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Radius of nt" orbit (r,)

Z = atomic number

e = charge of proton
-e = charge of electron
r, = radius of n™" orbit
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By Coulomb’s law. the electrostatic force of attraction between

1 (Ze)le)
the nucleus and the electron = X 72 (1)
G, I'n

where ¢ is the permittivity of the free space.

Since. the electron revolves in a circular orbit, it experiences a

mvng 9
centripetal force. — = mr,o, ...(2)
I'n

m = mass of electron

For equilibrium, from equations (1) and (2).

2 2
1 Ze= mo,”

Are, 2 K, +(3)
1 Zet
—5 = mrne)nQ (4)
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2
o _ _Ze c
0.“ = 1 3 (J)
TTELIU,
The angular momentum of an electron in n™ orbit is,
. I— 1
L = mo,r, = nr o, ...(6)

By Bohr's first postulate. the angular momentum of the electron

nh

L = or .(7)

From equations. (6) and (7).

nh

. 9
mir M. =
S 9r

nh

(or) “n = 27mr 2

squaring both sides.

Vg D
n-h-

721_4 ...(8)

o 2 5
47 m

n
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From equations (5) and (8).

' 2
Ze2 n’h?
" 2_2_4
4dre,mr, 4z mr,
21 92
n“h-e, ©)
T = 79
T rmZe®

From equation (9), it is seen that the radius of the nth orbit is
proportional to the square of the principal quantum number. Therefore,
the radii of the orbits are in the ratio 1 : 4 : 9....

e
n“h’g,

..-(10)

. =

2
ame
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Substituting the known values in the above equation we get.

Fy = n2 x 0.63 A

If n=1r =053A

This is called Bohr radius.
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Energy of an electron in the nth orbit (E.) | th

The total energy of the electron is the sum of its €
potential energy
and kinetic energy in its orbit

The potential energy of the electron in the nt orbit is given by.

(Ze)(-e) _ —2ze®
P~ dner, Adagr,

~(11)

The kinetic energy of the electron in the
n orbit is.

L. 3
Ep = 5Mn ..(12)

2 2
1 Ze®= my,
Ame, 1.2 r
2 n n
From equation (3).

1 .z

drs, 1,

=mw,” (13

..(3)
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Substituting equation (13) in (12)

|

'1[1 ZGQJ Ze>

E, = 2 dze, T, ZSEgorﬂ --(14)

The total energy of an electron in its nt® orbit is,

762 . 702
By SEpthyps 4me,r, 8me,r,

i
En = Bmr ...(15)

Substituting the value of r,. from equation (10) in equation (15).

| ~Z%me?
E. _ e ...(16)
8¢, n"h”

For hydrogen atom, Z = 1

—me =

E = 2 92,9
B BEnh

Substituting the known values and calculating in electron-volt.

_13.6
= ———eV (17 [+ 1eV = 1.602 x 10-19J]

n n-




