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QUESTIONS BASED ON BOHR MODEL
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Find the radius of ion in its ground state assuming Bohr's model to be valid.
2
Radius of the n™ orbit for hydrogen like atom is given by: r,, = 0.53An7

For ground state n = 1 and for Li,Z = 3. Now, Li** ion is hydrogen like atom. Therefore, the
radius of Li** ion in its ground state will be:

r, = 0534 x2
3

=0.1767A
~ 18pm
1pm = 10712 m
The kinetic energy of an electron in the second Bohr orbit of a hydrogen atom is [a, is bohr radius.
h? h? h? h?
@ 4m2ma3 (b) 16m2maj (© 32m2maj (d) 64m2ma3

o n2
Radius of the nth orbit of a hydrogen like atom is given by r;, = 0.5 BA%

The radius of the first orbit of a hydrogen atom is called the Bohr radius (ao)

r; = 0534 =a,
nz
I'n = Qg -
2
The K.E. of electron: V=lmv?=ov=22
2 2m

Where, p = linear momentum
If m be the mass of electron and v be the velocity of electron in nth orbit, then angular momentum

of electron:
nh nh
L=mvr=—=mv=p=—
2T 2mr
Substituting the value of P in the expression of K.E. of electron, we get
n?h?
V= 4m2r2x2m

2
We know, r = a, n; Substituting the value of r in the above expression of K, we get,

frm,
Z
K= E;;;;;;g;;z Z ==]J n= 2;
h2
8m2ma’4
hZ
32m?maZ
Hence, option (C) is correct.
A particle known as p - meson, has a charge equal to that of an electron and -
mass 208 times the mass of the electron. It moves in a circular orbit around e ‘\\
a nucleus of charge +3e. Take the mass of the nucleus to be infinite. ’,’ \‘
Assuming that the Bohr’s model is applicable to this system, H 0 H
Derive an expression for radius of the nth Bohr orbit. l‘\ ".
Let the charge of the nucleus be Ze. The electrostatic force between the . A
positively charged nucleus and the negatively charged particle provides the el

centripetal force.

1 Ze?  mv? 1
= =—>=—7Ze* =mv’r
4—TI80 r r 4—TI80
Multiplying both side of the equation by mr, we get,
Ze?
= m?v?r? = (mvr)?
4TEQ
Ze? n%h? . nh
= Since L = mvr = —
4mey  4x3T 2T
__ n®h%g )
~ mme?z
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For p-meson m = 208m, andZ = 3
_ n®’h%g _  n®h%g,
T 208mmee?z  624mmee?
_ n%h%g
" 624mmee?
Find the value of n for which the radius of the orbit is approximately the same as that of the first
Bohr orbit for a hydrogen atom.

n%h?g,
mme?2z
For u - meson m = 208m, and R = 3. If the radius of n th orbit for 4 - meson becomes equal = n

Radius of the n Bohr orbit: r =

~ 25 « n must be an integer to that of the first Bohr orbit for a hydrogen atom, then, we have:
n?h2g, __ n%h%g

T mx208mee?x3  mmee?x1

— Radius of 1st orbit for Hydrogen atom
n? =3 x 208 = 624

n = 25+ nmustbe an integer

Find the wavelength of the radiation emitted when the ¢ - meson jumps from the third orbit to the
first orbit.

We know that, V= —E = _g
i . _ —Ze?
Potential energy of the particle: U = pr

n%hZ%g,

Substituting r = in the expression of U, we get,

mme?z

2

1 Ze?xmme?z

U=- —
4mey  nZh2g,

4,2
—me- Z

U=ms

4h2%e2n?

AsE = E, total energy of the particle: E = — me’z?

2 8h2e3n?

Now, total energy of electron in n™ orbit:

me*7? 7?2
E=—-———"—=-13.6 X=¢eV
8h2gyn? n2
4
me
= 13.6eV
8h2g,
For p-meson E =—-2088 mee” z*
" - 8h2e3 x2

ZZ
E, = —208x 136

Total energy of u - meson in third orbit:
2

Z
Es = 208 % 1365

Total energy of u - meson in first orbit:
2

z
E, = -208 x 13.6?
Therefore, the difference between energies at 3r4 and 15 orbit:
Es — By = 208 X 13.6 X 22[1 — 7]
=208 X 13.6 X9 X 7

=208 X 13.6 X 8eV
Hence, the wavelength of the radiation emitted is,

hc
E3 - El —_ 7
= ZA0VIMN _ 5 548 nm ~ 55pm
208x13.6x8eV
A = 55pm

Consider a neutron and an electron bound to each other due to gravitational force. Assuming
Bohr’s quantization rule for angular momentum to be valid in this case, derive an expression for
the energy of the neutron electron system.
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Sol. Let m, and m, be the mass of neutron and electron respectively.

The gravitational force between the neutron and the electron provides the centripetal force.
_ Gmpyme _ M 2
Fg = 2 r
Gm,m, = myv?r

GmymZr = (m,vr)?

2KH2
2. _n‘h _nh
Gm,msr = po meVy = —
n%h?
" 4m2Gmym2
U
We know that, V=-E= -3
Now, the gravitational potential energy of the neutron electron system is,
U= Gmpme
r
Substituting the obtained value of r in the expression of U:
Gmpm
U= —=—2¢ x 4m?Gm,mg
-4m?G?mEm3
U= nzhZn -
U 2G2 23
AsE = o total energy of the system: E = — Znnz%
. . . m
Ex. A smlall particle of mass m moves in such a way that the potential energy .
U= Emzwzrz where w is a constant and r is the distance of the particle from .-
the origin. Assuming Bohr’s model of quantization of angular momentum and L
circular orbits, show that radius of the nth allowed orbit is proportional to v/n. '~| !
. 1 N /
Sol. Given, U=- n?w?r? ' S
Assuming the force on the particle is conservative, we can write: IR
po_du
- dr

- %mzwz X 2r
Here, this negative sign tells us that the force is attractive in nature and this attractive force will

provide the centripetal force. Thus,

2

mv

m?w’r = —
r

mw?r? = v? (D
Multiplying both sides equation (1) by m?r?, we get,
m?r? X mw?r? = (mvr)?

2nK2

3,.2.4 _ Nh°h
mi3w?rt = —-
422

r* = vn?4\?
r = v/4/n

Therefore, the radius of the nth allowed orbit is proportional to v/n.



