CBSE CLASS XII PHYSICS
Electrons and Photons
One mark questions with answers
Q1. What are the uses of discharge tube phenomenon?
Ans1. The discharge tube phenomenon is used in making fluorescent tubes, neon signs, mercury vapour lamps etc.
Q2. What do you mean by field emission?
Ans2. Field emission: It is the phenomenon of emission of electrons from the surface of a metal under the application of a strong electric field. When a very strong electric field ( ~108 Vm-1) is applied to metal, it emits electrons.
Q3. An alpha particle is moving with 6 electron volts of energy. How much potential difference is required to bring it to rest?
Ans3. Kinetic energy of alpha particle = 6eV
If a charged particle, 'q' is accelerated through a potential difference of 'V' volts then it acquires kinetic energy 'qV'.
So, to stop alpha particle a negative potential of 3V is required (because the alpha particle is a positively charged particle having a charge of 2e).
Q4. Is it possible that cathode rays pass undeflected through a region containing both electric field and magnetic field?
Ans4. Yes, when net Lorentz force acting on cathode rays is zero, the beam of cathode rays will pass undeflected.
qE + qvB = 0
i.e., electric force and magnetic force on the cathode rays are equal in magnitude but opposite in direction.
Q5. What is the ratio of specific charge of deutron and an alpha particle?
Ans5. Ratio of specific charges = (charge on deutron/mass of deutron)/(charge on alpha particle/mass of alpha particle)
= (e/m)/(2e/2m) = 1:1 (deutron contains 1 electronic charge and 1 proton + 1 neutron while alpha contains 2 protons + 2 neutrons and 2 electronic charges)


Two mark questions with answers
Q1. What do you mean by positive column in discharge tube? On what factors does it depend?
Ans1. At a pressure of about 5mm of mercury in the discharge tube the luminous streaks spread into a luminous column filling the entire space in the tube between the electrodes. This column is called positive column. The colour of positive column depends upon the nature of the gas filled in the discharge tube.
Q2. If in J.J. Thomson's experiment the magnitude of magnetic field is doubled then by what factor the electric field be changed so that the beam of electrons goes undeflected?
Ans2. In J.J. Thomson's experiment for determining the specific charge of cathode rays the electron beam goes undeflected because
qvB = qE or v = E/B
So, if magnetic field 'B' is doubled then electric field 'E' will have to be made double.
Q3. An oil drop of radius 2 x 10-6 m carries a charge of 6 times that on the electron. If density of the oil is 2 x 103 kg m-3, find the electric field required to keep it stationary. Given,
e = 1.6 x 10-19 C and g = 9.8 m s-2.
Ans3. Charge on the oil drop, q = 6e = 6 x 1.6 x 10-19 C
= 9.6 x 10-19 C
Radius of the drop, r = 2 x 10-6 m
Density of the oil,  = 2 x 103 kg m-3
g = 9.8 m s-2
When the drop is stationary in the electric field E,
then force due to electric field = weight of the drop.
i.e., qE = mg = (4/3) r3g
E = (4r3g)/3q
or, E = {4 x 3.14 x (2 x 10-6)3 x 2 x 103 x 9.8}/(3 x 9.6 x 10-19)
= 3.35 x 105 Vm-1.
Q4. Calculate the magnitude of electric field which is just sufficient to hold an alpha particle in balance in air.
Given mass of alpha particle, m = 6.4 x 10-27 kg, g = 10 m/s2.
Ans4. Let electric field, E hold the alpha particle stationary. For this the force on the alpha particle by the electric field must be equal to the weight of the alpha particle.
i.e., qE = mg
2eE = mg
E = mg/2e = (6.4 x 10-27 x 10)/(2 x 1.6 x 10-19)
E = 2.0 x 10-7 V/m.


Three mark questions with answers
Q1. What is the nature of cathode rays?
Ans1. Nature of cathode rays :
(a) From the behaviour of cathode rays both in electric and magnetic fields it is concluded that they consist of moving negatively charged particles.
(b) According to J. J. Thomson and Millikan's oil drop experiment the charge on cathode rays is found to be 1.6 x 10-19 C and a finite mass of 9.1 x 10-31 kg. These values confirm that cathode rays are fast moving electrons.
(c) The speed of cathode rays varies from 1/30th to 1/10th of the speed of light.
Hence, cathode rays are stream of fast moving electrons.
Cathode rays are not electromagnetic waves because they are deflected by electric and magnetic fields and their speed is not equal to that of light.
Q2. Explain the production of cathode rays.
Ans2. Cosmic rays are present in the tube which are constantly reaching the earth from the outer space. These rays are highly energetic. So, their penetrating power is also very high. When these rays collide with the atoms of the gas in the discharge tube, the gas is ionised. Now, there are positive ions and free electrons in the tube.
When a potential difference is applied between the electrodes, the electrons are accelerated towards the anode and positive ions towards the cathode. When these highly accelerated positive ions strike the cathode, they eject electrons from the atoms of the cathode. These electrons are highly accelerated by the electric field. When they reach the anode with high velocity, fluorescence is produced. These fast moving electrons are called cathode rays.
Q3. What is the importance of Millikan's oil drop experiment?
Ans3. 1. Quantum nature of charge: Millikan found that charge on any drop was equal to the integral multiple of 1.6 x 10-19 C. As the number of electrons on any drop could not be in fractions so the charge on any drop was an integral multiple of 1.6 x 10-19 C. Also the minimum charge on any drop was not less than the charge on an electron. Hence, the quantum nature of charge was proved by Millikan's experiment.
2. Mass of electrons : From Thomson method
e/m = 1.7598 x 1011 C/kg
From Millikan's method
e = 1.6 x 10-19 C
Therefore, mass of an electron, m = e/(e/m) = 9.1 x 10-31 kg.
3. Radius of electron was also determined and it was found to be 1.87 x 10-15 m.
Q4. A beam of electrons, each of mass 'm', charge 'e' and velocity 2 x 107 ms-1 is deflected by 16 mm in traversing a distance of 0.2 m through an electric field of strength 2000 Vm-1 perpendicular to its path. Find the specific charge of an electron.
Ans4. Given that E = 2000 Vm-1
Force on the electron due to electric field = eE
Acceleration produced in electron, a = eE/m
Deviation suffered by the electron, y = (1/2) at2.
where 't' is the time taken by the electron in traversing a distance of x (= 0.2m) perpendicular to electric field.
Now, t = distance x/speed along x-direction or perpendicular to electric field.
= 0.2/(2 x 107) = 1/(1 x 108) second
As, y = 16mm = 1.6 x 10-2 m
Hence, 1.6 x 10-2 = (1/2) (e x 2000/m) {1/(1 x 108)}2
or e/m = 1.6 x 1011 C/kg.


Five mark questions with answers
Q1. What do you mean by de-Broglie concept of matter waves. Give an experiment to prove dual nature of matter by giving proper diagram.
Ans1. According to de-Broglie a moving material  particle  behaves like wave and particle both. It also means that all moving material particles are associated with waves which are called matter waves or de-Broglie waves. 
These waves cannot be electromagnetic because electromagnetic waves are produced by charged particles in motion.
Experimental proof to wave nature of particles :
Wave nature of moving electrons has been shown by Davisson and Germer in 1927 . The apparatus is shown below :
F- Filament, B-Battery, C-Cathode, N- Nickel crystal, D - Detector, A- Anode in cylindrical shape, L.T - Low tension battery.
When electrons are accelerated between cathode and anode they come out from the anode in the form a narrow beam. Different accelerating potentials can be given to the electron beam. When this beam moves towards Nickel crystal, it is scattered in different directions by the atoms of crystal. Intensity of the electron beam in different directions is measured by detector 'D'. Detector can be rotated in different directions and so the intensity of the scattered electrons is measured in different directions.
Polar graphs are plotted between the intensity of the scattered electrons and angle of scattering . These graphs are shown for various accelerating potentials. A sharp bump is obtained at 54 V of the potential and 50 degree angle of scattering. This bump is due to the constructive interference between electrons scattered from different interatomic layers of the crystal. Since interference is a wave phenomenon so it shows that electrons behave like waves.
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We note that for the latitude angle  = 50o, the angle of glancing (angle between the scattered beam of electron with the plane of atoms of the crystal),() for the electron beam will be given by :
 +  +  = 180o
or  = 1/2(180 - )
= 1/2(180o - 50o) = 65o
Now for the Nickel crystal, the interatomic separation is d = 0.91Å
According to Bragg's law for the first order diffraction maxima (n=1), we have 
2dsin = 1 x 
Therefore,  = 2 x 0.91 x sin65o = 1.65 Å
According to de-Broglie hypothesis, the wavelength of the wave associated with electron is given by :-
 = 12.27/V = 12.27/54 = 1.66 Å
This shows that there is a close agreement with the estimated value of de Broglie wavelength and the experimental value determined by Davisson and Germer. This proves the existence of de-Broglie waves for the electrons in motion.
Q2. (a) Give a brief account of Einstein's explanation for photoelectric effect.
(b) Explain photo emissive cell with a suitable diagram.
Ans. (Try yourself).
Q3. Define photon. Differentiate between its rest mass and dynamic mass. Give its important characteristics. Does the mass of photon depend upon its wavelength and its speed?
Ans. (Try yourself).
Q4. (a) Ultraviolet radiations of wavelength 400Å and 600Å are allowed to fall on a photosensitive surface. The maximum kinetic energy of photoelectrons liberated is 1.3 eV and 0.8 eV respectively. Calculate the value of Planck's constant and work function of the metal.
(b) Write a brief note on free electrons in metals.
Ans. (Try yourself).
