CBSE CLASS XII PHYSICS
Atoms, Molecules and Nuclei 
One mark questions with answers
Q1. What is the velocity of electron in third orbit of hydrogen atom?
Ans1. Velocity of electron in nth orbit of hydrogen atom,
v = c/137.n, where 'c' is the velocity of light
Putting n = 1
v = c/137 = 3 x 108/137 m/sec = 2.19 x 106 m/sec
Q2. Draw a graph between the number of alpha-particles scattered and the angle of scattering.
Ans2.

Q3. Write a relationship between the time period of revolution of electron and the principal quantum number.
Ans3. Time period is directly proportional to the cube of principal quantum number.
Q4. What is the value of binding energy of electron in first orbit of singly ionised helium ion?
Ans4. Binding energy = - 13.6 x Z2/n2 eV  = - 13.6 x 4/1 = -54.4 eV
Q5. If the potential energy of nucleus and electron system in hydrogen atom in a given orbit is U then what will be the binding energy of electron in the same orbit?
Ans5. In bound system the potential energy and the binding energy both are negative and binding energy is half of potential energy. Therefore, binding energy is U/2.
Q6. What is the longest wavelength produced by hydrogen atom in Balmer series?
Ans6. 1/ = R(1/22 - 1/32).
This is the first member of Balmer series.
 = 36/5R = 36/5 x 912 Å = 6566.4 Å
Q7. Does the value of Rydberg's constant remains constant according to Bohr's model of hydrogen atom?
Ans7. Yes, the value of Rydberg's constant remains constant according to Bohr's model of hydrogen atom. But practically, it is always less than the value as given in Bohr's model.


Two mark questions with answers
Q1. What do you mean by atomic packing fraction and what does it signify?
Ans1. The difference of nuclear mass from its mass number 'A' per nucleon is defined as packing fraction.
Packing fraction, f = m/A = (M-A)/A = mass defect/mass number.
For small values of A packing fraction is large and positive but decreases to negative values beyond oxygen-16 and remains negative upto A = 180 and then again becomes positive.
Negative values of 'f' signify large binding energies whereas positive values of 'f' signify low binding energy. In general, we can say that the value of packing fraction signifies the stability of the nuclei.
Q2. Give the drawbacks of Rutherford's atom model.
Ans2.
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(i) According to classical electromagnetic theory the continuously accelerated electron must radiate (or lose) energy continuously in the form of electro magnetic radiations. As the electron loses energy continuously, therefore the radius of its orbit must decrease accordingly. It would, therefore, follow a spiral path as shown in figure and ultimately fall into the nucleus. But it does not happen so.
(ii) As the revolving electron is losing energy continuously, the atom should emit electromagnetic waves over a continuous range. But experimentally, it was found that every atom emits discrete radiations of particular frequencies/wavelengths only. Thus, the observed spectra of elements cannot be accounted for by Rutherford's atom model.
Q3. Calculate the frequency of electron in Bohr's first stationary orbit in hydrogen atom.
Ans3. It is the number of revolutions completed per second by the electron in a stationary orbit, around the nucleus. It is represented by .
From v = r = r(2)
Using v = Ze2/2ohn and r = oh2n2/mZe2,we get
 = v/2r = (Ze2/2ohn)/2(oh2n2/mZe2)
i.e.  = Z2me4/4o2h3n3
In the first orbit of hydrogen atom,
Z = 1, n = 1
(1/4) = 9 x 109 Nm2 C-2,
h = 6.6 x 10-34 Js
e = 1.6 x 10-19 C, we get
 = 6.57 x 1015 rps.
Q4. What are the limitations of Bohr's model of hydrogen atom?
Ans4. Following are some of the limitations of Bohr's model of hydrogen atom:
1. It is applicable only to simplest atom like hydrogen, with Z = 1. It fails in case of atoms of other elements for which Z > 1.
2. It does not explain the shape of the orbits of electrons.
3. It fails to explain the fine structure of spectral lines even in hydrogen atom.
4. It is silent on the relative intensities of spectral lines.
5. It does not take into account the wave properties of electrons.
Q5. In a head-on collision between an -particle and gold nucleus, the closest distance of approach is 41 fermi. Calculate the kinetic energy of -particle.
Ans5. Distance of nearest approach, r0 = 41 fm
= 41 x 10-15m
Z = 79
At distance of nearest approach,
K.E. of -particle = P.E. of the nucleus and the -particle
E = Ze(2e)/4oro
 E = [9 x 109 x 79 x 2(1.6 x 10-19)2]/(41 x 10-15)
= [9 x 79 x 2 x 1.6 x 1.6 x 10-14]/41 joule
= 8.814 x 10-13 joule
= (8.814 x 10-13)/(1.6 x 10-13) MeV
E = 5.47 MeV.
Q6. Calculate the impact parameter of an alpha particle moving with 7MeV energy scattered by 60º when it approaches a gold nucleus.
Ans6. K.E. = (1/2)mv2 = 7 MeV
= 7 x 1.6 x 10-13 J = 11.2 x 10-13 J
 = 60º, Z = 79
Impact parameter, b is given as:
b = (Ze2 cot/2)/[4o(1/2)mv2]
b = [9 x 109 x 79 x   (1.6 x 10-19)2cot30º]/(11.2 x 10-13)
b = 2.81 x 10-14 m


Three mark questions with answers
Q1. Explain impact parameter using suitable diagram?
Ans1. Impact parameter (b): It is defined as the perpendicular distance between the velocity vector of the moving particle and the central line of the nucleus, when the particle is far away from the nucleus of the atom.
Since the force of repulsion between the nucleus and the particle varies as 1/(distance)2, therefore the value of 'b' is large for small forces and vice versa. It means when 'b' is large, the particle will deviate through a much smaller angle and when 'b' is small the deviation of the particle will be large. Hence, the angle of scattering of the particle depends upon the distance between the velocity vector of the particle and the central line of the nucleus.
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For the case of head-on collision, impact parameter 'b' is zero. The particle rebounds like a ball thrown against a wall, scattering through 180º.
Rutherford calculated analytically the relation between the impact parameter b and scattering angle , which is given by
b = [1/4o] x [Ze2(cot/2)/E]
where E = (1/2)mv2 is kinetic energy of alpha particle, when it is far away from the atom.
Q2. Derive an expression for the total energy of an electron revolving in nth orbit of hydrogen atom.
Ans2. The energy of electron revolving in a stationary orbit is of two types :
Kinetic energy which is due to velocity and potential energy which is due to position of electron.
From the first postulate of Bohr's atom model,
(Ze.e/4)/r2 = mv2/r
(1/2)mv2 = (Ze.e/4)/2r
i.e. K.E of electron = (1/2)mv2 = (Ze2/4)/2r.......(i)
Potential due to the nucleus, in the orbit in which electron is revolving = (Ze/4)/r
 Potential energy of electron = potential x charge
= (Ze/4)/r x (-e) = -(Ze2/4)/r.......(ii)
Total energy of electron in the orbit,
E = K.E. + P.E.
E = (Ze2/4)/2r + (-Ze2/4)/r = -(Ze2/4)/2r
Using, r = h2n2/mZe2 in above equation, we get
E = -me4.Z2/82h2n2
Substituting the standard values, we get
E = -13.6Z2/n2 (in eV)
For hydrogen atom, Z = 1
 E = -[13.6/n2]eV
Q3. Draw an energy level diagram of hydrogen atom.
Ans3. Energy level diagram: The revolving electron has different energy in different orbits around the nucleus. The diagram which represents the total energy of electron in different stationary orbits of an atom is called the energy level diagram of that atom.
Horizontal lines indicate total energy of electron in various stationary orbits
The vertical line connecting any two states represents the transition of the electron from higher to lower energy state in an atom.
In case of hydrogen atom, total energy
E = -[13.6/n2]eV
Putting n = 1,2,3.....we get the energies of electrons in various stationary orbits as :
E1 = -13.6/12 = -13.6 eV
E2 = -13.6/22 = -3.4 eV
E3 = -13.6/32 = -1.51 eV
E4 = -13.6/42 = -0.85 eV
E5 = -13.6/52 = -0.54 eV
E6 = -13.6/62 = -0.37 eV
E7 = -13.6/72 = -0.28 eV
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Q4. Define nuclear forces. Using suitable diagram show the repulsive and the attractive forces and write their few characteristics.
Ans4. Nuclear forces : The strong forces of attraction which firmly hold the nucleons in the nucleus are known as nuclear forces.
i) They are short range forces i.e they act only over a short-range of distances. It has been found that they are quite strong for an inter-nucleon distance of 1.2 fm but become zero at an inter-nucleon distance of 10 fm. But they are repulsive at distances below 0.4 fm.
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The above figure shows the variation of nuclear forces with the distance between the nucleons. From the figure it is clear that they do not obey the usual inverse square law. There is sharp change in the force for distances below 0.4 fm.
ii) They are extremely strong i.e. their magnitude is so high that a huge energy is required to divide a nucleus into its constituents. The relative strengths of gravitational (FG), electrostatic (Fe) and nuclear (FN) forces acting in the nucleus are given below :
FG : Fe : FN = 1 : 1036 : 1038.
iii) They are charge independent.
Q5. Derive a mathematical expression for binding energy of a nucleus.
Ans5. Let M be measured mass of the nucleus ZXA where 'A' is the mass number, 'Z' the atomic number.
Let 'MH' be the mass of hydrogen atom and 'Mn' the mass of a free neutron
 Number of protons = Z
and number of neutrons = A - Z
Total mass of protons and neutrons in the nucleus
= ZMH + (A - Z)Mn
Mass defect during the formation of the nucleus
M = [ZMH + (A - Z)Mn] - M
Total binding energy of the nucleus is
E = M x c2 = [ZMH + (A - Z)Mn - M] x c2
As there are A nucleons in the nucleus,
 Average binding energy per nucleon
= (M x c2)/A = {[ZMH + (A - Z)Mn - M] x c2}/A
Q6. Draw binding energy curve per nucleon against the mass number and write the conclusions that can be drawn from the curve.
Ans6. The curve between nuclear binding energy per nucleon (i.e. N.B.E/nucleon) and the mass number A for various nuclei is given below and this is knwon as binding energy curve.
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The binding curve is an indicator of nuclear stability. The greater the binding energy per nucleon, the greater is the stability of the nucleus and vice-versa.
The following conclusions can be drawn from the curve:
i) The curve rises as A (mass number) increases and reaches a value of about 8 MeV per nucleon above A = 15.
ii) The nuclei with A = 60 have the greatest binding energy per nucleon and are also the most stable nuclei. Fe-56 is the most stable nucleus.
iii) The nuclei with low 'A' and high 'A' have less binding energy per nucleon indicating that these nuclei are held less tightly than those in the middle of the periodic table.
iv) The binding curve is used to analyse nuclear fission and nuclear fusion. Both processes cause the release of energy because the new nuclei being formed have less mass per nucleon and more stable than the nuclei from which they were formed.


Five mark questions with answers
Q1. According to Rutherford's scattering model, the impact parameter b is given below where symbols have their usual meaning.
b = (Ze2 cot/2)/(4o)(1/2)mv2.
a) Plot a graph between impact parameter and momentum of the moving particle.
b) Calculate the scattering angle for b = 0?
c) Explain the variation of impact parameter, b and angle of scattering, with the increase in K.E. of the moving particle.
d) What is the impact parameter at which the scattering angle is 90º for Z = 29 and initial energy 5 MeV?
Ans1. a) From the given expression of impact parameter, we can write
b  1/K.E.
As the k.E. = p2/2m
b  1/p2, where 'p' is the momentum of the moving particle
or p  1/b
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b) The given relation in Rutherford atom model is
b = (Ze2 cot/2)/(4o)(1/2)mv2.
when b = 0, cot/2 = 0
(... all other quantities are finite)
 /2 = 90º or  = 180º.
i.e. -particle is scattered through 180º, when impact parameter is zero.
c) From the given expression of impact parameter it is clear that it is inversely proportional to the K.E. therefore with the increase in K.E., impact parameter decreases. Also cot/2 is directly proportional to K.E.
 cot(/2) increases with increase in kinetic energy of the moving particle.
Therefore  decreases with the increase of energy.
d) Here,  = 90º, Z = 29,
E = (1/2)mv2 = 5 MeV
= 5 x 1.6 x 10-13 = 8 x 10-13 joule.
1/4o = 9 x 109 Nm2 C-2,
As b = [Ze2 cot/2]/[40(1/2)mv2]
 b = [9 x 109 x 29 x (1.6 x 10-19)2 cot45º]/[8 x 10-13]
 b = 8.352 x 10-15 m
Q2. (a) The nucleus of an atom with Z = 54 and A = 115 emits a negative -particle. How many protons and neutrons will be present in the resulting nucleus after this -decay? What change takes place inside the nucleus? Mention two properties of -particles.
(b) Complete the following nuclear reaction: 
2He4 + 7N14  8O17 + -----
5B11 + 1H1  4Be8 + -----
(c) What is nuclear fusion? Describe how the Sun is emitting huge amounts of energy (in the form of heat and light) continuously for billions of years. (No reaction equations are required.)
Ans2(a)
On emission of a beta particle the charge on the nucleus increases by one but mass no. remains the same so the resulting nucleus will have 55protons and 60 neutrons. In the nucleus certain changes take place. The chemical properties of the nucleus change because they depend upon the atomic no.
Beta-particles when emitted from the nucleus have energy of the order of 1MeV
They move with almost 10% of the velocity of light.

2(b)
2He4 + 7N14  8O17 + 1H1
5B11 + 1H1  4Be8 + 2He4

2(c)
Nuclear fusion is a process of combining two or more lighter nuclei to form a single heavy nucleus, e.g, two hydrogen nuclei fused together produce a helium nucleus and 24MeV of energy is released in the process.
Sun is emitting huge amount of energy constantly. It has been emitting energy for billions of years. This energy is obtained from the sun and other stars due to the process of nuclear fusion. The sun has large amount of hydrogen inside it. According to Bethe the interior of the sun provides condition for the fusion of hydrogen nuclei to form helium nuclei. In this process some mass disappears and converts it into energy.
Simple calculations show that the sun is losing 4 x 109 kg mass/sec. and the sun would continue to radiate energy for another 30 billions years. The energy released/sec. by the sun is 3.8 x 1026 Joules.
In the stars two types of thermo nuclear reactions have been postulated. These are proton proton cycle and Carbon Nitrogen cycle.
In each of these cycles four protons combine together to form a helium nucleus, two positron and 26.7MeV of energy is released.
In the sun proton proton cycle is more prominent but in stars having more temperature than the sun carbon nitrogen cycle is more probable.
Q3. (a) If the space between the nucleus and the electron in hydrogen atom is supposed to be filled up by some dielectric of constant 2, then what will be the radius of the orbit of electron corresponding to n = 3, and the velocity of electron corresponding to n = 5?
(b) If an electron moving with 12.09 eV is absorbed by a hydrogen ion, find the energy released by the ion and how many spectral lines will be emitted if the electron becomes K-shell electron of the atom?
Ans. (Try yourself).
Q4. (a) If the number of alpha-particles moving with 5 MeV K.E. scattered in a given direction of 30o for a target nucleus with Z = 50 is 200, calculate the number of particles moving with 10 MeV K.E. scattered in a given direction of 120o for a target nucleus with Z = 79.
(b) Calculate the ratio of the wavelength of 3rd member of Balmer series to that of 5th member of Paschen series in hydrogen atom.
Ans. (Try yourself).
Q5. (a) What do you mean by radio isotopes? Give their uses in medicine and industry.
(b) What is a nuclear reactor? What types of fuel are used in it? What is the function of coolants and moderators in the reactors?
Ans. (Try yourself).
Q6. (a) How is a molecule formed? What is the difference between ionic bonds and covalent bonds?
(b) Explain why metals are non-transparent to electromagnetic radiations.
(c) If an electron jumps from tenth orbit to the second orbit find the number of spectral lines that may be emitted.
Ans. (Try yourself).
