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CHAPTERI2: ATOMS
NCERT EXERCISES
12.1 Choose the correct alternative from the clues given at the end of
> the each statement:

(a) The size of the alom in Thomson's model is .......... the atomic
size in Rutherford's model. (much greater than/no different
from/much less than.)

(b) In the ground state of .......... electrons are in stable equilibrium,
while in .......... electrons always experience a net force.
(Thomson's model/ Ruthcrford s model.)

(c) A classical atom based on "7. ...... is doomed to collapse.
(Thomson’s model/ Ruther,[‘ot{as model.)

(d) An atom has a near Sr?b(’:ontinuous mass distribution in a -.........
but has a l’ug.hl \/non uniform mass distribution in ..........
(Thomson’s rn;)del/ Rutherford’s modecl.)

(e) The pos‘ﬁ:l\)ely charged part of the atom possesses most of the
mass: =15 SUUUTRUI (Rutherford’s model/both the models.)

=
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12.2 Suppése you are given a chance to repeat the alpha-particle
scattenng experiment using a“thin sheet of solid hydrogen in place
of the gold foil. (Hydrogen is a solidmat temperatures below 14 K.)

What results do youw cxpect? o
12.3 What is the shortest wavelength prescnt in the Paschen series of
X spectral lines? . “--9*.:3 i
12.4 A difference of 2.3 eV qeparates;two energy levels in an atom. What
T is the frequency of radiation €mitted when the atom make a

transition from the upper level to the lower Ievel‘? \

12.5 The ground state energy of hydrogen atom 151—\1,’3 6. eV What are the
kinelic and potential energies ofithe electrop\nriiihis state?

1%_6 A hydrogen atom initially in the ground\level absorbs a photon.
which excites it to the n = 4 level.\ Defermine the wavelength and

frequency of photon. (\\ &
7 (a) Using the Bohr's model c\a]culate the speed of the electron in a
¥ X hydrogen atom in thc« rﬂ—'ﬁ 2, and 3 levels. (b) Calculate the orbital
period in each of these Llevels

12.8 The radius ofthc innermost eleclron orbit of a hydrogen atom is
2 5.3x10°'! m. What are the radii of the n = 2 and n =3 orbits?

12.9 A 12.5 eV electron beam is used to bombard gaseous hydrogen at
A room temperature. What series ol wavelengths will be emitted?

12.10 In accordance with the Bohr's model, find the quantum number
that characlerises the earilh’s revolulion around the sun in an orbit
of radius 1.5 x 10!'! m with orbital speed 3 x 10* m/s. (Mass of earth

= 6.0 x 10%* kg.)

ADDITIONAL EXERCISES

12.11 Answer the following questions, which help you understand the
difference belween Thomson's model and Rutherford’s model better.
*"K’ (a) Is the average angle of deflection of a-particles by a thin gold foil
predicted by Thomson’'s model much less, about the same, or

much greater than that predicted by Rutherford's model?

(b) Is the probability of backward scattering (i.c.. scattering of
o-particles al angles grealer than 90°) predicted by Thomson's
model much less. about the same, or much greater than that
predicted by Rutherford’s model?
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(c) Keeping other factors fixed, it is found experimfs
small thickness t, the number of «a-particle
moderate angles is proportional to t. What clue
dependence on t provide?

(d) In which model is it completely wrong to
scattering for the calculation of average angle of
a-particles by a thin foil?

12.12 The gravitational attraction between electron and proton in a
hydrogen atom is weaker than the coulomb attraction by a factor of
about 107°. An alternative way of looking at this fact is to estimate
the radius of the first Bohr orbit ©f a hydrogen atom if the e-lcctI'Oﬂ
and proion were bound by gxfaﬁ’f;({i’onal altraction. You will find the
answer interesting. <>

12.13 Obtain an expressi @igp\(r},xe frequency of radiation emitted when a
gy hydrogen atom‘ﬁ:l"ewé‘fcites from level n to level (n—1). For large 1.
show that this fréquency equals the classical frequency of revolution
of the _clﬁ:‘g%n in the orbit.
12.14 Cl‘a“st%:cﬁl]y. an eclectron can be in any orbit around the nuclcu
%ﬁ)a"lom. Then whal delermines the Lypical atomic size? Why is an
atom not, say. thousand«tifmes bigger than its typical size? The
question had greatlﬁyﬁ;pfi‘z'iled Bohribefore he arrived at his famous
model of the atom®hat you have learntjin the text. To simulate what
he might well have déne before his discovery. let us play as follows
with the basic constantis ofinature and see if we can get a quantity
with the dimensions of length that is roughly cqual to the known
size of an atom (~ 107'°m).__ 5
(a) Construct a quantity Witl‘:li‘ the dimensions Q[Sl.ength from the
fundamental consiants e m,. and c. Delermine its numerical
value. i B o’ \ &

(b) You will find that the length ob,t;aiﬁéc)i“._‘inr (a) is many orders of
magnitude smaller than the‘\y'a'_t'_on‘)‘ié dimensions. Further, it
involves c. But energieﬂs‘:ﬂqf{‘éﬁgrh's‘/are mostly in non-relativistic
domain where ¢ is/r}xotl;_’c:zc‘pected to play any role. This is what
may have sugg‘ss‘l\ed\Bbhr to discard c and look for ‘something
else’ to getnme\'\(_ighf’atomic size. Now, the Planck's constant h
had alr_ggc}ﬁr;‘{gde' its appearance elsewhere. Bohr’s great insight
lay in fecognising that h, m, and e will yield the right atomic
size. Construct a quantity with the dimension of length from h,
me., and e and confirm that its numerical value has indeed the
correct order of magnitude.

12.15 The total energy of an electron in the first excited state of the
hydrogen atom is aboult -3.4 eV.

*X (a) What is the kinetic energy of the electron in this state?
(b) What is the potential energy of the electron in this state?
(c) Which of the answers above would change if the choice of the
zero of potential energy is changed?
12.16 If Bohr's quantisation postulate (angular momentum = nh/27t)\i a

F* A basic law of nature, it should be equally valid for the case of planetary
motion also. Why then do we never speak of quantisation of orbits ™~

of planets around the sun?

12.17 Obtain the first Bohr's radius and the ground state enecrgy of a
muonic hydrogen atom [i.e., an atom in which a negatively charged
muon (W) of mass about 207m, orbits around a proton].
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