IMPORTANT QUESTIONS CLASS -12
PHYSICS CHAPTER - 12 ATOMS

Question 1.

A hydrogen atom in its excited state emits radiations of wavelengths 1218 A and
974.3 A when it finally comes to the ground state. Identify the energy levels
from where transitions occur. Given Rydberg constant R = 1.1 x 107 m™. Also,
specify the spectral series to which these lines belong.
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The electron in a given Bohr orbit has a total energy of — 1.5 eV. Calculate Its
(a) kinetic energy.

(b) potential energy.

(C) the wavelength of radiation emitted, when this electron makes a transition



to the ground state.

(Given Energy in the ground state = —

13.6 eV and Rydberg’s constant = 1.09
x 107 m™)

Answer:

Total energy of the electron In a Bohr’s orbit
is—1.5eV

We know that kinetic energy of the electron
in any orbt is half of the potential energy in

magnitude and potential energy is negative

(a) Total energy = kinetic energy + potential
energy

— 1.5 = Ex — 2E;

1.5 = Ex

(D) E,=-2x15=-3eV

(c) Energy released when the transition of this
electron takes place from this orbit to the
ground state
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Question 4.

In a Geiger—Marsden experiment,
calculate the distance of closest approach
to the nucleus of Z = 80, when an a-
particle of 8 MeV energy Impinges on it before It comes momentarily to rest
and reverses its direction. How will the distance of the closest approach be
affected when the kinetic energy of the a-particle is doubled?

Answer: \ 276t

GivenZ = 80, E = 8 MeV = 8 x 10° x 1.6 x 109 J, r, =? ©"r, E,
Using the expression =9x10° x
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8x10°x1.6x107"
orrg=2.88x10"m

When the kinetic energy of a-particle has doubled the distance of the closest approach
becomes half its previous value, i.e. 1.44 x 104 m



Question 5.

The ground state energy of the hydrogen
atom is — 13.6 eV. If an electron makes a
transition from an energy level — 0.85 eV to —
3.4 eV, calculate the wavelength of the
spectral line emitted. To which series of
hydrogen spectrum does this wavelength
belong?

Answer:

Energy released = — 0.85 — (- 3.4) = 2.55€eV =2.55 x 1.6 x 1019 J
Using E = he/A we have

A =hcE=6.62x10-34x3x1082.55%1.6x10-19 = 4.87 x 107/ m
It belongs to the Balmer series.

Question 6.
A hydrogen atom in the third excited state de-excites to the first excited state.
Obtain the expressions for the frequency of radiation emitted in this process.
Also, determine the ratio of the wavelengths of the emitted radiations when the
atom de-excites from the third excited state to the second excited state and from
the third excited state to the first excited state.
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the de Broglie wavelengths associated
with the electron orbiting in the second
and third excited states of the
hydrogen atom.

Answer:

We know that

27r = nA ....(1)

For the second excited state (n = 3)
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Putting in (i) we get 271 (0.529)(4)2 = 4 A3



Question 8.

(a) The radius of the innermost electron orbit of a
hydrogen atom is 5.3 x 10™'° m. Calculate its radius in n =
3 orbit.

(b) The total energy of an electron in the first excited
state of the hydrogen atom is 3.4 eV. Find out its (i)
kinetic energy and (ii) potential energy in this state.
Answer:

(a) The radius is given by

r, = n2h24n2me2k = n2ao

where n is the number of orbit, hencer3 = 5.3 x 107° x 32 = 4.77 x 10° m

(b) Total kinetic energy = + 3.4 eV
Total potential energy = — 6.8 eV

Question 9.

Given the ground state energy Eo = — 13.6 eV and Bohr radius ao = 0.53 A. Find
out how the de Broglie wavelength associated with the electron orbiting in the
ground state would change when it jumps into the first excited state.

Answer:

The de-Broglie wavelength is given by 2nirn = nA.

In ground state, n = 1 and r, = 0.53 A, therefore, A\, = 2 x 3.14 x 0.53 = 3.33 A

In first excited state, n = 2 and r; = 4 x 0.53 A = 2.12 &, therefore,
r, = (2 x 3.14 x 2.12)/2 = 6.66A

Therefore, A, — A, = 6.66 — 3.33 = 3.33 A.
In other words, the de-Broglie wavelength becomes double.

Question 10.

When is the Hy line in the emission spectrum of hydrogen atom obtained?
Calculate the frequency of the photon emitted during this transition.
Answer:

Ha is obtained when n; = 3 and ns= 2
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