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B@HR’S MODEL FOR THE HY DROGEN AT@M
18.1 POSTULATES OF BOHR’S THEORY: ' .

In order to develop a quantitative theory for the spectrum of the Hydrogen atom,
Bohr in 1913 made use of plank’s theory and put forward the following postulates. :
- (i) - As long as-electron stays in a particular orbit or Stationary orbit, it nezther
oL radmtes energy nor absorbs energy, i.e., total energy of electron in a parttcular
T stattonary orbit remains constant. ‘
(11) ’ “An electron can move only in those orbits in whtch its angular momentum “L o
ST s mtegral multtple of h2ror h: '

L=20 o [—h—:h} sl '

‘ . 211: 2n N :

Where s the radius of statlonary orblt of” electron and n is the pr1nc1ple.‘
quantum nurnber n=1,2;3.: o - :

(u) - When electron absorbs a quanta of energy ‘h’, it then jumps from lower energy
. level or ground state to the higher energy level or excitéd state, and when it jalls
from hzgher state to lower State it radiates a quanta of energy AE = ho.

L : ' AE - B — Ef o :

18 2 APPUCATIONS OF BOHR’S THEORY ON HYDROGEN ATOM _«

- In order to explam the main features.of atomic model, Bohr assumed Hydrogen'
‘atom as a model Hydrogen is the simplest of all atoms contalmng only one proton m 1ts .
“nucleus and one’ ‘electron ¢ orbiting around.the nucleus. :

(a) Express:on for. the ‘Radius of Hydrogen Atom:
45 54 The protcn being'| masswe as) t:ompared to-electron and -
posmvely charged} attracts “the: negatwe electron by..a-
coulomb s force g1ven by

SR

Where ".is the. ra,dms of electron s orbit. May not electron fall into. the nucleus
Bohr assumed that thls attractive force of the proton is balanced by the centrlfugal foree
- of electron Wthh is equal to the centrlpetal force gtven by '

‘mv e

v § = @
‘Where s, the velocuy of electron. . s
Experlmentally, oo Fe=F, e
Y from (1)&(2) e
\5. % : 'A 2:;',: ’ " 2

Kot imvt R  Ke =mv* or v?= R 3)

r r PR T mr

In order to Hde'termin'e thef?‘/clccity of the electron, Bohr made use of his postul‘af“t_e:f

_i:e. ST .
e mvr=nh
OR e
mr .
- 242 .
or v=2P @)
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From (3) & (4)

Ke* n’h’
mr m’r?
2 7
~ nh°
Ke =
mr
or |-
- mKe?

Or r, =n’ ( i
\ mKe?

Where

K=

Xli-Physics, Chapteri 18, Page# §

4n e

0

= coulomb’s constant -

o[ dne, i
rn =n —2——
me

o is a constant whose value in is 0.53 x 10~ "m or 0.53A° therefore.
mKe*

N
Where

n =1 2x 0.53°A

For ground state of Hydrogen atom n=1.
=0.53Aand 1, = 4r1, r; = 9r1

Therefore radius of nth orbit of H drogen atom 1is:

(b)- Expressmn for the Energy of Hydrogen Atom:
The total energy of the electron orbiting around the nucleus is the sum of its

potential energy (U) and Kinetic Energy (K.E).
"E=U+KE

The potential energy of the proton — electron system depends upon

of clectron orbit. At infinite distance from nucleus, electron posses absolute potentia

energy which is zero. From classical theory potential energy is the negatlve work done
ata ﬁmte dlstance therefore: .

’ the radius

P.E =-work "
| =L Fd
o )
OR Ke
U= ___Ki :
r

For the Kmetlc enefgy; equatmg Coloumb’s attracuve force between proton anc
‘electron Wlth centripetalyforce of electron.

F.=F,
2
"“OR Kf = ¥
- y ¢
Ke?
= mv
r .
2
- OR 1Re _ Lo
‘ “20r 2
. 2
. OR KE = Z¢
. 2r '
. 2 2
Eq)m> E =-2X¢ Ke
T 2r
Ke?
TR @)
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- That is the energy of electron in a particular orbit is its negative Kinetic Energy.

dne :1671:26_2

e
E, = 12 ; Tez 2
Con\32n7 € n

2.4 : o
mR e 218x107%
2k y

Where for Hydbbgen atom
P ERPRT =‘"’2.18x10"8vev
C o L6x10™"
- =13.6ev

13. 6eV

E, : snt o |

n

That is, energy levels of electron are quantlzed

i (c) Expressmn of Wave Number ( U

EXR

S : ‘ N i v i . “ : 1 sz 4 :
. Ene‘rgy 'of vs_tatlonary state of Hydrogen atom is E, = ‘__—T( 7 ze J

(Let™

PROBN A "f;ﬁ:";";'{‘«i e En ok IR .- (1) L o "'v:f"” CEEE i ~{-%1,—,;!‘ji
For highér ene,f,'gtyk level: L S

For lower energy level: it

N N

Energy radlated or absorbed by electron 1s R
: ' A =E;- |
AE = - Kz + Kz '

B S TR O 1
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AE;KXQ%;%}
: e 1L

From Bohr’s theory AE =hv

o oK' % [Lz-.g]
nr N

OR ~=£x{_1_2_%]
h ‘nf ni

From ¢ =vA

, ( s
‘ QR —;—= (E—j{;nLJ \*

(—111(—) = R‘H (Rydbergfs Conetant)
c .

Coe nr ni_ e

A R [_2 - -——Z—j l‘.—;ﬁu' = Wave number
n | A -

R

. Where v 1s the wave number of the absorbed or emrtted photon RrI = l 097x 107/m

| 18 3 SPECTRUM OF HYDROGEN ATOM

Detalls of atomic propemes can be understood by underqtandmg the spectral lines
emitted. Due to trafisitions of electrons into inner shells different atoms possess different
spectra. Atomic spectra of gases consisted of sharp ‘spectral lines of definite frequencres
_Some atoms“have very complicated spectra Hydrogen belng the s1mplest one possess
simple spectra which hes between vrsible and mvrsrble regrons

In 1906 Lyman found a series of hnes in the Hydrogen spectrum in" the far
-ultraviolet région, known as Lyman series. In 1908 Paschan found a series in Hydrogen
spectrum in the infra red regron e

“Similar spectral hnes in invisible reglon were found also by P fund and Bracket ‘
j Balmer however, found spectral lines in the visible regron and also derrved a formula
for the wavelength of radiation as: - ‘

1 11 )
=R, | e
A H[P‘ n? -

Where ne= 1,2, 3 U and ni=p+l, p+2, p+3,
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The various spectral series are described by the formula as:

Lyman Series

(Ultra voiletr egion) —l-zRH (i__,
A kl‘ n;
Balmer Series 1 (1
KzRH YRR
. n )

(Visible region)

Paschen Serics

'(Infrared region) H

S N O T
Brackett Series o ';:_RH ZZ—_;?

(Infrared region)

- Lo (1
Pfund Series Y H.Sz o2

(Infrared r,egion)’

.

In Balmer s Formu]a the constant ‘R’(is cal]ed Rydbero s constant and for ‘

Hydrogen its value is: o
R=10974x10"m"..

_’ 3 — N4 T
B J(\L P fund series(Infra red region) n

Brackett series . "

" (Infra red reglon) n=3
e Paschen series - o -

AN J \J o (Infra red region) l> 7000A i
Sl 2\ A N - n=2

Balmer séries” E

o (visible region) .
4000A° < A< 7000A°
AN n=1
Lyman series ground

(Ultraviolet region)
A < 4000A°
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18.4 EXCiTATION AND IONIZATION POTENTIAL:

The outcome of Bohr’s model is the quantization of energy of orbital electrons,
i.e. electrons staying in various orbits possess different energies, that is why Bohr had
assumed each orbit as energy level. The first orbit was assumed to possess the least
energy called ground state. The ground state electrons can reach the higher states only
when electrons possess that partu.ular sufﬁcrent energy This process is called
excitation of electrons.

There are many ways of exciting electrons to different excited states, dependmg
upon the level of states and the nature of atom. For example if the atomic gas is in an

“electric discharge, the electrons can be excited by applying electric field. In some of the
gases, the electrons are excited by illuminating the gasses. The photons impart the
energy to electron when hit with them, thus raising them to higher energy levels. Thus
excitation potentral is defined as “the accelerating potentzal which moves the electrons
of the atom from the ground state to the higher state.” ‘

If an electron lying in the ground state of the atom is given sufﬁcrent energy so
that it is released to the orbit for which n'="qa, it will dlsengage its¢lf.from the atom. The
atom will then become positively charged it is then said to be ionized. The ionization
potential is, therefore, defined to be the"‘accelerating patential which removes an
electron completely from an atom.’

- For Hydrogen atom ionization potentral energy 1s 13 6eV and the correspondmo
ionization potential is 13.6 Volts. o

185 X-RAY:

“Electromagnettc radiation havmg wavelength shorter than that of ultravzolet light
are called X-rays”. Their wave length lies. in the range of 0.Inm to 1nm and frequency is of
the order of 10'*Hz, which corresponds to quantum energles 1 KeV to 100 KeV. :

Productlon of X-Rays: :
X-rays were first observed\by Rontgen in 1895 that is Why they are also called as
Rontgen rays. X-rays were produced by highly accelerated electrons bombarded on
_heavier atoms. His apparatusawas consists of: -
i. A source of electrons.which is a Tungsten ﬁlament and servé as a cathode
. A highly evacuated glass tube to accelerate the electrons.
" jii, A target which serve s on anode, on which electrons strike to produce X— —rays.
Rontgen observed that electrons were released when tungsten filament was heated
and when they“were accelerated by a . sh\e‘d‘“g . / /x-rav‘
thousands .of voltage and allowed to hit
the target~of heavy atoms than a very
penetrating ‘radiation was emitted from"
- the surface of anode. These rays were of
the same nature as light or any other
electromagnetic rays.
In the begrnnrng X- rays were _
detected by Photogréphic Plates, film. ‘ ll ----------- Il
But later on they could be detected by semi conductor devices also.

X-Rays Continuous Spectra or X-Rays Bremsstrahlung:

Spectral analysis of X-rays spectra shows a continuous spectrum when an electron
_ accelerated through high voltage is deflected and slowed down when pass. close the
atomic nuclei. This spectrum is called Bremsstrahlung spectrum. According to Quantum
theory when the accelerated electron is slowed down, its energy difference creates a
quanta of energy hv = E, — E. The process is represented as: -
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- The maximum‘fre'quency or minimum wave length . : . ﬁ(’ e
was observed to be always directiy proportional to the - Nuclews 2 © '
accelerating voltage between the electrodes. "o ' -

Further this maximum frequency was found to Highly

Atom + e (fast) —» Atom + e (slow) + hv.

N
be very nearly independent of the material of which the accelerated .
P electron . \
electrodes are made. , , N
Characteristic X-Rays Spectra: I S‘owe‘;“ '
In Bremsstraulung Spectra, the X-rays spectra +". “electron

" consists of a continuous spectrum and energy distribution depend only upon the
accelerating voltage. In 1913 Mosley o

“discovered . ‘another technique of
producing X-rays, in which X-rays
energy depends upon the nature of
target and spectrum is [ined. This X-
rays spectrum = s called
characteristic X-rays spectra.

The  characteristic  X-rays
spectra_can be explained from the
principle of inner shell transitions.
When highly energetic electron Incident
knocks an electron from the k-shell, - high energy

Lo . electron

there occurs a vacancy-in that shell, __ / , o . g
which is filled by an electron from the L shell giving up energy in the form of X-rays. =
' This radiation is labelled as the K, line. The electron in the M-shell fills the
vacancy in the K shell ‘gives up energy as an X-rays called the K. These transitions
from the shells L, M, N and so on to the K shell give rise to a series of lines K,, Kp, K,
and so called the K-series. Similarly-when incident electrons dislodge electrons from L

shell, then these transitions are called L-series. - - . S _ e
....Upon closer observation each of the characteristic X-rays line is found to be
composed of a number of closely.spaced lines called the X-rays fine structure. - 5
18.6 LASER: . ‘0r R S
" Lasers are one.0f the most important discoveries made in the second half of the
twentieth century, which are now been widely used in various field. “The laser is a very
intense, highly directional’ coherent and monochromatic light beams, at freq_uerjcies -
Jrom the far infrared 10 the ultraviolet regions.” There are many types of lasers with
_power range from.a milliwalt to megawatts. Basically there are four types of lasers, the,

% Ejected . '
electron

+K, ] Scattered
- photon .

solid state lasers, liquid lasers, gas lasers and semiconductor lasers!
. i Principle of a laser explained by ' FER

considering that atoms of a material have B 00000000000000000

a number of energy levels. Among which - S Rapidly decaying
the lowest one is the ground state energy photon

level ‘E,’. Suppose that a beam of 00000000 Population inversion.

" photons of energy AE = hv is incident on Meé S ' (o :
a sample which absorbs the photons and ‘st?> (¢ ( Stimulated " . -
O

. . . . emission
reaches to a excited state’E;’. -This PN
process is called stimulation or induced G G Gy
absorption. The atoms from this state do 5050 O ~

not fall in the state ‘E,” as these Ground state
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transitions are not allowed. The life time of state E; is of the order 10" sec, therefore,
transitions from this state will be spontaneous and the radiations emitted are called
spontaneous emission which are of random character and incoherent. Therefore, atoms
from state E; are allowed to decay first in the state E, called meta state whose life time
is 107 sec. This means that the atoms reach state E; much faster than they leave state E,.
This results in an increased number of atoms in state E; as compared to the number in.
sate E,. Thus population inversion is achieved. In order to sustain this process, the
emitted electrons are confined in an assembly. The ends of which are fitted which
mirrors. One end mirror is totally reﬂectmg wlnle the other is made pamally reﬂectmg
for the laser to be taken cut. -

RUBY I.ASER

_ Ruby isa crystal of AlLO;, a small number of whose Al atoms are replaced by
Cr™™" ions, which have lost three electrons each. A high mtensxty helical flash lamp
surrounding the ruby provides adequaté pumping light to raise the Cr atoms from level
E, to level E; havmg a short life time of the order of 10® sec. The atoms from state E;
make transition to state E; with Spontaneous emission making-the' number of atoms
larger than those in state E;. Since E; is a metastable state which‘has a life time of the
order 107 sec. In this process the number n,” of atoms from state E, are going faster to
E; than the number n, of atoms leaving the state E,.°Population inversion has been
created. A few Cr atoms make transitions spontaneously from level E, to level E, and
these emitted photons of A = 694.3 nm stimulate further transitions. Stimulated emission
will dommdte stimulated absorption because n2>n| and we obtam an intense coherent '
monochromanc red beam of light.

In practlce ‘the ruby laser is a cylindrical rod with parallel optlcally reﬂectmgf
ends, one of which is only partly reflecting. These emitted photons which travel exactly
in the direction of the axis are reflected:several times knd they are capable of stimulating:
emission repeatedly. Those photons fot in the direction of axis leave through' the sides.

“Thus the number of photons is bmlt up rapldly and leave through the pamally
: transpalent end of the rod - .o

. Ruby . & A v »}Flash lamp‘

i s - crysta"/.\:_ . . ’\Y'.- W LR
—» l\ |} NS | A , }———p Laser output .. "

.1. Fully - " L o B
~silvered: |-~ 7 e |

ngh voltage




