtnut.com/l/_MOwcNZ1PTax8
https://dl.doubtnut.com/l/_AeGY1avS0QV0
https://dl.doubtnut.com/l/_5Zm5D34AQ9HV


206. The work function for a certain metal is 4.2eV. Will this metal give

photoelectric emission for incident radiation of wavelength 330nm?

Given, charge on electron,

.

Watch Video Solution

e = 1.6 × 10− 19C, c = 3 × 108m/s, h = 6.62 × 10− 34Js

207. Light of frequency  is incident on a metal surface.

Electrons with a maximum speed of  are ejected from the

surface. What is the threshold frequency for photoemission of electrons?

.

Watch Video Solution

7.21 × 1014Hz

6.0 × 105ms− 1

h = 6.63 × 10− 34Js, me = 9.1 × 10− 31kg

208. Light of wavelength 488 nm is produced by an atom laser which is

used in the photoelectric e�ect. When light from this spectral line is

incident on the cathode, the stopping potential of photoelectrons is

https://dl.doubtnut.com/l/_rxUFe0IYL7zR
https://dl.doubtnut.com/l/_AF70fk4Majo6
https://dl.doubtnut.com/l/_oWq7ic1kZvzI


0.38eV. Find the work function of the material from which the cathode is

made. given , .

Watch Video Solution

h = 6.63 × 10− 34Js, 1eV = 1.6 × 10− 19J

209. Calculate the (a) momentum and (b) de-Broglie wavelength of the

electrons accelerated through a potential di�erence of 56V. Given,

.

Watch Video Solution

h = 6.63 × 10− 34Js, me = 9.1 × 10− 31kg, e = 1.6 × 10− 19C

210. What is the (a) momentum (b) speed and (c) de-Broglie wavelength

of an electron with kinetic energy of 120 eV. Given

.

Watch Video Solution

h = 6.6 × 10− 34Js, me = 9 × 10− 31kg, 1eV = 1.6 × 10− 19J

https://dl.doubtnut.com/l/_oWq7ic1kZvzI
https://dl.doubtnut.com/l/_pTx9qAYBZwRC
https://dl.doubtnut.com/l/_zN4263868gGH


211. The wavelength of light from the spectral emission line of sodium is

589nm. Find the kinetic energy at which (a) an electron and (b) a neutron

would have the same deBroglie wavelength. Given that mass of neutron

Watch Video Solution

= 1.66 × 10− 27kg

212. What is the de-Broglie wavelength of (a) a bullet of mass 0.040kg

travelling at the speed of . (b) a ball of mass 0.060 kg moving

at a speed of  and (c) a dust particle of mass 

drifting with a speed of ? .

Watch Video Solution

1.0kms− 1

1.0ms− 1 1.0 × 10− 9kg

2.2ms− 1 h = 6.63 × 10− 34Js

213. An electron and a photon each has a wavelength of 1.0nm. Find (a)

their momenta, (b) the energy of the photon , and © the kinetic energy

electron. 

Take .h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_AUYWYHG2ZVrF
https://dl.doubtnut.com/l/_4V76Z9FX7ht7
https://dl.doubtnut.com/l/_q854lN1IijQk


Watch Video Solution

214. A. For what kinetic energy of neutron will the associated de Broglie

wavelength be ?  

B. Also, �nd the de Broglie wavelength of a neutron, in thermal

equilibrium with matter, having an average kinetic energy of  kT at 

. Given the mass of neutron  and 

.`

Watch Video Solution

1.40 × 10− 10m

( )
3

2

300K = 1: 66 × 10− 27kg

k = 1.38 × 10− 23Jkg− 1

215. Show that the wavelength of electromagnetic radiation is equal to

the de-Broglie wavelength of its quantum (photon).

Watch Video Solution

https://dl.doubtnut.com/l/_q854lN1IijQk
https://dl.doubtnut.com/l/_YkVXloeVInY2
https://dl.doubtnut.com/l/_yoO8af3XTJLP


216. What is the de-Broglie wavelength of nitrogen molecule in air at

300K ? Assume that the molecule is moving with the root mean square

speed of molecules at this temperature. (Atomic mass of nitrogen

) Plank's constant=  , Boltzmann constant 

Watch Video Solution

= 14.0076U 6.63 × 10− 34Js

= 1.38 × 10− 23JK − 1

217. (a) Estimate the speed with which electrons emitted from a heated

cathode of an evacuated tube impinge on the anode maintained at a

potential di�erence of 500 V with respect to the cathode. Ignore the

small initial speeds of the electrons. The speci�c charge to of the

electron, i.e., its  is given to .  

(b) Use the same formula you employ in (a) to obtain electron speed for

an anode potential of 10 MV. Do you see what is wrong? In what way is

the formula to be modi�ed?

Watch Video Solution

e/m 1.76 × 1011Ckg− 1

https://dl.doubtnut.com/l/_c9r5YV0z5Ks0
https://dl.doubtnut.com/l/_joT6LwSp7uGw


218. (a) A monoenergetic electron beam with electron speed of

 is subjected to a magnetic �eld of ,

normal to the beam velocity. What is the radius of the circle traced by the

beam, given  for electron equal .  

(b) Is the formula you employ in (a) valid for calculating radius of the path

of 20 MeV electrons beam? If not, in what way is it modi�ed!

Watch Video Solution

5.20 × 106ms− 1 1.30 × 10− 4T

e/m 1.76 × 1011C. kg− 1

219. An electron gun with its anode at a potential of 100V �res out

electrons in a spherical bulb containing hydrogen gas at low pressure

. A magnetic �eld of  curves the path of

the electrons in a circular orbit of radius 12.0 cm. (The path can be viewed

becuase the gas ions in the path focus the beam by attracting electrons

and emitting light by electron capture, this method is known as '�ne

beam tube' method). Determine  from the data.

Watch Video Solution

(10− 2nmofHg) 2.83 × 10− 4T

e/m

https://dl.doubtnut.com/l/_FzRga4LLCsyJ
https://dl.doubtnut.com/l/_ekC9ZIAobqka


220. (a) An X-ray tube produces a continuous spectrum of radiation with

its shorts wavelength end ate . What is the maximum energy of the

photon in the radiation? (b) From your answer to (a) , guess what order

of accelerating voltage (for electrons) is required in such a tube?

Watch Video Solution

0.45Å

221. In an accelerator experiment on high energy collision of electrons

with positrons, a certain events is interpted as annhilation of an electron-

positron pair of total energy 10.2 BeV into two -rays of equal energy.

What is the wavelength associated with each -rays? 

Watch Video Solution

γ

γ (1BeV = 109eV )

222. Estimate the following the following two numbers should be

interesting. The �rst number will tell you why radio engineers do not

need to worry much about a photons. The second number tells you why

our eye can never "count photon" even in barely detectable light. 

https://dl.doubtnut.com/l/_2CTUQ3z2YpkX
https://dl.doubtnut.com/l/_WH0KcwtcnonE
https://dl.doubtnut.com/l/_EsbzWN9vFkHx


(i) The number of photons emitted per second by a MW transmitter of

10kW power emitting radiowaves of length 500m. 

(ii) The number of photons entering the pupil of our eye per second

corresponding to the minimum intensity of white light that we humans

can perceive . Take the area of the pupil to be about 

, and the average frequency of white light to be about 

Watch Video Solution

(~10− 10Wm− 2)

0.4cm2

6 × 104Hz. (h = 6.6 × 10− 34J)

223. Ultraviolet light of wavelength  from a 100W mercury souce

irradiates a photocell made of molybdenum metal. If the stopping

potential is 1.3V, estimate the work function of the metal. How would the

photocell respond to a high intensity  red light of wave

length  produced by a He-Ne laser?

Watch Video Solution

2271Å

(~105Wm− 2)

6328Å

https://dl.doubtnut.com/l/_EsbzWN9vFkHx
https://dl.doubtnut.com/l/_1DTgbZaDebjL


224. Monochromatic radiation of wave length 640.2 nm 

from a neon lamp irradiates a photosenstive material made of calcium or

tungsten. The stopping voltage is measured to be 0.54V. The source is

replaced by an iron source and its 427.2 nm line irradiates the same

photocell. Predict the new stopping voltage.

Watch Video Solution

(1nm = 10− 9m)

225. A mercury lamp is a convenient souce for studying frequency

dependence of photoelectric emission, since it gives a number of spectral

lines ranging from the UV to the end of the red vissible spectrum. In our

experiment with rubidium photocell, the following lines from a mercury

source were used:

The stopping voltages, respectively were measured to be: 

.  

(a) Determine the value of Planck's constant h. 

(b) Estimate the threshold frequency and work function for the material.

λ1 = 3650A ∘ , λ2 = 4047A ∘ , λ3 = 4358A ∘ , λ4 = 5461A ∘ , λ5 = 6907A ∘

V01 = 1.28V , V02 = 0.95V , V03 = 0.74V , V04 = 0.16V , V05 = 0V

https://dl.doubtnut.com/l/_eb9Hy3OUuVj2
https://dl.doubtnut.com/l/_p63xrY4in4hj


Watch Video Solution

226. The work function for the following metals is given Na: 2.75 eV, K:2.30

eV , Mo: 4.17 eV , Ni: 515 eV. 

Which of these metals will not give photoelectric emission for a radiation

of wavelength 3300 A from a  laser placed 1m away from the

photocell? What happens if the laser is brought nearer and placed 50 cm

away?

Watch Video Solution

He − Cd

227. Light of intensity  falls on a sodium photocell of surface

area . Assuming that the top 5 layers of sodium absorb the incident

energy, estimate the time required for photoelectric emission in the wave

picture of radiation. The work function of the metal is given to be about

2eV. What is the implication of your answer? e�ective atomic area

.

Watch Video Solution

10− 5Wm− 2

2cm2

= 10− 20m2

https://dl.doubtnut.com/l/_p63xrY4in4hj
https://dl.doubtnut.com/l/_9IVHM1V5twSA
https://dl.doubtnut.com/l/_e7dOjjpQKIa5


228. Crystal di�raction experiments can be performed using X-rays, or

electrons accelerated through appropriate voltage. Which probe has

greter energy? An X-ray photon or the electron? (For quantiative

comparision, take the wavelength of the probe equal to , which is of

the order of interatomic spacing in the lattice), .

Watch Video Solution

1Å

me = 9.11 × 10− 31kg

229. (a) Obtain the de-Broglie wavelength of a neutron of kinetic energy

150 eV. As you have seen in previous problem 31, an electron beam of this

energy is suitable for crystal di�eraction experiments. Would a neutron

beam of the same energy be equally suitable? Explain. Given

.  

(b) Obtain the de-Broglie wavelength associated with thermal neutrons at

room temperature . Hence explain why a fast neutrons beam

needs to be thermalised with the environment before it can be used for

neutron di�eraction experiments.

mn = 1.675 × 10− 27kg

(27∘C)

https://dl.doubtnut.com/l/_e7dOjjpQKIa5
https://dl.doubtnut.com/l/_Zt12UHjmnZ2Q
https://dl.doubtnut.com/l/_dqLQ6eMPyMp5


Watch Video Solution

230. An electron microscope uses electrons accelerated by a voltage of

. Determine the De Broglie wavelength associated with the

electrons. If other factors ( such as numerical aperture, etc.) are taken to

be roughly the same, how does the resolving power of an electron

microscope compare with that of an optical microscope which uses

yellow light?

Watch Video Solution

50kV

231. The wavelength of a probe is roughly a measure of the size of

structure that it can probe in some detail. The quarks structure of

photons and neutrons appears at the minute length -scale of  or

less. This structure was �rst probed in early 1970's using high energy

electron beam produced by a linear accelerator at Stanford's USA. Guess

what might have been the order of energy of these electron beams (Rest

mass energy of electron=0.511 eV).

10− 15m

https://dl.doubtnut.com/l/_dqLQ6eMPyMp5
https://dl.doubtnut.com/l/_znNlPlw9Orsb
https://dl.doubtnut.com/l/_ovDNDmt2Q8lk


Watch Video Solution

232. Find the typical de-Broglie wavelength associated with a H-atom in

helium gas at room temperature  and 1atm pressure, and

compare it with the mean separation between two atom under these

conditions.

Watch Video Solution

(27∘C)

233. Compute the typical de-Broglie wavelength of an electrons in a metal

at  and compare it with the mean separation between two electrons

in a metal which is given to be about .

Watch Video Solution

27∘C

2 × 10− 10m

234. A proton and an -particle are accelerated, using the same potential

di�erence. How are the de-Broglie wavelengths  related to

each other?

α

λp and λa

https://dl.doubtnut.com/l/_ovDNDmt2Q8lk
https://dl.doubtnut.com/l/_CkiMUfClqY5s
https://dl.doubtnut.com/l/_9DAUVXAV2GHV
https://dl.doubtnut.com/l/_7COHP1bh7Ppk


Watch Video Solution

235. (i) In the explanations of photoelectric e�ect, we assume one photon

of frequency v collides with an electron and transfer its energy. This leads

to the equation for the maximum energy  of the emitted electron as

 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? 

(ii) Why is this fact (two photon absorption) not taken into consideration

in our discussion of the stopping potential?

Watch Video Solution

Emax

Emax = hv − ϕ0 ϕ0

236. There are materials which absorb photon 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.

Watch Video Solution

https://dl.doubtnut.com/l/_7COHP1bh7Ppk
https://dl.doubtnut.com/l/_ZZ9yeNjD6WkK
https://dl.doubtnut.com/l/_yvyqUK8duB8O


237. Do all the electrons that absorb a photon come out as

photoelectrons?

Watch Video Solution

238. There are two sources of light, each emitting with a power of 100W.

One emits X-rays of wavelength 1nm and the other visible light at 500nm.

Find the ratio of number of photons of X-rays to the photons of visible

light of the given wavelength?

Watch Video Solution

239. Consider a metal exposed to light of wavelength 600nm. The

maximum energy of the electrons doubles when light of wavelength

400nm is used. Find the work function in eV.

Watch Video Solution

https://dl.doubtnut.com/l/_yvyqUK8duB8O
https://dl.doubtnut.com/l/_gWwKsOTeUbXL
https://dl.doubtnut.com/l/_xa1JOH4YyNmr
https://dl.doubtnut.com/l/_Am2jdZj7jk58


240. Assuming an electron is con�ned to a 1nm wide region, �nd the

wavelength in momentum using Heisenberg Uncetainity principal

. You can assume the uncertainity in position  and 1nm.

Assuming , �nd the energy of the electron in electron volts.

Watch Video Solution

(ΔxΔp ≈ h) Δx

p ≅Δp

241. Two monochromatic beam 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 what inference can you make about their frequencies?

Watch Video Solution

242. Two particles A and B of de-broglie wavelength  combine

to from a particle C. The process conserves momentum. Find the de-

Broglie wavelength of the particle C. (The motion is one dimensional).

Watch Video Solution

λ1 and λ2

https://dl.doubtnut.com/l/_Am2jdZj7jk58
https://dl.doubtnut.com/l/_5OE73fs9JxcA
https://dl.doubtnut.com/l/_VDidK9FnomtX
https://dl.doubtnut.com/l/_9MtNAU18Njsj


243. A neutron beam of energy E scatters from atoms on a surface with a

spacing d=0.1nm. The �rst maximum of intensity in the re�ected beam

occures at . What is the kinetic energy of E of the beam in eV?

Watch Video Solution

θ = 30∘

244. Consider an electron in front of metallic surface at a distance d

(treated as an in�nite plane surface). Assume the force of attraction by

the plate is given as .  

Calculate work in taking the charge to an in�nite distance from the plate.

Taking d=0.1nm, �nd the work done in electron volts. [Such a force law is

not valid for d lt 0.1nm].

Watch Video Solution

1

4

q2

4π ∈0 d2

245. A student performs an experiment on photoelectric e�ect, using two

materials A and B. A plot of  is given in �g.  Vs⊤vs. ν

https://dl.doubtnut.com/l/_9MtNAU18Njsj
https://dl.doubtnut.com/l/_xesWiQEQoyF4
https://dl.doubtnut.com/l/_TiAxco6HWOfP
https://dl.doubtnut.com/l/_PBhCSukOOBMv


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

(ii) Given the electric charge of an electron , �nd the

value of h obtained from the experiment for both A and B. Comment on

whether it is consistant with Eistein's theory. 

Watch Video Solution

= 1.6 × 10− 19C

246. A particle A with a mass  is moving with a velocity v and hits a

particle B (mass ) at rest (one dimensional motion). Find the change

the de-Broglie wavelength of the particle A. Treat the collision as elastic.

mA

mB

https://dl.doubtnut.com/l/_PBhCSukOOBMv
https://dl.doubtnut.com/l/_Qz7c5ZaF2et5


Watch Video Solution

247. Consider a 20W bult emitting light of wavelength 5000Å and

shinning on a metal surface kept at a distance 2m. Assume that the metal

surface has work function of 2eV and that each atom on the metal

surface can be treated as a circular disk of radius 1.5Å. 

(i) Estimate no. of photons emitted by the bulb per second. [Assume no

other losses] (ii) Will there be photoelectric emission? (iii) How much time

would be required by the atomic disk to receive energy equal to work

function (2eV)? (iv) How many photons would atomic disk receive within

time duration calculated in (iii) above? (v) Can you explain how

photoelectric e�ect was observed instantaneously? [Hing : Time

calculated in part (iii) is from classical consideration and you may further

take the target of surface area say  and estimate what would

happen?]

Watch Video Solution

1cm2

https://dl.doubtnut.com/l/_Qz7c5ZaF2et5
https://dl.doubtnut.com/l/_Ptm4G4kS9dwT


248. A photon and an electron both have energy of 100 eV. Which has

greater wavelength? Which has higher linear momentum.

.

Watch Video Solution

h = 6.63 × 10− 34Js, e = 1.6 × 10− 19C

249. A small metal plate of work function  is kept at a distance r from a

singly ionised, �xed ion. A monochromatic light beam is incident on the

metal plate and photoelectrons are emitted. Find maximum wavelength

of the light beam so that some of that electrons may go round the ion

along a circle.

Watch Video Solution

ϕ

250. The fringe width in a Young's double slit experiment is 2mm, distance

between slit and screen is 1.2 m and separation between the slits is

0.24mm. The radiation of same source is incident on a photo-cathode of

work function 2.2eV. Find the stopping potential.

https://dl.doubtnut.com/l/_Nfb2D8Z54SN2
https://dl.doubtnut.com/l/_VLXqBhKjHoG0
https://dl.doubtnut.com/l/_QnuHbH2Ekk9b


Watch Video Solution

251. A good quality mirror re�ects about 75% of light incident on it. How

will you �nd out, whether 25% of the photons have not been re�ected at

all or all the photons have been re�ected but energy of each has been

reduced by 25%?

Watch Video Solution

252. It is not possible for a photon to be completely absorbed by a free

electron. Explain.

Watch Video Solution

253. A beam of white light is incident normally on a plane surface

absorbing 70% of the light and re�ecting the rest. If the incident beam of

light is power P, �nd the force exerted by it on the surface.

W t h Vid S l ti

https://dl.doubtnut.com/l/_QnuHbH2Ekk9b
https://dl.doubtnut.com/l/_wmtKJ4Hb8FIQ
https://dl.doubtnut.com/l/_04wN4l0t0Zoy
https://dl.doubtnut.com/l/_VI7u5bZnjvBK


Watch Video Solution

254. A beam of white light is incident normally on a plane surface

absorbing 70% of the light and re�ecting the rest. If the incident beam of

light is power P, �nd the force exerted by it on the surface.

Watch Video Solution

255. Explain why the saturation current in photoelectric e�ect experiment

with a light of one frequency and intensity is independent of the anode

potential.

Watch Video Solution

256. A 100W light bulb giving monochromatic light of wavelength

 is placed at the centre of a spherical chamber of radius 0.20m.

Assume that 50% of the energy supplied to the bulb is converted into

light and that the surface of the chamber is perfectly absorbing. Find (i)

6000A ∘

https://dl.doubtnut.com/l/_VI7u5bZnjvBK
https://dl.doubtnut.com/l/_8AfmOtTvgZHf
https://dl.doubtnut.com/l/_nBXkZ96oXiGf
https://dl.doubtnut.com/l/_lvyrQapn4dkT


the energy and momentum of each photon in the light beam. 

(ii) How many photons per second, on the average arrive at the surface of

spherical chamber, and 

(iii) The pressure exerted by the light on the surface of the chamber.

Given, .

Watch Video Solution

h = 6.6 × 10− 34Js

257. Find the de-Broglie wavelength (inÅ) associated with an electron

moving with a velocity 0.6c, where  and rest mass of

electron .

Watch Video Solution

c = 3 × 108m/s

= 9.1 × 10− 31kg, h = 6.63 × 10− 34Js

258. Two neutral particles are kept 1m apart. Suppose by some machenism

some charge is transferred from one particle to the other and the electric

potential energy lost is completely converted into a photon. Calculate the

longest and the next smaller wavelength of the photon possible.

.h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_lvyrQapn4dkT
https://dl.doubtnut.com/l/_YOafSkxKD8gv
https://dl.doubtnut.com/l/_4SXj7FgGCmhn


Watch Video Solution

259. Light of wavelength 180 nm ejects photoelectrons from a plate of

metal whose work - function is 2 eV. If a uniform magnetic �eld of

 T be applied parallel to the plate, what would be the radius of

the path followed by electrons ejected normally from the plate with

maximum energy.

Watch Video Solution

5 × 10− 5

260. The photons from the Balmer series in Hydrogen spectrum having

wavelength between  to  are incident on a metal surface of

work function  Find the maximum kinetic energy of ejected electron

(Given hc = 1242 eV nm)`

Watch Video Solution

450nm 700nm

2eV

https://dl.doubtnut.com/l/_4SXj7FgGCmhn
https://dl.doubtnut.com/l/_QhWDXqi4pCLr
https://dl.doubtnut.com/l/_I1axC8pZBKtl


261. Work function of a metal is the maximum amount of energy required

by an electron, to just escape form the metal surface without any kinetic

energy. The expression for work function of metal is ,

where h is Planck's constant,  is the threshold frequency,  is the

threshold wavelength and c is the velocity of light in vacuume. Read the

above paragraph and answer the following questions: 

(i) Why di�erent metals have di�erent work function? 

(ii) What is the threshold wavelength of the incident radiation for a metal

surface whose work function is

.  

(iii) What do you learn from this study?

Watch Video Solution

ϕ0 = hv0 = hc/λ0

v0 λ0

1.2eV . Givenh = 6.63 × 10− 34Js, 1eV = 1.6 × 10− 19J

262. Radiation has dual nature, i.e., it possesess the properties of both,

wave and particle. This prompted de-Broglie to prodict dual nature of

moving material particles. Thus waves are associated with moving

material particles which are called matter waves. The wavelength of

https://dl.doubtnut.com/l/_4bdax3Cmh8FI
https://dl.doubtnut.com/l/_Q5jVze0UUMyv


matter waves is given by , where m is the mass, v is the speed of

the particle and h is Planck's constant. Read the above paragraph and

answer the following question: 

(i) How was the wave nature of electron established? 

(ii) What are the de-Broglie wavelength associated with a particle (i) at

rest (ii) moving with in�nite speed? 

(iii) What are the basic values displayed by this study?

Watch Video Solution

λ =
h

mv

263. According to Planck's quantum theory of light, every source of

radiation emits photons (i.e., packets of energy ) which travel in all

directions with the same speed (i.e., speed of light). Each photon is of

energy , where h is Planck's constant, v is the frequency

and  is wavelength of radiation emitted. The photons emitted from

di�erent sources of radiation are di�erent. Read the above passage and

answer the following questions: 

(i) on what factors does the number of photons emitted per second from

a source of radiations depends? 

E = hv = hc/λ

λ

https://dl.doubtnut.com/l/_Q5jVze0UUMyv
https://dl.doubtnut.com/l/_LvikzHIfUdzF


(ii) Why are the high energy photons not vissible to eye? 

(iii) Which basic values do you learn from this study?

Watch Video Solution

264. Photoelectric e�ect is a phenomenon of emission of electrons from

the surfaces of a metal when the light of suitable frequency falls on it. If

light of frequency v falls on a photosenstive surface of work function ,

then the maximum kinetic energy of photoelectron emitted is given by

Einstein's photoelectric equation. 

  

The value  will increases if the energy of the incident light (hv)

increases of work function  is decreased. Read above passage and

answer the following questions: 

(i) Why can visible light not ejected photoelectrons from every surface? 

(ii) Light of frequency  is incident on a metal surface.

Electrons with a maximum speed of  are ejected from the

surface. What is the threshold frequency for photo emission of electrons?

ϕ0

(KE) max = mv2
max = hv − ϕ0

1

2

(KE) max

(ϕ0)

7.21 × 1014Hz

6.0 × 105ms− 1

https://dl.doubtnut.com/l/_LvikzHIfUdzF
https://dl.doubtnut.com/l/_1CgqBAksueym


Ncert Exerciese Question

.  

(iii) What do you learn basically from the above study?

Watch Video Solution

h = 6.6 × 10− 34Js, me = 9.1 × 10− 31kg

265. Why photographer use red light and not blue light while developing

the exposed �lms?

Watch Video Solution

266. Many public building have doors that open automatically as people

approach. What is the basic concept involved in it?

Watch Video Solution

https://dl.doubtnut.com/l/_1CgqBAksueym
https://dl.doubtnut.com/l/_gHgbg3RThdTT
https://dl.doubtnut.com/l/_au6991UEdiQB


1. Answer the following questions: 

(a) Quarks inside protons and neutrons are thought to carryfractional

charges [(+2/3)e , (–1/3)e]. Why do they not show up in Millikan’s oil-drop

experiment? 

(b) What is so special about the combination e/m? Why do we not simply

talk of e and m separately? 

(c) Why should gases be insulators at ordinary pressures and start

conducting at very low pressures? 

(d) Every metal has a de�nite work function. Why do all photoelectrons

not come out with the same energy if incident radiation is

monochromatic? Why is there an energy distribution of photoelectrons? 

(e) The energy and momentum of an electron are related to the

frequency and wavelength of the associated matter wave by the relations:

E = h ν, p =   

But while the value of  is physically signi�cant, the value of ν (and

therefore, the value of the phase speed ν ) has no physical signi�cance.

Why?

Watch Video Solution

λ

h

λ

λ

https://dl.doubtnut.com/l/_2dqm9rwNBPfQ


Short Answer

1. Consider �gure for photoemission. How would you reconcile with

momentum-conservation? Note light (photons) have momentum in a

di�erent direction than the emitted electrons. 

Watch Video Solution

https://dl.doubtnut.com/l/_2dqm9rwNBPfQ
https://dl.doubtnut.com/l/_L2u26mjra8cA


Long Answer

Higher Order Thinking Skills

1. Consider a thn target (  m square,  m thinkness) of sodium,

which produces a photocurrent of 100  when a light of intensity 100

 falls on it. Find the probability that a

photoenectron is produced when a photon strikes a sodium atom. 

Watch Video Solution

10− 2 10− 3

μA

W /m2(λ = 660nm)

                        [Taken density of Na = 0.97kg/m3]

1. Two metallic plates P (collector) and Q (emitter) are separated by a

distance of 0.10 meter. These are connected through an ammeter without

any cell. A magnetic �eld B exists parallel to the plates. Light of

wavelength between  fall on the plate whose work

function is 2.39eV. Calculate the minimum value of B for which the current

4000Å and 6000Å

https://dl.doubtnut.com/l/_L2u26mjra8cA
https://dl.doubtnut.com/l/_PX1Snwzyhewv
https://dl.doubtnut.com/l/_mndLuUzSUVST


Value Based Question

registered with ammeter is zero. Use,

View Text Solution

h = 6.6 × 10− 34Js, e = 1.6 × 10− 19C

1. "Know your face beauty through complexion meter" was one of the stall

on a science exhibition. A student interested to know his/her face beauty

was made to stand on a platform and light from a lamp was made to fall

on his/her face. The reading of complexion meter indicated the face

beauty of the student which might be very fair, fair, semifair, semidark and

dark, etc. Read abve passage and answer the following questions: 

(i) What is the basic concept used in the working of complexion meter? 

(ii) How is the face beauty recorded by face complexion meter? 

(iii) What basic values do you learn from the above study?

View Text Solution

https://dl.doubtnut.com/l/_mndLuUzSUVST
https://dl.doubtnut.com/l/_J4oLoOypVx26


Exercise

1. The photoelectric e�ect can be explained on the basis of

A. Corpuscular theory

B. Wave theory

C. electromagnetic theory

D. quantum theory

Answer: d

Watch Video Solution

2. Which of the following has minimum stopping potential?

A. Blue

B. Yellow

C. Violet

https://dl.doubtnut.com/l/_0gLtQ9S0h84O
https://dl.doubtnut.com/l/_4t3E7pRVlmpn


D. Red

Answer: D

Watch Video Solution

3. When radiation is incident on a photoelectron emitter, the potential is

found to be 9V. If  for the electron is , the maximum

velocity of the ejected electron is

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

e/m 1.81011C /kg

6 × 105m/s

8 × 105m/s

106m/s

1.8 × 106m/s

https://dl.doubtnut.com/l/_4t3E7pRVlmpn
https://dl.doubtnut.com/l/_GFcC1iaGxbk8
https://dl.doubtnut.com/l/_1saGdvEDXZoG


4. Two photons, each of energy 2.5 eV are simultaneously incident on the

metal surface. If the work function of the metal is 4.5 eV, then from the

surface of metal

A. one electron will be emitted with energy 0.5eV

B. two electrons will be emitted with energy 0.25 eV

C. more than two electrons will be emitted

D. not a single electron will be emitted

Answer: d

Watch Video Solution

5. The maximum velocity of an electron emitted by light of wavelength 

incident on the surface of a metal of work function , is 

Where h = Planck's constant , m = mass of electron and c = speed of light.

A. 

B. 

λ

ϕ

[ ]
1 / 22(hc + λϕ)

mλ

2(hc − λϕ)

m

https://dl.doubtnut.com/l/_1saGdvEDXZoG
https://dl.doubtnut.com/l/_xwma2BBRwRAm


C. 

D. 

Answer: c

Watch Video Solution

[ ]
1 / 22(hc − λϕ)

mλ

[ ]
1 / 22(hc − ϕ)

m

6. The photoelectric work function for a metal surface is . The cut

- o� wavelength for this surface is

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

4.125eV

4125Å

2062.5Å

3000Å

6000Å

https://dl.doubtnut.com/l/_xwma2BBRwRAm
https://dl.doubtnut.com/l/_kf6L82pa9yOI
https://dl.doubtnut.com/l/_RhAfZTshMLqc


7. The slope of frequency of incident light and stopping potential for a

given surface will be

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

h

h/e

eh

e

8. Threshold wavelength for a metal having work function  is . Then

the threshold wavelength for a metal having work function  is

A. 

B. 

C. 

w0 λ

2w0

4λ0

2λ0

λ0 /2

https://dl.doubtnut.com/l/_RhAfZTshMLqc
https://dl.doubtnut.com/l/_f7l0tGSCRHFy


D. 

Answer: b

Watch Video Solution

λ0 /4

9. The work function for metals  and  are respectively 

 and . According to Einstein's equation , the metals

which will emit photoelectrons for a radiation of wavelength  are

A. none

B. A only

C. A and B only

D. B and C only

Answer: c

Watch Video Solution

A, B C

1.92eV , 2.0eV 5eV

4100Å

https://dl.doubtnut.com/l/_f7l0tGSCRHFy
https://dl.doubtnut.com/l/_ISjUM5egYc5U
https://dl.doubtnut.com/l/_RxMLeWCDVPUK


10. The wavelength of the matter wave is independent of

A. mass

B. velocity

C. momentum

D. charge

Answer: d

Watch Video Solution

11. If  are the respective kinetic energies of electron,

deutron, proton and neutron having same de-Broglie wavelength. Select

the correct order in which those values would increases.

A. 

B. 

C. 

E1, E2, E3, E4

E1, E3, E4, E2

E2, E4, E1, E3

E2, E4, E3, E1

https://dl.doubtnut.com/l/_RxMLeWCDVPUK
https://dl.doubtnut.com/l/_y6QeZAcsV1ot


D. 

Answer: c

Watch Video Solution

E3, E1, E2, E4

12. What is de-Broglie wavelength assciated with electron moving under a

potential di�erence of .

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

104V

12.27nm

1nm

0.01227nm

0.1227nm

https://dl.doubtnut.com/l/_y6QeZAcsV1ot
https://dl.doubtnut.com/l/_eHAfUK6mtEjc


13. The minimum energy required by an electron to..........form the metal

surface so as to overcome the restraining forces at the surface is

called........... .

Watch Video Solution

14. The maximum kinetic energy of emitted photoelectrons depends on

the..........and nature of............but is independent of........ .

Watch Video Solution

15. The ratio of number of photoelectrons ejected to the number of the

photons falling on a metal surface is..........than.......... .

Watch Video Solution

https://dl.doubtnut.com/l/_z9YS95of2kTk
https://dl.doubtnut.com/l/_OH6OriE3dGXc
https://dl.doubtnut.com/l/_jsllSkdoHOD8


16. For given photosenstive material, the photoelectric current is.............on

decreasing the wavelength of incident radiation, without any change in

intensity of radiation.

Watch Video Solution

17. An increase in the frequency of the incident light.............the velocity with

which photoelectron is ejected.

Watch Video Solution

18. The minimum energy required to ejected an electron from the surface

of a metal is called............ .

Watch Video Solution

https://dl.doubtnut.com/l/_VteCMLmLWmN9
https://dl.doubtnut.com/l/_rj73xaUZATTi
https://dl.doubtnut.com/l/_kNcm397MPXlK


19. In photoelectric e�ect the energy of the free electron does not

depend on.............of light.

Watch Video Solution

20. Photon is not a..........but it is a.......... .

Watch Video Solution

21. The velocity of photons di�erent media is............. .

Watch Video Solution

22. The intensity of light depends upon the.........present in light.

Watch Video Solution

https://dl.doubtnut.com/l/_91mJJGvqDL6t
https://dl.doubtnut.com/l/_XG0S0oN55aoq
https://dl.doubtnut.com/l/_702XsuwG5biP
https://dl.doubtnut.com/l/_0KGZ1H7WE9Uk


23. The momentum of a photon of energy E is............and of wavelength 

is............. .

Watch Video Solution

λ

24. De-Broglie wave are associated with a moving particle irrespective

of.............on it.

Watch Video Solution

25. The de-broglie wavelength of a photon of an electromagnetic

radiation is..........the wavelength of the radiation.

Watch Video Solution

26. A photon and electron have got same de-Broglie wavelength. Total

energy of an electron is............than that of photon.

https://dl.doubtnut.com/l/_6E90HEwggcor
https://dl.doubtnut.com/l/_51e14nqogj2Z
https://dl.doubtnut.com/l/_V0EgWLuJHSeg
https://dl.doubtnut.com/l/_1Qm3a0OcHqLp


Watch Video Solution

27. The expression for de-Broglie wavelength of an electron moving under

a potential di�erence of V volt is.............. .

Watch Video Solution

28. The main aim of Davisson-Germer experiment is to verify............ .

Watch Video Solution

29. Given in �g. is the graph between frequency v of the incident light and

maximum kinetiec energy  of the emitted photoelectrons. Find the(Ek)

https://dl.doubtnut.com/l/_1Qm3a0OcHqLp
https://dl.doubtnut.com/l/_CHOc3qPCJ9LF
https://dl.doubtnut.com/l/_9u7PVZUFrMz0
https://dl.doubtnut.com/l/_Zucrp10mQv5Y


values of (i) threshold frequency and (ii) work function form the graph. 

Watch Video Solution

30. For photoelectric e�ect in sodium, �g. shows the plot of cut-o�

voltage versus frequency of the incident radiation. Caclculate: 

https://dl.doubtnut.com/l/_Zucrp10mQv5Y
https://dl.doubtnut.com/l/_EPxxgaAIgvAv


  

(i) the threshold frequency 

(ii) the work function for sodium. (Use )

Watch Video Solution

h = 6.6 × 10− 34Js

31. When light of wavelength 400nm is incident on the cathode of

photocell, the stopping potential recorded is 6V. If the wavelength of the

https://dl.doubtnut.com/l/_EPxxgaAIgvAv
https://dl.doubtnut.com/l/_OKxdd7cpljxP


incident light is to 600nm, calculate the new stopping potential. [Given

]

Watch Video Solution

h = 6.6 × 10− 34Js, c = 3 × 108m/s, e = 1.6 × 10− 19C

32. Radiation of a certain wavelength causes electrons with a maximum

kinetic energy of 0.65 eV to be ejected from a metal surface whose work

function is 2.65 eV. What will be the maximum kinetic energy (in eV) with

which this same radiation ejects electrons from another metal whose

work function is 2.15eV.

Watch Video Solution

33. The electric �eld associated with a monochromataic beam of light

becomes zero,  times per second. Find the maximum kinetic

energy of the photoelectrons when this light falls on a metal surface

whose work function is 2.0eV, .

Watch Video Solution

2.4 × 1015

h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_OKxdd7cpljxP
https://dl.doubtnut.com/l/_vEvDI9R6qDgb
https://dl.doubtnut.com/l/_3V9lovJONyPq


34. Ultraviolet light of wavelength  and  when allowed to fall

on hydrogen atoms in their ground states is found to liberate electrons

with kinetic energies  and , respectively. Find the value of

Planck's constant.

Watch Video Solution

800A 700A

1.8eV 4.0eV

35. Light of wavelength  falls on an aluminium surface . In

aluminium  of energy is required to remove an electron from its

surface. What is the kinetic energy , in electron volt of (a) the fastest and

(b) the slowest emitted photo-electron . ( c) What is the stopping

potential ? (d) What is the cut - o� wavelength for aluminum? (Plank's

constant  and speed of light `c = 3 xx 10^(8) m

s^(-1).

Watch Video Solution

2000Å

4.2eV

h = 6.6 × 10− 34J − s

https://dl.doubtnut.com/l/_3V9lovJONyPq
https://dl.doubtnut.com/l/_OSpz19NWWXxk
https://dl.doubtnut.com/l/_HdFBYDPrOdYa


36. The maximum wavelength for which an em wave can ejected electrons

form a platinum surface is 195 nm. When radiations with a wavelength of

131nm shines on the surface. What is the maximum speed of the ejected

electrons? [Use ] .

Watch Video Solution

h = 6.63 × 10− 34Js me = 9.1 × 10− 31kg

37. Find the frequency of light which ejects electrons from a metal

surface. Fully stopped by a retarding potential of , the photoelectric

e�ect begins in this metal at a frequency of . Find the work

function for this metal. (Given ).

Watch Video Solution

3V

6 × 1014Hz

h = 6.63 × 10− 34Js

38. The work fuction of caseium is 1.8 eV. Light of 4500Å is incident on it.

Calculate (i) the maximum kinetic energy of the emitted photoelectrons

(ii) maximum velocity of the emitted photoelectrons (iii) if the intensity of

the incident light is doubled, then �nd the maximum kinetic energy of the

https://dl.doubtnut.com/l/_SA7p8ZBgX3d8
https://dl.doubtnut.com/l/_NtXK62wlAroG
https://dl.doubtnut.com/l/_aGESonDFTP76


emitted photoelectrons. Given,

Watch Video Solution

h = 6.63 × 10− 34Js. me = 9.1 × 10− 31kg, c = 3 × 108ms− 1

39. Find the di�erence of kinetic energies of photoelectrons emitted from

a surface by light of wavelength 2500Å and 5000Å. .

Watch Video Solution

h = 6.62 × 10− 34Js

40. The electric �eld associated with a light wave is given by

. Find the stopping potential

when this light is used in an experiment on a photoelectric e�ect with

the emitter having work function 2.1eV. .

Watch Video Solution

E = E0 sin[(1.57 × 107m− 1)(ct − x)]

h = 6.62 × 10− 34Js

https://dl.doubtnut.com/l/_aGESonDFTP76
https://dl.doubtnut.com/l/_hhrYWw35BQHp
https://dl.doubtnut.com/l/_Bk45qsvdILxq


41. A photon of wavelength 3310Å falls on a photocathode and an

electron of energy  is ejected. If the wavelength of the

incident photon is changed to 5000Å, the energy of the ejected electron

is . Calculate the value of Planck's constant and threhold

wavelength of the photon.

Watch Video Solution

3 × 10− 19J

9.72 × 10− 20J

42. Light of wavelength 180 nm ejects photoelectrons from a plate of

metal whose work - function is 2 eV. If a uniform magnetic �eld of

 T be applied parallel to the plate, what would be the radius of

the path followed by electrons ejected normally from the plate with

maximum energy.

Watch Video Solution

5 × 10− 5

43. The maximum velcities of the photoelectrons ejected are v and 2v for

incident light of wavelength 400nm and 250nm on a metal surface

https://dl.doubtnut.com/l/_4ZZhlkwQyJ8l
https://dl.doubtnut.com/l/_aYTk8LamDfJZ
https://dl.doubtnut.com/l/_UEI9JLQa45oe


respectively. Calculate the work function of the metal. Given

Watch Video Solution

h = 6.62 × 10− 34Js and c = 3 × 108ms− 1

44. A radio transmitter operates at a frequency of  and a power

of . The number of photons emitted per second are

Watch Video Solution

880kHz

10kW

45. The minimum intensity of light to be detected by human eye is

. The number of photons of wavelength 

entering the eye , with pupil area  , per second for vision will be

nearly

Watch Video Solution

10− 10W /m2 5.6 × 10− 7m

10− 6m2

https://dl.doubtnut.com/l/_UEI9JLQa45oe
https://dl.doubtnut.com/l/_BqYhwYwEzWvd
https://dl.doubtnut.com/l/_lNvbqkrrCil0


46. Find the number of photons emitted per minute by a 25W source of

monochromatic light of wavelength 5000Å. Use .

Watch Video Solution

h = 6.63 × 10− 34Js

47. Monochromatic light of frequency  is produced by a

laser. The power emitted is . Estimate the number of

photons emitted per second on an avearge by the source. Given

Watch Video Solution

5.0 × 1014Hz

3.0 × 10− 3W

h = 6.62 × 10− 34Js

48. Caculate the number of photons emitted per second by a 10 watt

sodium vepour lamp. Assume tha t 90% of the consumed energy is

converted into light. Wavelength of sodium light is 590nm.

Watch Video Solution

h = 6.62 × 10− 34Js

https://dl.doubtnut.com/l/_rHErMlvzQ5vm
https://dl.doubtnut.com/l/_zviomGOxXhzE
https://dl.doubtnut.com/l/_kcp6uKUSt5Yl


49. A parallel beam of the light is incident normally on a plane surface

absorbing 40% of the light and re�ecting the rest. If the incident beam

carries 10 watt power, �nd the force exerted by it on the surface.

Watch Video Solution

50. Find the number of photons emitted per second by a 40 W source of

monochromatic light of wavelength 6000Å . What is the photoelectric

current assuming 5% e�eciency of photoelectric e�ect? Given

Watch Video Solution

h = 6.62 × 10− 34Js and c = 3 × 108ms− 1, e = 1.6 × 10− 19C

51. An X-ray tube produces a continuous spectrum of radiation with its

short wavelength end at 0.42Å. What is the maximum energy of photon in

the radiation? What is the order of accelerating voltage (for electrons)

requirement in such a case?

h = 6.62 × 10− 34Js and e = 1.6 × 10− 19C

https://dl.doubtnut.com/l/_zR2UfxoYDBhO
https://dl.doubtnut.com/l/_T85PUMXjiHdX
https://dl.doubtnut.com/l/_1R9GU1W5Cgf2


Watch Video Solution

52. An electron and a photon each has a wavelength of 1.0nm. Find (a)

their momenta, (b) the energy of the photon , and © the kinetic energy

electron. 

Take .

A. 

B. 

C. 

D. 

Answer: 

Watch Video Solution

h = 6.63 × 10− 34Js

(i)6.6 × 10− 25kgms− 1, 6.6 × 10− 25kgms− 1(ii)1.98 × 10− 16J(iii)2.39 × 1

https://dl.doubtnut.com/l/_1R9GU1W5Cgf2
https://dl.doubtnut.com/l/_DgrpUCEyZ8Ij


53. The de-Broglie wavelength associated with a material particle when it

is accelerated through a potential di�erence of 150V is 1Å. What will be

the de-broglie wavelength associated with the same particle when it is

accelerted through a potential di�erence of 1350V?

Watch Video Solution

54. An electron is accelerated through a potential di�erence of 64volts.

What is the de-broglie wavelength associated with it? To which part of

the electromagnetic spectrum does this value of wavelength correspond?

Watch Video Solution

55. A neutron is an unchanged particle of mass . Calculate

the de-Broglie wavelength of the neutron moving with a velocity, such

that K.E. is 0.04 eV, .

Watch Video Solution

1.67 × 10− 27kg

h = 6.62 × 10− 34Js

https://dl.doubtnut.com/l/_bVZDV4TOl92J
https://dl.doubtnut.com/l/_zQruY1hlmmvn
https://dl.doubtnut.com/l/_dNt2Q1QVZbn0


56. Calculate the de-Broglie wavelength of an electron of kinetic energy

100 eV. Given .

Watch Video Solution

me = 9.1 × 10− 31kg, h = 6.62 × 10− 34Js

57. From a cli� that is 10.0m above a lake, a boy (mass 40 kg) jumps from

rest, straight down into the water. At the instant, he strikes the water,

what is his de-Broglie wavelength? 

Watch Video Solution

(g = 10ms− 2)h = 6.62 × 10− 34Js

58. The de-Broglie wavelength of an electron moving with a velocity

 is equal to that of a photon. Caculate the ratio of the

kinetic energy of the electron to that of photon.

Watch Video Solution

1.5 × 108ms− 1

https://dl.doubtnut.com/l/_gGYhLFrhWQ87
https://dl.doubtnut.com/l/_eQnh9c6Xme8S
https://dl.doubtnut.com/l/_IAaTMz5RKdvB


59. Calculate the energy of an electron having de-Broglie wavelength

5500Å. Given, .

Watch Video Solution

h = 6.62 × 10− 34Js, me = 9.1 × 10− 31kg

60. An electron and a photon each have a wavelength of 2.00nm. Find (i)

their momenta (ii) the energy of the photon and (iii) the kinetic energy of

electron. 

Watch Video Solution

h = 6.63 × 10− 34Js

61. An -particle and a proton are accelerated from rest through the

same potential di�erence V. Find the ratio of de-Broglie wavelength

associated with them.

Watch Video Solution

α

https://dl.doubtnut.com/l/_8R2OYjIQMyZ8
https://dl.doubtnut.com/l/_WztS0LVZ6x0V
https://dl.doubtnut.com/l/_klHcKTKjsuG8


62. The wavelength of a photon is 1.4Å. It collides with an electron. Its

wavelength after collision is 4Å. Calculate the energy of scattered

electron. 

Watch Video Solution

h = 6.62 × 10− 34Js

63. Find the energy that should be added to an electron of energy 2eV to

reduce its de-Broglie wavelength from 1nm to 0.5nm.

Watch Video Solution

64. The de-broglie wavelength associated with photon changes by 0.25%.

If its momentum is changed by , �nd the initial

momentum of electron.

Watch Video Solution

9 × 10− 26kgms− 1

https://dl.doubtnut.com/l/_W3yU975D71SQ
https://dl.doubtnut.com/l/_eekxRy4SgZPa
https://dl.doubtnut.com/l/_sgszyXQowVbC


65. An electron is accelerated through a potential di�erence of 200volts.

What is the de-broglie wavelength associated with it? To which part of

the electromagnetic spectrum does this value of wavelength correspond?

Watch Video Solution

66. Find the de-Broglie wavelength (in Å) assciated with a photon moving

with a velocity 0.5 c, where , rest mass of proton 

.

Watch Video Solution

c = 3 × 108m/s

= 1.675 × 10− 27kg, h = 6.6 × 10− 34Js

67. Find the de-Broglie wavelength of an electron in a metal at  and

compare it with the mean separation between two electrons in a metal

which is about , Given .

Boltzmann constant 

Watch Video Solution

12. ∘ C

2Å h = 6.6 × 10− 34Js, me = 9.1 × 10− 31kg

k = 1.38 × 10− 23JK − 1

https://dl.doubtnut.com/l/_v9ACv2LgoUOX
https://dl.doubtnut.com/l/_szVq8OCZ3vpH
https://dl.doubtnut.com/l/_Ga1Fawu0Iwfr


68. Given that a photon of light of wavelength 10,000Å has an energy equl

to 1.23eV. When light of wavelength 5000Å and intensity  falls on a

photoelectric cell and the saturation current is  ampere and

the stopping potential is 1.36 volt, then (i)what is the work function? (ii) If

intensity of light is made , what should be the saturation current and

stopping potential?

Watch Video Solution

I0

0.40 × 10− 6

4I0

69. The maximum KE of photoelectrons emitted from a cetain metallic

surface is 30 eV when monochromatic radiation of wavelength  falls on

it. When the same surface is illuminated with light of wavelength , the

minimum KE of photoelectrons is found to be 10 eV. (a) Calculate the

wavelength  and (b) determine the maximum wavelength of incident

radiation for which photoelectric emission is possible.

Watch Video Solution

λ

2λ

λ

https://dl.doubtnut.com/l/_eoEOJOFUWley
https://dl.doubtnut.com/l/_wbzpNz0unbNM


70. When a beam of  photons of intensity  falls on a

platinum surface of area  and work function 

of the incident photons eject photoelectrons. Find the number of

photoelectrons emitted per second and their minimum and maximum

energy (in eV). 

Take .

Watch Video Solution

10.6eV 2.0W /m2

1.0 × 10− 4m2 5.6eV , 0.53 %

1eV = 1.6 × 10− 19J

71. When a surface is irradiated with light of wavelength , a

photocurrent appears which vanishes if a retarding potential greater

than 0.6 volt is applied across the phototube. When a second source of

light is used, it is found that the critical potential is changed to 1.1 volt. 

if the photoelectrons (after emission form the source) are subjected to a

magnetic �eld of 10 tesla, the two retarding potentials would

Watch Video Solution

4950Å

https://dl.doubtnut.com/l/_LOYI3FU7g7gv
https://dl.doubtnut.com/l/_wgivfNWFrSaz


72. What amount of energy (in eV) should be added to an electron to

reduce its de-Broglie its de-Broglie wavelength from 100 to 50 pm? Given

.

Watch Video Solution

h = 6.62 × 10− 34Js, me = 9.1 × 10− 31kg

73. A particle is droped from a height H. The de-broglie wavelength of the

particle as a funciton of height is proportional to

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

H

H 1 / 2

H 0

H − 1 / 2

https://dl.doubtnut.com/l/_EMmArSCo4eok
https://dl.doubtnut.com/l/_hJ6AAM6F1K8d


74. The wavelength of a photon needed to remove a proton from a

nucleus which is bound to the nucleus with 1MeV energy is nearly

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

1.2nm

1.2 × 10− 3nm

1.2 × 10− 6nm

.12 × 101nm

75. Consider a beam of electrons (each electron with energy  incident

on a metal surface kept in an evacuated chamber. Then

A. no electron will be emitted as only photons can emit electrons

B. electrons can be emitted but all with an energy, 

E0)

E0

https://dl.doubtnut.com/l/_hxy5aAG9hsQF
https://dl.doubtnut.com/l/_tVta0xpQmcXd


C. electron can be emitted with any energy, with a maximum of

(  is the work function)

D. electron can be emitted with any energy, with a maximum of 

Answer: d

Watch Video Solution

E0 − ϕ ϕ

E0

76. Consider the fundamental physics for class XII. Suppose the voltage

applied to A is increased. The di�racted beam will have the maximum at a

value of  that

A. will be larger then that earlier value

B. will be the same as the earlier value

C. will be less than the earlier value

D. will depend on the target

Answer: c

θ

https://dl.doubtnut.com/l/_tVta0xpQmcXd
https://dl.doubtnut.com/l/_XYFTGXAr4EYX


Watch Video Solution

77. A proton, a neutron, an electron and an -particle have same energy.

Then their de-Broglie wavelengths compare as

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

α

λp = λn > λe > λα

λα < λp = λn < λe

λe < λp = λn > λα

λe = λp = λn = λα

78. An electron is moving with an initial velocity  and is in a

magnetic �eld . Then it's de-Broglie wavelength

A. remains constant

→
v = v0 î

→
B = B0 ĵ

https://dl.doubtnut.com/l/_XYFTGXAr4EYX
https://dl.doubtnut.com/l/_sSlLI3M4GvHF
https://dl.doubtnut.com/l/_C0qhvLWD9uBS


B. increases with time

C. decreases with time

D. increases and decreases periodically

Answer: a

Watch Video Solution

79. An electron of mass  with an initial velocity 

(i)  enters an electric �eld  

  at  . If  is its de - Broglie

wavelength initially, then its de - Broglie wavelength at time  is

A. 

B. 

C. 

D. 

m

→
v = v0ˆ (v0 > 0)

→
E = − E0 î (E0 = cons tan t > 0) t = 0 λ0

t

λ0

(1 + )eE0

m
t
v0

λ0(1 + )
eE0t

mv0

λ0

λ0t

https://dl.doubtnut.com/l/_C0qhvLWD9uBS
https://dl.doubtnut.com/l/_wXUcyf5C1PoR


Answer: a

Watch Video Solution

80. An electron (mass m) with an initial velocity  is in an electric

�eld . If . It's de-broglie wavelength at time t is given

by

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

→
v = v0 î

→
E = E0 ĵ λ0h/mv0

λ0

λ0

 
⎷1 +

e2E2
0 t

2

m2v2
0

λ0

1 +
e2E2

0 t
2

m2v2
0

λ0

√1 + ( )
e2E2

0 t
2

m2v2
0

https://dl.doubtnut.com/l/_wXUcyf5C1PoR
https://dl.doubtnut.com/l/_F10mfwqHMs7X


81. Relativistic corrections become necessary when the expresion for the

kinetic energy , becomes comparable with , where m is the

mass of the particle. At what de-broglie wavelength will relativistic

corrections become important for an electron?

A. 

B. 

C. 

D. 

Answer: c,d

Watch Video Solution

mv21

2
mc2

λ = 10nm

λ = 10− 1nm

λ = 10− 4nm

λ = 10− 6nm

82. Two particles  of masses  have the

same de-broglie wavelength. Then

A. their momenta are the same

A1 and A2 m1, m2(m1 > m2)

https://dl.doubtnut.com/l/_CgBklkP5iHDE
https://dl.doubtnut.com/l/_FXg7q9WQFa44


B. their energies are the same

C. energy of  is less than the energy of 

D. energy of , is more than the energy of 

Answer: a,c

Watch Video Solution

A1 A2

A1 A2

83. The de-broglie wavelength of a photon is twice the de-broglie

wavelength of an electron. The speed of the electron is . Then

A. 

B. 

C. 

D. 

Answer: b,c

Watch Video Solution

ve =
c

100

= 10− 4Ee

Ep

= 10− 2Ee

Ep

= 10− 2pe

mec

= 10− 4pe

mec

https://dl.doubtnut.com/l/_FXg7q9WQFa44
https://dl.doubtnut.com/l/_ptanNDGDGjAo


84. Photons absorbed in matter are coverted to heat. A source emitting n

photons/ sec of frequency v is used to convert 1kg of ice at  to water

at . Then, the time T taken for the conversion

A. decreases with increases n, with v �xed

B. decreases with n �xed, v increases

C. remains constant with n and v changing such that nv= const.

D. increases when the product nv increases

Answer: a,b,c

Watch Video Solution

0∘C

0∘C

85. A particle moves in a closed orbit around the origin, due to a force

which is directed towards the origin. The de-broglie wavelength of the

particles varries cyclists between two valuse . Which

of the following statements are true?

λ1, λ2withλ1 > λ2

https://dl.doubtnut.com/l/_ptanNDGDGjAo
https://dl.doubtnut.com/l/_cyxtqCUWTgBP
https://dl.doubtnut.com/l/_r5WqepKSaSXj


A. The particle could be moving in a circular orbit with origin as centre

B. The particle could be moving in an elliptic orbit with origin as its

focus

C. When the de-broglie wavelength is , the particle is nearer the

origin than when its value is 

D. When the de-broglie wavelength is , the particle is nearer the

origin than when its value is 

Answer: b,d

Watch Video Solution

λ1

λ2

λ2

λ1

86. When a metallic surface is illuminated with radiation of wavelength ,

the stopping potential is . If the same surface is illuminated with

radiation of wavelength  , the stopping potential is . The threshold

wavelength surface is :

A. 

λ

V

2λ
V

4

4λ

https://dl.doubtnut.com/l/_r5WqepKSaSXj
https://dl.doubtnut.com/l/_B1sSrDzPkKhy


B. 

C. 

D. 

Answer: d

Watch Video Solution

5λ

5λ/2

3λ

87. A photoelectric surface is illuminated successively by monochromatic

light of wavelength  and . If the maximum kinetic energy of the

emitted photoelectrons in the second case is  times than in the �rst

case , the work function of the surface of the material is 

(  = Plank's constant ,  = speed of light )

A. 

B. 

C. 

D. 

λ
λ

2

3

h c

hc

3λ

hc

2λ

hc

λ

2hc

λ

https://dl.doubtnut.com/l/_B1sSrDzPkKhy
https://dl.doubtnut.com/l/_Zbng1LXfLKYH


Answer: B

Watch Video Solution

88. If  are maximum kinetic energies of photoelectrons

emitted when light of wavelength  respectively are incident on

a metallic surface.  then

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

K1 and K2

λ2 and λ1

Ifλ1 = 3λ2

K1 > ( )
K2

3

K1 < ( )
K2

3

K1 = 3K2

K2 = 3K1

https://dl.doubtnut.com/l/_Zbng1LXfLKYH
https://dl.doubtnut.com/l/_Ebf1NuZBiOku


89. The photoelectric threshold wavelength of silver is .

The velocity of the electron ejected from a silver surface by ultraviolet

light of wavelength  is  

 and 

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

3250 × 10− 10m

2536 × 10− 10m

(Givenh = 4.14 × 106ms− 1eV s c = 3 × 108ms− 1)

≈ 6 × 105ms− 1

≈ 0.6 × 108ms− 1

≈ 61 × 103ms− 1

≈ 0.3 × 106ms− 1

90. A and B are two metals with threshold frequencies

. Two identical photons of energy of

0.825 eV each are incident on them. Then photoelectrons are emitted in

take 

1.8 × 1014Hz and 2.2 × 1014Hz

h = 6.6 × 10− 34j/s

https://dl.doubtnut.com/l/_4kC2fpoI0Yfs
https://dl.doubtnut.com/l/_ycIuxRCDjpo4


A. B alone

B. A alone

C. neither A nor B

D. Both A and B

Answer: b

Watch Video Solution

91. The �g. shows the variation of photon current with anode potential

for a photo-sensitive surface for three di�erent radiation. Let

 be the intensities and  be the frequency forIa, Ib and Ic fa, fb and fc

https://dl.doubtnut.com/l/_ycIuxRCDjpo4
https://dl.doubtnut.com/l/_l6tDdZOF7Wxi


the curves a,b and c respectively. 

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

fa = fb and Ia ≠ Ib

fa = fc and Ia = Ic

fa = fb and Ia = Ib

fb = fc and Ib = Ic

https://dl.doubtnut.com/l/_l6tDdZOF7Wxi


92. The anode vollage of a photocell is kept �xed . The wavelength of the

light falling on the cathode varies as follows

A. 

B. 

C. 

D. 

Answer: d

W t h Vid S l ti

λ

https://dl.doubtnut.com/l/_UebmiuBUmp1X


Watch Video Solution

93. In a photoemissive cell, with exciting wavelength , the faster electron

has speed v. If the exciting wavelength is changed to , the speed of

the fastest electron will be

A. 

B. 

C. less than 

D. greater than 

Answer: d

Watch Video Solution

λ

3λ/4

v( )
1 / 23

4

v( )
1 / 23

4

v( )
1 / 2

4
3

v( )
1 / 2

4
3

94. The collector plate in an experiment on photoelectric e�ect is kept

vertically above the emitter plate . Light source is put on and a saturation

photo current is recorded . An electric �eld is switched on which has a

https://dl.doubtnut.com/l/_UebmiuBUmp1X
https://dl.doubtnut.com/l/_s9yX1MFYgVMq
https://dl.doubtnut.com/l/_AlnPpijPggeP


vertically downward direction . Then 

A. the stopping potential will decreases

B. the threshold wavelength will increase

C. the photoelectric current will increases

D. the kinetic energy of the current will increases

Answer: d

Watch Video Solution

https://dl.doubtnut.com/l/_AlnPpijPggeP


95. When a certain metallic surface is illuminated with monochromatic

light of wavelength , the stopping potential for photoelectric current is

 and when the same surface is illuminated with light of wavelength 

, the stopping potential is . The threshold wavelength of this surface

for photoelectric e�ect is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

λ

3V0 2λ

V0

4λ/3

4λ

6λ

8λ

96. The kinetic energy of an electron is E when the incident wavelength is

 To increase ti KE of the electron to 2E, the incident wavelength must beλ

https://dl.doubtnut.com/l/_tozQUV1BX1Yj
https://dl.doubtnut.com/l/_AS2lVMeS3Qhb


A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

hc

Eλ − hc

hλ

Eλ + hc

hcλ

Eλ + hc

hcλ

Eλ − hc

97. When light of wavelength 400nm is incident on the cathode of

photocell, the stopping potential recorded is 6V. If the wavelength of the

incident light is to 600nm, calculate the new stopping potential. [Given

]

A. 

B. 

C. 

D. 

h = 6.6 × 10− 34Js, c = 3 × 108m/s, e = 1.6 × 10− 19C

4.97V

4.76V

4.56V

4.14V

https://dl.doubtnut.com/l/_AS2lVMeS3Qhb
https://dl.doubtnut.com/l/_GnjZ4z1rnkeG


Answer: d

Watch Video Solution

98. A photosenstive metallic surface has work function . If photons of

energy  falls on this surface. The electrons come out with a maximum

velocity of . When the photon energy is increased to .

The maximum velocity of photoelectrons will be:

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

hv0

3hv0

5 × 106m/s 9hv0

107m/s

8 × 105m/s

109m/s

108m/s

https://dl.doubtnut.com/l/_GnjZ4z1rnkeG
https://dl.doubtnut.com/l/_bwWhTuyxzP7s


99. Maximum velocity of photoelectrons emitted by a metal surface is

. Assuming the speci�c charge of the electrons to be 

 the value of stopping potential in volt will be:

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

1.2 × 106m/s

1.8 × 1011C /kg

2

3

4

6

100. If the frequency of light in a photoelectric experiment is doubled the

stopping potential will

A. be doubled

B. be halved

https://dl.doubtnut.com/l/_qiRyoGo9khsi
https://dl.doubtnut.com/l/_xNzx0jx0YWrQ


C. become more than double

D. becomes less than double

Answer: c

Watch Video Solution

101. The velocity of the most energetic electrons emitted from a metallic

surface is doubled when the frequecy v of incident radiation is double.

The work function of this metal is

A. Zero

B. 

C. 

D. 

Answer: d

Watch Video Solution

hv/3

hv/2

2hv/3

https://dl.doubtnut.com/l/_xNzx0jx0YWrQ
https://dl.doubtnut.com/l/_R9A5hMr8q7qu


102. Light of wavelength  strikes a photo - sensitive surface and

electrons are ejected with kinetic energy is to be increased to  , the

wavelength must be changed to  where

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

λ

2E

λ'

λ' =
λ

2

λ' = 2λ

λ' < λ

< λ' < λ
λ

2

103. Two identical metal plates show photoelectric e�ect by a light of

wavelength  falls on plate  and  on plate . The

maximum kinetic energy is

A. 

λA A λB B(λA = 2λB)

2KA = KB

https://dl.doubtnut.com/l/_R9A5hMr8q7qu
https://dl.doubtnut.com/l/_HBpgwWrm3htD
https://dl.doubtnut.com/l/_35H3e6tTLN6u


B. 

C. 

D. 

Answer: b

Watch Video Solution

KA < KB /2

KA = 2KB

KA = KB /2

104. A metal is illumimated by light of two di�erent wavelength 

and  . The maximum speeds of the photoelectrons corresponding

in these wavelength are  respectively . If the ratio 

 and , the work function of the meal is

nearly

A. 

B. 

C. 

D. 

248nm

310nm

u1 and u2

u1 : u2 = 2: 1 hc = 1240eV nm

3.7eV

3.2eV

2.8eV

2.5eV

https://dl.doubtnut.com/l/_35H3e6tTLN6u
https://dl.doubtnut.com/l/_3jDpXZkM6Zdk


Answer: a

Watch Video Solution

105. Monochromatic light of frequency  incident on a photocell and the

stopping potential is found to be . What is the new stopping potential

of the cell if it is radiated by monochromatic light of frequency ?

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

f1

V1

f2

V1 − (f2 − f1)
h

e

V1 + (f2 + f1)
h

e

V1 − (f2 + f1)
h

e

V1 + (f2 − f1)
h

e

https://dl.doubtnut.com/l/_3jDpXZkM6Zdk
https://dl.doubtnut.com/l/_Pa3IxZNd2s05


106. A metal plate is exposed to light with wavelength . It is observed

that electrons are ejected from the surface of the metal plate. When a

retarding uniform electric �eld E is imposed, no electron can move away

from the plate farther than a certain distance d. Then the threshold

wavelength  for the material of plate is ( e is the electronic charge, h is

Planck's constant and c is the speed of light)

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

λ

λ0

λeEd

(eEd − hc)

λhc

hc − eEdλ

eEdλ − hc

hcλ

λhc − eEd

hcλ

107. Photoelectric emission is observed from a metallic surface for

frequencies  of the incident light. If the maximum value ofv1 and v2

https://dl.doubtnut.com/l/_SdxfXAh0UI3P
https://dl.doubtnut.com/l/_sx5PQUcrdTIY


kinetic energies of the photoelectrons emitted in the two cases are in the

ratio  then the threshold frequency of the metallic surface is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

n : 1

v2 − v1

n − 1

nv2 − v1

n − 1

nv1 − v2

n − 1

v2 − v1

n

108. The threshold frequency for certain metal is . When light of

frequency  is incident on it, the maximum velocity of photoelectrons is

. If the frequency of incident radiation is increaed to ,

then the maximum velocity of photoelectrons will be

A. 

B. 

v0

2v0

4 × 106ms− 1 5v0

(4/5) × 106

2 × 106

https://dl.doubtnut.com/l/_sx5PQUcrdTIY
https://dl.doubtnut.com/l/_Di5RBHL5lo3L


C. 

D. 

Answer: d

Watch Video Solution

4 × 106

8 × 106

109. Silver has a work function of 4.7 eV. When ultraviolet light of

wavelength 100 nm is incident upon it, a potential of 7.7 V is required to

stop the photo electrons from reaching the collector plate. How much

potential will be required to stop the photoelectrons when light of

wavelength 200nm is incident upon silver?

A. 

B. 

C. 

D. 

Answer: c

3.85V

1.93V

1.50V

3.0V

https://dl.doubtnut.com/l/_Di5RBHL5lo3L
https://dl.doubtnut.com/l/_MzywGq1wGoXs


Watch Video Solution

110. In a photoelectric e�ect experiment, the maximum kinetic energy of

the emitted electrons is 1eV for incoming radiations of frequency  and

3eV for incoming radiation of frequency . What is the maximum

kinetic energy of the electrons emitted for incomming radiation of

frequency ?

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

v0

3v0 /2

9v0 /4

3eV

4.5eV

6eV

9eV

https://dl.doubtnut.com/l/_MzywGq1wGoXs
https://dl.doubtnut.com/l/_irG5BUDMmNsh


111. The work function of a surface of a photosensitive material is .

The wavelength of the incident radiation for which the stopping potential

is  lies in the

A. infrared region

B. X-ray region

C. ultraviolet region

D. visible region

Answer: c

Watch Video Solution

6.2eV

5V

112. Photoelectric e�ect experiments are performed using three di�erent

metal plates  and  having work function 

 respectively A light beam

containing wavelength of  and  with equal

p, q r

ϕp = 2.0eV , ϕe = 2.5eV and ϕr = 3.0eV

550nm, 450nm 350nm

https://dl.doubtnut.com/l/_vPRv82CUGQaV
https://dl.doubtnut.com/l/_YRYywX3mNbrU


intensities illuminates each of the plates . The correct  graph for

the experiment is [Take hc = 1240 eV nm]

A. 

B. 

C. 

D. 

Answer: A

I − V

https://dl.doubtnut.com/l/_YRYywX3mNbrU


Watch Video Solution

113. Given that a photon of light of wavelength 10,000Å has an energy

equal to 1.23eV. When light of wavelength 5000Å and intensity  falls on

a photoelectric cell and the saturation current is  ampere

and the stopping potential is 1.36 volt, then (i)what is the work function?

(ii) If intensity of light is made , what should be the saturation current

and stopping potential?

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

I0

0.40 × 10− 6

4I0

0.43eV

1.10eV

1.36eV

2.72eV

https://dl.doubtnut.com/l/_YRYywX3mNbrU
https://dl.doubtnut.com/l/_TQZy3iiOPHKq


114. When the energy of the incident radiation is increased by  ,

kinetic energy of the photoelectrons emitted from a metal surface

increased from . The work function of the metal is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

20 %

0.5eV → 0.8eV

0.65eV

1.0eV

1.3eV

1.5eV

115. Light described at a place by the equation

 falls on a

metal surface having work fuction 2.28 eV. The maximum energy of the

photoelectrons is : (use )

E = (100V /m)[sin(6 × 1015s− 1)t + sin(8 × 1015s− 1)t]

h = 6.63 × 10− 34Js

https://dl.doubtnut.com/l/_SJEINM7ZyWaU
https://dl.doubtnut.com/l/_j65lIKnLl1o5


A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

2.28eV

3.0eV

1.24eV

1.50eV

116. The curve drawn between velocity and frequency of a photon in

vacuum will be

A. straight line parallel to frequency axis

B. straight line parallel to velocity axis

C. straight line passing through origin and making an angle of 

with frequency axis

D. hyperbola

45∘

https://dl.doubtnut.com/l/_j65lIKnLl1o5
https://dl.doubtnut.com/l/_ZsedI9FnL0jk


Answer: a

Watch Video Solution

117. The momentum of a photon of an electromagnetic radiation is

. What is the frequency of the associated wave? 

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

4.3 × 10− 29Kgm/s

[h = 6.6 × 10− 34Js, c = 3 × 108m/s]

1.5 × 1013Hz

1.95 × 1013Hz

5.6 × 1013Hz

3.9 × 1013Hz

https://dl.doubtnut.com/l/_ZsedI9FnL0jk
https://dl.doubtnut.com/l/_Aa46rmGSgMZ8


118. Wavelength of a  photon is . What is the

frequency of  photon ?

A. 

B. 

C. 

D. 

Answer: B

Watch Video Solution

1keV 1.24 × 10− 9m

1MeV

1.24 × 1015Hz

2.4 × 1020Hz

1.24 × 1018Hz

2.4 × 1023Hz

119. Ultraviolet light of wavelength 300nn and intensity  falls

on the surface of a photosensitive material. If one per cent of the incident

photons produce photoelectrons, then the number of photoelectrons

emitted per second from an area of 1.0  of the surface is nearly

A. 

1.0Wm− 2

cm2

2.13 × 1011

https://dl.doubtnut.com/l/_JliIvw1iBXAc
https://dl.doubtnut.com/l/_UJG4RtWwklOO


B. 

C. 

D. 

Answer: b

Watch Video Solution

1.51x1012

4.12 × 1013

9.61 × 1014

120. We may state that the energy E of a photon of frequency v is E =hv,

where h is a plank's constant. The momentum p of a photon is 

where  is the wavelength of the photon. From the above statement one

may conclude that the wave velocity of light is equal to

A. 

B. 

C. 

D. 

p = h/λ

λ

3 × 108m/s

E/p

Ep

(E/p)2

https://dl.doubtnut.com/l/_UJG4RtWwklOO
https://dl.doubtnut.com/l/_Iveoev7xIu0O


Answer: b

Watch Video Solution

121. A sodium lamp emits  photons per second. Calculate the

distance from sodium lamp where �ux of photon is one photons per

second per 

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

3.14 × 1020

cm2

1010cm

5 × 109cm

5 × 108cm

109cm

https://dl.doubtnut.com/l/_Iveoev7xIu0O
https://dl.doubtnut.com/l/_uv14996EJhkC


122. A modern 200 W sodium street lamp emits yellow light of wavelength

0.6 . Assuming it to be 25% e�cient in converting electrical energy to

light, the number of photons of yellow light it emits per second is

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

μm

1.5 × 1020

6 × 1018

62 × 1020

3 × 1019

123. One gram mass falls through a height of 2cm. If whole of the energy

of fall is converted into light of wavelength , how many

photons would be produced? Given 

A. 

6.63 × 10− 7m

h = 6.63 × 10− 7Jsg = 10m/s2

3.33 × 1014

https://dl.doubtnut.com/l/_gveoCYRZvQdd
https://dl.doubtnut.com/l/_4lIZES4sip1p


B. 

C. 

D. 

Answer: c

Watch Video Solution

3.33 × 1015

6.67 × 1014

6.67 × 1015

124. A parallel beam of the light is incident normally on a plane surface

absorbing 40% of the light and re�ecting the rest. If the incident beam

carries 10 watt power, �nd the force exerted by it on the surface.

A. 

B. 

C. 

D. 

Answer: C

1.11 × 10− 8N

2.22 × 10− 8N

3.33 × 10− 8N

6.66 × 10− 8N

https://dl.doubtnut.com/l/_4lIZES4sip1p
https://dl.doubtnut.com/l/_oCWpmjlZsLF9


Watch Video Solution

125. A beam of light of wavelength 400nm and power 1.55 mW is directed

at the cathode of a photoelectric cell. If only 10% of the incident photons

e�ectively produce photoelectrons, then �nd current due to these

electrons. (given )

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

hc = 1240eV − nm, e = 1.6 × 10− 19C

5μA

40μA

50μA

114μA

126. An electron beam is acceleration by a potential di�erence V to hit a

metallic target to produce X-rays. It produces continuous as well as

https://dl.doubtnut.com/l/_oCWpmjlZsLF9
https://dl.doubtnut.com/l/_ofADK329igTt
https://dl.doubtnut.com/l/_87PQUHeI9yO5


characteristic X-rays. If  is the smallest possible wavelength of X-rays

in the spectrum, the variation of  with  is correctly

represented in

A. 

B. 

C. 

D. 

λmin

logλmin logv

https://dl.doubtnut.com/l/_87PQUHeI9yO5


Answer: c

Watch Video Solution

127. Which of the following �gure represents the variation of particle

momentum and the associated de - Broglie wavelength ?

A. 

B. 

C. 

D. 

https://dl.doubtnut.com/l/_87PQUHeI9yO5
https://dl.doubtnut.com/l/_meIiCwX4x4tr


Answer: a

Watch Video Solution

128. An X-ray tube operates at 10kV. Find the ratio of X-rays wavelength to

that of de-broglie wavelength associated with incident electron.

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

10: 1

1: 10

1: 100

100: 1

129. The de - Broglie wavelength of a neutron in thermal equilibrium with

heavy water at a temperature  and mass , isT (kelvin) m

https://dl.doubtnut.com/l/_meIiCwX4x4tr
https://dl.doubtnut.com/l/_EQMd22XrJDsq
https://dl.doubtnut.com/l/_tdukNHKyEPsa


A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

h

√mkT

h

√3mkT

2h

√3mkT

2h

√mkT

130. If  denote the wavelength of de-broglie waves for electron

in Bohr's �rst and second orbits in the hydrogen atom, then  will

be

A. 

B. 

C. 

D. 

λ1 and λ2

λ1 /λ2

2

1/2

4

1/4

https://dl.doubtnut.com/l/_tdukNHKyEPsa
https://dl.doubtnut.com/l/_keTBA1FJvDGr


Answer: b

Watch Video Solution

131. The energy that should be added to an electron, to reduce its de-

Broglie wavelength from  to  will be:

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

2 × 10− 9m 0.5 × 10− 9m

1.1MeV

0.56MeV

0.56KeV

0.56eV

132. The ratio between masses of two particles is  and ratio between

their temperatures is also . The ratio between their de-Broglie

1: 2

1: 2

https://dl.doubtnut.com/l/_keTBA1FJvDGr
https://dl.doubtnut.com/l/_I20uipsMwNUv
https://dl.doubtnut.com/l/_KDXSSP8LnNWr


wavelengths is:

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

1: 2

2: 1

1: 3

3: 1

133. For Bragg's di�eraction by a crystal to occur, then the X-ray of

wavelength  and ineratomic distance d must be

A.  is greater than 

B.  equals 

C.  is smaller than or equal to 

D. is smaller than 

λ

λ 2d

λ 2d

λ 2d

λ 2d

https://dl.doubtnut.com/l/_KDXSSP8LnNWr
https://dl.doubtnut.com/l/_kSrsDunusKZs


Answer: c

Watch Video Solution

134. The de-Broglie wavelength of the tennis ball of mass 60g moving

with a velocity of  is approx.: (Plank's constant 

)

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

10m/s

h = 6.63 × 10− 34Js

10− 33m

10− 31m

10− 16m

10− 25m

https://dl.doubtnut.com/l/_kSrsDunusKZs
https://dl.doubtnut.com/l/_ad9Ik05dKItj


135. The de-Broglie wavelength associated with proton changes by

 if its momentum is changed by . The initial momentum was

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

0.25 % p0

100p0

p0 /400

401p0

p0 /100

136. The de - Broglie wavelength of a particle moving with a velocity

 is equal to the wavelength of photon. The ratio of kinetic

energy of the particle to the energy of the photon is (velocity of light is

A. 

2.25 × 108m/s

3 × 108m/s

1/8

https://dl.doubtnut.com/l/_3CKh9iFZl0MD
https://dl.doubtnut.com/l/_hj0iOELMXtQZ


B. 

C. 

D. 

Answer: b

Watch Video Solution

3/8

5/8

7/8

137. The energy of a photon is equal to the kinetic energy of a

proton. The energy of the photon is E. Let be the de-Broglie wavelength

of the

proton and  be the wavelength of the photon. The ratio  is

proportional to 

(a)  (b)  (c )  (d)

A. 

B. 

C. 

λ1

λ2
λ1

λ2

E0 E1 / 2 E − 1 E − 2

E0

E1 / 2

E − 1

https://dl.doubtnut.com/l/_hj0iOELMXtQZ
https://dl.doubtnut.com/l/_IuSWfC2unkS1


D. 

Answer: b

Watch Video Solution

E − 2

138. If the kinetic energy of the particle is increased to  times its

previous value , the percentage change in the de - Broglie wavelength of

the particle is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

16

25 %

75 %

60 %

50 %

https://dl.doubtnut.com/l/_IuSWfC2unkS1
https://dl.doubtnut.com/l/_Ea1LpmoiXxm2
https://dl.doubtnut.com/l/_I0JvRCOi3TxR


139. The ratio of de - Broglie wavelength of - particle to that of a proton

being subjected to the same magnetic �eld so that the radii of their path

are equal to each other assuming the �eld induction vector  is

perpendicular to the velocity vectors of the  - particle and the proton is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

α

→
B

α

1/4

1/2

1

2

140. Find the ratio of de Broglie wavelength of molecules of hydrogen

and helium which are at temperatures  and , respectively.

A. 

B. 

27∘ 127∘C

2/√3

2/3

https://dl.doubtnut.com/l/_I0JvRCOi3TxR
https://dl.doubtnut.com/l/_vauREPlj9jh7


C. 

D. 

Answer: d

Watch Video Solution

√3/8

√3/8

141. What is the de - Broglie wavelength of the alpha - particle accelerated

through a potential di�erence ?

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

V

Å
12.27

√V

Å
0.202

√V

Å
0.101

√V

Å
2.87

√V

https://dl.doubtnut.com/l/_vauREPlj9jh7
https://dl.doubtnut.com/l/_VPcsOG564NAR
https://dl.doubtnut.com/l/_bgWddxhmd5SS


142. A particle A of mass m and initial velocity v collides with a particle of

mass  which is at rest. The collision is head on, and elastic. The ratio

of the de-broglie wavelength  after the collision is

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

m/2

λA and λB

=
λA

λB

2

3

=
λA

λB

1

2

=
λA

λB

1

3

= 2
λA

λB

143. A free particle with initial kinetic energy E, de-Broglie wavelength ,

enters a region where in it has a potential V, what is the new de-Broglie

wavelength?

A. 

λ

λ(1 − V /E)

https://dl.doubtnut.com/l/_bgWddxhmd5SS
https://dl.doubtnut.com/l/_EzOmBf8n9oar


B. 

C. 

D. 

Answer: c

Watch Video Solution

λ(1 + E/V )

λ/(1 − V /E)2

λ/(1 + V /E)2

144.  and  are the de-Broglie wavelength of electron, proton and 

 particle. If all the accelerated by same potential, then

A. 

B. 

C. 

D. 

Answer: c

Watch Video Solution

λe, λp λα

α

λe < λp < λα

λe < λp > λα

λe > λp > λα

λe > λp < λα

https://dl.doubtnut.com/l/_EzOmBf8n9oar
https://dl.doubtnut.com/l/_DrP91JzEuSUi


145. The ratio of the de-Broglie wavelengths of an electron of energy 10

eV to that of a person of mass 66kg travelling with a speed of 

is of the order of

A. 

B. 

C. 

D. 

Answer: b

Watch Video Solution

100km/h

1034

1027

1017

10− 10

146. represents a graph of most energetic photoelectrons (in eV)

and frequency v for a metal used as cathod in photoelectrons experiment.

The threshold frequency of light for the photoelectric emission from the

Kmax

https://dl.doubtnut.com/l/_DrP91JzEuSUi
https://dl.doubtnut.com/l/_VDMZJ0iqz18u
https://dl.doubtnut.com/l/_q7AowzS8qRxs


metal is 

A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

1 × 1014Hz

1.5 × 1014Hz

2.1 × 1014Hz

2.7 × 1014Hz

https://dl.doubtnut.com/l/_q7AowzS8qRxs


147. Electrons used in an electron microscope are accelerated by a voltage

of . If the voltage is increased to  then the de - Broglie

wavelength associated with the electrons would

A. increases by  times

B. decreases by  times

C. decreases by  times

D. increases by  times

Answer: b

Watch Video Solution

25kV 100kV

2

2

4

4

148. After absorbing a slowly moving neutrons of mass  (momentum

~0) a nucleus of mass M breaks into two nuclie of mass

, respectively . If the de-Broglie

wavelength of the nucleus with mass , then de Broglie wavelength

of the other nucleus will be

mN

m1 and 5m1(6m1 = M + mN )

m1isλ

https://dl.doubtnut.com/l/_CWtrrxWpl3ck
https://dl.doubtnut.com/l/_8e4AyUqyeDbi


A. 

B. 

C. 

D. 

Answer: d

Watch Video Solution

25λ

5λ

λ/5

λ

149. A  -parhticle moves in a circular path of radius  in the

presence of a magnetic �eld of . The de-Broglie wavelength

assocaiated with the particle will be

A. 

B. 

C. 

D. 

α 0.83cm

0.25Wb/m2

1A

0.1A

10A

0.01A

https://dl.doubtnut.com/l/_8e4AyUqyeDbi
https://dl.doubtnut.com/l/_Z4kicl7Cz1UF


Answer: d

Watch Video Solution

150. If the momentum of an electron is changed by , then the de - Broglie

wavelength associated with it changes by . The initial momentum

of electron will be

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

p

0.5 %

200P

400P

P

200

100P

https://dl.doubtnut.com/l/_Z4kicl7Cz1UF
https://dl.doubtnut.com/l/_gB99ykAQlUPd


151. An electron of mass  and a photon have same energy . The ratio

of de - Broglie wavelengths associated with them is :

A. 

B. 

C. 

D. 

Answer: a

Watch Video Solution

m E

( )
1

c

E

2m

1
2

( )
E

2m

1
2

c(2mE)
1
2

( )
1

c

2m

E

1
2

152. Light of wavelength falls on a cathode plate inside a vacuum tube

as shown in the �gure .The work function of the cathode surface is  and

the anode is a wire mesh of conducting material kept at distance d from

the cathode. A potential di�erent V is maintained between the

electrodes. If the minimum de Broglie wavelength of the electrons

passing through the anode is  which of the following statement (s) is

λph

ϕ

λe

https://dl.doubtnut.com/l/_ADBWdfeYSu2z
https://dl.doubtnut.com/l/_qOKRVdwuun7u


(are) true? 

A. For large potential di�erence  is approx. halved

if  is made four times

B.  decreases with increases in  and 

C.  increases at the same rate as  for 

D.  approx. halved if  is doubled

Answer: a

Watch Video Solution

(V > > ϕ/e), λe

V

λe ϕ λph

λe λph λph < hc/ϕ

λe d

https://dl.doubtnut.com/l/_qOKRVdwuun7u


153. For photo - electric e�ect with incident photon wavelength  the

stopping is  identify the correct variation(s) of  with 

A. 

B. 

C. 

D. 

Answer: a,c

Watch Video Solution

λ

V0 V0 λ and 1/λ

https://dl.doubtnut.com/l/_SJvnS0KLCSGN


154.   

The maximum kinetic energy of the emitted photoelectrons against

frequency  of incident radiation is plotted as shown in Fig. This graph

help us in determining the following physical quantities

A. Planck's constant

B. charge of an electron

C. threshold frequency

υ

https://dl.doubtnut.com/l/_SJvnS0KLCSGN
https://dl.doubtnut.com/l/_fVH9kN5ecBDu


D. work function of cathode metal

Answer: a,c,d

Watch Video Solution

155. If the wavelength of light in an experiment on photoelectric e�ect is

doubled, 

(i) the photoelectric emission will not take place 

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

(iii) the stopping potential will increase 

(iv) the stopping potential will decrease

A. the photoelectric emission will not take place.

B. the photoelectric constant emission may or may not take place

C. the stopping potential will decreases

D. the stopping potential will increases

Answer: b,c

https://dl.doubtnut.com/l/_fVH9kN5ecBDu
https://dl.doubtnut.com/l/_x3HdDdyTeW8N


Watch Video Solution

156. Choose the incorrect statement:

A. The velocity of photoelectrons is directely proportional to the

square root of wavelength of light

B. The number of photoelectrons emitted depeds upon the intensity

of incident light

C. The velocity of photoelectron is directely proportional to the

frequency of the incident light

D. The velocity of the photoelectrons is inversely proportional to

square root of the frequency of the light.

Answer: a,c,d

Watch Video Solution

https://dl.doubtnut.com/l/_x3HdDdyTeW8N
https://dl.doubtnut.com/l/_6pF6XNOYCFxg


157. Photoelectric e�ect supports quantum nature of light because

A. there is a minimum frequecy of light below which no

photoelectrons are emitted

B. the maximum K.E. of photoelectron emitted depends only on the

frequency of the incident light and not on its intensity.

C. even when metal surface is faintly illuminated, the photoelectrons

leave the surface immediately.

D. electric charge of photoelectron is quantised.

Answer: a,b,c

Watch Video Solution

158. The maximum K.E. of photoelectrons ejected from a photometer

when it is irradiated with radiation of a wavelength 400nm is 1eV. If the

threshold energy of the suface is 1.9 eV,

https://dl.doubtnut.com/l/_aHu9fmLu9utE
https://dl.doubtnut.com/l/_CDTHdmk6f1qY


A. the maximum K.E. of photoelectrons when it is irradiated with

 photons will be 

B. the maximum K.E. of photoelectron when it is viradiated with

 photons will be 

C. maximum K.E. will increases if the intensity of radiation is increased

D. the longest wavelength which will eject the photoelectrons from

the surface is nearly 

Answer: a,d

Watch Video Solution

500nm 0.42eV

500nm 0.43eV

610nm

159. An electron and proton have same de-Broglie wavelength. Which one

possess greater energy?

A. zero

B. in�nity

https://dl.doubtnut.com/l/_CDTHdmk6f1qY
https://dl.doubtnut.com/l/_YfvvA3FiqrJ9


C. equal to K.E. of proton

D. greater than K.E. of proton

Answer: d

Watch Video Solution

160. The graph between  and stopping potential (V) of three metals

having work- functions ,  and  in an experiment of photoelectric

e�ect is plotted as shown in the �gure. Which of the following

statement(s) is/are correct? (Here,  is the wavelength of the incident

ray). (a) Ratio of work functions  (b) Ratio of work

functions  (c ) tan  is directly proportional to hc / e,

where h is Planck constant and c is the speed of light (d) The violet colour

1/λ

Φ1 Φ2 Φ3

λ

ϕ1 : ϕ2 : ϕ3 = 1: 2: 4

ϕ1 : ϕ2 : ϕ3 = 4: 2: 1 θ

https://dl.doubtnut.com/l/_YfvvA3FiqrJ9
https://dl.doubtnut.com/l/_Q4FLA2WazeAe


light can eject photoelectrons from metals 2 and 3 . 

A. Ratio of work function, 

B. Ratio of work function, 

C.  is directely proportional to  where  is planck's costant

and  is the speed of light

D. The violet colour light can eject photoelectrons form metals  and 

Answer: a,c

Watch Video Solution

ϕ1 : ϕ2 : ϕ3 = 1: 2: 4

ϕ1 : ϕ2 : ϕ3 = 4: 2: 1

tan θ hc/e h

c

2 3

https://dl.doubtnut.com/l/_Q4FLA2WazeAe


161. When a monochromatic point source of light is at a distance of  m

from a photoelectric cell, the cut o� voltage and the saturation current

are respectively  and  if the same source is placed 

away from the photoelectric cell , then

A. the stopping potential will be  volt

B. the stopping potential will be  volt

C. the saturation current will be 

D. the saturation current will be 

Answer: b,d

Watch Video Solution

0.2

0.6V 18.0mA 0.6m

0.2

0.6

6.0mA

2.0mA

162. Which of the following charaterstics of photoelectric e�ect supports

the particle nature of radiations

A. threshold frequency

https://dl.doubtnut.com/l/_jPKmiKAlhxwd
https://dl.doubtnut.com/l/_359wL2nb80vc


B. instantaneous photoelectric emission

C. independent of the velocity of photoelectrons on intensity of

radiations

D. dependence of the velocity of photoelectrons on frequency.

Answer: a,b,c,d

Watch Video Solution

163. The frequency and intensity of a light source are both doubled.

Consider the following statements 

A. The saturation photocurrent remains almost the same 

B. The maximum kinetic energy of the photoelectrons is double

A. The saturation photocurrent gets double

B. The saturation photocurrent remains almost the same

C. The maximum K.E. of the photoelectron is more than doubled

D. The maximum K.E. of the photoelectrons gets double.

https://dl.doubtnut.com/l/_359wL2nb80vc
https://dl.doubtnut.com/l/_bWbXdl2gDcrt


Answer: a,c

Watch Video Solution

164. If v is frequency,  is the wavelength and  is the wave number then

the energy of a photon can be represented by

A. 

B. 

C. 

D. 

Answer: a,b,d

Watch Video Solution

λ v̄

hv

hcv̄

hcλ

hc/λ

165. In which of the following cases the heavier of the two particles has a

smaller de-Broglie wavelength ? The two particles

https://dl.doubtnut.com/l/_bWbXdl2gDcrt
https://dl.doubtnut.com/l/_FDOCpD5JudQL
https://dl.doubtnut.com/l/_fm1fvliiEDWn


A. move with same speed

B. move with the same kinetic energy

C. move with the same linear momentum

D. have fallen through the same height.

Answer: a,b,d

Watch Video Solution

166. Wave property of electron implies that they will show di�raction

e�ected . Davisson and Germer demonstrated this by di�racting electron

from crystals . The law governing the di�raction from a crystals is

obtained by requiring that electron waves re�ected from the planes of

atoms in a crystal interfere constructiely 

https://dl.doubtnut.com/l/_fm1fvliiEDWn
https://dl.doubtnut.com/l/_woTQOpyeWxsm


 

Electron accelerated by potential  are di�racted from a crystal if 

 should be about 

A. 

B. 

C. 

D. 

Answer:

Watch Video Solution

V

d = 1Å and i = 30∘ , V

(h = 6.6 × 10− 34Js, me = 9.1 × 10− 31kg, e = 1.6 × 10− 19C)

1000V

2000V

50V

500V

https://dl.doubtnut.com/l/_woTQOpyeWxsm
https://dl.doubtnut.com/l/_Wa0pR1FiR5yH


167. Wave property of electron implies that they will show di�raction

e�ected . Davisson and Germer demonstrated this by di�racting electron

from crystals . The law governing the di�raction from a crystals is

obtained by requiring that electron waves re�ected from the planes of

atoms in a crystal inter fere constructiely 

 

If a strong di�raction peak is observed when electrons are incident at an

angle  from the normal to the crystal planes with distance  between

them (see �g) de Brogle wavelength  of electrons can be calculated by

the relationship (n is an intenger)

A. 

B. 

i d

λdB

30∘

15∘

https://dl.doubtnut.com/l/_Wa0pR1FiR5yH


C. 

D. 

Answer:

Watch Video Solution

45∘

60∘

168. Wave property of electron implies that they will show di�raction

e�ected . Davisson and Germer demonstrated this by di�racting electron

from crystals . The law governing the di�raction from a crystals is

obtained by requiring that electron waves re�ected from the planes of

atoms in a crystal inter fere constructiely 

 

https://dl.doubtnut.com/l/_Wa0pR1FiR5yH
https://dl.doubtnut.com/l/_9boBNP6CsQi1


If a strong di�raction peak is observed when electrons are incident at an

angle  from the normal to the crystal planes with distance  between

them (see �g) de Brogle wavelength  of electrons can be calculated by

the relationship (n is an intenger)

A. 

B. 

C. 

D. 

Answer:

Watch Video Solution

i d

λdB

d cos i = nλdB

d sin i = nλdB

2d cos i = nλdB

2d sin i = nλnB

169. In an experiment, electrons are made to pass through a narrow slit of

width  comparable to their de Broglie wavelength. They are detected on

a screen at a distance  from the slit (see �gure)   

d

D .

https://dl.doubtnut.com/l/_9boBNP6CsQi1
https://dl.doubtnut.com/l/_7nPnqzXt6nKQ


  

Which of the following graphs can be expected to represent the number

of electrons  detected as a function of the detector position  (y=0

corresponds to the middle of the slit ).

A. 

B. 

N y

https://dl.doubtnut.com/l/_7nPnqzXt6nKQ


C. 

D. 

Answer:

Watch Video Solution

170. A silver of radius  and work function  is suspended from an

insulating thread in freepace. It is under continuous illumination of

 wavelength light. As photoelectron are emitted the sphere gas

charged and acquired a potential . The maximum number of

photoelectron emitted from the sphere is 

The value of  is

Watch Video Solution

1cm 4.7eV

200nm

A × 10e(where1 < A < 10)

z

https://dl.doubtnut.com/l/_7nPnqzXt6nKQ
https://dl.doubtnut.com/l/_jtbD103Xw4Bo


171. When a certain metallic surface is illuminated with monochromatic

light of wavelength , the stopping potential for photoelectric current is

 and when the same surface is illuminated with light of wavelength 

, the stopping potential is . The threshold wavelength of this surface

for photoelectrice e�ect is

Watch Video Solution

λ

3V0 2λ

V0

172. The work function of Silver and sodium are 

respectively . The ratio of the slope of the stopping potential versus

frequency plot for silver to that of sodium is

Watch Video Solution

4.6 and 2.3eV ,

173. A  bulb, which is producing monochromatic light of wavelength

 is used to illuminated a metal surface. If the surface has 

25wa

6600Å 3 %

https://dl.doubtnut.com/l/_jtbD103Xw4Bo
https://dl.doubtnut.com/l/_f6VqHI3suyq5
https://dl.doubtnut.com/l/_g6eAwK5rqyWv
https://dl.doubtnut.com/l/_MGqCX9TrPHJS


e�ciency for photoelectric e�ect, then the photoelectric current

produced in deci ampere is (use ):

Watch Video Solution

h = 6.6 × 10− 34Js

174. A parallel beam of monochromatic light of wavelength  is

incident on a totally re�ecting plane mirror. The angle of incident is 

and the number of photon striking the mirror per second is .

The force exerted by the light beam on the mirror is . what is

the integer value of ? Given 

Watch Video Solution

600nm

60∘

2.0 × 1019

a × 10− 8N

a h = 6.6 × 10− 34Js

175. A proton is �red from very far away towards a nucleus with charge Q

= 120 e, where e is the electronic charge. It makes a closest approach of

 to the nucleus. The de - Broglie wavelength (in units of fm) of the

proton at its start is take the proton mass,

, 

.

10fm

mp = 5/3 × 10− 27kg, h/e = 4.2 × 10− 15J − s/C

= 9 × 109m/F , 1fm = 10− 151

4πε0

https://dl.doubtnut.com/l/_MGqCX9TrPHJS
https://dl.doubtnut.com/l/_366djl2PsrMQ
https://dl.doubtnut.com/l/_QVqhil5YkO1t


Watch Video Solution

176. De-broglie wavelength associated with an electron accelerated

through a potential di�erence  is .When accelerating voltage is

decreased by , its de-broglie wavelength . The ratio is :

Watch Video Solution

4V λ1

3V λ2 λ2 /λ1

177. Find the energy that should be added to an electron of energy 2eV to

reduce its de-Broglie wavelength from 1nm to 0.5nm.

Watch Video Solution

178. Assertion: Light of frequency  times the threshold frequency is

incident on photo-senstive material. If the frequency is halved and

intensity is doubled, the photo current remains unchanged. 

Reason: The photo electric current varies directely with the intensity of

light and frequncy of light.

1.5

https://dl.doubtnut.com/l/_QVqhil5YkO1t
https://dl.doubtnut.com/l/_kG2qaIGWTNap
https://dl.doubtnut.com/l/_VdursMLyUES3
https://dl.doubtnut.com/l/_TCmNdx9TSEbH


A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

Answer: d

Watch Video Solution

179. Assertion : Photoelectric e�ect demonstrates the wave nature of

light. 

Reason: The number of photoelectrons is proportional to the frequency

of light.

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

https://dl.doubtnut.com/l/_TCmNdx9TSEbH
https://dl.doubtnut.com/l/_CMCSiOTewwGo


B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

Answer: d

Watch Video Solution

180. Assertion: Photoecell is called electric eye. 

Reason: Photocell can see tha things placed before it.

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

https://dl.doubtnut.com/l/_CMCSiOTewwGo
https://dl.doubtnut.com/l/_4QGW4QbzhPmU


D. If both Assertion and Reason are false.

Answer: c

Watch Video Solution

181. Assertion: An electron microscop can achieve better resolving power

then an optical microscope. 

Reason : The de-broglie wavelength of the electrons emitted form an

electron gun with velocity  is much less than .

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

500m/s 500nm

https://dl.doubtnut.com/l/_4QGW4QbzhPmU
https://dl.doubtnut.com/l/_yIC8klhMSGxv


Answer: b

Watch Video Solution

182. Assertiom: The de-broglie wavelength of a neutrons when its kinetic

energy is  is . Its wavelength is  when its kinetic energy is . 

Reason : The de-broglie wavelength  is proportional to square root of

the kinetic energy.

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

Answer: d

Watch Video Solution

k λ 2λ 4k

λ

https://dl.doubtnut.com/l/_yIC8klhMSGxv
https://dl.doubtnut.com/l/_5Muztko1CakN


183. Assertion: The de-broglie wavelength equation has signi�cance for

any microscopic or submicroscopic particles. 

Reason : The de-broglie wavelength is inversely proportional to the mass

of the object if velocity is constant.

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

Answer: a

Watch Video Solution

https://dl.doubtnut.com/l/_5Muztko1CakN
https://dl.doubtnut.com/l/_9wlZJTfOOjoo


184. Assertion: A particle of mass  at rest decays into two particles of

masses  and , having non-zero velocities will have ratio of the de-

broglie wavelength unity. 

Reason: Here we cannot apply conservation of linear momentum.

A. If both, Assertion and Reason are true and the Reason is the correct

explanation of the Assertion.

B. If both, Assertion and Reason are true but Reason is not a correct

explanation of the Assertion.

C. If Assertion is true but the Reason is false.

D. If both Assertion and Reason are false.

Answer: c

Watch Video Solution

M

m1 m2

https://dl.doubtnut.com/l/_2Od5QwmZmssR


185. Statement-1: The photoelectrons produced by a monochromatic light

beam incident on a metal surface have a spread in their kinetic energies. 

Statement-2: The work function of the metal varies as a function of depth

form the surface.

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

Answer: a

Watch Video Solution

https://dl.doubtnut.com/l/_mb8ztLlzw2GN


186. This question has statement - 1 and statement - 2 of the four choice

given after the statements choose the one that best describes the two

statements 

statement - 1 : A metallic surface is irradiated by a monochromatic light of

frequency  (the threshold frequency). The maximum kinetic energy

and the stopping potential are  respectively if the

frequency incident on the surface is doubled , both the  are

also doubled 

statement - 2 : The maximum kinetic energy and the stopping potential of

photoelectron emitted from a surface are linearly dependent on the

frequency of incident light

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

v > v0

Kmax and V0

Kmax and V0

https://dl.doubtnut.com/l/_lcLIOq8Fm6b1


Answer: d

Watch Video Solution

187. Statement - 1 : When ultraviolet light is incident on a photocell , its

stopping potential is  and the maximum kinetic energy of the

photoelectrons is  when the ultraviolet light is replaces by X- rays

both increase  

Statement - 2 : Photoelectrons are emitted with speeds ranging from zero

to a maximum value became of the range of frequencies present in the

incident light

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

V0

Kmax

V0 and Kmax

https://dl.doubtnut.com/l/_lcLIOq8Fm6b1
https://dl.doubtnut.com/l/_WG14qw1kzHsf


Answer: c

Watch Video Solution

188. Assertion : A laser beam  power can drill holes through a metal

sheet, whereas  torch-light cannot.  

Reason : The frequency of laser light is much higher than that of torch

light.

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

Answer: c

Watch Video Solution

0.2W

1000W

https://dl.doubtnut.com/l/_WG14qw1kzHsf
https://dl.doubtnut.com/l/_z6G0FR4zzdRw


189. Statement-1: A small metal ball is suspended in a uniform electric

�eld with an insulated thread. If high energy X-rays beam falls on the ball,

the ball will be declected in the electric �eld. 

Statement-2: X-rays emit photoelectrons and metal and metal becomes

negatively charged.

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

Answer: c

Watch Video Solution

https://dl.doubtnut.com/l/_z6G0FR4zzdRw
https://dl.doubtnut.com/l/_bbILSpp97SES
https://dl.doubtnut.com/l/_5g66rTNaaQzH


190. Statement-1: An electron of mass  when accelerated through a

potential di�erence , has de-broglie wavelength . The de-broglie

wavelength associated with a proton of mass  accelerated through the

same potential di�erence will be .  

Statement-2: de-broglie wavelength 

.

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

Answer: d

Watch Video Solution

m

V λ

M

λ√M /m

λ =
h

√2meV

https://dl.doubtnut.com/l/_5g66rTNaaQzH


191. Statement-1: Davisson-Germer experiment established the wave

nature of electron 

Statement-2: If electrons have wave nature, they can interfere show

di�eraction.

A. Statement-1 is true, Statement-2 is true and Statement-2 is correct

explanation of Statement-1.

B. Statement-1 is true, Statement-2 is true, but Statement-2 is not a

correct explanation of Statement-1.

C. Statement-1 is true, but Statement-2 is false

D. Statement-1 is false, but Statement-2 is true.

Answer: a

Watch Video Solution

https://dl.doubtnut.com/l/_9pHOTceE726y

