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CHAPTER - 2

Origin of Quantum Mechanics




2.1 Introduction :

Before 1900, most of the phenomenon could be explained on the basis of classical Physics
which is based on Newtons laws i.e. law of inertia, law of force and law of action and reaction.

The equations based on these laws are simple and can be explain successfully the motion of
the object which are either directly observable or can made observable by simple instruments
like microscope, in this way classical mechanics can be explained successfully the motion of
bodies moving with non relativistic speed. With the discovery of electron exploration of
microscopic system were started, but classical concepts can not be directly applied to the motion
of electron in an atom or atomic phenomenon, which are not observable with the help of the
Instruments.

[n 1900 Max Plancks introduce new concepts that absorption or emission of electromagnetic
radiations takes placeas discrete quanta each of having energy £ = /v where v is frequancy
of radiation and h is the planks constant. These concepts led to a new mechanics which is
known as quantum Mechanics. Also the limitation in the enery distribution in the spectrum of a

blflc.k body was successfully explained by Max Plancks in 1900. This revolutionary concepts is
origin of quantum theory.



2.2 Failure of classical Mechanics:
There are many exprimental results which could not explained on the basis of classical mechnics

such as,
1. Stability of atom:
The clectron revolving round the nucleus have centripetal accelration. According to classical

theory every accelerated charged particle radiates energy in the form of electromagnetic waves.
Hence orbiting electron being an accelerated charged particle, radiates energy continuously. Due
to this continuous loss of energy of the electron, the radii of their orbits should fall into the nuleus.
Thus the atom can not remain stable. Thus classical Physics failed to explain the stability of an
atom.
2. The spectrual distribution of heat radiation from black body or black bodies. According to
classical Physics energy changes of radiation takes place continuously. The quantity and quantity
of the emitted radiation depends only on the temperature of the body and not on the nature of the
body. More ever the radiation emitted at a particular temperature consist of wide range of
frequancies with different intensities.

Classical Physics could not explain black body spectrum which assume the energy changes of
radiation takes place continuously. For different wavelength Wein obtained thermodynamically
the following relations

A, T =Const. and
E,<T: E T =Const.



First relation shows the wavelength corressponding to maximum emitted energy decrease in
temperature and second relation shows direct variation of emissive power with fifth power of
absolute temperature

By using (1) and (2)

E,dA= %f(/l'l‘) dA
Above relation good in shorter wavelength region but for longer wavelength it gives value of
E, lower than the exprimental values. Also the energy distribution in thermal spectrum according
torayleigh’s
E = 87;/37’
Thisis good for longer wavelength

Thus Weins and Rayleigh Jeans law do not agree with the experimental results. In Rayleigh
Jeans, the energy increases without limit as wavelength decreases.

E,»>was A—>0

Such consequanses is called as ultraviolet cotastrophe. hence classical physics fails to cxplain
black body spectrum.
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Then the energy required to remove the electron from the energy -

electric work function @, given by

W, =hv, = ( E — [;'m)

where v, is the threshold frequency.
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on the surface of the metallic conductor ejects this electron from the meta

energy given by

max

E\ iy = -_171171!2 =hv—(E,—E,)

—

3 inetic energic relocities
But E can have any value between 0 and E . Therefore, the kinetic energies and veloc
of the electrons ejected by the action of photon of frequency v will vary overa wide range. The
maximum kinetic energy is given by

Ek(max) = _;.mvimx = hv—(E- —Em ) = (hV— E-" ) + E’”
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| Fig. Black body as a absorbor |
As shown in fig. the inner surface of'a hollow copper sphere is coated with Tamp black. A
fine hole is made and conical projection is made just in front ol the hole. When radiations enter
the hole, they sufTer multiple reflections and are completely absorbed. This body acts as a black
b.Od)’ absorber. When this body is placed in a bath at a fixed emperature, the heat radiations are
given out of the hole (fig.) A hole acts as a black body radiator.
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Another type of black body due to Wien is shown in fig. It consists of long metallic tube



blackened inside and surrounded by concentric porcelain tubes. The tube is heated by an electric
current flowing in a wire wound around it. The radiation passes through a number of limiting
diaphragms & issues tl.u'o.ugh anarrow opening in the wall of the tube. The temperature of the
central part of the interior is measured by thermocouple arrangement.
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Thus A blackbody, is one which absorbs all the radiations incident on it and emits, at any

given temperature, a characteristic spectrum. This spectrum contains all frequencies i.e. is con-
tinuous) but the intensity associated with these frequencies differs in a manner which was the
subject of extensive experimental investigations. This spectral distribution of intensities, while
varying with the temperature of the emitting black body proved to be independent of its material
composition. (Kirchoft’s law)



Distribution of Energy:
Lummer and Pringsheim in 1899 made experiments to determine the distribution of energy
among the radiations of different wavelengths emitted by a blackbody at various temperatures.

M,

/ Flourspar
Prism
/ S, Bolometer
[Fig.

The experimental arrangement consists of a carbon tube heated electrically (fig ). The radiations
from this tube are allowed to be incident on concave mirror M, through aslitS,. The parallel



reflected beam is disperesed by a Fluorspar prism. The dispersed beam is focused on a ling
bolometer with the help of the mirror m,. The intensity of radiations corresponding to differen
wavelengths is measured with the help of Bolometer. The deflection in the galvanometer (of

bolometer) is proportional to the energy of the heat radiations.
To find the energy distribution for different wavelengths the fluorspar prismis gradually

rotated. The Results obtained by Lummer and Pringsheim are shown in fig. Eachcurve repre.
sents the intensity of radiation %, with wavelength foragiven iemperature of the source.
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IKesulis
1) Atagiventemperature, the energy is not uniformly distributed in the radiation spectrum

of a hot body.

2) Atagiven temperature the intensity of radiation increases with increase in wavelength
and at a particular wavelength its value is maximum. With further increasc in wavelength the
intensity of heat radiations decreases.

3) With increase in temperature %, decreases. &, is the wavelength at which maximum
emission of energy takes place. The points on the dotted line represent &, at various tempera-

fures.

4) Forall wavelengths, an increase in temperature causes an increases in energy emission,

5) Thearea under cach curve represents the total energy emitted for the complele spectrum
ofa particular temperature. This area increases with increase in the temperature of the body. This
area is directly proportional to the fourth power of the temperature of the body.

ie. FecT® e (1)
This represents Stefan Boltzmann's law.
2.4 Planck’s Quantum Theory :-Planck’s quantum postulates:
This failure of classical mechanics led Planck (in 1900) to the discovery that radiation is
emitted in quanta whose energy is £ = /v . In 1901, Planck was able to derive an empirical

formula to explain the experimentally observed distribution of energy in the spectrum of a black



body. on the basis of his revolutionary hypothesis known as quantum theory of heat radiation.
According to this theory. the cnergy distribution is given by

Ed, = . grae dA

).'5 [-elu-ff'.h’ = 1]

This relation agrees (and hence completely fit) with the experimental curves obtained in Lummer
and Pringesheim experiment.

This formula of distribution of energy with wavelengths, on the basis of his quantum concept,
was deduced using following assumptions, which may be called as Planck’s quantum postulates.
These are :

Planck’s quantum postulates :

1. A black body contains the atomic oscillators capable of vibrating with all possible fre-
quencies. An oscillator of frequency v can not have any energy but only discrete values of energy
given by

E, = nhv t ] :::
where  n=0,1,2,3... I J 6 tv
v=oscillator frequency i Shy
h = Planck’s constant. ’ r 4 hv
2. The atomic oscillator can not emit or absorb l 3 hv
energy continuously. But it can emit or absorb the en- l -
ergy in discrete units of energy, a tiny packet called ! s
‘quanta’. The quantum energy is due to jump of the os-
cillator from one energy level to the other and is given [ Fig: Energy states of atom. |

by



VE =Vn(hv)

where vy =difference of levels. Forexample, if the transition energy levels are
n=8 and n=3, then

VE=E;—E;=8hv—5Shv=3hy
From the firstassumption, given by Eq. Itis clear that cach quantum of energy depends upon
the frequency of radiation (v) and is not divisible. Morcover, the exchange of energy between
matter and radiation is in terms of integral multiple of hv. Thercfore, the total energy exchanged
may be 0, /v, 2/v, 34v,....nhv indiscrete manner. However, according to classical theory, the
atom can possess any amount of energy {rom zero and infinity, hence exchange are encrgies arc
continuous i.¢. from 0 to which is inadequate to quantum concepl.

According to Planck’s theory, the atom is associated with the allowed energy states called
quantum states and its energies are quantized as shown in fig. The atom can emit or absorb the
radiation i.e. quantum of energy by jumping from one energy state to the other.



The oscillator emits energy only when it passes from a higher energy state to a lower energy
state and absorbs energy when it goes from a lower energy state to a higher energy state. Ng
emission or absorption of energy takes place when the oscillator is in a given state. The smallesy
amount of energy which can be emitted or absorbed by the oscillator is hv. In other words g

radiation of frequency v is emitted as quantum of energy £ = /v where his Planck’s universa]

constant having a value equal to 6.62x 10 erg.sec(or 6.62x 107" Joule sec ). The quantum

is the basic unit of energy and cannot be subdivided. It is the quantum of'energy and Einstein

named it as a photon.

This theory has been able to explain a number of phenomena which could not be explained
according to the classical conception of radiation. For example, it gives a very satisfactory expla-
nation of variation of specific heat of solids with temperature, photo-electric effect, Compton
effect etc. and has been successfully applied by Bohr in the theory of the hydrogen spectrum.

2.5 Linear momentum of photon in terms of wave vector :
Photon : A photon is a particle of zero rest mass. Its dynamical variables are energy and
h

momentum It has zero charge and spin equal to one quantum unit (i.e. B hy

h
Energy F = h momentum P = 7



[fis wavelength of light then frequancy

c
v=-—_ cisvelocity of light.
A
Each quantum of energy of this radiation is known as photon

; ; TS
Now energy of photon, 7 = /=

Also according to Einstain 2 — ;"

E
or m=—
2
. . , fi
Mass of Photon of energy /) is o= —-
2

Becouse theory of relativity shows a mass m has an equivalent to
Now. Momentum(P)=Mass x Velocity

p_ fiv . /zu_ h |
ol c A T ()

I'wo charges or two magnetic poles exerts a force on each other due to exchange of photons,




it interacts with all the charged particles and some nutral particles. Also a photon bahaves as a
small elastic sphere forall purposes. When a photon collides with an electron both momentum
and enerov are conserved. When collision between two clastic spheres also shows energy and
momcnn‘u.n is conserved. i.e. varified by compton using X-rays experiment.

Let X-ray of frequancy v collide with an electron of mass m then,

g -

ho = = mu- + ho'

here v is velocity of electron
p' is frequancy of new radiation
The magnitude of the linear momentum of a photon of wavelength 7 is given by

et
A
Divide and multiply by 27 wehave,
h 27 h |5
P=—W@—=—I|K| = eeeee- 3
2r A 271" ‘ %)

= 27 X . - a8
here |A| = - s magnitude of wave vector g . But we know h= S then (3)is
/

P=hl|K|



which shows linear momentum of photon in terms of wave vector K Also photonenergy in

terms of angular velocity
We know
. he ' ¢
E=—=hv Where v=—
A A

Divide and multiply by 27 we have,

< 1 h /i
E=—2nv=—® Here2nv=w and — = h
27 2 27
E=heo e (5)

2.6 Planck’s Radiation Law :

Planck’s modified Rayleigh-Jeans law with his assumption that a black body is associated
with large number of harmonic oscillators. The oscillators have energies.

E=nhv,n=0,1,2,... eemeee (1)
According to Boltzmann distribution law, the number of oscillators with energies,



0./v,2hv,3hv,... wouldbe N,, N e N,,e """ respectively.
Thus, the total number of oscillators is given by,

N =N, + Ne ™" + N e 4 + Nye ™™ el (2)

when N, = the number of oscillators having zero energy

k = Boltzmann constant.

, hv
Putting T =& 1n Eqn. (i1)., we get
N=N,+Nye“+Ne? + Ny +...+ Nje™™
=N, (1 +e e +...+e”"“)

Ny

(i)

i ) I — (3)




I'he total enerpy ol all the oscillators s,

IO+ hvNe " 4+ 20heN e
B = hvNge (14 2¢ 4+ 3¢

and Le™ = hyN ¢™" ((‘ 420

Subtracting Fqn. (v) [rom (iv), we have,

E(l1-=¢™)=hwNe " (1+e

_ N e™

The average energy per oscillator is thus,

AN o nhve ™

i b e fn ”") b (l',

o | .).“ e l e ‘ ,". "") ........ (5’

' Jor Yar
P " @™ l)

o I E N‘,. Iive
N N (I—c'" )2

From Eqn. (ii1), we have



= e hve™ hve™
E=(1-¢") =
(l —e"") (l ‘6’-”)

= hv fiv
or E= 2% —1 o chw“' = (7)
The number of oscillators per unit volume in the frequency range v and v+ dv is

87V’
N, =——.dv
c

Therefore, the energy density i.e., the total energy per unit volume in the frequency range v

and v+dvisproductof 7z and N,

. 2
Edvs i BeZ gyt
¢ e’ —1
87y’ |
or E\'dv = cJ [efn-:’kl' e l} v e (8)

Eq".(8) is called Planck’s radiation law. This law can explain all the experimental results for
black body radiation.



The energy density £ chcan be written in terms of the wavelength range 2 and 2 + (/4 [rom

¢
Y =

A

gl ¢ ;
,‘ ‘,—'_?‘M’ or dv = ;,—dﬂ
S/T/)L' ] l
T o e N Y
€ /i _("’ Ly l ,( (l”)

Wein's law and Rayleigh-Jeans law can be shown as approximations of Planck’s law as
follows:

I. Wein’s law :

he

Atshorter wavelengths or larger frequencies, M—'T>> | i.e. exp(hc! AkT) >>1 therefore

neglecting 1 in the denominator of Eq".

Szhc

he! Ak
/15 .ethI'dA

E,dv=

This is Wein’s law of radiation.



4. Kayleigh-Jeans law :

he
At longer wavelengths, /U\(T << 1, expanding
he L ( he Y
xplhc/ AkT)=1+——+ ( ) Pie
M A TT AT FT7
hic e
as —r << 1, neglecting higher power terms, we get
- he
explhe/ AkT) = 1+——
Akl
Srhe I S

E.dA=

5 Tl Ak dA = 7 kTdA ~ ceneeee (11)

Eq". becomes

Eq".(11) is Rayleigh-Jeans law.

Thus Planck’s law of radiation is applicable to all the wavelenghs in the black body spectrum.

2.7 Einstein’s Equation : Quantum Theory of Photoelectric Effect :
In 1905, Einstein was successful in explaining the photoelectric effect and the laws of photo-
electric effect makine use of cuantum theorv of radiation. He assumed that :



- i B b A A P, )
—— -

Assumptions :

() Alightof'frequency v consists of quanta of energy or photons. Fach photon has an energy
hv and travels with the velocity of light.

(i) In photo electric effect one photon is completely absorbed by one electron in the photo-
cathode.
Derivation of Equation : Consider a photon of energy hy which ¢jects a photo-electron
from a material, with a velocity u, then
, - l P .
WE=2myt® 000 s (1)

where @ is the work done or energy spent in just bringing the electron outside the surface.
Thus a part of the energy of the incident photon is used by the electron to come out of the metal
surface and the remainder is stored in it as kinetic energy. The fastest electron is, therefore,
produced nearest to the surface because it requires the least energy to be ‘unchained’ from this
surface.
It @, is the photo-electric work funetion. i.e. the energy required to eject an electron just
out of the surface then the frequency of light v, required for the purpose is given by

@y = hv,



The frequency v is known as threshold frequency.

[t is that ll‘cqllc'nt'.\' oflight which when Lalling on o photo sensitive surface is just able to
iberate electrons w ithout giving them any additional eneryy,

It is clear that a frequency less that v, Will not be able to |)ln(|ll(‘(' (e |)||c no-electne eltect ay
an clectron can &ll‘SOl‘lH\lll)-‘ aone |\|lnlnll and no more, The threshaold In_-qn-'nc Yy v, T llnl';;'jvt:n \)y

),

v,
' h

When a radiation of frequency v preater than the threshold frequency is incident on the

substance the maximum velocity v With which the electron is ejected is given by the relation.

| :
hy = —my:
5

- -

+t@w, = eeeeee- (2)

maN
which 1s known as Einstein’s photo-clectric equation.
Now @, = hv,

Hence the above equation can be put in the form



V= mv
l 3
or -;"“'m.u = ”(" = "o)
Vi
=2 P00 | - s e
2 A) 202w (3)

where 2 and A4, are wavelengths corresponding to frequencies vand v, .
Thus, an increase in the frequency of the incident
light increases the velocity with which a photo-clec-

tron is ¢jected. ) _? _____ ; _? _____ ? ________________
Why all the photo-clectrons do not have same S b PR—— kaso- o
energy? Inthe case of surface photo-electrie effect in By (e ,5 E :
. . . .-' ------- !_—--.---.J. ----------
metallic conductors, itis generally assumed that @, is i i Ay . Ef
¢ Tom 3 ! ' T R
the work done on the electron in bringing itoutof'the & 1 e
A : ' W = hvy = E, - E_{ ’
surface of the metal where there exists a potential bar- Y —
rier. Butaccording to the theory of electron condue- ] =
. . . . ' o
tion in metals the conduction electrons have a wide i ;‘

range of energy inside the metal. The possible energy
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Let the free electron inside the metal have energics ranging from

7 _will be the photo-
. E enerey level E, . willbe

Then the energy required to remove the electron from the energy -

electric work function @, given by

W, =hv, = ( E — [;'m)

where v, is the threshold frequency.
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Now. consider an electron having an energy /7, less £, than . [fapl

» . . : ; S . metal it will have a kinetic
on the surface of the metallic conductor ejects this electron from the meta

energy given by

max

E\ iy = -_171171!2 =hv—(E,—E,)

—

3 inetic energic relocities
But E can have any value between 0 and E . Therefore, the kinetic energies and veloc
of the electrons ejected by the action of photon of frequency v will vary overa wide range. The
maximum kinetic energy is given by

Ek(max) = _;.mvimx = hv—(E- —Em ) = (hV— E-" ) + E’”



The minimum kinetic energy is given by

vl = hv— (£, ~0)=(hv=E.)

= — MV
2 the photo-

0"
l’l fmin) mn

—

ol rapngs . ‘L“:‘lu
" ; R R N ceurface ofan .
e - U s incident on the st IR T
Thus, when a monochromatic beam of lightis m nd velocity. The kinctic

- - - . '. : - " < o9 , ’

electrons emitted will not all of them, have the same kinetic €ncry
It is for th

i current reduces o

and becomes

is reason that when

energy of the emitted electron will vary between £ ., and Loy mimy
; o . . s ; . : b -clecelr
a potential difference is applied in the opposite dircetion the photo L.I“_ el
A s -"‘.. YR .‘ ‘C'.C:. y
zero gradually and not abruptly as the opposing potential difference 15 I
zero only when V is given by

1,

Ve=—mv" =hv-w, =hv-hy,
2

Explanation of the laws of photo-clectric emission.
(1) It1s clear from Einstein’s photo-clectric equation,

I
-Z—lnv2 =h(v-yv,)

that if the frequency of the incident photon v < v, the threshold frequency the kinetic energy

of the emitted electron is negative, which is meaningless.



Hence no-photo electrons are emitted if the frequency of incident light is less than the thresh-
old frequency.

(ii) Forafrequency v > v, the kinetic energy of the photo-electron is directly proportional

to (V—V,).Asisaconstant the kinetic energy of the photo-electron increases with increase in

frequency of the incident light. Thus the maximum velocity of the photo-electron depends upon
the frequency of incident light and is independent of intensity of light.

(iii) Since photo-electrons are absorbed in single units, there is a localisation of energy. The
photons are, therefore, immediately absorbed and there is no significant time delay in the emis-
sion of photo-electrons.

(iv) Ifthe intensity of light is increased keeping frequency same. then more photons are
incident on the metal surface each photon having the same energy. Hence more electrons are
¢jected. Asan electron can absorb only one photon each electron will have the same maximum

energy and will be ¢jected with the same maximum velocity. Hence an increase in the intensity of
incident light only increases the number of photo-electrons ejected and not their velocity.
(v) The stopping potential V is given by

Ve =hv-hy,

As hv,isaconstant, the stopping potential is proportional to the frequency of the incident
photon. Vis independent of intensity.

’ . X 2 | .
vi) In Einstein’s photo-electric equation —mv™ = hv =1V, no factor depends upon tem-
| 5

perature. Hence the rate of emission of photo-electrons is independent of temperature.



2.8 Compton effect :

Prof. A. H. Compton discoverd that, when x Ray of a sharply defined frequency were incident
onamaterial of low atomic number like carban, they suffered a charge of frequency anscattering.
The scattered beam contains two wavelength, In addition to the expected incident wavelength,
there exsist a line of longer wavelength. The change of wavelength is due to loss of energy of

incident x ray. This elestic interaction is known as comption eflect.

[n such cases an electron is also ejected with an energy depending upon its direction such
electron 1s known as compton recoil electron.

There are following assumtions,

h  hvo
A cC

2) The electron are assumed to be free and stationary becouse binding energy of the electron
to the atom of order 10 eV, which is very small compared to energy of X-ray photon having

order 10eV. The kinetic energy of the electron being of the same order as the binding energy. It
is comparatively at rest.

[) The X-ray of frequancy v consist of photon of energy and momentum




stic. The energy and the

The collesion between high energy photon and the electronis ela
overened by the law of

momentum carried by the scattered photon and recoil electron is g
conservation of energy and momentum.

ho

Suppose an icident photon with energy and momentum > strikes an electron atrest. The

initial momentum of the electron is zero and the initial energy is only the rest mass €ncergy »2,c-.

ho' o S T
The scattered photon of energy /' and momentum —— moves offin a direction inclined atan
e
angle @ to the original direction.
The electron acquires a momentum mw and moves atan angle ¢ to the orignial direction,

The energy ofrecoil electron is i.e. shown in below Fig.

aV
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| Fig : Compton Effect |

According to principle of conservation of energy
o+ mye* = ho'+ me?
The principle of conservation along x-direction

ho  ho!
——COosO+mucos g

c ¢
multiply by ¢
h = ho'cos 0+ moecos ¢
The principle of conservation along v-direction

h' . :
2 sin —=mosing =0
‘.
multinlv bv ¢

T £ A o
Encrgy v
Momentum —
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Recotl clectron
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ho'sin@ —moesing=0  eeee (3)
From equation (2)

mvoccose = ho —ho'cost?

movccos¢g =h(v-v'cos®  meee (4)
from equation (3)
mocsing = ho'sin@ 0000 meee- (5)

Squaring and adding equation (4) and (5) we get,
m*v’c’sin® g+ mv’c? cos’ ¢ = h'(v—-v'cosO)’ + h'v" sin” 0
m 0’ (sin’ @+ cos® @) = A’ (L° = 200" cos O+ " cos’ @)+ h'v" sin” 0
moc’ = Po* = 200"k cos @+ o™ cos’ 0+ v sin® 0
m oc? = h*o* = 2v0'h? cos @ + v (cos’ @ +sin’ 0)
m'vc’ =h’(L* —2vv'cos O +v"?) ----- (6)
From equation (1) mc* = h(v-v") + g 0902000 s (7)
squaring both side we get



: " 2 L] 2 ] 2 2
mec =h"(L=0") +2h(L-0"Ym,e* +my ¢’

2.4 2 2 r 2 2
m’c’ =h”(U° =2vV'+ V") + 2h(L-V"YMm,c* +my ¢’

2 4 2..2._2 2 2 2 2 4
me —=mvoc =[h‘ (L =20+ ")+ 2h(L—-VYme” +myc ]

-[hz(u2 —-2vv'cos O+ u'z)]

=h*0* = 2R vo'+ WP+ 2h(v —v"Yme* +my’c’

2.2 2
—h*v° +2h vv'cos @ -hv"”

2 2,2 2 ) : .
m e (e” =v7)==2h"vv'(1-cos ) + 2h(L —v"Ymye® + my’c'  -----
But relativistic mass is given as,

5
2 ’no-
m = m = <
v
-
(o

m m 26‘2

- {9 0 - 0
or m = 3 R ~

Multiply by »? both sides we get,



m. e 2 4

2.2 2 2y P

me =——— . mc(c =V )=myc
i

equating equation (8) and (9) we gel,

: 2 » 2 2.4
mye” ==2h"vv'(1-cos @)+ 2h(v —v " )Ymyc™ +m, ¢

2h*vo'(1-cos 0) = 2h(v - v "Y'

(u—t;’ )_ ) ~(1—cos0)
Ov mye”

L _1_ 7

———=—"_(1-co56)

' v my
Multiply by ¢ we get,
c ¢ e

A ~(l—-cosB)
v 0 mc




A=A = —/—’—~(l —cos0)

1i,c
Thus the change in wavelength is
I
di=—(»O=cos®» T (11)
1,

. . ; RS WK proy "the wavelength
Obviously ¢4 depends upon the angle ol scattering only and 15 independentof g

of the incident radiations as well as nature of the scattering sabstance
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When @ =0 Then dA= —h—(l ~cos@) =—(1-1)
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dA=0.024%10" = 0.024° 4

Q=180 Then dA= -L(l +1) -

1, M,

(2)

dA=0.048x10""y - 0.048" 4

This is maximum change in wavelength,

Thus the maximum wavelength change possible is = 0.054" . The € ompton effect cannot
give explaiation of radiation ofwavelength more than 5000 A" For this maximum wavelength
changeis (.05 ¢"isabout 0.001% of the incident wavelength. Hence the Compton effect cannot
be observed for visible light rays. From this theory it is assumed that the electron is lossely
bounded to the atom that it can be regarded as free but if a photon becomes incident on the
electron which is tightly bounded to the atom. The atom as a whole recoil as a result of Compton
scattering.

But in case of tightly bound clectron, the change in wavelength A4 isneglisible forall values
of ¢. Thisexplains the presence of unmodified radiation observed by Compton.

Now divide equation (5) by (4) we get,
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Putting ¢ 'in equation (12) we get
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s CNere ol scattered photon,
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12 Solved Problems ::

.~ - : S oV
' . whose work function is 4.5 eV.
1) What is the threshold wavelength for a tungsten surface whose work ft

Solution : Here, g=45eV
=4.5 x 1.6 x 10" Joule.
But ¢ = hy,
hic
or ¢= /L—;

ol

Here h = 6.6 x 10°* Joule second.

c=3x10%m/s
_6.6x107" x3x10"
%= 4.5x1.6x107"
Ay =9.640%10 " m

0
A, =9640A -




8) Calculate, in electron volt, the energy of a quantum of light of wavelength 5,310 m -

Solution : Here 1=53x10"m
v “ -4 s
Energy, E=hv= he =6.6..4x10 xq3x10 ]
A 5.3x107
3 T ke
o L T
1.6x<10
= 2.34 eV.

:: Multiple Choice Question ::

1) Weins Law holds good in the region of ..........
a) Shorter wavelength. b) Longer wavelength.

c) avarage wavalength. d) None of these.

]
2) A, 7 TEPIESCALS oo

b) Rutherford law.

a) Weins law.
d) None of these.

c) Plancks law.

3) Plancks law reduces to weins law (1) SO
a) Shorter wavelength, b) Longer wavelength.

¢) avarage wavalength. d) None of these.

4) For longer wavelength which law holds?

a) Weins Law.
¢) Einstein law.

b) Rayleigh-Jeans law.
d) Plancks Law.
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o)

10)

1))

12)

13)

e absorptive power of a perfectly black body 14 ..........

a) 08 h |

v Ao dy  Infinity
Fhe spectium ol black bodly gadiation is ...

#) Line by bl

) contmuons, d) ahsorplion,

Planeks radiation law holds foe ...

0 Shorter wavelenpth b) Longer wavelength,
¢) Al wavalengths, d} None ol these.
Which af the following phenomenon supports the quanium mature of light ..........
a) Inerference. b) Diffraction,
¢) Polansation, d) Comption effect.
I'he energy of the photon is .........

. he
a) E=-7 b) E=hci

he

o) E- ry d) None of the above
I'he spectral distribution of energy in the black body radiation was investigated by....
a) Stefan law. b) Lummerand Pringshim.
¢) Rayleigh jeans law. d) Plancks and Weins law.
The value of planks constant is .......... ls
1) 6.62x10 b) 6.62x107

¢) 6.62x107" d) None of these

Whichof the following equation show lincar momentum of photon in terms of wavevector

o P=hK| by P=h|K|
¢) P=E,1”-IK| d) P=£'

In black body radiation spectrum as increase in temperature (Wavelength at maximum

(LTSI ) J—
a) Increase b) Constant

¢) Decrease d) both (a)and (b)
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