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In this lecture for Hydrogen Atom, we have to study about;

White light spectra
Absorption spectra

Emission spectra

Hydéogen spectra: series, Lymen, Balmer Paschen, Bracket, P-
Fund ......

Therefore, Wave number = R_Z%/ (1/n,>-1/n,°)
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Bohr theory of Hydrogen Atom
Radius of orbit: r = {h%2e,/mtme?}{n? /Z}, ( H-atom, Z=1, n=1)
r=0.53A0. which is known as Bohr Radius of Hydrogen atom.
Velocity: v,= {e?/2he, H{ Z/n}, for H-atom , v= 2.18x10°m/s
Total energy: En= - {me*/8¢,2h?} {Z*/n?}
So quantization of orbital angular momentum of the electron leads to
guantization of its total energy. Therefore, E1=-13.6 eV, E2=-3.39eY, .... etc.

Rydberg’s constant: R= ‘'me#/8¢,2h3c'=1.09x107 /m
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Spectrum

Spectroscopy is the branch of physics which deals with the interaction of electromagnetic
radiation with matter and the interaction is associated with the exchange of energy between the
two. Historically, spectroscopy dates back to MNewton's discovery in 1666 — white light coming
from the sun dispersed by a prism to seven colours (Fig 1 ).
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Fig. 1 Dispersion of white light through Prism

The observalion of seven colours is the characteristic of the light and not that of the prism and
for that matter of any dispersing object like crystal. than Nlms, grating or other material which on
placing in direct light may give rise to colours. For example, rainbow in the sky, colours from the
thin aily film on the road that arises due 10 the reflection of sun light and 50 on so Torth.
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Spectrum

In 1814 William von Fraunhofer, on repeating the experiment undertook earlier by William
Wollaston in 1802, had established that the dispersed colours of sun light did not merge
smoothly into each other but had many dark lines (absorption lines) — among large number of
dark lines. eight prominent lines labeled after the first eight letters of the alphabets and
commonly known as Fraunhofer lines (Fig. 2).

Fig. 2 Fraunhofer lines in the spectrum of Sun light.
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Spectrum

To summarize, by the end of 19" century, it was well established that the spectra of almost all
elements have hundreds of discrete lines. Hydrogen atom 1s not only the simplest atom but also
has the simplest spectra, mostly confined to the visible and ultra violet region (Fig. 3).

Fig. 3 Hydrogen spectrum in Visible & UV region.
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Spectrum

Rydberg’s formula related inverse wavelength (known as "wavenumber") Wave

number = 1/A=R_{1/n?-1/n?}
Where R, is equal to 1.097x10” m-! and n; and n, are integers (1,2,3,....) that

describe the initial and final states of the electron.
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Hydrogen Spectra

Using Rutherford model of the atom that the atom consists of positively charged heavy nucleus

surrounded by electrons moving in circualar orbits around the nucleus and by analogy with
Planck™s assumption of the guantization of the energy. Bohr postulated that

1. The electrons move 1in circular orbit but don’t lose energy so long they remain in one and
the same orbit. The latter part of the postulate is completely in disagreement with the law
of classical mechanics which predict that the charge accelerated in circular motion will
release the electromagnetic radiation and gradually spiral inwards releasing energy
continuously: this corresponds o continuous spectrum  instead of discrete lines. Bohr

countered this situation proposing that the accelerated electrons in atoms don’t release
Eenergy.

2. Arguing from comrrespondence principle which states that predictons of guantum theory
approach those of classical physics in the limit of large gquantum numbers (Oor one may
put it as classical mechanics can be understood as a limiting case of guantum mechanics),
he postulated that the angular momentum of the electrons can have only certain discrete
values in units of © - guantization of the angular momentum as a conseguence of which
restricted number of non-radiating orbits are permissible. This condition was later
interpreted by de Broglie as a standing wave condition (see section 5).

3. Electromagnetic radiation energy is emnitted or absorbed only when electron jumps from
ona permissible orbit to the other. It amounts to say that discrete energy., corresponding to
the separation between the permissible orbits. can be emitted or absorbed.
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Spectrum

White light is made up of Al e

the colors of the visible
Spectrum.

Passing it through a
prism separates it.

Name of the Faculty: Dr. ANIS AHMAD Program Name: M.Sc. Physics



School of Basic and Applied Science
Curse Code : MSCP6002 Course Name: ATOMIC AND MOLECULAR PHYSICS

Spectrum

If the L.ight is not white

By heating a gas or with
electricity we can get it to
give off colors.

Passing this light through a
prism does so thing
different.
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Emission and Absorption spectra

Continuous Spectrum
Emission Spacirum

Absorplion Spectrum
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Hydrogen Spectral Lines

Hvdrogen Spectral Lines

Bohr calculated the energy, frequency and wave
number of the spectral emaission linesjiftfor
hyvdrogen atom.

Th1': wave number of diftferent spectral Bines can
Jre calculated corresponding the valués of n
ad n,.
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Bohr’s Explanation for hydrogen spectra

Bohr s Explanation nfzor
Hvdrogen Spectru

W hen current is passed through Hydrogan gas in
llI:n: discharge tube at low pressure, the
molecules of Hydrogen break 1n to atoms.

Electrmical DDhscharge

=
£as) IL.ow Pressure
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Absorption

Excited State

(High Energy) The electrons of

Hydrogen atoms are
excited to high energy
levels.

b

>

The higher energy
orbits to which electron
miigrate depend upon
the amount of energy
absorbed by the
clectron.

;
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Emission

Excited State These excited electrc :
(High Energy) 'I‘L‘:-L exXCitled elecirons
being unstable come back

I : J\‘\j\-‘q to one of the lower energy
e g

level.

J\‘—\J’\r’ The electron may come to

the lowest energy levels.

In this wav they emait

Ground State ;
cnergy they had absorbed.

(L.ow Energy)
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Line Spectrum for Hydrogen

A0 nm 434 nm AB6 nm 656 nm
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Wave Number of Spectral Lines

Wave number of spectral
lines

Different spectral series are produced
depending upon the excited and ground
energyv level of electron.

Wave number of these spectral lines can be
calc ulﬂtultci by Bohr’s egquation.
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v = 1.09678=<10"7[
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Various series in Hydrogen Spectra
434 nmm 486 nm 657 nm
Violet Blue-green Red

W = Ul

{'Il

e N

Name of the Faculty: Dr. ANIS AHMAD Program Name: M.Sc. Physics




School of Basic and Applied Science

Curse Code : MSCP6002 Course Name: ATOMIC AND MOLECULAR PHYSICS

Lvmen Series

The spectral lines 1in Lymen Series are explained
by considering that the electron falls back to
n=1 from higher levels

o =1.09678 <107

i
N

w here.
n, = 2,.3.4,...
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Lvyvmen Series
(Ultra—violet Reglon)

First Line : n=1ln,=2 st b de ottt b i e iyt L ==00)
0= 1. 09678 x IHT{ ]-l_,- _,I_; r'l =R8226x 10 m™!

secondlane : rny = 1, n, 3

0 = 1.09678 = 10’ ! ]L—%LJ 97 6010 m "

T hird Line : n, =1n, =

= 1.09678x Il.'}"{ 3 %J = 102. 70 <107 m~

Limiting Line : i, = l.n, =oc

E J = 1.09678x 10" m ™'

v=1.09678= m-‘[ I':_ -
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Balmer Series
(VlSlble Region)

First LleHrszL} n,=24n, = semessssssnsssessepns s =00
1 1 N=7
= 1.09678 < 10’7 ———]—I"'_.l’:"""mh-CI.IT.'IJI'Mr
- i T n=e
SecondLine (HF Line): n, =2n,=4 Y n=s
1 1 5 Hﬂ Nn=4
= 1.09678x IUT[T _FJz 20.566x<10"m™'
Third Line (Hy Line) : M, =22 .m. =2
| ] - h 4 W v n=2
= 1096T78=<10 [T— = J:llﬂﬁx]“’ru
"\_\.— -
Limiting Lme : n, =2.n, =t
e =1.09678 = ln’( = -1-;]=2?.42|>-:m*m : =
& n=1
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Paschen Series
(Infra Red Region)

it : . E R . ---n::ﬂ
First Line: n=3n,=4 n==17
0= 1.09678x1 nl_'_ . ~|_ | =53310%<10°m ™" n=e
- n=:s
n=4
Second Line : Py, == Ry, w= N o
= 1.09678x lﬁ"_[—l-; — -:E—-] =T7.99% 10 m '
7 5 1=
Lumiting Line : =, =
A 1 1 \
v =1.09678x ID'[—-,— - —-—-—] =12.187 >x10°m™
ZE, n=1
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Brackett Series

I':irHtLinc: £ —._'|__”1—5 - ... IIIII11=m

3

= 1.09678< 107 | 4—I = %i] = 2.45 3 107w

Secondl.me : n, = 4.n, =6

e = 109678 = lﬂ?(—l, - l_, ] = 380810 m "
4- G-
n=2
Limiting Line : n,=4.n, =
U = 1.09678 = nf[j, = ] ~ 6.855x 107 m™"
.. iz 0
N=1
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Pfund Series

First Line: n =5%5n =6 Nn=oo

! . EEEEEEEEEEEESEE EEE=

7 I -l 5 1 n=7
v =1.09678x10 - —— |=1.340x%<10"m
5" WG n=6
¥ n-
SecondLine: n, =5n, =7 € e
1 1 —
v =1.09678x m"(q: == ) =2.148%<10°m ™’ n=3
n=2
Limiting Line : n, =5,n, =00
1
v =1.09678 x uf( . 1, ) = 4.387 < 10°m™"'
S n=1
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Series spectra of Hydrogen Atom
n= o 0 kJ
n=7 1
n==6 :
n=5 l? l"f
| Piund
n=4 | TTIYTY 82 kJ
‘ Brackett
n=3 e -146 kJ
l Paschen
n=2 YEYYVY -328 kJ
Balmer
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