Chapter - 14
Atomic Physics

The concept that matter is composed of tiny
particles has been a subject of study for the philosophers
from the ancient times. The author ofthe beok Vaisheshik
Darshan and Indian philesopher Maharshi Kanad
considered matter as made up oftiny individual particle
called parmanu. Greek philosopher Democretes also put
forward a stmilar hypothesis. The first scientific theory
about atom was given by scientist Daltonin 1803 which
you have learnt in previous classes. The basicideain all
such thoughts was that atom was indivisible and it hasno
internal stucture of its own. The experiments done
towards the end of nineteenth century and in the
beginning of twentieth century had put a question mark
onthisidea. Inexperiments on discharge through gases at
low pressure, cathode rayswere discovered which were
made of negative charged particles. These particles were
later on named as electrons by british scientist J.J.
Thomsonin 1887 considered as an essential component
ofallatoms. Inthis connection Thomsons experiment for
the measurement of &/m of the electronand Millikans cil
drops experiment of electronic charge are worth
mentioning. Atom is electrically neutral hence same
amount of positive charge should be there inthe atom as
it has negative charge due to eletrons. Naturally the
question arose about the distribution of positive and
negative chargesin an atomi.e. whatisthe sttucture of
atom? The same question became the basis of all
propositions about atomic models. It was well
established that an atom is stable, hence, in all atomic
models it wasessential to explain how inspite of attraction
between positive and negative charges they provide
stability to the atom without eliminating each other.

Apart fromthis it was also knowninthe beginning
of nineteenth century that at low pressure when current
flows through atomic gases or vapour or heating by a
flame, the raritied gases emit electromagnetic radiations
of specific frequencies which give line spectrum. In
rarified gasesthe distances between atomsis much more,
the emitted radiations are not because of mutual
interaction of atoms but because ot individual atoms.
Every element hasits characteristic spectrum. Apart from
it this was also known that when metals are heated toa
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high temperature they emit electrons. Upto first three
decades of twentieth century efforts to provide
theotetical explanation to experimental evidences
became the reason for the development of different
models of the atom. Inthis chapter first we will study
about Thomson's atomic model, Rutherford's atomic
model and also about their success and fatlure. Afterit
we will study about Bohr's model of Hydrogen atom
which initselfwas a revolutionaryidea. After explanation
of Hydrogen spectrum by Bohr's model we will mention
some of'its weaknesses. Inthe end we will see how de
Broglie's matter wave theory successfully explains
postulates about orbital quantisation.

14.1 Thomson Model of the Atom

In 1838 Thomson proposed that an atom 1s
positively charged sphere of radius 10“m. Throughout
the volume of this sphere positive charge 1s uniformly
distributed. To balance the positive charge negative
charges in the form of electrons are embedded in the
sphere. In Thomsen model the negative electrons are
embedded in the same way as fruit pieces are kept in the
pudding toncreaseitsbeauty and taste. Alternatively the
arrangement of electronsis supposed to belike seeds in
the water melon.

Elcctron

Fig 14,1 : Thomson Model

The experimental evidences till that time could be
successtully explained by Thomson model. This model
was able to explain successtully, stability ot atom,
lonisation of gases, thermionic emission of electrons. To
explain emission of electromagnetic radiation from atom



Thomson supposed that after receiving energy from
external sources electrons begin to oscillate about their
mean positions. Because of oscillary motion the electrons
are in accelerated motion and as accelerated charge
emits electromagnetic radiation hence atom emits
electromagnetic radiation. Thomson assumed that
frequency of radiation is the same as the frequency of
oscillation of the electron. If this idea is applied to
hydrogen atom which has only one electron the spectrum
of hydrogen should have only one line. Experimental
observationsindicatethere are series of spectral lines in
the spectrum of hydrogen which we shall study later. In
this way this model could not explain hydrogen spectrum.
This model got a serious blow when this medel could not
explain experimental observations of Rutherford's o
scattering experiments.

14.2 Alpha Ray Scattering Experiment and
Rutherford Model of Atom

In 1901 Rutherford and his associates Geiger and
Marsden did animportant experiment which showed that
Thomson Model of atom is not correct. In this
experiment o rays striked a thin foil of gold and the
deviated particle after passing through the foil were
measured at different angles. o particleis doublyionised
Helium atom whose mass is about four timesthe mass of
hydrogen atom (7000 times the mass of electron) and has
charge +2e. o particles are emitted on their own by
radioactive nuclet like polonmim, thorium and uranium etc.

Fig 14.2 showsthe experimental arrangement for a-
particle scattering experiment. Abeam ¢t -particles from
radioactive Polonium passed through lead bricks to
obtain a callimated beam. This linear beam striked 10-'m
thick foil of gold. Ascintillator counter was used to detect
scattered electrons at difterent angles. It has a screen of
Zinc Sulphide which produces scintillations when ¢ -
particle strike it which can be seen using a microscope
and in this way the numbers of particles scattered at
ditterent angles is measured.
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Fig 14.2: Expetimental artangement of ascattering Expetriment
Ruthertord, Griger and Marden found that most of

Sowmge ol particle
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the o -particles passed through the foil undeviated or
were deviated by very small angles. Rutherford
concluded that the atom has lot of empty space. Hence
Thomson's atomic model, which assumed atom to be
uniformly distributed solid sphere, is not correct.

A moreinteresting result wasthat only a very few o
-particles were deflected by 90” or more. It was
observed that one of two particles out of 8000 returned
ina direction opposite to the direction ofincidence. Inthe
word of Rutherfor “This is an event which I have never
seen earlier inmy life. Tt is like throwinga 15" cannon on
a piece of paper which struck you back. It is impossible
to explain large angle scattering by Thomson's model.
Since o -particles are too heavy in comparison to
electron the deviation intheir path due to collision with
electron will be negligible. For large angle scattering of ot
-particle 1t is essential that some large repelling force acts
onit. In Thomson's model the positive charge is uniformly
distributed in the solid sphere and hence it is not possible
for a feeble positive charge to detlect o -particle by a
large angle. Hence there is nothing in Thomson model
which can explain the returning of ot -particle. Ruthertord
argued that for a very large angle of scattering a great
repulsive force should act on « -particle which is
possible only when all the positive charge ofthe atom and
almost all its mass is concentred at the centre ofthe atom
called nucleus (instead ofbeing distributed uniformly in
the whole volume). When an o -particle comes very near
to the nucleus without entering into it, a large repulsive
force acts onit to scatter it by alarge angle.

Fig 14.3 shows the path of some o -particles while
crossing the atoms of gold foil. It canbeeasily seen that
most of the o -particles either do not deviate or deviate
through a very small angle. Only one or two ¢ -particles
that are reaching very near to nucleus are being deflected
bylarge angle. Rutherford estimated that nucleusisofthe
order of 10 whichis 10° times shorter than the atom.
For comparison, if an atom i1s of the size of a large
stadium the nucleusis like a housefly sitting in the centre
ofthe stadium. In this way the whole volume of atom is
mostly hollow. Since the atom 1s mostly hollow it
becomes easy to explain how an o -particle comes out
ofthe gold foil without deviation. As the thickness of the
metal foil is very small it can be assumed that an o -
particleis not scattered more than once while crossing the
foil. Sincenucleus of gold 1s almost 50 times heavier than



an o -particle it can be assumed that gold nucleus
remains stationary during scattering process.
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Fig 14.3 : Scattering of « particles
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At what angle an a-particle deviates depends on

how much near the centre of the atom 1t passes.
a-particle passing very near to the centre are scattered
by obtuse angles. In 1911 on the basis of o -particle
scattering experiment Rutherford presented a new model
inrespect of atomic structure which is called nuclear
model of atom. According toit -
(i) Allthe positive charge of the atom and nearly all
the mass is confined to a very small space of
10" mradius at the centre. This small space is
called nucleus.

Out side the nucleus electrons are distributed in
the hollow space of radius 10"m
approximately. Hence most space in atom 18
hollow. Allthe positive charge in the nucleus s
equal to the negative charge of electrons present
inthe atom.

(ii)

(i) It the electrons were at rest they would have
fallen into the nucleus due to Coulumbian
attraction force. Hence Rutherford assumed that
electrons revolve around the nucleus and in
circular paths and Coulombian attractive force
provides needed centripetal force tor the circular
motion and only changes the direction of

velocity.

In this way it is clear that Rutherford's model
explain electric neutrality of atom and also hollow space
inthe most of the part. Thismodel also explains emission
of electrons fromthe atom. The micleusis very heavy in
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comparison to electrons therefore when atom getsenergy
from external sources nucleusis not affected.

In Ruthertord model electrons were supposed to
be moving in circular paths. But this motion created
problems for Rutherford model. Anelectron movingina
circular path is accelerated and according to
electromagnetic theory accelerated electron should
continuously emit electromagnetic radiation. It should
happen at all temperatures. Due to emission of radiation
the energy of electrons will decrease continuously and the
radius of its path will also decrease and the electron will
move in a spiral path towards the nucleus and will
ultimately fall intoit, (Fig 14.4), Such anatom cannot be
stable. Thisis tailure of Rutherford model.

Fig 14 .4 : Spiral path ol ¢lectron according to Rutherford model

As mentioned above electron moving in a circular
path should emit electromagnetic radiation at all
temperatures the wavelength ofradiation is related to
trequency of revolution. Since, the radius of revolving
electron is continuously decreasing the frequency of
revolution should also change. Hence, an electron should
emit radiations of continuously changing wavelength till it
talls into the nucleus. Hence emission spectrum ofthe
atom should be continuous. The experimental evidence is
against it. Theatomis not only stable but its characteristic
spectrumis made up of definite wavelengthsi.e. areline
spectrum.

Example 14.1 : Find out the distance of closest
approach of an o -particle of energy 2.5 MeV whichis
being scattered by a gold nucleus (Z-79)

Solution : The distance of closest approach is

possible only when after scattering an o -particle 1s
deviated by 180" and returns in the reverse direction.



This1sthe case ofhead on collision. At distance of closest
approach the whole kinetic energy of o -particle K
equals electrical potential energy of o -particle nucleus
system and it comes to rest foramoment and then returns
in the reverse direction due to Coulombian force of
repulsion, Hence at this distance

(2e)(2)

dre,d

e (Ze)(2e)  2ze*
- dre, K - dre, K

For gold nucleus Z="79,

K=25MeV =25x10°x1.6x10 "]
=4.0x10 7T

Onputtingthevalues

2

J 2><?'9><(1.6><10 1—") x0x10°
a 40%107"
~0.10x10 “m

14.3 Bohr Model for Hydrogen Atom and
Hydrogen like lons

The scientist of Denmark Niel's Bohr did serious
thinking about the problem of stability of atom and
problem of continuous spectrum in Ruthertord model.
Although Bohr knew that according to classical physics
electron orbits can not be stable but atom is stable.
Therefore validity of widely accepted electromagnetic
theory in atomic processes hasto bereconsidered. It was
also known at that time that for visible light, hydrogen
atom cannot emit {or absorb) radiation of all wavelengths
but hydrogen atom emits only 4 special wavelengths for
visible light. Balmer, empirically gave a tormula trom
which these wavelengths could be calculated.

1R[11

2
Where R is a constant later called Rydberg
constant.

P ] heren=3,4,5,6... (14.1)

But neither Balmer nor anybody else could give
theoretical explanation for the establishment of this
formula. Bohr afterseeing this formulain 1913 felt that he
could explain the stability of atom and the formula
provided soeme postulates were propounded. Bohr
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mixed classical physics with early quantum concepts and
put forward histheory in the form of three postulates for
hydrogen atom. Initially, this theory was for hydrogen
atombut it could be applicable for hydrogen like ions like
Het, Li++becauseinthese ions only one orbital electron
exists. The postulates of Bohr's theoryare given below

(i) In an atom electron revolves in some specific
orbits of definite redii, while revolving in these
orbits the electrons do not emit radiations
{against the electromagnetic theory) These
specific orbits are called stationary orbits. The
centripetal force require for revolutioninthese
orbits comes from Coulomb's attractive force.

(i) The second postulate of Bohr defines stationary
orbits. According to it the electron can revolve
only in those orbits in which its angular

momentum L is a multiple of /#/ 277 wherehis

Plank's constant. If nth orbit has aradius r , the
velocity of electronisv_and angular momentum
is . _then mathematically

Ln = mrnvn =n
2T

Where n=1,2,3 ... niscalled the priciple
quantum number and often # is written in place of

hil2x

L, =mry =nh

... (14.2(a))

The conditionimposed by Eq. 14.2iscalled Bohr's
quantum condition.

(ii1) For a given stationary orbit the energy 1s
constant. Transition of an electron from one
stationary orbit to another stationary orbit can
take place. Ifthe transition of electron from high
energy orbit £n, to lower energy orbit

L2 takes place the frequency of emitted photon
(radiation)is given by Einstein equation

E,-E =hv=hc/2 ...(143)

The electron can absorb energy from an external
source in alower energy orbit and jump to high energy
orbit,

Now we will derive expressions for radius of
stationary orbit, the velocity, momentum kinetic energy
and total energy of electron moving init, according to
Bohr's model.



14.3.1 Radius of Electron Orbits

Now, we assume that charge inthe nucleusis Ze (Z
1sthemumber of protons in the nucleus and for Hydrogen
Z=1)and electronismovingat uniformspeedof v, ina
circular pathofradius 7, withits centre at the centre of the
nucleus. For this type of motion the centripetal force is
provided by the Coulombian attraction force between the
nucleus and the electroni.e.

mv’

_ Ze
dge. r*

i 'n

L (14.4)

r

7

According to Bohr's quantum condition (eq 14.2)

nh
my g, =—
2
h
or v, =— (145
2rmr,

Putting the value of v, from eq 14.5 in
equationl4.4

m| wh T _ zZet
¥, _271rmrnj dre, 1’
Y (14.6)
or = . ,
Tmie”

Ze for anion similar to hydrogen is fixed
€,, h, m, mand ¢ are constants hence we see that
permitted radii are proportional to #° or v acn” For
every value of nthereis a corresponding permitted orbit.

Forn=1we have first orbit (minimum radius),

n =2 we have second orbit and so on. For
Hydrogenthe radius of the first orbit is given by
h2
g -
e
Putting the values of other constants we have
# =0.529 4 = 53 pm . The radius of the first orbit of
hydrogen is also called Bohr's radius and it is denoted by

... (14.6 (a))

Fromequation(14.6)and (14 .6a)
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b=—0 (147
== (14.7)
and for hydrogen

r. =n‘a, ... (14.7(a))

Henceitisclear 7, < 1/ Z and ¢, o #*
14.3.2 Orbital speed of Electron

Putting the value of ¥ from equation (14.5)in
equation (14.4)

or ... (14.8)

or

b ] Zew 1 Zéf
" ame,n(hi2r) Are, nh

From equation 14 .8 it is clear that v, « Z and
putting Z= 1 for v_ oc 1/ # hydrogen we get -
T2, nh

and for velocity of electron in the first orbit of hydrogen
atom

... (14.9)

=

v = =2.189x10° m/s
2¢e,
.
or ¥ =——m/s ... {(14.10)
137

Where cis the speed of light in vaccum.

Note : Theratio of speed of electron in first Bohr orbit
(n=1) and the speed of light in vacuum c is called fine
structure constant and is denoted by o

1

= =——=72397x107
¢ 2g,hc 137

el
e_,

. (14.11)
14.3.3 Orbital frequency of Electron

Orbital frequency of electrons in n™ orbit (or
number of revolutions per second)



v, 1z xmZe
7 2z, 2@\ 2e,mh )\ e 'k
_mZ ‘e 1 o
rp e . (14.12)
, . 1 4e B |
and thetime period 7, =—=—=—#
f, mi‘e

N 1
cleally £, «Z* and f,x pe)

14.3.4 Total Energy of Electron in n" orbit

Total energy of electron £ isequal to the sum of
its kineticenergy K, and potential energy U, .

K, = l;r;vwi
2
S Ze*
my, =
dre,r,
7Ze*
K =—= .
"“are (2r) .. (14.13)
and
SN ) I
" Az, r dre, r,
(1414
Potential energy at infinity is Zero
Hence total energy of electron
F =K 41 - 1 Ze 1 Ze
4re, (2r) 4re, 1,
_ 1 Ze o
“n 49{ ED 2]’}1 e (]4 IS)
__nge“t['l] o
“n 86; PR ,,,(]4,|5A)

Front this equation it is clear that total energy of
electron is quantized.

Putting the values of various constants
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2.18x10 ©

2

P

AN

. —

H

... (14.16)

Atomic energies are generally denoted ineV
instead of Joule.

Because 1eV =1.6x10"T hence eq (14.16)
reducesto

13.6

S
2

P

For hydrogen (Z=1) equation (14.15)t0 (14.17)
canbe written as

I = ZieV

H

. (14.17)

me*

n T 2.2
8e, it

-

2.
n3 ' 13 >
... (14.18)
The total energy of electronin the orbit is negative
hence it shows that electron is bound to the nucleus.
Hence, to eject electron from the atom energy has to be
given to the electron from an external source.

_2.18x10 18}_ 13.6

r = = —

el

For hydrogen atom and for n=1 the total energy
18

F =-13.6¢eV
Henceit canalso be written that
Py

2

7
Similarly fors —2
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F.:,, =
2

£y =-15eV
9

fororbit n=3, F,=
Fig 14.5 shows the energy levels of various
stationary orbits ofhydrogen. Itis to be noted that total
energy1s negative, hence more magnmtude means lower
energy. The zero value i1s corresponding to # =
whose physical meaning is that distance between
electron and nucleusisinfinite. The minimum energy level
ofthe atom (#2—1) s called ground level and all higher
energy levels are called excited states.



OeV
#=3 -0.5344 eV
n=4d —0.830 ¢V
n=3 —-1.51eV
n=2 “340¢V
n=1 -136eV

Fig 14.5 : Different encrgy levels for hvdrogen atom
From the above discussionitis evident that X, 18

always positivebut I/ and £ are always negative,
Also

K =

H

E?!

_ 07,
2

Hence Kinetic energy of electron is numercally
equal to magnitude ofits total energy and half ofthe
magnitude ofits potential energy.

Example 14.2 : Find out the radius of the first

orbitof Li  whichis similar tothe atom of hydrogen.
Solution : For hydrogen like ions the formula tor
radiusis
_na,
" Z

Here Bohrradius a, =53 pm
Z=3for i andforfirstorbitn=1

25,,
!; :(l)%png

J
=17.66 pm

Example 14.3 : Assuming Bohr's atomicmodel to
be true find out the expression for magnetic field of
electron moving in the first orbit at the position of the
nucleus of hydrogen atom 1n terms of fundamental
constant.

Solution : For anelectron movingina circular path
ofradiusr and having centre at the nucleus
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] k)

mv* F-

- 2
F dre,r

, e

Vi ———

or N
dre, m

(@)

For n — f according to Bohr's condition
mvr=h/2r

V= —— ii
or e (ii)
trom equations (1) & (ii)
=h /s
F= = ... (1)
THIE
p— eg +
and T h.,,(l\»’)

i
The equivalent current for anelectron moving with

2y

speed in a circle of radius » willbe 7= e
27y

current is like a current carrying circular loop which
produces amagnetic field B at the centre.

such a

_ M ey
2r  4dgr

Putting the values of v and r from equations (iii)
and (iv)

-
2

2 4
He e Tme

x 3
dr 2€,h e, I

pelam’
8e,

Example 14.4 : For anatomthe energies at levels
ABandCare £ F, and F. where £, < F, <F .
If the wavelength of radiations due to transition of
electronsfromCto B, BtoAand CtoAare 4, 4, and
A, thenprove that

2
A+ 4
. ] i he
Solution : Weknowthat £, — £, = —
he

A1)

Henceaccording to Question 7. — Fp = —



i . he
LB L;J = Z - (ii)
i . ke
and Lo, =L, = Z .. (i)
Adding (i) and (ii)
. 1
Lo, = 1o, = he Z"‘Z . (1v)

Compering equations (1ii) and (iv)

hc_h LJFL
PR PR
_r.r
or L A4
Aty
or /11+/L

Example 14.5 : In hydrogen atom when an
electron jumps from n =2 ton—3 what will be the
wavelength ofthe emitted radiation?

. . 136
Solution : For hydrogen atom £, = — — el
I, =0
and F, :_13;6:_13,6:_1‘5.]()’},

Hence wavelength emitted because of transition

_he  he
AL L, - I
J1282eVnm oo S1nm
1 51ep

14.4 Line Spectrum of Hydrogen and its

explanation

When hydrogen gasisfilledin asealed tube and
isheated oritisfilled inatube at low pressure and current
18 passed through it, radiation is emitted. Radiation
obtained in this wayis analysed by a spectrometer and it
1s found that only a few specific wavelength are there.
Such a spectrum is called emission line spectrum and
shining lines on a black background are visible. A part of
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the spectrum ofatomic hydrogen gasis showninfig 14.6

Inthe visible part of this spectrum four main lines
can be seen and the corresponding wavelength are
656.3nm, 486.1nm, 434.1 nm and 480.2nm
respectively. In 1885 Swiss teacher Johan Balmer onthe
basis ofthis experiment found that wavelength ofthese
lines and linesin the same range can be expressed by the
following equation.

364 56m°

2

A= here =3, 4, 5...

I

The lines obtained from the above formula are
expressed innm. The series of wavelengths so obtained
is called Balmer series. Some lines of Balmer series are
found near ultraviolet region. After a tew years the
scientist called Rydberg expressed the formula of Balmer
in a simpler way as tollows

1_R[1

A 22
Where R is a constant which is now called
Rydberg constant.

1
pe ] here n=3, 4,5... (14.19)

Ifthe wavelength ;1 1sexpressed inunits of metres,
then the value of R1s

R=1.09737x10"m™" =10" m™

The formula ot both Balmer and Rydberg were
correct for wavelength of Balmer series but were not
based on a theoretical model as they were formulae
based onexperience. Onthebasis of these formula it was
not possible to explain the reason for the presence of
specific wavelength inthe line spectrum of hydrogen. It
was discovered later that besides Balmer seriesthere are
other series also in the line spectrum of hydrogen which
were named after their original discoverers such as
Lyman series, Paschen series, Bracket series and Ptund
series. Infig 14.6 Lyman series and Paschen series are
also shown besides Balmer series. It can be seen that
towards lower wavelength side of each series, the
interval between spectral times goes ondecreasing and in
the end a continuum is visible.
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Fig 14.6



Infig 14.6 some portion of the line spectrum of
hydrogen is depicted in which Lyman series, Balmer
series and Paschen series are shown. The other two
series, Bracket series and Pfund series which are found
infarinfrared region could not be shown in view of their
large wavelengths.

These series can be expressed by the following
formulae : -

1
Lyman series 7 =

1

el

I

]n:2,3_,4,,_ ..(14.20)

1 1 1
Paschen seﬁeszzﬁ[f 3]”:4.~ 56...(14.21)

P
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14.4.1 Explanation of Hydrogen spectrum by
Bohr's Theoty

Atroom temperature atomic hydrogen does not
emit emission spectrum because nearly all the hydrogen
atoms are in their ground states (#— /) at such
temperatures and no states of lower energy are available
for transition of electrons. Hence atoms do not emit
radiation. When gasis given energy by heat or electric
discharge or any other source, transition of electron to
high energy levels n—2, n—3 etc. take place. When
electron returns to lower energy levels atoms emit
electromagnetic radiation. According to 3“ postulate of

1,,];::5,6,?_,8,,, (14.22)

1
Bracket series T — R[ 3
A R

1
Pfund series 7 =R

jnzG,?,S.,, . (14.23)

Bohrwhen eletron jumps from high energy level 7, to

lower energy level 72 the emitted energyis given by eqpn.
14 3, whichis written below

En” _Enl = hv :E

“ )L
l_ En'_’ _L‘rﬂ 14 22
Fii— . (14.23)

According to Bohr's theory the total energy of
electron in nth orbit is given by equation (14.15a)
accordingto which
mZe* 1

v 2g 3
Se2h

E =- =

P
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mZ%e* 1

AL 2
Seih n,

I

wl

F2 4
.o omZle 1
wl T Ty 23 2

Yelh m,

and

Putting the values of /£, and £ | in equation
(14.24), we have

I mZ% | 1 ]
A 8e be|lm R
1 . 11
—=RZ | —=-—
or ) L‘f ”5} .. (14.25)
L .
The quantity 7is also called wave number and is
denoted by y
The frequency of radiation
: 1 . (14.26
v=Sorer| L oL (14.26)
A wooR
. ??184 _
where Sc, e ...(14.27)

1scalled Rydberg constant

Putting the values of constants in the expression for
R itsvalue obtainedis 1.097373 x 107 m . Interms of
Rydberg constant the energy of electron in nth orbit is
given by
B Rhe™7°

-

n

=

...(14.28)

Itis useful to remember that RAc=13.6 eV

Many times the energy of the atom1s expressed in
Rydbergunit, | Rydbergor 1 R=-13.6eV

For hydrogenatom(Z=1) equation(17.25) gives

i
A n;

It maybenoted that inabove relations n, > #,

'l_

Z

p . (14.29)

Ifin equation (14.29) n, =2 and », = i where
H=3.4,5etc.



thenwe get

: _ _

1_[1

A 2° n
This equation is exactly the same as Balmer and

Rydberg mentioned on the basis of experience. (see
equation 14.19). Thisresult is a verybig achievement of
Bohr's theory. Inthis way by putting values ofn, and n_in
equation (14.29) we can get expression for ditferent
series, eg.
n =1landn,=234
series
n =2andn, =345
Balmer series

2

} n=34.75

we get expression for Lyman

we get expression for

,,,,,,, we get expression for

n=3andn =456
Pascher series

n =4andn,= 35,67
Bracket series

n =5andn,=6,78
series

we get expression for

we get expression for Pfund

These havealready been given by equation (14.20)
to(14.23)
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3
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g1 - 13 6eV

Lemiaun series
Fig 14.7 : Differents engry levels and corrosponding
trasitions lot hydrogen atom ot different scrics

Fig 14.7 shows the different energy levels and
electron transisons tor different series of hydrogen
spectrum.

Lyman series is obtained when an electron jumps
from high energy levels (n, =2,3,4,...) to ground
energy state 7 = |

Inequation (14.20) putting#=2and n = we
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get the longest wavelength 1216A and lowest
wavelength 912A for thisseries. The shortest wavelength
ofany seriesis called series limit. The limit for Lyman
seriesis912A. Lyman series isin theultraviolet region of
electromagnetic spectrum.

ForBalmer series the electron jumps from high
energy levels (n.=3,4,5... .etcton =2). This seriesis
found in ultraviolet and visible region of electromagnetic
spectrum. Inthis the longest wavelengthis 6563 A and
shortest wavelength series limit is 3646A.

For Paschen series the transition of electron
takes place fromhigh energy levelsn,=4,5,6 etc. to third
energy state n =3. The lines of this series are found in
infrared region of the spectrum. In this the longest
wavelength is 187514 and the shortest wavelength is
8220A.

For Bracket series transition ot electron takes
place trom high energy states n.=5,6,7 etc to fourth
energy staten.=4. Theselines are also found in infrared
region. Thelongest and the shortest wavelengths ofthis
series are 40477 A and 14572 A, respectively

For Pfund series, transition of electron is from
high energy states n,=6,7,8. .. etc to Sth energy state
n =5. Thelines of this series are also in infrared region,
The longest and the shortest wavelengths are 74515A
and 22768 A, respectively.

When radiation (Photon) whose energy is just
equal to energy required by an electron totake it tfrom
lower energy level tall on an atom to higher energy level
then absorption ofthat photon takes place. It radiation of
continuous frequencies atter passing through a rarified
gas are analysed by a spectrometer then a series of dark
absorption lines in the continuous spectrum are seen
which correspond tothose wavelength which have been
absorbed. Nearly, all the atoms of hydrogen lie in the
ground state (#— 1) hence inhydrogen absorption from
n — 1tohighenergy levels is only possible.

Hence in absorption spectrum of hydrogen
generally, lines of only Lyman series are present. The
absorption transition of Balmer series should begin from
n—2 but generally there are no electrons in z2—2 state
hence such absorption transition are not possible. Hence
inabsorption spectrum ofhydrogen atom Balmer series
as well as Paschen, Brackett and Pfund series are not
present. Ifthe temperature is too high asinthe sun then



many atoms of 7—2 are present and their transition from
n—2 to higher states is possible. Thus Balmer series 13
present in absorption spectrum of Sun.

14.5 TIonisation and Excitation Potential

Generally, electrons are present in ground state
inanatombut if energy1s given to an atom then transition
of electron to high energy levels takes place. For
example, the electron in hydrogen remains in an orbit
defined by principal quantum number n=1 where energy
15-13.6eV.Now, if electronis given energy more than
13.6 V it means total energy of electronis now positive.
Actually zero total kinetic energy corresponds to that
condition where separation between electron and
nucleus is infinite. In such a condition electron is not
bound to nucleus and 1s free to go anywhere. In this
condition atomisionised. The minimum energy needed
toionise anatomiscalled ionisation energy. The potential
difference which accelerates an electron so that it recetves
ionisation energy 1s called ionisation potential. The
iomisation energy for hydrogenis 13.6eV and ionisation
potential is 13.6eV. The energy required by an atom to
go from ground state to an excited state is known as
excitation energy and potential difference corresponding
to1tisknown as excitation potential. For example the
energy needed to excite a hydrogen atom fromits ground
state (n=1) to first excited state, where total energy 1s
-3.4eV,i8-3.4-(-13.6)=10.2eV. This is excitation
energy for orbitn=2 and the1s excitation potential is 10.2
Volt.

Bohr atomic model propounded the presence of
discrete energy levels in an atom. Bohr's concept was
found correct by experimental confirmation of discrete
energy levelsinan atom by Frank Hertz's experiment in
1904. The explanation ot hydrogen spectrum given by
Bohr model was very helpful in the development of
modern quantum theory. For these achievements Bohr
was awarded Noble Prize.

Example 14.6 : Ifinitially the electronis excited in
principal quantum number 3 energy level how many
wavelength willbe observed due to transition of electron
tolower energy levels?

Solution : Electron present in the n' state can
undergo transitionto (n-1)", (n-2)" .. ...... 2™ 1% energy
levels state. Thus transitionfrom nthto (n-1)", (n-1) to
{n-2)th etc. is possible. Similarly transitions to lower
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energy levels canbe considered. Suppose Nis the total
number of possible transitions

N:(n—'l)Jr(n—Z)+(n—3)+,,,+2+']
n(n—'])
2

Example 14.7 : Find out the wavelength in the
emitted radiations when an excited electron inn=4 state
returns to ground state.

Solution : As given in example 14.6 the total
number of emitted waves, forn=4

_ (n)(n-1) _4x3
2 2

6

These will be corresponding to transitions from
n=4ton=3 n=4ton=2, n=4ton=1,n=3 ton=2, n=3 to
n=1 and =2 to n=1

Energiesforn=123 and 4 are

E =-13.6e

E =130 _ 34
13661

Lo=——22%" —_15leV
13661

and by = '16L =0.85el

duetotransitiontrom 7 =4 to n =1thewavelength of
emission will be
_he _ 1242¢V -nm
 AE (13.6-0.85)el

=974 mm

due to transition from =4 to n=2 the wavelength of
emission will be

he  1242¢V -nm

T AR (34-085)el

=487 nm

due to transition from» =4 ton =3 thewavelength of
emission will be
_he

1242 ¢V - um
(1,51 - O.SS)eV

=188 1mm

Simillary tor transion from 2 =3 to n=1 the
wavelength willbe



_he 1242 eV -nm
AE (136-151) el

=103 nm

The wavelength obtained as a result ot transition
from n=3 ton=218 654 nm
and forn=2ton=11is 122 nm

Hence different wavelengths found are 97.4 nim,
487nm, 1881nm, 103 nm, 654 nmand 122 nm

Example 14.8 : For hydrogen atom the
wavelength for second line in Balmer series is 4861 A.
Find out the wavelength ot 4th line in this series.

Solution : The comprehensive formula for
wavelength of Balmer series is
! . .
—=R 11 — 11
A 2° w
Second and fourth lines will be obtained when
electron jumps from n=4 and n=6 to n=2. If the

wavelength of corresponding linesare A4, and A,

respectively we have
1 11 3
- = R ) = R i
L 127 #] 16 -
L[t 1] 8R )
L 12 &) 36 - (1)
Fromequ (i) and (ii)

A, 3R 36 27

A4 16 8R 32

Ay = E XA, = E X

32 ¢ 82
Example 14.9 : If in the spectrum of hydrogen
atom the wavelength of first line of Lyman series is
1215A, find out the wavelength of second line of Balmer

series.

48614 = 410154

Solution : forfirst line of Lyman series the transition
willbefromn,=2ton =1

bl

The transition for 2nd line of Balmer series will be
from n,= 4to n= 2

3R
4

()
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Supposeits wavelengthiswe have 4, '
1 1

izze[ . j
AEF 2_ 4_

fromequation (1) and (ii)

A' 3R 16

—— =——x—=4

A 4 3R

A'=44 =4x12154 = 48604

3R
16

.. (i)

Example 14.10 : The wavelength offirst line of
Lyman series of hydrogen is equal to wavelength of
second line of Blamer series of hydrogen like ion X,
Calculate the energies of first two states of X.

Solution : For hydrogen likeion he wavelengthis

givenby
1 B 1
nwoon

The wavelength of first line of Lyman series

o7k
2

(m =1, n, =2) ofhydrogenatom(Z=1)

Thewavelengthline

i)
Ay P2

According to question
Ay = Ay

4

3
¢

iR:i_Z'SR
4 16
or =2

Thisionisionised Helium
Also(£,) =Z°(L£,) =4(L,)

ground state othydrogen n =1, £/, =-13.6

(Ex),
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n
13.6

F.) =—4
(Fy), =45

and

For first state of x
(£,) =-4(13.6) = —54.4el



and for second state of x
(Fy),=-4(13.6)=—13.6¢F

Example 14.11 : A group of energy levelsina
hydrogen like atom X wavelength are emitted due to all
possible transitions. The group has energies between -
0.85eV and -0.544eV (including these two values). Find
out the atomic number of the atom (1) calculate the
minimum wavelength emitted due to these transition.
(given hc=1242eVnm and ground energy of hydrogen
atom=-13.6eV)

Solution : The energy of nth state of an atom of
atomic number Z,

. . 13.6
I =—Z"—

H

el
i

For 6 transitions four consecutive energy levels are
necessary. Suppose their quantumnumbersaren, n+1,
n+2 and n+3 then

—23(13—;6) =-0.85¢l )
"
, (13.6) .
A —=-0.544¢V .

Dividing eqn. (i) by eqn. (ii)

(n+3) _ 085 —1.5625
I’% 0544
YO /15625 =125
F
hence n=12

Putting the value ofnineqn (i)

, (13.6)el .
_Z e _(085el
144
. 0.85x144
7P="""""""_9g
o 13.6
or Z =3

(i1) Thewavelength emitted by transition between

two energy levels having a difference AE 1sgiven by
A=t
Al

For 2. to be minimum AE should be maximum
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(AE)  =F, ,—F,=-0544cV —(-0.85¢V)

N

=0.306 eV
i - he  1242elV am
"(AE)_ 0.306eV
=4503 nm

14.6 Limitations of Bohr Model

Inspite of Bohr model's achievement like
explanation of stability of atom and line spectrum of
hydrogen it had some limitations that are described
below : -

) Thismodel was valid for hydrogen and hydrogen
like 1ons. It can not be applied to atoms having
more than one electron, not evento helium. In
Bohr's model there was no provision for mutual
interactions of electrons in atom having more
than oneelectron.

(1) In Bohr's model electrons were supposed to be
moving in circular orbits but did not emit
radiation even though they are in accelerated
motion. For this postulate there was no
theoretical explanation available in Bohr's model.

(iit) If spectral lines of hydrogen are observed by a
microscope having high resolving power it is
observed that eachline observed earlierisa set of
many closely spaced lines. This fine structure can
not be explained by Bohr's model.

(iv)  Thismodel does not give any information about
Intensity of spectral lines.

(V) This model failed to explain splitting of spectral
lines due to magnetic field, (Zeeman effect) and
splitting due to electric field ( Stark effect).

(vi)  Generally, motion due to centripetal force isin
elliptical orbits but in Bohr's model orbit are
circular. It is worth mentioning that both position
and momentum of electron can not be
simultaneously determined accurately due to
Heisenberg's uncertainity principle. In Bohr's
model position and speed ot electrons are
simultaneously discussed.

14.7 Explanation of Bohr's second postulate by
matterwaves

According to second postulate of Bohr's theory



only those orbits are permitted in which the angular

momentum ofelectronis quantisedi.e. mvr =nh/2x
Ashas been mentioned earlier no theoretical explanation
has been given. In 1923, de Broglie onthe basis of matter
wave concept, proposed that in Bohr's model the
electron moving in circular orbits should betreated asa
matter wave and such a wave should be considered as a
stationary wave for which it 1s essential that the
circumference has integral number of wave lengths.
Hence the circumference of the orbit is an intergral
multiple of wavelength. Mathematically, an electron
moving in acircle of radius r should fultil the tollowing
relation

277 = RA =12 . (14.30)
For electron the wavelength of matter wave
A=himy

Hence putting this value of 2 ineq.(14.30) we
have

nh

2y = —

772%

nh

or VP = —
2

This is Bohr's second postulate.

Infigure (14.8)for circular orbit, #=4 a stationary
wave hasbeen shown where the circumference has four

de Broglie waves. Hence 27 =44

Fig. 14.8 : The stationery wave accordingly to deBroglic principle

lorn—4
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To understand de Broglie argument in a better
way let us consider the physical phenomenon of
resonance. For resonance, 1n a specific length whole
number of waves are present. For example when ina
closed pipe, along the length of the pipe, should waves
are spread then due ot reflections at the ends of the pipe
constructive interference takes place and stationary
waves to high amplitude are formed and resonance
occurs. In fig(14.8)1f an integral number of waves are
not present then after some revolutions wave will have
opposite phases and will have in significant amplitude.
This is the reason why de Broglie proposed an integral
number of waves inthe circumference (closed path)

Example 14.12 : The energy of hydrogen atom
from ground state is -13.6eV. Calculate de Broglie
wavelength of electron in this condition. Forn=1 find out
the circumference and compare it with de-Broglie
wavelength. What do you conclude fromthis? (given :
Bohr'sradiusa=53pm)

Solution : From Bohr's theory we know that the
kinetic energy of electron K is numerically equal to its
total energy.

K=|FE

Hence in first orbit the kinetic energy of electron
willbe K =13.6eV. The electron gets this energy on
being accelerated by 13.6eV. Hence the de-Broglie
wavelength ofthis electron

1227 ; 12.27

A== _332
NG J13.6

Given a, =53 pm =53x10" m

A= A

Hence circumtference of first orbit
=27a, =2x3.14x53x10 *=3.324
This is equal to the wavelength of matter wave of

electron. Hence in orbit #~=1 one full de-Broglie wave
length willbe present.
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(i)

Important Points

Anatom hasawhole is electrically neutral. The cathode rays obtained by discharge through gases at low
pressure are actually negatively charged particles called electrons which are essential component of
every atom. For electrical neutrality of atom it is necessary that it has positive charge the same amount as
it has negative charge due to electrons.

In Thomson's atomicmodel an atomis supposed tobe a positively charged sphereinwhich electrons are
embeded insideit. This model could satisfactorily explain the stability of atom, ionisation of gases and
thermal emission and was not able to explain the line spectrum of hydrogen. 1t was unsuccessful to
explain the experimental observations of o -particle scattering experiment of Rutherford.

Onthe basis of o-particle scattering experiment Rutherford concluded that the atom has mostly empty
space inside it. According to nuclear model ot Ruthertord the whole positive charge and nearly all mass
ot'the atomis contined to a very small space called nucleus. Electrons revolve around it. The size of
nucleus is about 1/10000th of the size of the atom.

The main short comings of in Rutherford's model are-

This model can not explain stability ot the atom, because electrons revolving around nucleus are in
accelerated state and should emit electromagnetic radiation and should move in spiral path and ultimately
tall into the nucleus.

This model can not explain the characterstic line spectrumof hydrogen.

To explain the stability and line spectrum ot hydrogen atom Bohr proposed a model for hydrogen and
hydrogen like ions whose three important postulates are

In an atom the electrons revelve in definite orbits without emitting radiation. These orbits are called
stationary orbits.

Stationary arbits arethase arbitsin which angular momentum of electronisanintegral multipleof 2/ 2x

h
L =mvr, s n—123. .
2
Wheren=1,23...... and nis called principal quantum number.

When an electron jumps from a stationary higher energy orbit to alower energy orbit a photonis enutted
whose energy 1s equal to the difference ot energy levels of initial and final stationary orbitsi.e.

w=1I -k
Where vis the frequency of emitted photon.
For hydrogen like atoms the radii of permitted orbits are given by
_&nk
xmZe’
and energy ofelectrons in these orbits is given by

e | 172
Rt L) Bl
e, i\ R

Forhydrogen (Z=1) the energy of electron in ground state (n=1) 15-13.6eV
For the characteristic spectrum of hydrogen, the formula for different series and corredponding wave

349



(i)

lengthare

A _pfl 1 ] .

Lyman series ) E 7 n=234,. .
(inultraviolet region)
A =912A A =1216A

= =]
Balmer series 7 2 n=345 .
(in ultraviolet and visible region)
A =3646A A =6563A

i et S
(1) Paschen series ) PO n=4150,. .

(Infrared region) 4, =8107A A =18751A
(1v) Brackett series 2 PERRNEN I 56,7, ..
(Intrared region)
A =145724 A =40477 A

10.

11 |
Pﬁmdsenesi FE— n=6738 .

(Infrared series) A =22708A A =T74515A

Tin T

Bohr's model could explain line spectrum ot hydrogen. For wavelength of emitted lines the comprehensive
tormulais

A oo

Where #n, > n

By choosing proper value of n. and n, the wavelength ot different lines of different series can be found.

Bohr's model is valid enly for hydrogen like atoms. 1t can not be applied to even two electron atom like
Helium. Even for hydrogen, this model can not explain relative intensities of different spectral lines, fine
structure of spectral lines, Zeeman effect and Stark effect etc. In adition to this it does not provide any
theoretical basis for second postulate also.

The second postulate of Bohr regarding quantisation of angular momentum can be explained on the basis of
de-Broglie matter wave concept. Circular orbits correspond to stationary waves where the circumterence
1s anintegral multiple ot de-Broglie wave lengthi.e.

Where 27p=ni n=12

}}}
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Questions For Practice

Multiple choice question

1.

The energy ofhydrogen atomin ground state is
-13.6eV. Its energy n=5 level willbe -
(a)-0.5eV (b)-0.85eV

(c)-54eV (d)-2.7eV

Energy of n® orbit of hydrogen atom is

136
E =- p ¢} The energy needed to send

an electron from first orbit to second orbit will
be-

(a) 10.2eV (b)12.1eV
(c)13.6eV (d)3.4eV

Inhydrogenatomifan electronjumps fromthird
to second orbit the wavelength of emitted
radiation

5R R
(2) 36 (b) 3
36 5
© 3z ) =

Inwhich part of the electromagnetic spectrum
Lyman series of hydrogenisfound : -

(a)Ultraviolet (b)Infrared

(c) visible (d) X-rayregion

The number of spectral lines emitted by hydrogen
atom excited ton=4 energy level is

@2 (b3 (o4 (d)o

For Lyman series ot hydrogen the minimum and
maximum wave lengths are

(2)909 A and 1212 A

{bY9091 Aand 12120 A

() 303 A and 404 A

{d) 1000 A and 3000 A

For some atom, when electronic transition takes
place from 2 E to E the emitted photon's
wavelength is A. Wavelength of emitted photon
will be whentransition takes place trom 4 E/3
energy state to E energy state : -
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11.

(a) A/3 (b) 3474

(c) 44/3 (d) 34

In an excited hydrogen atom if angular
momentum according to Bohr' quantum

2h

conditionis [E] its energy will be -

(a)-13.6eV  (b)-13.4eV
(c)-3.4eV (d)-12.8eV

What will be the principal quantum number of
the excited state from which hydrogen atom
jumps toits ground state by emitting a photon of
wave length A

AR

@ \ 77 () Vi-2R

1-AR
DR DV =

Which one of the following variables remains the
same in all hydrogen like ions in their ground
state.

(a) orbital speed of the electron
(b) radius of the orbit
(c)angular momentum
(d)energy oftheatom

The energy of ahydrogen like ionin its ground
stateis-54.4eVit canbe

(a) Het+ (b) Li++
(¢) Deuterum-+ (d)Bet+++

Inahydrogen atom enincreasing the value of
principal quantum number 'n' the potential

energy will -
(a) decrease (b)increase
(c) remains the same

(d) potential energy decreases and increases
alternately

Transition of hydrogen atom takes place from
n=4to n=1, recoilmomentum ofhydrogen atom
(inunitofeV/c)is: -



15.

(a) 13.60 (b)12.75
() 0.85 (d)22.1

The magneticmoment due to orbital motion ofan
electron in n"orbit of hydrogenin term of
{(angular momentum=L)

—nel, b —el,
(@) 2m (®) 2m

—el d —elm
() 2mn (d) m

When hydrogen atom goes from ground state to
first excited state the angular momentum
increases by

(a) 6.63x10*%)s
(c)41.5x10*%)s

(b) 1.05x10°4)s
(d)2.11x10*s

Very short answer type questions : -

|F¥]

10.

Which experiment indicated that the whole
positive charge of an atom1is confined to a very
minite spacein the centre?

Write two short comings of Rutherford model
regarding structure of matter.

In hydrogen atomifthe angular momentum of
electron has the value h/m in which orbit it 18
situated?

In which region of the electromagnetic spectrum
ot hydrogen the Lyman seriesis present?

The energy ofelectronin first orbit of ahydrogen
likeatomis-27.2eV. What shall beits energy in
third orbit?

What is the ratio of radii of ditferent orbits in
hydrogen atom?

What is the potential energy ofelectronineVin
the first orbit of hydrogen atom?

Ifthe radius of tirst Bohr orbit of hydrogen atom

is0.5A, write dowmthe value ofradius of fourth
Bohr orbit.

Write down the wavelength of the last line of
Balmer series.

Write dowm the formula for quantisation of
angular momentumin Bohr's theory.

Write down the name of the series whose few
lines fall invisibleregion of hydrogen spectrum.
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12.

On what hypothesis it is possible to explain
second postulate of Bohr theory?

ShortAnswertype Questions : -

|F¥]

10.

Write the short comings of Thomson's atomic
model.

Mention the main consideration in Rutherford's
atomic model.

Explainbriefly how the Rutherford atomic model
isnotable to explain stability of the atom.

Write the short comings of Bohr's Theory.

Hydrogen atom has only one electron but there
are many lines inits emission spectrum. Explain
briefly howitis possible.

Explain how element can be identified by
studying line spectra?

In a sample of hydrogen gas most ofthe atom
arein n=1 energylevel. Whenvisible light passes
through 1t some spectrum lines are absorbed.
Lines of which series (Lyman or Balmer) are
most absorbed and why?

According to Bohr's theory what is meant by
stationary orbit and what 1s the condition for it?

Balmer series was observed and analysed
before other series. Can you give some reason
forit?

InBohr model the total energy inn" orbitis E_
and angularmomentumis L. - Whatis the relation
between them?

Essay type Question

1.

Describe briefly the a-particle scattering
experiment of Rutherford. How was nucleus
discovered by it?

What were the short comings of in Rutherford
model? Explain in detail how Bohr removed
themin his model.

Write Bohr's postulates for hydrogen atom.
Derive a tormula for the total energy of the
electroninnth orbit.

Explain line spectrum ofhydrogen atom on the
basis of Bohr's atomic medel.

Write the short comings ot Bohr model. Explain
how quantisation of orbital angular momentum



can be explained on the basis of de-Broglie
matter wave theory.

6. Derive the formula for the radii of stationary

orbits of hydrogen atom according to Bohr's
model and prove that the radii of stationary orbits

of hydrogen atom are in the ratio of 4
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Answers

Multiple type questions
l1.(a) 2.(a) 3.(c) 4.(a) 5.(d) 6.(a) 7.(d)
8.(c) 9.(a) 10.(c) 11.(b) 12.(a)
13.(b) 14.(b) 15.(b)
Very short answer questions
1. Rutherford « particle scattering experiment
2. (i) Failure to explain stability

(1) Failure to explainline spectrum

3. second orbit 6.
4, Inultraviolet region
5. -3.02eV
6. 149 ...
7. -27.2eV
8. r,=nr=16x05=80A 7
9. 3048A
10. L, =nh/2z ormvyr =nh/2x
11. Balmer series
12, de-Brogliematterwave theoty
Numerical Questions
1. Find out radius of Bohr's second orbit, speed of 2
electroninit and its total energy for hydrogen ‘
atom.
(Given : mass of electron m=9x10 *' kg |
e=16x10"Clh=6.6x10"Js)
(Ans: 2 116 A 1.1 x 10m/s, -3 4 eV) 9
2. Ifthe wavelength of first line of Lyman series is
1216A. Find outthe radii of first lines of Balmer
and Paschen series.
(Ans: A, =6566.4A 1, =18761.14)
3. In an atom for transition fromenergy level Ato

C the wavelength of emitted photonis 1000A
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and for transition from B to C the photons of
wavelength 5000A are emitted. What will be the
wavelength of photon whentransition from Ato
B energy levels?

(Ans: 1250A)

Doublyionised Lithium atom is hydrogen like
whose atomic numberis 3 then -

(1) find out the wavelength of radiation
required to excite an electron from first orbit
tothird orbit.

(1) how many lines will be observed in emission
spectrum ofthe excited system?

(Ans: 1144, 3 lines)

First line of Balmer series has wavelength
6564A, Find out Rydberg constant and wave
number

(Ans: R=1097x10'm ', v=15x10°m ')
Ahydrogen like ion emits radiation of frequency
2.467x107 Hz in transition from n=2 to n=1.

Find the frequency of emitted radiation in
transition fromn=3 ton=1.

(Ans: 2.92x10" Hz)

A monochromatic radiation of wavelength .15
incident on sample ofhydrogen whose atomsare
in ground state. Hydrogen atoms absorb the
radiation and then emit waves of six different
wavelengths. Find out the value of 4 (Given : Ac
= 1242¢V.nm, ground state energy of hydrogen
E=13.6¢V)

(Ans: 4=97.5nm)

Light corresponding to transition from n=4 to
n=2inhydrogen atomsincident ona metal having
awork function 1.9¢V. Find out the maximum
kinetic energy ofemitted photo electrons.

(Ans. : 0.65¢V)

A sample of hydrogen is in a specific excited
state A. By absorption of photons of energy
2.55eV it reaches another excited state B. Find
out the principal quantum number for states A
and B.

(Ans:n, =2, n,=4)



The energy levels for an atom are shown in the
following diagram. Find out the wavelength of
photons corresponding to transitions from B
and D.

0
A

X 2 eV

Y ¥ L 45eV

Y _10eV

(Ans: 27504, 1550A)

For hydrogen atom find out the maximum
angular speed of the electron in a stationary
orbit,

(Ans: 1.4x10" rad /s)
What is therecotl momentum of hydrogen atom
after emitting aphoton dueto transition fromn=
5stateton= 1 state.
(Given: R=1.097x10" m '
h=6.63x10 **.Js and mass ofhydrogen
atom=1.67x10""Kg)

(Ans: 6.98x10 “ kgm/s)
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