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pAWN OF THE MODERN PHYSICS

&eaming Objectiiej

after studying this chapter the students will be able to

e mli;

D h batween inertial and non-inertial frames of reference.

Describe the significance of Einstein’s assumption of the constancy of the speed of light.
Identify that if ¢ is constant then space and time become relative.

Explain qualitatively and quantitatively the consequence of special relativity in relation.
N the relativity of simultaneity

- the equivalence between mass and energy

L length contraction

= time dilation

- IMass increase

Explain the implications of mass increase, time dilation and length contraction for space travel.
Describe the concept of black body radiation.

velength range for several values of source temperature.

escribe how energy is distributed over the w
he walls of black body cavity

Describe the Planck’s hypothesis that radiation emitted and absorbed by t
is quantized.

Elzborate the particle nature of electromagnetic radiation.

Describe the phenomenon of photoelectric effect.

Solve problems and analyze information using E=hf and c= f4.

Identify data sources, gather, process and present information to summarize the use of the photoelectric

effect in solar cells & photoeells.
onfirmation-of de Broglie’s proposal by Davisson and Germer experiment in which the
a crystal lattice was observed.

kind of particle has both wave and particle

Describe the ¢
diffraction of ¢lectrons by the surface layers of

Describe the impact of the Broglie’s proposal that any

roperties.
Il;r.;lain-thf: panicle' model of light in terms of photons with particular energy and frequency.
Describe Compton effect qualitatively. ‘
Explain the phenomena of pair production and pair annihilation.
Elgclrons and magnetic fields 10 focus them, allows electron microscope to describc uncertainty.’:,
principle. ot

Describe uncertainty principle.
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“TASSICAL PHYSIES:

The branch of physics which is based on Newion's Laws and

Maxwell's electromagnetic equations is celled Classical Physics. =
1. :.'c“"(on‘s }.aw: Using Newton's Laws we can explain falling

bodl.cs, Projectiles, Earth satellites, the motion of planets and the
motion of other mzcreszopiz bodics. Newtonian mechanics gives
us the laws of conservation of ~nergy, momertum and angular
momcmum._ Nevden's law combined with molecular thecry of
matter provides kinrtic theory of heat.
Mmf'e.ll’s Equations: Maxwell's equation unify. the subjects of
electrfcny and magaetism to electromagnetism. Moreover, these
cquat!on predict the existence of electromagnetic waves and
explain that light waves are el ctromagnetic in nature.

MQDERN PHYSIGS:

Thc branch of physics Based on theory of relativity and quantum
mechanics is known as modern physics.

Modem _Ph}’Sics came with 20" century and tock over where
Newtonlan ph)"SlCS had falien short. At the beginning -of 20" century, 2
series of ex_pcnmeruai results were ouseryed wilich could not be explained
on the-basis of tht_‘ existing laws of physics. There experimental results
were concemed with exwemely smali objects and high veiocities. After

[ 38 ]

For your Information

A GPS satelite is a saelite used By the
NAVSTAR Global Positioning System (GPS)
(Navigation System using Timing And
Ranging). 'he Global Positioning Sys!gm
(GPS) 1s 2 space-based satellite navigation
system that provides |location and time
information in  all weather conditions,
anywhere on or near the Eanh. According 10
relativity thecry, @ moving clock appears o
run slow with respectito a similar clock that is
at.rest. The sateltes are constantly moving
relative to obseniers on the Earth which
causes them 1o run at a stightly faster rate
than do clocks on the Earth's surface. A

4

calculation using General Relatrity predicts
that the clocks in each GPS satelite should
get ahead of grounc tased clocks by 45
microseconds per day. So the role of speaal
theory of relatvily is imporant i Gicbal
PCiSOniiig Sysicim.

tremendous hard work and thinking a new mechanics called qrantum
mechanics was establisned. Quan.um mechanics is more basic and more
general then Newtanian mechanics

Therefore rafativity and Guewum mechanics are the two great
theorics of modern physics whicii heip us in understanding atomic and
nuclear phenomenon. Some of the expe. imental result which-eould not be
experiment (the constancy of the velocity of light in free space), photoelectric zffect, Compton Ltfect,
structure; line spectra of atomic radiatior, black body radiation spectrum and 1adioactiviiy.

stable atomi:

. Ea G

Define and Explain tho Framic of Reference. Also Discuss inertial and Non-inertial Frame of
Reference.

Q1

Any coordinate system relative to which the measurements are taken is calied frame of relerance.

For example

* The position of the table in a room can be located relative to the walls of the room. The room is then frame of
reference. ‘ ‘
For measurements taken in the college laboratory, the laboratory is the }
reference frame.

If the experiment is performed in moving train, the train is the frame of
reference.
The position of spaceship can be Jdescribed by the reference of the position

of distznt start. The coordinate system based on these stars is then frame of
reference. . ‘

Inertial Frame of Refere

—trta nce
The frame which is at rest or moving with uniform velocity (s = 0) is
called inertial frame of reference or non-accelerated frame of reference.

For such a frame, the law of inertia must hold. According to which, a
ody remains at rest or moving with uniform velocity unless an unbalanced

X

Y-axis

v

X-avis

Z-axis

Ccordinato axis
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T i eferenc
force produces the acceleration in it. Any frame of r

which is moving with uniform velocity relative to ap incn-
c a3 2

4

frame is also an incrual frame.

Examples ‘
; T f reference.
Earth may be considered as an inertial frame ¢

* A body places in a car moving with uniform velo |
incrtial frame ofrcfcrcqcc.
Non-Inertial Frame of Reference:

city with respect 10 carth also remains at rest, that car is alsg

lHed non-inertial frame of reference. [or]

A frame of reference moving with variable velocity is .ca p s
An accelerated frame of reference is called non-inerial or accelerateq frame of ref '

Examples ) o .
*  When a car is moving and suddenly the brakes are applied. Then the body placed in it no longer remains at reg; S

} -

due to acceleration car is an accelerated frame of reference, |
*  Earthds rotating and revolving and hence strictly speaking, the earth is not an inertial frame. But it can ofte, be

treated an inertial frame without serious error because of very small acceleration,

Any reference frame that moves with constant velocity with respect to an inertial fran'le is'itselfinertin]; it
the accelerationof a body in one inertial frame is zero, its acceleration in any of the other inertial frames js alsg

FA< AR
——

Q.2 Whatis Special Theory of Relativity and discuss ita Resulits. ‘
M

pecialtheoryio iRelativity

In 1905 Einstein presented his famous special theory of Q. What h,,pp(,m, to the density of an object

relativity in his research paper entitlcd, “On the electro-dynamics Its apead increases?
of moving body", which is defined as: ihe part of relativistic

mechanics which deals with uniform motion of object is called

* The density of an objects increases, because't

special theory of relativity, mass of an object
increases while length of an object decreases

special theory of relativity. The special theory of relativity is
based on the following two postulates. :

1.

when its speed increases as  a result volume
» ] Q
Principle of equivalence: (L)d,fcrea;,es'd .
e _ ) = = -
The laws of physics are e same in all ineri." frame s * density increases

A

of references,

They may be expressed in the same set of equations in ail incrtial frame of reference.
Explanation: The principle of relativity was first of all detected by Galileo which states that, it is not possible to

Principle of the constancy of the speed of light:

The speed of light “c” in vacuum 13 umiversal constant. th . . ) \
inertial frames ?nd is independent of the motion ofsourcic‘ ni;fl Z[!))‘;zgvgf SR Shelm s the same tnlg}
Ex.planation: This postulate stressing on the constancy of the speed of light in vacuum., Let itting in 2
train facing forward and the train is moving with a speed of light. You hold a mirror In f }’(:u ?re si xtngrm’s
leng;h; will you be able to see your reflection in mirror? Yes the reflection will be se rzn 0 }’OE ata iy
rc!am'e motion between you and the mirror. You and the mirror are both moving with theen’ e :;j W
It is not possible for any person to detect the uniform motion with which he or she is travcllsiflrg?nc:;;s‘_;‘:r‘;:i;_:ame‘.

Q.3

What are consequences of the Special theory of relativity,
(i)  The relativity of simultaneity.

(i) _ The Equivaience Between Mass and Energy.
y-of Simultanaity -
The two events. oceurring at different Places in the observer frame of reference‘ are observed

simultancously by the observer. '
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But it will not be observed simultaneou . e .
 tion. . sly by another observer in another frame of reference moving with relative

m i 1 vy H
Fozr?::d ELGZ :Ool:;l:s a train ‘ﬁtte.d writh !\.ght cpe.atzd doors. The light soures is in the center of the roof and is.
op er standing in the middle of the floor. When the train is moving with a speed of 0.5C, the

observer turns ON the light to open the door. The I i
. The light travels w i irecti '
o o i I oo simu“aneou?]y ravels with the same speed in all directions. The observer

But another observer standing ; : . ) ‘
Ly g outside the train on the road side watchi i
before the front door. This s because o 3 hing this event, sees that the back door opens

X ) door is moving towards the light waves coming towards it while
the front door is moving away from the light waves comin : :

quivilerice BetwesiiMassTahd:Enete
The rest mass of an object is equivalent to certain quantity of energy.
Mass can be converted into energy under extraordinary circumstances | - It is _saic_i “t\;\V:at:ajEinste|ig. Iasked;the
and, conversely, encrgy can be converted into mass. For example, part of the questioc. P s Sl

: i . o mirror, is carried in my hand and at
mass is converted into energy in nuclear fission reactions. When  ~article and.

) o] lid . g the speed of light"? How would you
its anti-particle collide, the entire mass is converted into energy. answer this question?

Einstein’s famous equation expresses the equivalence between energy, | *  re Einstein would see him=elf in
E and mass, the mirror because there is no

E = med . ' i ~ relative motion between Einstein,
= =mc ~and the mirror in his hand.

g towards it.

The amourt of energy given off in a nuclear transmutation is related

by this rcl.allon to the amount Gfmas_s lost. In special theory of relativity, the law of conservation of Energy and the law of
conservation of mass havebeen replaced by the law of conservation of mass<Encray.

S ET R
Q.

Explain Length.(.‘.ontraction, Time Dilation, Mass Dilaticn and Apolication of time dilation and
length centracticn for space travel. '

— e e

T g L STTTOR

»  Thelength of an abject measured within its rest frame is ‘called proper length (L).
4 Observers in differznt reference frames in rel

ative motion will always measure the length (L) to be shorter.

' vi
L=Lo\[1 = ()

Where v = Relativistic velocity

= speed of light in free space

Let a train that is measured to be 100 meters long when at rest, travels at 80% of the specd of light (0.8¢). A
person inside the train wili measure the length of the train to be 100m. a person standing by the side of the track
will observe the train to be just 60-meters long. : .

Ld This effect of relativity i.c., shortening of length in direction of motion is called length contraction.

» No such coniraction would Le observed perpendicular to the direciion of motion.

eiDilation

The time taken for an event to occur within its rest frame is calied proper time ('10).

Observers in different seference frames in a relative motion will always judge the time taken (1) to be longer,

S

e §
c

Where v = Relativistic velocity

¢ = speed of light in free space
For Example: A traveler on a train with.a speed of 0.8¢ p
measured by the train traveler. As observed by a person

Incréasainiiass ' ,
Another consequence of the special theory of relativity is that the mass of a moving objects increascs as its
velocity increases. It is another expression of the mass energy equivalence and is represented mathematically as:

ick_s up and open a newspaper. The event takes 1.0 s as
standing by the side of the track the event takes 1.7 s.
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m=—F— .3 : The orbital speed
I —X'f : : - of earth is 30 km/s
c

Where m = relativistic mass of particle.
m, = rest mass of particle e
v = Relativistic velocity of the particle relative to a stationary observer.
¢ = speedoflight ' ‘ ‘ '

This effect is noticcable only at relativistic speed. As an object is — ——

“*“Check Pointa#t=st)

ases. The more massive , :
same | o Since mass is a form of energy, can
we conclude that = compressed

accelerated close 1o the speed of light its mass incre
it become, the more energy that has to be used to give it the

acceleration, making further acceleration more and more difficult. The woring has mor@lmasINgan th

i jon is instead converted-into pring ha N N
cncrgy;:at i z.\ut into alt;mpledb_aa:el.crattl:on : n;: Ea | ont:n n same spring when it is not.

. ia u n . - .

mass. The to..l encrgy of an object 1s then its plus the energy | _ Yes, the compressed spring will

have more mass than

embodied in its mass.
Can a material object move with speed of light?
The increase in mass shows the increase in inertia at high speeds.

uncompressed spring.
Explanation
° The work done in compressing the

m
As m= —O . . .
v spring converted into energy .
1- "y ' ® According to  Einstein  mass
: e . energy relation, (AE = Amc?)
If speed of the material object’is equal to the speed of light ‘ o This increase in energy increases
(i.e., v=c) then ) the mass as
=M AE
m = —p— ° Ami="7
¢ P ¢ c
! ° As AE is very small, therefore Am
= is in too small to be measured.
o]
m =
1-1
m
m= 2 =Qo0
0

As infinite mass requires an infinite force to accelerate it.As the
innnite force is not «vailable.
> Co 2a chjesi cannot be aceelerated to the speed of light in free space.
To acceleraic even the smallest body to the speed of light would
require an infinite amount of cnergy. Thus material object are limited to

speed less then the speed of light.
|Application =afiitime dilation =andzlen

L.et a spaceship is traveling to a star.at a half of the speed of light. Let it take | B bl iq i oo d
eighl years to reach to the star. from the point of view of the observers on e bl répresenls @ conversion
Eanl}. I.:rom the Earth’s point of view the clocks on the spaceship are g'tecg")"t\):d:estic thermal energy into
;znaor:f}:n[: 319“1.\. so that less time passes on the spaceship compared to the | therefore galled mefnr:glr?;'dia'ti?):é ;

) Person's energy is radiated away in

the form of infrared energy.

From the pont of view of the spaceship” occupants, the length of the
joumey has contracted to.a significantly shorter distance,” which they '
over in less time. Hence the oc . L . - o
; \h‘ cars. Hence the éurrcnct :":::Pants of ‘hf_ §P3C¢5hlp recorded seven years to reach o their destination, rather tha?
ght years. Ximum velocities do not allow for viable interstellar travel because the travel times 2r¢
prohibitively long. Byel se the travel ti
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\
8 orbital speed
b w10 kmis ' (B) 20 km/s (C) 30 kmys - (D) 40 kmv/s
Using relativistic effccts the location of an air craft after an hr flight can be predicted
b my20m (B)50m (C) 760 m (D) 780m
Inertial frame is 2 fraine in which . ‘ _
i () 1stlaw holds (B) 2nd law holds (C) 3rd law holds (D) Kelvin's law
N, Which of following waves do not travel at speed of light?
4 ' d waves
a ' (A) Radio-waves | (B) Hear waves - (C) X-rays : (D) Soun
JIEN The speed of light (3 x 10° mrsec) In froe space s '
4 (A) Variable (B) Less than that in air (Cj Unpredictablz (D) Constant
By 6. The special therry of relativity is applicable to the object moving with maximum velocity equal to: , T
. © (A)speed of light - (B} more than speed of light (C) less than speed of light (D) double the spee (:ed92011)
1l 1, Atwhat speed would the mass of an electron become double of its rest mass?
4 (A) 0.5¢ (B) 0.707¢ (C) 0.866¢ (D) 0.99¢
8 0.1 kg Is equivalent to the energv of : .
' 1
- (A) 5x10°J (B) 6x10'® J (C)9x10'J ‘ (D) 9 x10™J
he 0 The coordinate system in which law of inertia is valid is called: '
' (A) Special frame of reference (B) inertial frame of reference
8 (C) non-inertial frame of reference (D) Standard frame of reference. -
10. In 1905, thq special theory of relativity was proposed by: , ‘
05 (A) Maxwell (B) de-Broglie (C) Bohr (D) Einstein
1. By using NAVSTAR speed of an object can now ba determined to an accuracy of:
i (A) 20 cmisec _ (B) 760 cm/sec (C) 50 cm/sec (D) 2 em/sec
12. If ah object moves with speed of light, its mass will be: .
(A) Zero (B) Maximum (C) Infinity (D) Minimum
! 13. All motions are: ) »
. (A) Absolute (B) Uniform (C) Relative ' (D) Variable
14, Two Photons approach each other, their relative speed wiil be:-
(A)2C (B) Zero (C) Less than C (D)C
15. At which relativistic velocity the mase of a body become double than its rest mass
\3 2 3
3 A5 cC (8) N C €)-5 byc
l 16. The special theory of relativity based on
(A) One postulate (B) Two pos*ilates (C) Three postulates (D) Four postulates
; 1. ~ The mass of object will be double at spae |, . . . : : )
(R 2.5 x 1042 (8) 1.6 x 107 (C) 36 x 105 (©) 06 x 10%2
: —— —
: 1€ |28 |3.A |4D |50 Tec [7.c [sD Jsg 10.D | 11.Dp [12.¢
§ 13,C 114.D |15.A | 16.B | 17.A
——— " . .
0 Q4 Whatis black Body Radiation? Discuss the Energy Distribution graphs. o
O R - P . - o B0 5 ) -
; Sody’Radiation |
: .l:ad%% The continuous emission of energy from a body is called radiation .
‘ hermal Radiation ' ' :
;f}"hen the body is heated, it emits radiation called thermgat radiation,
- _ ¢ hature of radiation depends upon the tem erature. All the bodj it radiat;
9 ndinions o thCir{urroundings. p p p Il the bodies not only emit radiations byt also absorb
o Ktal-body is hotter than its surrounding it emits more radiation than it absorbs and tend to cool.
ow temp‘crature, a body emits radlanon§ of longer wavelengths in invisibe infrared’region,
..
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hysiey

ngth radiation increases.

shorter wavele

reased, it ey entually be
ament of a light bulb.

Jud - -
the proporticn of

At high temperature,

* . - - .
S he object 1s M r
) el k‘mt."-‘“ﬁ:li:: (:1‘; !xhc ;:l:m' of the hot tungsten fil
W y oS & . . ~ . ) . o e
ﬂppcﬂf; tlo f:d f thermal radiation shows that it consists of a continuous distribution of wavelengths from the
A careful study © | radiation SAO .
) infrared, visible, and ultraviolet portions of the spectrum. o | N |
A perf C:f'\' black body is defined as «An ideal substance which is capable of absorbing radiation of all waveleng,
. perfectl) c \ . "
falling on it is called Black Body.
. The absorption power of a perfect black body is equal to unity™, o
ation to black body is provided by a cavity of iron or copper whose interior walls
with outside by mecans of a narrow opening, Ap,

A good experimental approxim

e rm temperature and which can communicate

e cavity is partly absorbed and partiy reflected, a large numbe

d its way out of the opening. The radiations emi
ity are painted with lamp black.

The interior walls of the cav
cident on it.

maintained at unifo
radiation entering ih
negligible part of radiations {in
absorbed and reflected a large number of times.

gins o glow red. At sufficiently high temperatureg i
'

By definition a black body is an ideal system t

A good approximation to 2 black body is the nside of a hollow object, as
shown in fig 18.2. The nature of the radiation emitted through a small hole leading to
the cavity depends only on the temperature of the cavity walls. Experimental data for
the distribution of encrgy for black body radiation at three different temperatures arce

shown in fig 18.3.
RADIATION'AND/INTENSITY. DISTRIBUTION!DIAGRAM

The radiations emitted by a black body are known as black body radiation or
temperature radiation. Becatise the energy associated with these radiations depends
upon the temperature of the black body. When a black body such as a cavity radiator
is heated, it emits radiations of all possible wave lengths. Lummer and Pringshelm

hat absorbs all radiation in

Black Body

r of times at the interior walls,
tted by the interior walls are simily,

measure the intensity of the emitted radiation with wave length, from a black body at
different temperature by the apparatus as shown in figure. The amount of radiation

emitted with different wavelengths is shown in the form of
encrgy distribution curve from each temperature as shown. 14 i |
We note the following characteristics from the above plots. o R S
i.  The monochromatic emissive power or intensity of* { 12 4 : | I
the radiation varies with the wavelength for each Classical theory (5000 K)
temperature. > 101 : i
ii. ne wavelength distribution is a function of g 8 i '
temperature of the black body. All the curves have | E !
similar shape. 7 6- !
jii. Ata given tempcrature T the emitted encrgy hasa | € i
maximum value for a certain wavelengthAp,. e 47 f :
iv. The position of the peak maximum shifts towards’ 3 \ |
the shorter ~wavelength with increasing the 2 27
) temperature. The shift obeys wine’s displacement 0
law which states “The maximum wavelength A, is Or5 1 1' : s 2
: m I : 5 2 25 3
inversely propertional to the absolute temperature Wavalength (um) ’
of the radiator™. Intensity of black body radiation versus wav- length at three
1 differant temperature.
Am X = -
i
An= % X constant
AnT = constant ------- ¢))

v. The tota iation . .
] cn?rgy E radiation per second per unit area increases rapidly with temperature

~ absolute temperature (T*),

Where constant = 2.9 x 10°mK. Thi . :
. This agrees with fact that a white hot incandescent is hotter than a red hot one

This is called St ! : .
calle efan’s Boltzmann Law, which states that E is directly proportional to forth'pﬂwero
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-

- - ] -.. . N ’
BODYSR'AD[ATlON ‘SPEG 67 % 10 wim? K, o 5 (’”Zj \/ :

A series of attempts were made to explain the black body radiation spectru
clrum,.

 payleigh-Jean Law: Rayleigh-
1) ::?‘I’cchd back and forth %mgﬂ‘:iiglrs d:(')mf’”d 2 theory and argued the black body radiation inside a cavity is
gases and got a relation called Rﬂ)’ICigh-Jeazn]l; 3;{3}1 izfgsit:::,dli;;g waves. Rayleigh-Jean used kinetic theory of

8nKT

When we compare-this theory with cr ' M ' % SN N

is good for long wavelength but failc; 2:,nm16 ntal data, we sce that the agreement between theory and experiment
. wein’s Formula (Law): Wein’ mP'Ct‘-‘l)’ at shoﬂ wavelength. At short wavelength it lcadst'o infinity. -
(i) W€ \ . * Wein's presentea a theory and tied {0 explain the energy Jistcibution in black body

spectrum, using thermodynamic consideration and derjved & formula, F '

El=

_CA7S
Bx = e (9

{.Wein’s theoretical curve coincides with the experimental curve for shorter
wavelength, His formula is excellent for short wavelength but not for long wavelength, as shown

(iii) Stefan-Boltzmann Law: Boltzmann law stales that the amount of cnergy of all wavelength radiate per second per )
unit surface area of a black body is directly proportional to the fourth power of iis absolute temperature T..

E«T | '

E=oT () i e

Where & is a constant called Boltzmann constant. Its value is 5.67 X 10° w/m®.K!

(iv) Planck’s Quantum theory: In 1900 Max Planck announced his quantum theory which explained the whole
shape of the black body radiation spectrum for all wavelengths. He said that energy is emitted by a hot body in
form of packet which he named quanta. The energy of each quantum is directly proportional to'the frequency of

the radiation. If f is the frequency of the radiation then the energy of each@wx‘%&n& 7 -
E of " A wain' S A auno
E =hf--— ' VA -
—> 2le Ve Rt
U»{\A A~ \ov—

Where C;and C, are constan

< Do )
(e

4‘ ' '
wnck’s theory
Nour
R b
g 't | g@ - QAT
3 \ : R " e
8 , Raylelgh : 5 - - v.e Aq
2 1 Jesns theory n ) . ‘1"‘0““@'}/
2 t \‘ / 5 \ E,z k(l..
n 4+ N 2
E . \‘ o \ B' \ \ TL’
w \ .E \ E = 0(
X 5 <N
\ kS S /\—Q
\ B, ~ \\\\\ @ C, -
NYRY @ I\ "\\ B {lc
W c £
w R c L 3
/‘\\ = o e “:bﬁ‘\\ (\wu)mu
"o & = ~ o 5\\
Wine's theory N _'.E _.._:: M::&‘:\
e —" & e e %
Wavelength 0+ i — g semps|
- o 500 000 1500 2000 2300 3000
Comparison of the wina and Laylelgh wavelength, nm
Jeans thaories to that of planck.
‘ (a) (5)
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. lanck introduced quantum concept ;
YIS, "::“;,}:,ﬂ out the following assumptiong a

= is 6.63 x 10
lue is 6.
ts(:'::ntinuity in energy). Plan

¥

.

i tand i
Where h is Planck constan
clas:icnl theory of classical theory

According to Einstein

E=mc’______ (9 | A M
- sE=pc
. : anck’s assumption, ;
And according “;; T hfc (6) ' | It infers that the energy

" momentum of the
Comparing equations (5) and (6) directly proportional, g,

> . s . &
1= hf : , ratio of energies of two Phot
e hf issamcasthcratioofu&
mc=— ™ momentum,
c 6 -
' As momentum of photon can be expressed as p = mc. So equation (3) bewm'cs' l): TN
hf | Og}i P
: p=" _ e \ Y &
c - )
pults [f =), 5 Tem N
h

- A\ -l A
08 P=3 ' (®) - > o SYQ%M
)
e

A ﬁc energy and the momentum of photon can be related as ﬁ
7 E=mc®

E=(mc)c

E=pc - : ___,, w\\\j’ 3)\.9 C/\-‘

(i) Each nto}n of the walls of the cavity behave like a tiny electromagnetic oscillator.

q -
i

_ These oscillators can emit and absorb electromagnetic waves. \o O B
(ii); An oscillators can have energy given by SQX\F Y ‘\D e )]
E,=nhf

Where n is called quantum number and can have integral value. %O\Cmo\gl‘ig |
quan

(i) An oscillators does not radiate energy continuously. It emits energy in the form of
changes from one energy state to another.

(iv) An long as an oscillator -remains in one of jts quantized state its energy
assumptions Planck derived formula for the energy distribution in black bod

4y 9
when an-oscillatr

remains constant, using the above

y radiation spectrum, which is given
by ’ :
8t hf ;
A = e ohiz ) |
Planck’s theoretical curve coincides with the experimental curve for both short and long wavelengths as shown.
Importarice of Planck’ a Th s <

. (1) Planck’s quantum theory marked the birth of modern physics. .

(if) Eirstein used Planck’s quantum theory and in 1905 explained photoelectric effect,

(iii) Quantum theory was applied to explain the line spectrum of Hydrogen.

(iv) Quantum theory explains the Compton scattering of X-rays.

(v) Quantum theory gives the right explanation of Heisen
great change and developments in physics. In 1918 Max PI
introduction of the quantum concept and his explanation of the black

Q6  Stsite and explain the photo
e OF Classical theory,

The emission
»hoto-electric eflect,

* . The emiged el
» The curient f

of electrons from a metal surface when 2 light of suitable frequéncy is incident on it is called

ctrons are called phbioelcctrons.
owing due to Photoclectrons is called Photoelectric current,

.‘
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i,

iv,

" measured by the galvanometer. Increasing th

M A_Q_ (U S e

' . N
—A\J:S'J\ V\\N\«& &3@") ‘9 311.

The electrons are also emitted f;
rays, ultraviolet.. :

This effect was first of all discolve

electromagnetic waves as predicted b .
. y Maxwell
Experiment: The experimental N, ¢cllin 1884,

om N gl X~
the metal surface under the influence of clectromagnetic radiation such 85

red by Hertz in 1887, when he was trying to confirm the existence of ‘

the figure. It consists of an evac gement used to study the different aspects of ?hotoclectric cffect as shown in

l .
enclosed. The cathode and anodeanac:;h: A acts is Collector, are

N externally
variable voltage source and galvanometer, T‘heagzlv;?:c‘:r\:c:‘:d s
zero deflection when no light falls on cathode C e g
Working: When a monochromatic be i
: a
negatively charged plate C, throughm :f llug:rttzfalls' c:in a
photoelectrons are emitted, whic q - window,

. h are attracted b itivel
charged plate A. this produces a current 1, throuﬁhp:)lftl: l::b)é

: ¢ voltage V by usin
rheostat R, the current I, also increase, until a saturation :tage igs

reached. At this stage all the ejected electrons are attracted by the
collector and maximum current flows through the circuit. This

photoelectric current depends upon the intensi 0o
beam of light. ) po intensity of the incident

Maximum Kinetic Energy: The maximum kinetic energy of the
photoelectrons can be determined by making the cathode C positive
while collector A is made negative by the reversing switch. The electrons
whose K.E is greater than eV will be able to reach A and will produce
current. As A is made more and more negative, the current rapidly
decrease and stops at some definite retarding voltage V, which is known
as stopping voltage, if “e” is the charge on an electron then relation

between stopping voltage V, and (K.E)n. is given by

KE)mx=€Vo ~  ===me- (N
(K-Bjnex =51 Viax == @)
Zmviay=eVe - (3)

Where m is the mass and Vpmax is maximum velocity of the electron.

EXPERIMENTALIRESULTS

il
]

" Circuit diagram for observing the
photoalectric effect.

current ——»

Photo electric

Intensity -»

Variation of photoelectric currant
with Intensity of Incldent radiation,

—

Some important experimental results of photoelectric effect are given below , :

Dependence ou light intensity: When f > f, the number of photoelectrons is proportional to the intcnsity of
incident light beam. Thus photoelectric current is directly proportional to the intensity of the incident beam of
light as shown by graph. Hence brighter light causes an increase in photoelectric current.

Dependence on light frequency: The K.E of photoelectrons depends upon the frequency of the incident light

beam. The kinetic energy of photoglectrons is independent 'of

the intensity of the incident beam of light used. Thus light is
low intensity but high frequency will gject high K.E electrons
Instantaneous effect: If the frequency f of the incident beam
is greater than the threshold frequency (f > fo), photoelectrons
are emitted with in less than 10 seconds, just after the surface -
is illuminated by light. ‘ s
Threshold frequency: The minimum frequency required to
eject the electrons from the metal surface, is called threshold
frequency of that surface, denoted by f,. Its value is of few
electron volts. The emission of photoelectrons takes place only

if the frequency of incident radiation id equal to or greater than

KE

9

KEmhi-¢ -~

slops=h

' frequency
Thrashold frequency :

Variation‘of stopping potential with fiaquency
‘of Incident radiation. .
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Uni’! 18 anW" U U "“’“‘n\
- - X value o
= hold frequency f 2f: Threshold frequency anes from metal t© metal. The f m 5\
e SRos 4 i =" - —-—_’_____—_——-‘—"—- N
;.‘:;:3:&5 ppon the nalus of metal surface used 3s 8 Photo electnc \
c;ﬂ-:;:.’: and its value is different for different metals. current ‘
- . .h-:
. Dependence of current on light intensity: -
= g,;, zbove experiment is repeated for light beams of three e 1
P 1 <uch that 1> 1> I , the amount L —— |,
different intensities I,.L:& I such that 1> L2 &1 B00% = -
of current lp increase with increasing the intensity, but _ il '.
stopping voltage Ve is the same. Stopptg'tgI
b. Dependence of stopping voltage on freguency: ) potentia
IF the intensity is kept consiant and the cxpenmsnt is |- ‘\

. performed with different frequencies f,,f; such th.at £, >fi -, 0 : *\‘
wwe obizin the curves as shown in the figure. In this #35° m; <« Retarding potential  Anode potentia)y,
current is same but shopping voltage 1s different for cac .« of photoelectric current with poteny e
requency of incident light. g?f?eargzze? P ntia)

« This indicates the maximum kinetic energy of electrons
depands on frequency of incident light f.
oTi : also indicates that the current I is independent on the
frequ ncy f o light.
Einsteiry Photoelectric Effect
On The Basis Of Quaktum Theory . . =R
Linstein explains the photoelectric effect on the b_asns of —Q, N\ iy
Planck's photon theory. He used the idea of quantization of . O T
~nergy as purposed by Max Planck. He assumed that light aracteristic curves o photocurrent
emitted or absorbed in quanta known as photon. Whose energy VS. applied voltage for light of different .
can be expressed as frequancies.
' -34 ey
E=hf where h = 6.63 x 10 J-s-
Work Function: The minimum energy required (o eject the electrons from meial surface, is called work function ¢ =},
> When the light falls on the metal surface then a photon of light transfer all its energy to one electron.
> If the incident photon has sufficient energy to escape the electron from surface of metal then a part of eng
(c}a‘llicd Tvork function) is used by electron to break away the metal and rest of energy appears as the kinetic enerp
of the electrons.
Einstein Photoelectric Equation
g';ﬂg.\' C}:f;_incident ph}gtgn = work function + Max K.E of electrons i
= 0 *K.Enay
I Cesi o
Or hf = F= mv esium has the least WOl
? 2 < function. Work function can
| further decrcased by oxidi
Or hf-¢ = 5 __mvzmu coating of a substance. ‘
hf—hf, = K.Epu :
i This is known a Einstein Photoelectric Equation.
pecial Case
> If frequency f of light is equal to thre : -
shold fre
So, quency f; then K.En,, of photoelectron is zero,
hf, - ¢ =0 -
Also ¢ = ke
A
3 = Do _ (663 x 107)5¥3 x 10}mss)
e 3.94x 1077
Ao = 5.05 x 10-7 m =505 nm
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[

This wavelength is in the green region of the visible spectrum.
why do all the emitted electrons not possess the K.E of maximum value?

Because, some electrons come straight out of metal surface and some lose energy in atomic collision before
coming out.

Thus photoelectric effect cannot be cxplained if we assume that light consists of waves and energy is uniformly
distributed over its wave front. It can only be explained by assuming light consists of
corpuscles of energy known as photons. Thus y

article nature of light..
Nobel Prize

Einstein was awarded noble
photoelectric effect-

quartz or giass tube
photoclectric effect shows the v =

prize in 1921 for his explanation of

Qs \grli:e down a note on construction, working and uses of a Photo
ell. \ - '

[Photo Cell : ' i

It is a device whose electrical properties are affected by light. '
Principle

The working of photocell is based upon the photoelectric effect. - g -
Construction , , . o

[t-consists of: , Simple photo - emissive cell..
e Anevacuated glass tube with two clectrodes.
s A Cathode, which is in the form of con cave shaped plate to ’ -
o receive the incident radiation. Its material should be selected
o inaccordance to frequency of incident light.
¢ An anode, which is in the form of thin straight rod so as not
o toblock the cathode from the incident light. e.g.
Light emitted by cathode
o Sodium and Potassium emits electrons for visible light.
(=)

¢ Cesium coated oxidized silver emits electrons for infrared light.

e Other metal responds to ultraviolet light. Sound track on a film which

Working varies the intensity of light
When light of suitable frequency is incident on the photo-emissive reaching the photo cell.

surface of cathode, electrons are emitted and current flows in the external

circuit. The current varies directly with the intensity of o > AN

incident light and it stops when light beam is cut off. E/

Uses . : = sound track

I). Automatic door system T

2) Counting system

3) Security system (b) R

: : o ampitfier
4)  Exposure meter for photography (i.e. as light meter) B hotorelidetaction Eiraiit
5) Sound track for movies

forsound track of movies.
6) Automatic street lighting

Q. What are solar cell.

Solar Cell

Solar cell converts solar energy into electrical energy.
Principle: It works on principle of photoelectric emission.

A solar cell is a type of photo-cell whose aim is to obtain energy from solar radiation, either on the Earth's surface
or in space. A recent method uses a bloomed resellers to focus the light from a large arca into a cell. Even with simple
§|Iicon cells this technique can give effective efficiencies over 20%. The largest solar power station being built (2006) is
in southern Portugal; designed to produce 11 Mw, it consists of 52000 photovoltaic panels steered always to point to the
sun during day light..But trapping solar energy by direct absorption in solid and liquid materials is just as important in
research area as those described; such cells are for cheaper than ones that use semi-conductors.

4
A4
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— |
}_1_‘.—-——""—_' |
1 m |d be an Increase in
MCQ = Ere K.E. of ejected photo electrons, there should D€ ! Radiation () Both as B and C
1 meites o (‘B) Wavelength of Radiation (C) Frequency ot R@
(A Intensity Radiation s for a light: . )
2 Potasium cathode in photocell emit el;tmn (©) Utra violet (D) X-rays
. (A) Visible o In::trom depends upon of incident light.
3 Maximum kinetic energy of photoe . -——""(C) Brghiness (D) Power
(A) Frequency (B) Intensity ©soanda upon: S
5 ffect depends ' ' o e
. Numberof electrons emitted in photostectric 87 ::n () Energy of incident ight ~ (©) Wavelength of incident ligy
Intensity of incident light  (B) Frequency of incident-ig ; 5
(A e 3 I asing the Intensity of incident photon )
5 In photoelectric effect, which factor increases by Incre 23 Work funciion (D) Number of emitted electrong
' (A) Kinetic energy of electrons (B) stopping potenu'al : |
6. Einstein was awarded Nobel Prize in Physics in: ¢) 1918 () 1921
(A) 1905 (B) 1911 , _ ( .
f Which is the most refined form of matter? .
’ (A) ;mo:e : (B) fog  GR ke (C) Light (D) electron
8. Potassium cathode In photocell emit electrons for a light: o , g
(A) Visible (B) Infra-red - (C) Uttra violet AD) X ra:;s ? ¢ scvency:
9. * When the KK.E maxof photoelectron is zero, the frequency of incident photon is __ that of thres <!: q y:-
(A)Less than - (B)Greater than _ (C)Much greater (D) Equalto
10. Who explained the photo electric effect?
(A)Max plank - (B)Einstein (C)Henry (O) Butherford
1.C 2.A 3.A |4.A 5.0 6.D 7.C 8. A 8.D 10.B
Q.9 Define and explain the Compton Effect.

ray is scattered by an electron so that the

Compton's Effect
The phenomenon in which a photon of high frequency such as X-
frequency of photon is decreased or wavelength is increassd, is called Compton EfTect.
~In 1923 Campton performed an experiment and directed a beam of X-rays ata bloc
wavelength of the scattered beam at various angles to the direction of incident beam.
He observed two type of radiation scattering.

k of graphite and measured thc-

a. One had the same wavelength X as the incident beam.

b. The other had slightly longer wavelength A" as shown. -

The wavelength shift or [Compton sift] AA = A" — A was Compton scattering Scattered
found to become larger and larger as the scattering angle was photon
increased. : . Target

Incident  gjactron

Expression: To derive an expression for the wavelength shift or
change in_frequency, consider an elastic collision between x-ra .
. y photon 4 rest Ay

photon and stationary free electron. When a photon of energy hf
strikes a stationary and free electron, it gives a part of its energy X 41 A" ey -

to electron and is scattered with less energy say hf’.
. So the frequency of photon afier collision is decreased or its . Recoil
" _wavelength is increased. This change in frequency or electron
wavelength is called Compton Effect. AM—h=A\= Do
gth : =N ( COSB)
Let the initial energy of photon is hf and momentum is hf/c. | | .00 it mqu
on collision with electron

The initial rest energy -of electron in m.c® and momentum is

zero. :
e After collision the photon is scattered with less energy hf* and momen f
f g ! , tum hf'/c, i L e origi
direction, as shown, while the electron is recoiled with some kinetic energy m;?g?:;nin anailgcl ce (\;lgl:;s ggg;:::

direction of photon as shown in fig.
The final rest mass energy of electron = mc?
Final momentum of electron = myv
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s the speed of the recoil ] o ' |
pere Vi : ccht?n and m is its mags i i
“ll" of conservation of energy: Applying the Jaw of conserl\lr‘a't?::g'fh
hf + myc? = he' 4 thec? f energy
hf ‘hf’ = mcz_ mocz e (])
h(f-f" = (m~m,)?
1 vation of momentum:
oplying the law of cons i g
. Applying jf:-*l:;onh(:'f momentum along x-axis we have
< ==2c0s0 + mvcosd
ht _ e
¢ = —c—'cose + mvcosg ----- (2)
. h
3 =080 + P,cos ¢

b, Applying the law of conservation of momentum along y-axis. |

hfr
+ = 1 ' :
0+0  =sind — mv sing

hfr .
0 = T’sme — mvsing ----- (3)
L .
0 =3 5in — P sin ¢
Solving the above equation (1), (2) & (3) we get
1 _1, h
s g —7+m (1 = cos0)
1 1 h
7 =-n—“,—c,-(1—-cosﬂ)
Multiplying both sides by ¢
' £ =l 3
i (1~ cosB)

_ A - A=—m—:; (1 = cos0) ----- (5)
LetA' = A = AA[Compton shift]

- AA = (1 — cosB) ----- (6)
N P : v
Thus the wavelength shift AX depends upon the angle®. If 8=90° then equation (8) becomes
AN = -;,h—-c(l—- cos90°) .
0
. |
A= - ¥A)
; h _ 6.63 x10™3* " 12
B = e T Siox0 xax 100 2200 g
) ) ]
If 8 = 0 then, AA =;‘;—c(1—coso°) 0
: h h . :
Hence, the wavelength shift varies between 2¢ro and'—n-o—c. The factor s called Compton wavelength.
> Ifthe .scattcring angle 8 = 90, then ' -
Am D (1cos90)
m,c
h
Ah= — (1-0)
-m,C
h
A= —
moc .
Compton shift = Compton wavelength ©®=90")
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> If the scattering angle 0 is 180, then

A= _h— [l-coslSO"]
C

A= = (D)
=

b
AL =2[—]

° : . - °
Compton shift =2 (Compton wavelength) 3 (6=180 )

> Compton shift is maximum at scattering angle 180°
_1 Compton Effect again gives the direct. confirmation of phot
Compton to find AA were in agreement with the ,theorcticz.!
Prize in Physics for his discovery of the effect named after him. )

Q.10 What do you know about Pair Production? Explain. B .

Pair Production . ,

The phenomenon of conversion of energy of . rays in

* production.  OR _ ) L .
The phenomenon in avhich a photon of energy greater than 1.02Mev disintegrates into an electron and positron

pair in the vicinity of a nucleus is called pair production.

> It is also known as the materialization of energy.
When a photon of energy greater than 1.02 Mev strikes or passes in the vicinity of a heavy nucleus the photon

disappears and in its place, an electron- position pair is formed.

on concept of radiation. The experiments carried by
1 prediction. In 1927 Compton was awarded Nobe|

mass of electron and positron pair is called pair

> Positron is the anti-particle of electron. Its mass and charged are equal to the mass and charge of electron. But the
charge of positron is positive (+e).
g In this process charge is conserved. Photon hes no charge, ¢lectron has negative charge while positron has
positive charge. '
> Therefore, it is not possible to create a single electron only,or a single positron only.

In pair production, charge, momentum and energy and mass are conserved.
Charge of photon = charge of electron + charge of positron = 0
E Photon = E ¢k+ E pos TTT (l)
bf: mvy.’ + MVposj — (2)
Pair production is an example of the conversion of electromagnetic energy intro rest mass energy.

> Furthermore this process confirms the result of special theory of relativity, that mass and energy are inter
convertible. -
. E= m(:2 /v
Pair production is shown in the diagram. When a photon of AN
energy hf (greater than 1.02 Mev) disintegrates into an electron- bt o

positron pair, applying the law of conservation of energy.

Energy of photon = energy required for pair production + o
K.E of electront K.E. of positron phaton ol
hf = m,c’ + me’+KE,.+KE.,, rocas. 0 ,
hf=2m,c’+ K.E.+K.E,, —-(3) l ROW9N

1

o€ =2x051 MeV = 1. f i i i

But 2Zm,¢c e 02 MeV. Putting this value in Palr production, a photon passes near an wtomic nucieus. Aer

equation (4) we get
h?'= 1.02 ](\'l)e v +gK.E_, +KE ., — @) collision the photon vanishes by creating an electron - po:ltro"J‘_l';

Minimum energy of Photon: To find the minim : . L
hf=1.02 MeV + K.E, +K.E ., um energy of photon required for pair production we have

if KE,=KE .= 0, then we have(hf),, = 1.02 MeV —— )
Thus the minimum energy of photon for pair production is 1.62 MeV. In this process photon is totally absorbed

m CamScanner
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¥ oduction ¢
011;:1"". P:;fconscrvat?:nno;‘ take place In vacuum: If pair production takes place in vacuum it will be the violation
NPT of law Ol momentum. Sq 1o conserve momentum, a heavy puclens is needed

g .
nnihilatlon Of Matte 7~ photor,-
PP Ihis process is reverse of pair production, (.P electron %

/ n electron s,
When a and a positron come cloge fo each other then they annihilate

her and converted it into two photg v
".:;,I‘,;ian of matter. photons in the range of yrays. This process is called =
#7 This process is experimental veri i 7 ~
ification of Finstein’ i
g = mcz. It Bib e expressed o €in’'s equation positron

c +te Wty
Applying the law of Conservation of energy and neglecting K.E of electron and positron we have sum of the

1) : ;
( energies of electron and posglron = Sum of energies of two photons
mee’ 4+ mee? = hf 4 hf -onn. (N
o
2mec” = 2hf
mec’ = hf

‘ hf=m.c’=0.51 MeV
According to the law of conservation of momentum
The net momentum of electron and positron is equal 1o zero due 1o their oppdsitc motiom The photons also move
in opposite direction in order 1o conserve the momentum.

(i)

< hf  hr
C C B
hf ke

c C
The net charge of electron and positron is zero and photons also have same zero charge, which is in accordance to

(i)
law of conservation of charge.
Existence of positron

The existence of positron was predicted by Dirac in 1928 and Cafl David Anderson, discovered the positron in the
cosmic rays in 1932 and got the Noble Prize in 1936.
Particle and Antiparticle '

It becomes clear that every particle has a comesponding antiparticle with the same¢ mass and charge (if it is
charged) but opposite sign (different quantum number). A particle and its antiparticle cannot exist together at one place,

because when they meet and annihilate each other.
Proton and antiproton annihilationshas also been observed at Lawrence Berkeley Laboratery.

e e -

ICQ's From Past Bo:

L The minimum energy required by photon to create an electron-positron pair
(A) 0.52 MeV (B) 1.51 MeV (C) 1.02 MeV (D) 0.051 MaV
z In compton scattering, the change in wavelength is maximum if:
(A) 6 = 90° - (B) 6 = 180° (Cy6=0° (D) 6 = 45°
3. A positron is an anti-partcles of
(A) Protron (B) Electron (C) Neutron (D) Photan
4 In Compton scattering the Compton ghift A), will be equal to Compton wavelength, if the scattering angle is
{A) Zero (B) 45° (C)60° (0) 80°
. Every particle has corresponding antiparticle with:
(A) Same mass (B) Different mass (C) Opposite charge(D) Same mass and opposite charge
6. The factor is called:
m.,C
, (A) Compton factor (B) Resonance factor (C) Max. Compton shifts (D) Compton wavelength
R Apositronis
~——__{(A) an electron (B) a proton : * _(C) an antipanicle of electron (D) an antiparticie of proton
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. B 0
The quantity — has the dimensions of .
% = W= () Mass (D) Energy
(A) Length () Fime on effect Ia:
a The change in wavelength of scattered photon in Compton ’ nN o ‘
- h (1 —cost) (D) ¥ (1 ~cost)
. ——= (1 —cosB = C
m * l.
10. The Photon with energy greater than 1.02 MeV can interact (\::n)t: ::1::;; :,:;ion (D) Annilation of Matter
!
P (A) Photoelectric Effect (B) Compton Efiect
Compton effect proves s et ; p of radiations
" (A) Wave nature cf adiation (8) Wave nature of parile  (C) Dual naturo of fa:‘ﬁg’::““"*“ nature
12 Diginteguﬁon of photon on striking a nucleus into an electron lﬂ‘d poslt@n o (D) Photo electiic effect
- (A) Annihilation of matter (8) Compton effect (C) Pair pmdud'm' ‘ .
13, Comptons shift in Wave Length (A}) is zero, when scattered angelo of photon Is: (D) 45°
‘ (A) 90° (B) 180° (©)0
14, A positron is a particle having;
i (A) Mass equal o electron (B) Charge equal to electron )
‘ (C) Mass equal to proton (D) Mass equal to mass of electron but charge opposite of charge of electron
15. The rest mass cnergy of an electron positron pair is: ' .
! (A) 0.51 MeV (B) 1.02 MeV (C) 1.2 MeV (D) 1.00 MeV
! 16. In Compton effect the photon behaves as a:
(A) Wave (B) Particle (C) Nucleon (DYA&B
17. Compton's efiect is associated with: : N
(A) Gamma rays (B) Beta rays (C) X-rays (D) Positive rays
18. For an electron, the rest mass energy is:
(A) 0.4111 MeV (B) 0.511 MeV (C) 0.611 MeV - (D) 0.711 MeV
8. Compton shift A\ will be equal to Compton wave iength at an angle of *
(A) 50° (B) 180° (C) 45° (D) 0°C .

1.C 2.B .B 4.D 5§.D 6.D 7.C 8.A S.A 10.B | 11.D

12.C

13.C |14.D 16.B 16.B 17.A | 18.B 18. A

Effect).

and particle properties. So each particle like electron, prot
certain circumstances. His Principle argument was that the

As from Einstein quantum concept, we know that the nature of electromagnetic waves is dual. Some time it
behave like waves (reflection,, refraction, interference) and sometime behave like particles (photoelectric effect, Compton

photon having frequency f is given by

" Putting c:il in equation 3

| E = hfe(l)
But according to Einst_ciré mass-energy relat;’on, if m is the mass of photon in motion then its energy is:
_ 4 . = me* ----- (2 ' ~ .
Comparing equation (1) and (2) we get, - )
me’ = hf
\ o ome = M
: S
- e 0)

This equation given the momentum of

P = M
p h
- Pt O

First of all it was French Physicist de—Broglie who in 1924 wrote in his Ph.D thesis that since photons have wave
On, neutron or nucleus of an atom might act like w
nature reveals symmetries, de.Broglie argued that the

ave under
energy of
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? —olarts H:v‘ion (4) gives the momentum of photon in terms of wavelength.
e i } o :
This eq A =L - E— (5)

de-Broglic predicied that thie relationship between matter and electromagnetic radiation is intrinsic (irherent).
e-

de-Broglie argued that in the same way the wavelength A assigned to a particle of mass m, moving with the
velocity v can be determined by putting p= mv ip cquaticn § '

L S
Thus it is clear that the wavelength of the particle wav.

equation (6) holds good for microscopic particles such as
bodies such as tennis or billiard ball. For his woy
Physics in 1929.

e depénds on its mass, in additicn to its velocity. The abov.c »
slectron and other sub atomic particles and not for macroscopic
k on the dual nature of particle de Broglie reccived the Nobe! P_nze. in

Q. Describe Davisson and.
experimentally?

Germer Experiment to Show the Wave Nature of Particle

5 ~ ———
. A — r 1 ] 9
The de Broglic relation was confirmed ——t |1}

cxpf-‘ﬂmcma”{ by Md Germer. They o
bombarded electrons on a njcke| crystal and

measured the intensity of the electron beam

scattered from the crystal at varjouys angle (Fig ' e = ., I Nickel

18.12). Electrons emitted from a filament were ____JL,_;____[:—-A——U’ ________ E lu_cironBeam 7 Target

accelerated through a poteriiial difference applied l J'TJ —-4 0\;- ’

between the filament and anode in an electron Y- —Electron —e

gun. The accelerated electrons - are passed ‘ gun ,.‘-;"\ .

through slits and collide with the nickel crystal, WO, Diffracted | v ’

The clectrons scattered at various angles were ' W I' ratce | 55 acupm

: \ e

detected by the detector D. The whole apparatus PV e gelnon Chamber
. A : . Delector D ~ beam :

was enclosed in a vacuum chamber. It was

observed that at certain angles, depending upon

the energy of the electrons, the intensity of the '—
scattered beam was large and at other angle it was small (selective reflection).

The' results obtained from this experiment were. cxplai
wavelength given by de Broglie’s expression

ned by treating the beam of electrons as wave of

> The diffraction of electrons from the crystal was similar to that of x-rays from crystals.
> The wave property of particles (electrons, neutrons,

>  The diffraction of electrons and neutrons is used to
with the help of x-rays.

Theoretical Wavelenath :
. The gain in K.E of electron as it is accelerated by a potential ditference V in the electron

atoms and even molecules) has been‘veriﬁed'experimentally.
study the structure of crystals in a similar manner as is done .

gun is,

1
— mvz = VC
o mv> = 2Ve
or m’v? =2mVe
mv =+2mVe .
From de Broglie equation, s \
h
X A
. ‘ myv
Putting value of mv' 1
h

,/2mVe
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o necelernted by a potentinl difference of 54 voli, then the eleatron are seattered by an angle of 6"

Jf elections ar

{ling on Nickel crystal target, 5o
ufter falling £ 6310%

) p——
J20 11107 }8)1.6%10™")
he 166k 10" ()

-

of L= 1.66GA
Lxperimental Wavelenath

How, by waing the Bragg's equation, experimental wavelength was calculated as

For first order = m = |
Separation between two reflecting planes (For nlckel) = d = 0,91 At w0917 107" m
Glancing anple = 0 = 65°
According to Bragg's equation
2d5in0 = m ).

Putting values, we get
10
L= 2091 % 10 # sin6s
y wlt
L 165210 (2)

, .
o1 L= 1,65A
The sbove equation (2) shows that the experimentally obscrved wavelength is an excellent agreement wig), |

thearetical predicted wavelength as given in equation (1),
Diflraction pattem can also be observed with protons. neutrons, hydrogen atoms and helium atoms, So It confipn,

the wave behavior of the particle,

Q.14  Explalny Wave Particle Duality?

The wave = Paticle Duall

Behavior of light as waves as woell as particles

» Interference, diffraction and polarization of light confirm'its wave nature,

*  Photoelectric effect and Compton’s effect proye the particle nature of light,

Behavior of particle as waves as well ag particlos

In the experiment of J.J Thomson 1o find e/m, heused the particle like noture of electron,

o [he experiments of Davisson and Germer and G.I* Thomson reveal wayve like nature of electrons,

Wave Particlo Duality,

Matier und radiations havew dual wave-particle nature and this new concept Is called wave particle duality,

de Broglic hypothesis tells about the duality of matter,
Davicion and Germer experiment of electrons diffraction for a Nickel Crystal confirms the dual nature of matter.

b

1> It should be noted that when radiation interacting with macroscopic particles like electron it behaves like 8
particle,
It should be poted that radiation like light waves and small particles like electron, protons ctc. do not show
partigle and wave propertics in a single experiment, ,

> In saine cperiments they behave like waves (reflection, refraction, interference) and behave like particles in othef

expenmienis (photoclectric effect, Compton Effect).

't should be remembered that the duality applies 1o all the particles and waves which is the basic principle of
medern quantum theory, According to this theory the physical interpretation of wave particle duality I that,

The intensity of the panicle wave at any given point is proportional to the probability of finding the particle al the
point. This is the meaning of wave particle duality, ‘ '

Finding the value of ¢/m for an electron J.J. Thomson considered an electron as a patticle wile Devision ‘”d
Germer considered the electron beamn as a wave,

CamScanner
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's From Past Board Papers

Amipmicle of electron is;

1 Proton
()] (B) Photon :
The Davison and Germer experiment indicates: (©) Negtron - (D) Positron
) rerence - ' ' : .
(A) Inte C (B) Polarization f . ' f
R — (C) Electron diffraction (D) Refraction
i v‘:‘;ﬂ;l’;{; . n proves tl';; particle nature of electromagnetic waves? - (Federal 2014)
AL ) Polarization Photoelectric effect
‘ wave nature of light appears in: (C) Interference (D) Photoeleclri )
/ A pair production (B) Compton effect , ) )
: C) photoel effect D) interference
‘ we can find from de Broglie formula: . CEpolosseche . ®
(A) Wa;eler:gthl (B) Amplitude of wave (C) Speed of wave (D) Frequency of wave
 ——nastnelargestde Broglie wavelength at same speed:
(Ay PO (B) a- particle (C) Electron (D) All ha.c same
1 A positron is an antiparticle of
() Erolon (B) Electron (C) Neutron (D) Photon
) The minimum energy required to create pair production is :
(A)1.02keV (B)1.02MeV (C)1.02eV " (D)10.2)
8. In a annihilation,emitted photon move in opposite direction to conserve
(A)ymass (B)charge (C)energy (D)ymomentum
10. If a particle of mass m is moving with speed v then de broglie wavelengthi associated with it will be
. =3h . _2h h : h
(A) =TV B =17y CM =y (D) »=35mv
1,  The existance of positron in 1928 was predicted by
(A)Anderson (B)Dirac (CyChadwick (D) Plank
12. Pair production can take place only when energy of radiation is equal and greater than 1.02MeV thus correct option is
(Ayx-rays ‘ ’ (B)Heat radiation ’ (C)y-rays (D) Ultraviolet rays
13. They following particles have the same energy which particles have the shortest wavelength
(A)u-particles (B)neutrons (C)B-particles . (D) protons
14. When an electron combines with a positron,we gain ) )
(A)One photon ' (B)Three photons (C)Two photons (D) four photons
15. Rest mass energy of electron is ' ¢ oyl
(A) 1.02MeV (B) 0.51MeV (C) 931MeV (D) 200MeV

st

.0 |2.c |[3.D |4.D |5A 8.B |9.0 |10.C |11.B |12.C

13.A |14.C 15.B

Q415 Write a note on Electron Microscope.

Electron'Microscope : -
An ultra-modern optical device whi'ch makes the use of the wave Goes e miigionge Of chion
nature of electrons beam is called electron microscope. frequency favour a particle theory for light
Principle: the principle of electron microscope is based on the wave nature rather than a wave theory?
of electron beam, Here the electrons beam is focused is the specimen -
lhrough magnetic lenses by using electric 2_md magnetic fields. The deflection of electrons beam is similar to refraction of
light through glass lenses. A
Construction and Working:

(i) Electron Gun: It eject and accelerates the beam of elcctron. :
(i_i_) Magnetic Condenser: It is used to focus the electron beam on the specimen.
Uii))  Magnetic Objective o

(iv) Intermediate Image Projector or

™) Fluorcscent Screen
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hLk e wicinacope In shown, T elevtion micioscope, elections from the elegirn gy _
T The evimtirietion of rlfvh\“' m i .'\wnlwllu i lena, The apectimen o wlloe of material pst be very thin lyf.u;,,,"
hrouph magnetic ho dsorption or soattering of election, The elections Lsam is G0ty
' which ean be viewed on a "‘“"!m..:

focnmnd o the spevhinen
o (o Rinfivts angafanine
by eleviineiatie o inagneiie

‘ peaph | N
Narking N‘M‘ “ ‘Hw elecirons fiom heated fHament ln an eledtion i are A olornted through high voltage from i
e g elenpth of the erder ol 10w, The olectrony gain high kinetic enerpy glven by,

i onder to minimize 7
deflection, The pralection lene formes the final image,

fo veveral megavolis, giving wave e
K. " - “\l‘ — ‘ n R—— — et & AR TS BTN e LG e i % L .;. = T r— i,
' 4 ¥ Elaidion .« g
amy' = eV, i .
l’n\ o= 26V, ""’"' _ anoida

] 3'\" ‘ »
' " Condenser &

- Joulanser «
i;\“ 1) \_um 5 . m s Bpaciien
- “w o Oljoctiye R
! | - -
Where m s mass and V' {s sapeed of an apotfure lana . Fr }
electron. The electrons gain extremely lnlainmllul " e g
ghort  wavelength, the de  Dioglic 6118 h l. : e
wavelength of electron is i P A
A gl
4 —— - av ! (1Y)
’\ = my (‘) ' umor‘im
- -
‘\ 1eVy
" "
-,.._.Y.h Moot '

.. N 4 Hoctron mlcroacops ray dingram

;\ \";n\p\“ ( \' e et e S e i et ettt g ( Mmbat . Musadd. B o

This high energy electrons beam is focused on the specimen by menng of magnetic conducting lens, A part of electron

beams is scattered from the thicker part of the specimen, while (lie romaining part is teansmitted through the specimen,
thickness, This transmitted beam

because the electrons have sufficient energy to penetinte the specimen of reasonnble
o veal imago. Tho final image is formed by projection

diffracts through objective and intermediate lenses and produces
raph, A three dimensional image or

lens, which is obtained on the fluorescent screen or photographed on election microg
remarkable quality can be achieved by scanning electron microseope.

Resolving power:
The yesolving power of electron microscopd s 100 times greater than the optical compound microscope, because,

gih of light wsed. The wavelengths of electrons are 100

it uses the wave nature of electron beam, A greater the wavelen
times showa than the visible light, used i optical microscope. So electron microscopes nre able to show the detalls of

about 100 times smaller objects,
Uses: Itis used to
i. investigation of atomic strueture ,
i, study the crystal structure '
iil. to study details of viruses and structure of bacteria
Iv. to study the structure of textile fibres
V. to study the compasition of paper and plastic,
Q.16 Define and explain the Helsenberg Uncertainty.

Uncertainty Principle

Statement
Position and mormentum of a particle cannot both be measured simultaneously with perfect accuracy.

Suppose some one starts thinking of designing a super microscope 1o sce an clectron and take observation to
know its position and momentum at a particular instant. The question is whether it is possible to make such observations.
We shall sce below that it is fundamentally impossible to make such observations even if one succeeds to construct a1

ideal instrument for this purpose.
, ‘

CamScanner
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order to sce an electron w :

In . X | ¢ use light of Wavelength A, The light consists of photons - cach having a momentum
j hen One © these photons hits the electron, (he photon will

‘T";I‘ change of mome
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be scattered and the original momentum of the electron

ntum of the elect :
’ ron will be of the same order as the momentum of the photon itself, Hence,
Ap ~ x o~

The cquation gives the uncertainty in the momentum
[ ——— B .

X e0@ @B > n

Uncertainty of
the position Uncartainty of
of the particle the momentum

of the particle

Mustrations of uncertainty principle

Ls

In order to reduce the uncertainty in momentum, one must use light of large wavelength.

gy the uncertainty in determining the position of the electron will be of the order of wavelength of light. Hence
yncertainty 1n posttion 1s )

Ax =l .. (2)

In order9 to reduce the uncertainty in position, one must use light of shorter wavelength.
»  Forshort wavelength

If onc use light of short wavelength, then from eq(2) Ax is smaller i-e uncertainty of pesition is smaller and the
accuracy in position measurement increases . '

But from eq (1) Ap is greater i-e uncertainty of momentum is greater and the accuracy in the measurement of
momentum decreases.

> For longer wavelength

If one use light of longer wavelength,from eq (2) Ax is greater i-e uncertainty of position is grca.tcr and the
accuracy in position measurement decreases.

But ‘from eq (1) Ap is smaller i-e uncertainty of momentum is smaller and the accuracy in momentum
measurement increases . ‘

Multiplying the equations 1 and 2, we get.
(Ap) (Ax) = h « (3)

This is one form of the uncertainty principle. ) ,

It states that the product of the uncertainty Ap in the momentum of a body at some instant and the
Uncertainty in its position Ax at the same instant is approximately equal to Planck’s constant,

This means that i is impossible to measure the position and momentum of the clectron simultaneously with
Perfect accuracy even with an ideal instrument.
. Ashisa very small and, therefore, in the case of lafge quects .with which we come across in our daily life, the
hml'lation imposed on measurements by the uncertainty principle is negligible, but when we are working with sub atomic
Paticles, these limitations are not negligible. : ,

" Another form of uncertainty principle can be obtained through similar reasoning,

L(AE)(At) ~h . (a)
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ured amount of energy and the time availap), for

- . s
he uncertainty in a mea

324
tes that the pr

is approximate
nly principlc te
: t momentum ata

Which sta

the mcasurcment :
The uncental

uncertainty about its exac

given

o.@

nck’s constant.

ible to kno hing, 250
position and its exact energy at a given .

e@®®

@©oe-

w everything about a particle. There wjy b

Change i‘n mass

FORMULAE
. V2
1 || Time dialation [—Y
CZ
m
2 || Mass variagion 1__\:_
o2
vZ
3 || Length contrction I=1 1_.c_2_
E=mdc
4 || Einstein’s Equation ,
5 Y.

6 1! Wein's Law

Amax ¥ T = constant

7 [Stefan Boltzmann law

E=0c T*

8 |[Energy of photon E'= hf
h
9 || Momentum of photon P=x E=pc
10 Maximum K.E. of o 1
photo electrons {K.Eloa = Vo ) MV e = Vo
11 |[ Photoelectric equation || hf =¢ + K.Emax hf =¢ +l mv? '
2 max hf-' hf°= K.Emax
S h
12 || Compton shift Ar=——(1-cos0)
m_c ‘
[13 Compton wavelength OA = LN
m_c

G

IPair production

hf=2myctsk g,
[15 || Annihiiation of matter o' 4o . o€ +K B K.E (o)
16 [} De-Broglie hypothesis [ 1= D-:L‘
p my
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==
Davisson and Germer \ h
Experiment T{m
a Uncertainity in ' g
% |f position Ax %
—1_1 Uncertainity In h
9 | momentum AP = 3
20 || Uncertanity principle ][ (Ax){AP) ~ h (AE)(At) = h
For more careful
{21 calculation Ax . AP2 h AE. At R
22 || h-Bar h= .l‘..
‘ 2n \
UNITS
1 | Weln’s constant’ mK
2 | Stefan Boltzmann constant wmk™
3 | Piank’s contant J-5
4 | Work function ) eV
5 | Compton wavelength v
CONSTANTS

1 | Wein’s constant

=3
29x10 mK

2]

Stefan Boltzmann constant

-8 - -4
5.67x10 Wm™k

3 | Plank’s contant

6.63 x 10_341 sec

4 | Compton wavelength

-1

2
2.43%10 m

5 | h-Bar

1.05%x10 7 Js
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required to »
e system such q d“':h},é

t velocity is called an inertial frame of reference.

as the OXYZ-system, which is

Frame of reference is a coordinat
relative of an object. :
A reference frame moving with const.an ' ks gl v i
A frame of reference that is accelerating i1s'a non;l e

ivity i ates. :
Special theory of relativity is based on two posiu

i ics me in all inertial frame. |
a - :‘_hhe lamsdof ?:fl:ffnmf:ct: Z::cc has the same value for all observers, regardless of their state
e speed o

b.
motion. N

' i lativity.
" =mc’isani esult of special theory of re . a
o f\ bl?c(;\' ::):; li?ls)z;:n I;I:»ck having a hollow cavity within. It has small hole and the radiation can ente

ap2 only through this holé. . ;
(S):c;s:érr:‘ Bolt); Mani law states that total encrgy radiated over all wave lengths at a Particuly

temperature is directly proportional to the fourth power of that Kelvin t.cmpcraturc. .
The emission of electrons from a metal surface when exposed to light is called photo electric effect, The

emitted electrons are known as photo electrons. . N
2 When x-rays are scattered by loosely bound electrons from a graphite target, it is known as Compton

cffect. . -
The change of very high energy photon into electron-positron pair is called pair production.

L)
*

0 When a position comes close to an elcctron, they annihilate and produce two photons in the r-rays rangs,
Itis called annihilation of matter. -
* Radiation and matter exhibit particle as well as wave like properties. This is known as wave=particle
| duality,

- Position and momentum of a particle cannot both be measured simultancously with perfect accuracy,
There is always fundamental uncertainty associated with any measurement. It is a consequence of the
duality of matter and radiation. It s known as Heisenberg uncertainty principle.

cle

wave parti

- i -’ : s : &3 3 : e ) g -4),0 - - - X g : V,
{ Example 18.1; .
The rest mas of an electron is 9.11%10x10'kg. Calculate the corresponding rest energy.
[ Sl S S
Solution:
Rest mass energy of clectron. E =m,C’

E = (9.11x 10™'kg)(3 x mnm/s)2

’ E =8199x10™")
' E = 0.512MeV

Example 18.2: . ~
A spaceship is measure 100 m long while it is at rest with Fespect to an observer of this spaceship

now flics by the observer with a sped of 0.99¢.

olution;
We know from equation 18.1
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2

L=] v

i i ¢
| L. =100m ']_(_0_'?9_0)_2_
, ot

L=14m

ﬂmplc 18-3:
superman, who has an exce
mass of the ball is 0.5 kg .

ptionally stron '
o $arm, t :
what is its mass ir ﬂigh’t")hmws a fast ball with a speed of 0.9¢c. If the rest

golution: ‘
Using cquation 18.3 we have
c”
0.5k
=2 B ] 15kg
(0.96)
o ») e =
- W\\. ’ C
Example 18.4:

The temperature of the skin is approximately 35°C. ‘What is the wavelength at which peak occurs §

in the radiation emitted from the skin?

"1 Solution:
) T=02898x10"m.k

Solving for A, nothing that 35°C is comresponds to an absolute

Temperature of 308k,
We have,

I8

o

0.2898 x 107 m.k
may 308k

- C T
)\'m.“ ® ).4}11“
in the infrared region 0

f the spectrum.

The radiation 18

L jumessm

Example 18.5: | . o :
lluminated with light of wavelength 300nm. The work function for sodium is

A sodium surface is i
2.46 ¢V. Find
(@)~ The K.E of the ejecte
(b) The cut-off wavclcnth
Solution:

-~
(a) E = }1_/- = ZI_C-
hif A
-3 B
> o _(6:63x10 +1.5)(3x10 m/s)
300x10°m
~=6.63x10™"]

d electrons and
for sodium. __

(%1 CamScanner
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9y

o= S8 T g 14ev

1.60x10" 1/eV

m]( = }f ¢
k.l;,m - 4.14¢V - 22.46¢V
kE,, =168 eV
(b)

¢ =2.46eV=(2.46eV)(1.60x10™"° J/cV) =3.94x10"J

he (6.63x10-*1.5)(3x10°* nvs)
°T 3.94x107"°]
A, = 5.05x107m = 505nm
This wavelength is in the green region of the visible spectrum

, Example 18.6:
' The stopping potential to prevent electron from flowing across a photo clectnc cell is 4.0 V. Whyy
maximum K.E. is given to the electrons by the incident light?

.Solution:
KE, =V
=1.6x10""cx4 Jc™
=6.4x107" ]

E\amplc 18.7:
X-rays of wavelengthA= 0.20nm are scattered from a block of carbon. The scattered X-rays are
observed at an angle of 45° to the incident beam calculate the wavelength of the scattered X- -rays
at this angle

Solut:on
The shift in wavelength of the scattered X-rays is given,

Ak— (l—cosO)

0

_ 6.663x107*Js
(9.11x107" kg)(3x10° m/s

=17. 11x10"3m 0.000711 nm
Hence, the wavelength of the scattered X — ray at this angle is

1-cos45°
)( )

A'=AAN+ A
A'=0.000711nm+0.20nm
=0.200711nm

@ ) o

Exzmple 18.8:

¥ Find the threshold wavelength for a photon to produce an electron position pair.
Solution: :
The minimum phr N energy to create an electron-positron pair is :

E =715 =1.022 MeV
Now to find the wave length of a photon with this energy.

-

CamScanner
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E=hr=he
A
p -;..}E _ 6.63x107J.sx3x10" m's
E (1.022x 10°eV)
_ 1240eV-nm 0.0
1.022x10° v & 00121nm
mplc 18.9:
Determine the wavelength of an electron that hs been accelerated through a potential difference of
100 V. : |

Solution: )
Gzinin K .E of the electron in falling through a potential difference of ¥ volts is:
2 mv: =ev
_ !26\/ .
Ym
2x1.6x10-" cx100V
\ 9.1x107" kg
=5.9%10°m/s
The de-Broglie wavelength of electron is
h
l=—
mv

=— _;5.63\/\1(-)‘-'155 =12x10"m
(9.1410 kg)x(:.c)xlo m/scc)

Example 18.10:
A particle of mass 5.0 mg moves with speed of 8.0 m/s. Calculate de Broglie wavelength.

Solution:
m=35.0mg = 5.0x107kg
v=8.0m/s
h=6.33x10""Js

fo=—

mv .
6.630+107 Js

A=
5.0x10™ kgx8.0m/s

=7=1.68%x10"m
| '0@@0-'
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Text Book Exercises

Q.1 Select the correct answer of the following questions
(i) If the K.E of free clectron double, its de Broglie wavclength changes by the factor. =
]
1 . -
(@) V2 ™ 7 (c)2 @ 3
(i)  FEinstcin's photoclectric equation is £, =If = ¢ in this cquation E; refers to:
' (b) Mcan K.E emitted clectrons

(a) K.IE of all the emitted clectrons - .
(¢) Maximum K.L of emitted clectrons : (d) Minimum K.E of emitted _clectrons

(iii)  Dc-Broglic waves are associated with:
(a) Moving charged particles only
(¢)"All moving particles

(iv) A perfect absorber must be also be perfect:
(a) Cavity (b) Source of radiation  (c) Radiator

Pair production occurs only when energy of photon is at least equal to:

(a) 1.02 ke V (b) 1.02 eV (c) 1.02Me V (d)1.02Ge V
(vi)  Pair production cannot take place in vacuum beccause:

(a) Mass is not conserved (b) Momentum is not conscrved

(c) Energy is not conserved (d) Charge is not conserved

The positron has charge which is in magnitude equal to the charge on:

(b) Moving ncutral particles only
(d) All particles whether in motion or at rest

(d) Nonc of them

(v)

(vii)
(a) Llectron (b) Proton (¢) [} -panicle (d) All
(viii) We can never accurately describe all aspects of subatomic particles simultancously. It is correct
according to:
(a) Uncertainty Principle (b) De-Broglie Theory™  (c) Finstein Theory (d)Photo electric effect
(ix)  An electron microscope cmploys which to oneof the following principles?

(a) Elcctron have a wave nature (b) Electron can be focused by an electric field

(c) Elcc(ron can be focuscd by a magnetxc ﬁeld (d) All oflhe above

or

and YAl :_ﬁ—_’;ﬂ(_f:i
I
\2 (\/-m (K. E))

A= E 7
(ii) (c) Maximum K.E of emitted | Ashf=¢+F,
clectrons or By =hf=¢
where F, represents the kinetic energyv-of the photo electrons.
(iii) (c) All moving particles h
As ) =—
mv A
Which shows that the De i: biaglie u.nclcnuh i aonl ble for both |

4
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B\h::::aglmwarged moving particles.
" | 1.02 Mo v —————_| absorber ¢ da_rk colours, especially black colour is a Vvery good
(© < Minixandemn the more radiations on their heating.
| 2mnC"21ur: ;nergy required pair production is
X911 x 107 x (3 x 10*)?

( (b) momentum g o= = 1.00 Mey )
(‘/’—(d) ~ CAOITSC_WCd — y CIVEELD Stop the y-ray photon, a nucleus is required.
All of these possible has the same numerical value of charg€ i.e., 4

== - 1.6 x 101
{,@, Uncertainty Principle This e, S .
ix) (d) All of the above - 2 th‘e statement of Heisenberg uncertainty principle.
g All the given properties holds for electron.

State Einstein’s postulate of the s

pecial theory of relativity. Discuss its various results.
st See Theory Question No. 2 o

— .

7, What are the main features of the thermal radiation from a black body?
ans:  Sce Theory Question No. 4

==

What are the main feature of photoelectric effect? Discuss the failure of classical physics and
success of photon concept in explaining this effect. i,

Ans:  See Theory Question No. 6
What is Compton’s effect. Develop a mathematical relation for the Compton'’s wave shift.
Ans:  See Theory Question No. 9
Write note on pair production and annihilation of matter.
Ans: -See Theory Question No.:10 & 11 ' . _
8. What is de Broglie hypothesis? Describe an experiment to show that particle has wave
characteristics. ' . :

Ans:  See Theory Question No. 12
7. What is meant by wave-particle duality? Explain.

Ans:  See Theory Question No. 14 .
8. State and explain Heisenberg's uncertainty principle. Justify the validity of this principle by a

thought experiment
Ans:  See Theory.Question No. 16

I 1. Imagine a world in which¢ = 50 m/s. How would every day events appear to us?

Ans: [ the speed of light reduces to ¢ = 50 m/s, then relativistic effects will remain unchanged.

Explanation: . nd imi i
f light(2 postulate), the upper limit of speed for material particles will now

Accordi inciple of constancy 0 . _ i
rding to princip ble for material objects to attain such speed. Even as a speed of 40 m/s,

become 50 m/s i.e. it will be KimPOSSi ! bodi :
relativistic effects would be apparent for material bodies.
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Both Zarak and :
, samina : :
while _Samina remains o: 't’le\etv::;tg years old. Zarak leaves earth in a spacecraft moving 3t g
_one will be of greater age. Explain? Zarak retuns from a trp to star 30° light years earth, whgy

Ans:

~ s

Samina will be older :
th o
Explanation: an Zarak by difference of abo.ut 3q years, due to the

g llght yef\r is the distance travel by the light in one year.
amina will stay on carth and the time past for her will be:

Where d is the distance of a star 30 light years away i.e., de = 30

Now equation (1) t,

Samina will Spend 75 years at carth durin

relativistic effects of time dilation

L2
x = v —)(l) |
X C years.

2(30 x ¢ years) _ ‘
= 0.8¢ =75 years

g the Zarak’s journey. As her age is 20 by the time Zarak lefl so at b

return her age will be 20y + 75y to 95 y-

Due to relativistic time dilation effect thesc 75 years wi

_V
,=tx\[1 =

0.8¢c)°
t,=75y><‘\/l 'L"?‘L

c
' t, = 75y x 1 - 0.64
or - t« = 75y X W
t, =75y x 0.6
t, =45y

It appear to Zarak

or

or
Therefore, time of Zarak will be 45y.
When Zarak returns from journey he
of age whereas Samina will 95 years of
-age whereas Samina will 95 years of age,

will be 20y +45y = 65y. Thus, then 7Zarak returns, he will be only 65 years
age, about 30 years older than Zarak returns, he will be only 65 years of

about 30 years older than Zarak.

Which has more energy, a photon of ultraviolet radiation or a photon of yellow light? Explain.

Ans:

Energy of photon is given by
_he
S

Ee«T

A
A'vicvlcl < A'ycllow

Therefore energy of violet photon is greater than encrgy of yellow photon. .
Some stars are observed to be reddish, and some are blue. Which stars have the higher surfm’

temperature? Explain.

Ans:

The stars that appear to be bluish

reddish. A
Explanation: Astronomers use the colour to stars to estimate their temperature by using Wein’s displacement law

given by,

have higher surface temperatures as compared to the stars that are observed as

AT = 2898 um K
T=2898 um K/A
For stars of red colour; A = 700 nm
. T =2898 um K/700 nm
= T=2898x10"mK/700x 10~ m

= T=4140K
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s‘/ﬁ;‘;d of blue colour; A = 475 nm =

T = 2898 pum K/475 nm ,
= T=2898x 10" m K/476 x 10" m
- T=6100 K
Therefore, looking at the colour i
fstis, of distant stars

~~"An olectron and proton a
' re accelorated from rest th
§ particle has the longer Wavelongth? Explain, B

. we can determine which one will have higher surface

~The electron, with it
- ';t:c h““on.. il S&:ﬂgller r'm'\ss, has the greater De-Broglie wavelength. .
Xp -Broglie’s hypothesis, wavelength attached with a material body in motion is given by;
h
ll::"“_’] -.-;.———.}.‘...'.:
, is the n F () : A[2Vqm
Where P is the momentum and it is related to kinetic energy K.E by
2
S i
K'—F‘ 2m
. o p= \}2m K.E
Putting this in equation (1), we get;
A= -h am )
. NemKET @)
Now as K.E = qV,, so equation (2) in terms of potential difference V; becomes
h

P ar——————
\2m (qV,)
Where b 1s a constant, V, is same for both the electron and proton, magnitude of charge g is also.same for both
particles. So, considering all the other quantitics same, wavelength inversely depends upon mass as,
A=
m

Hence that particle will have longer wavelength whose mass is smaller and that is electron.
3, All objects radiate energy. Explain why, then, are we not able to see objects in a dark room.

Ans: Because the emitted energy is in form of infrared radiations,

Explanation: < 4
At any temperature the object emits the thermal radiation from its surface. The properties of these radiations

depend on the temperature and surface of the object. The spectrum of these radiations shows that thesc radiations
consist of a continuous distribution of wavelengths in electromagnetic spectrum. If the ‘object is at room
temperature, the wavelengths of thermal radiation are mainly in the infrared region and hence the radiation is not

detected by the human eye. .
As the temperature increases, the object finally starts to glow and red colour become visible, At very higl
temperatures, the glowing object appears white, as in lhtlt hot tungsten filament of an incandescent light bulb.
Thermal radiation is emitted from. the surface of any object. The peak wavelength is related to wavelength is
related to the surface temperature through Wicn's displacement law. If Anay is the wavelength at which intensity

peak is obtained and T is absolute temperature than;
. Amax X T = constant (Where constant = 0.2898 x 107 m K. )

ects are at room temperature of T=27°C=300K, so : ‘ |
02898 x 107 mK _ "
=— =9.66 x 10
Max = 300K . X m

nds t6 the infrared region of the spectrum. So the peak of the radiation is in the infrared
hows that most of the encrgy emitted by objects is not visible to us.

Ordinary obj

This wavelength correspo
region of the spectrum, it s
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ation is harmful to your skin while visible

Use photon model to explain why the ulbaviclet radi

Aps:

fight is not

Crorer o o
- Land
“'"-L" L £/ 5,‘
b
S
s o 2
-
/.
o 3 i S o o »
— . e
WELIT /. 38 WEVELT .g,." Of PRCLOT &8 @nd e consiamt
1T
g 1
E=x:

F s E
ey epier 7~ r-rrgr_l.g
}:—"p » "'2"‘1' ! r»/.’-“r,c; Yo Bl — . . N ! e - ~
et gacdiztion have high energy photons which zre ke 0 skin 2s compared to visible light
0 S

Lol e

having low eneryy photon.
Explain why the annibllation of an electron and positron creates a pair of photons rather than 'l

singls photon.
?() :Z."".‘" ‘e Vass rof s S ¥ o >4 — - o - : s

Jpendy e taw of conservation of entrgy and momentum, the two photons are eminad in opposite directod
nen Ennintiation of electron and positron takes place.

3
.
vl

Eiplanation

: n:* a'pz::i:!: and wzzr*n is its anti-particle. When 2n elsctron 2nd positron combine, the pa¥
“iation ies place, In this process, the conservation of energy, charge and momentum will hold.

o 4w
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But in order 10 conserve the Y even holds

if a si ‘ -
Momentum, it is n A single photon is produced in this process.

t
' TCMmaing constant, ceessary to produced two photons of cnergy, so that the total
i when a particle’s K.E increages what ha
" When the Kinetic energy of the particl Ppen to its de Bro

pe Explanation:

momentum before and afier,

P=\2mKE

Putting this in equation (1), we get:

h
y (|
\2mkE @
1
A o~

So de-Broglie’s wavelen

. el gth is inversely related to square root of K.E, therefore whﬂnﬁparﬁclc's K.E increases,
its de-Broglie’s wavelen '

gth decreases.

12.  Explain why we can experimentall ; observe th ik rties of ::loctrons. but not of
r billiard ball? y e wave like propertle
Ans:

We cannot observe wave like properties associated with billiard ball because of its large mass.
Explanation:

As the De-Broglie wavelength varies inversely with the mass. So it is not possible to observe it for massive
particles like billiard ball.

..

my
So for massive object De-Broglie wavelength become too small to be measured and quantum mechanical results
will no longer remain prominent. '

Electron is a tiny object having very small mass and its typical velocity is 10° m/s. ‘Wavelength associated with it
according to De-Broglie.

h _h  6.62607004 x 10~

p mv 91x107"x10° | |
and it is detectable due to which its wave like properties e.g., diffraction, are observable.,
But the billiard ball is enormously massive (m = 150 g = 0.15 kg) than an electron and its velocity can bz about 3

m/s. De-Broglie wavelength will be so small that there is no such device or instrument that could Measure. <t even
detect such a small wavelength.

h h 662607004 x 107"

B PR T
x=;.=-n—]7_ 015 % 3 1.72%x 1077 m

Thus, we can experimeéntally observe wave like properties of election but not of a billiard ball,
E

=73x10" m

- Does a light bulb at a temperature of 2500 K produce as white a light as tho sun at €000K?
Explain. :

Ans; No, a light bulb at 2500 K does not produce as white light as the sum at 6000 K. : '
Explanation:

According to Wien's displacement 1aw, Ana T=0.2898 m K — (1)
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m intensity and T is absolute temperature, Now for

336 .
is tf ding to maximu -
Wh.ere Aﬂu is the wavclcr:gth' pontst_’onr gthat the peak at which maximum intensity occurs An,, =1 ] 6
ordinary light at 2500 K, equation (1) implies Ib light is in infrared region while for sun at 60 i
which is not in the visible range (most part of filament bulb lig ol == e Ok
: : ich imum intensity occurs Amsx = 683 nm is in the visible range, Th
equation (1) shows that the peak at which maxi ite light as the sun at 6000 K : s
we conclude that a light bulb at 2500 K does not produce as white igh :
[ 14. A beam of red light and a beam of blue light have exactly the same energy. Which light contajp,
| the greater number of photons? :
Ans. Beam of red light contains greater number of photons
Reason :
As energy of a photon is
he
E=hf=7 ' (As v=1A)
So energy of a photon is
_ ke
n_ N A
_ End
OR n= -
AsEn,hmdcq;sme
So ne
AS 2., 4> Ay SO red beam will have greater number of photons.
The red light is less energetic and has low frequency than blue light. Since 'f?h:‘ > 1, therefore red light will
T ” e :
contain more photons than blue beam of light, _
15. In Compton scattering experiment, an electron is accelerated straight ahead in the direction of
the incident X-rays photon. Which way does the scattered photon move? Explain. '
Ans:  The scattered photon will either move at 0° arat 180°.
Explanation: In Compton scattering experiment, the scattercd X-ray photon can move either in the same
direction as initially moving (0°) or scatter backwards (180°). Compton shift is given by,
h
' Ak—moc(l-—cose)—)(l) |
The maximum energy that a recoil electron can obtain in Compton scattering is in a head-on collision in which the
electron scatters at 0° whereas the X-ray photon itself is scattered backward at the angle of 180°.
So above equation becomes; '
h 0y = L =
Ak-—moc(] -cosO)—moc(l -1)=0
h ‘o _h 2h
AA =Tt (1 =cos 180)~moc (1+1 = e
So incident photon either scatters at 0° or at 180°. | . :
6. Why must the rest mass of a photon be zero? Explain. ' . j
\ns: - When a material object of actual mass no moves with high speed then its apparent mass m according to the results

of special theory of relativity is given by equation.

m:

Now we know that a photon always travels with speed of light and if we replace v by e in above equation, we get

|
A
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\j1-5 ~i-1 o
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-

Y. We take rest mass of photon to be z=ro.

— ot "ad.zboﬂ Tom biac
e 2hSORmT 2o : - X i
e EISTUES BTnerztors of 5 nro s body if its absoluts temperature is doubled? :

SEES. ’ dopiles o
-5 - Qoubled thee e o "
| - ——— =T - » & - . w :
N the intensity of the total radiation increases by 16

-:—t&:'- oy o el = - B
A0's Iaw shows that total radiation emined by 2 black body per

=~
- 6= i E
Wt G B d2n-Bol h
SEToCROTETE oongts— 3 -
- =77 ** =GOS " 2 z .
= " <~ anC i = ’\.\j Ry . " .
| -l AR, 9D SOVUNES o —— o O ol -
temperzture. Now if zbsolute temperature is doubles i.c..
. —h
L =Qi)
B — e &
L TGQ4al) =
=181
IOG(1)
Thome b dociline the. £ =1i6E
e he 2bsolnts temnerstirs - 3
= — STDeTEITe, mtensitv of torz] rediztion incresses by 16 U
I 151ty of total radiation increases by 16 times.
4

R A 3 » 5

1 on e o3ery '

ey dom'ts Coserve Compton's effect with visible light?

Wit visinle ight because of smaller energy and frequency. Visible light

= LNes

2= Sreamema
— crsannear

e e e ol

: Compten’s effect to occur, high energy and
light has not got enough energy to camy out
is quite smaller than the minimum energy
~2 Compton’s effect with visible light.

b
=

1: -
.E, which has the shortest wavelength? Electron,
L1 - —T
velzngth attached with 2 moving particle is given by,
A =f g ]
Where P is the momentum 2nd it is felated {)kinetic energy K.E Dy
™ _ N
N =57
p=y2m (K.E)
Putting this in equationg{l ), Weget
il
e — (2)
+/2m (K.E)
) i
/.
Jm
F onclude that the massive particle will have shortest wavelength and alpha particle is

om abovespequaion, W
-
e

1R - i 5 C
heaviest of all given. So alpha particle will possess shortest De-Broglie’s wavelength.

If an electron and a proton have the same de Broglie wavelength, which particle has greater

speed?

Speed of electron will be greater than speed of proton.

Explanation: _
De-Broglie’s wavelength can be written as:
,_.h .

T mv
h

el i | ‘

v
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we can write the above equation g,

onstant), S0,

both electron and proton is same (¢

338
As given that wavelength of \
Vot T .
N : i higher speed. A
; i ller mass will have higher speed. As masg
From last expression, it can be concluded that paﬂl'l‘i";m“r";gc :';‘:h:; proton. , | of
clectron is lesser than mass of proton, s0 n-w:ll have hig d of proton provided that both particles have same
Thus, we conclude that speed of clectron is greater than spe
de-Broglie's wavelength. —— ‘
21, Why ultraviolet radiation is harmful to skin while visible light
{ ' i
: uestion repeated.
2": : En Incanc:escent light bulb Is connected to a dimmer switch. When the t:u:bs operate. at fy|
' power, it appears white, but as it is dimmed it looks more and more red. Ex?.a.r?'
. ST : depends upon number of photons whereas the v:;nlg_lllty depends upon jts
Ans:  As intensity (brightness) of light beam dep it appears white. Because the maximum power dissipation

frequency. When the bulb_operates at full power, 1
mu;:};;tlz c‘)lf" apIZ\c\nct:(si ils)siplt]itn the temperature of the bulb wi!] in_creasc and emit radiation of shoner »:'zave]cngth
maximum intensity. This follows Wein’s displacement law Whlch. is A,,.., xT= constant.(= 0.2898 x 107° m K)
The bulb becomes dim by decreasing the current through it, which ultimately decreasing power dissipation and
finally temperature. Since the nature of radiation depends upon then temperature of the -radiator. So at low
er wavelengths and appears red.

temperature, the bulb emits rndiatnofl veleng!
* . Numerical Problems

————

1.

The length of space ship is measure to be exactly one-third of its proper length. What is the
speed of the space ship relative to the observer? - [0.9428¢]

- '.&::T:‘ 7
Given: Length AL %2 |

P 3

R

To Find: Speed v = 7

Solution:

By relar’vistic equation for the length contraction

AL = ALp A ’]ﬁg—

Or N ———
) ‘ C' ALp
Putting values:
y ‘=ALE/3
V& AL,
¥ Al
C° 3 xALp
-5 =1
..\ T3
Squaring both sides
|- Y-l
7y
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-C=9—!
Wl)i“g with negative sign on the both sides
) Vv o i
c 'Th
v
o 0.889
v? = 0.889C2
(sking square root both sides
\]? = \f().889C2
v=1/0.889 x/C?

- . 3
The time period of a pendulum |
. he netiod When e $ measured to be 3s in inertial frame of the pendulum. What is

asured by a
pendulum? Y an observer moving with a speed of 0.95¢ with respect to the
Proper time Atp = 3.00s
Speed v=0.95C

To Find: Dilated time (At) =2
Solution:
The relativistic equation for the time dilation is
Atp
At=—F—=
=gt
' i 3.0s
95C
h _(© 9CS )’
3.0s
d A= 0.0025C
VAL
3.0s
he = gy
= a 0.9025C
NG
‘ 3.0s
H =
e Al \/__0_902—55
1-=c
| —
3l

An electron, which has mass 9.11x10™" kg, moves with a speed of 0.75¢. Find its relativistic
—__Momentum and compare, this value with momentum calculated from classical expression.
Given: Rest mass of electron Am, =9.1] x 107" kg

Speed v =0.75C
To Find: Relativistic momentum Ap = 9
Classical momentum P =2
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tion: .
o By rclauv:suc cquanon for the momentum
=Amx vV
_Amo
Therefore, Ap= XV,

19 - ' A
m
s @1 x10°kg) 4 250c since, Am=T7
Putting values: . Ap= 750C 1-7=32
L , A\ f] x@‘—CT—) c

9.11 x 107k 10° rms”!
( .5625C%)
]" 0 C

[Ap=3.10 x 107 kg ms’'|

By classical equation the momentum is
p=mxvVv .
p=(9.11 x 107" kg) x 0.750 x 3 x 10* rms™
: [P =2.05 x 107 kg ms”']
Result: Hence when electron is moves with high speed. The electron carries momentum, but the magnitude of
its momentum is not given by P = mv because the speed is relativistic. The correct relativistic result is 60%

greater than the classical result.
4, AN electron moves with a speed of v = 0.85¢. Find its total energy and K.E in electron volt.

Given:
Speed of electron v = 0.85C

Rest mass of electron Am, = 9 11 x 10 kg
To Find:

Total energy E = ?

h -netic energy KE = ?

Solution:
By Einstein famous mass energy relationship, the rest mass energy is:
E, = Am,C>
Eo=9.102x 107 kgx (3 x 10° ms™)?
E,=8.1918x 10
T— . _8.1918 x 107
E,=0.511x 10%eV
Eo =0.511 MeV
Also by Einstein mass energy relationship
E = AmC? _
Am
E=—F==xC? since Am & ‘ '
] ""E'I 1 ...E!
Since .
" Eo,=Am, C? '
therefore E= E
s
&
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E= 0.51Mev
0.85 %
: ’ ) L?_,L

0.51Mev

E=
;] _0.77(225(:’

0.51MeV
E = . A
;h -0.7728

5 E=0,51MeV x 1.90

[E= 0.970MeV]

The total energy is the sum of kinetic and rest mass encrgy, therefore
E=E,+KE

KE=E-E,
K.E =0.970MeV - 0.511Mev
{KE = 0.459MeV)

: Xon b
The rest mass of a proton Is 1.673x107 kg. At what speed would the mass of the pro
tripled? :

I
Relativistic mass Am = 3 Am, .

Rest mass of proton Am, = 1.672 x 10™ kg

: =9

To Find: Speed v ? . . . -
Solution: By relativistic equation for increase in mass 48

v: _ Amg
Or I=C* = "Am

Putting values: vi.  Am,
1= E‘I 3A.my
Y 1
] - %3
Squaring both sides ¢l
1-01 %%
vl
ey
Multiplying with negative si gnvgm both 1sndcs
"'y
%21 = ().8889
v} = 0.8889C"

Taking square root on both sides

=+J0.8889/C*

(% CamScanner
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Tticle move so that It K.E Is one and a half times iz

2

N

2t what fraction of speed of light must a pa
rest snergy?

= .=
Civen: Kinetic encrgy KE = 5 E,

———

Nl

Salution: b g .
The tetal enetyy is the sum of kinetic and rest mass encrgy,

E=E,+ KE

E,
| o §O e et
f'a !n, 2

. = ( 1
E=Eo %l + 2J
=
E = 7 E,
Fy Einstein famous mass energy relationship
£ e —2C

¥
J1 =71c7

-y
il X -

/ v 2 . .
Re-arranging ~ (1 —7z= 5 wquaring both sides

v
| -7
v 4

9!

2=

Nl BN

Multiplying wit;.2 negative sign on both sides
v 4 v B 5
777 5= = 0.555 = v' = 0.555C

Taking '}.ﬂmrc root on both sides
YV

7. A metal, whose work function 183.0 eV, I3 illuminated by light of wavelength 3x10”'m. Calculate
- (a) threshold frequency, (b) The maximum energy of photoelectrons (c) The stopping potential, -
Given: Plank’s constant h = 6.626% 10~% I (b) K.Ems = hf—hf,

Wavelength ). =3 » 107 m KE = hC hf

Work function ¢ = 3.0eV e A

6 =3.0eV % 1.602 21077 C=4.806 x 10" ] 6.63 % 107 % 3 x 10

—-6.63 x 107 x 0.723 x 10"

To Finr(l:) f.':i'lh'rc:hr:l}g f}'{CIJucn’():Y o=7? 3 %1077
(b Maximum K.E e = - -195
(c) The stopping potential v, = ? K Emo = 1.83 x 10_,, .
Solution: KE ., = el
The thireshold f A = 0=
(a) The thresho rcql:xcncy 185 =4 LK-me = l.l4eV|
Putting values f, = 2806 x lO.u 2 (c) KEmu = Ve .
6.626 2 107 Js KE
V. = —_—max
[f,= 0.72 4 10,, Hz) 0 e

1.83 x 107"
1.6 x 10-"

[V, = 1.14V]
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s Fodorn) PHYSICS - xn (Sul;ject' )
ive

A’.ﬁhom\a! radiation from - .
3 emperature of the sun, the sun peaks in the visible part of th trum. Estimate "’_;
, e spectrum. Es

t Gven:

" Wien’s constant = 0.2898 x 10 i
fo Findf

| Temperature T = ?

* .
.

st The visibl
e visible part of the spec |
,bsolutc then by Wien’s diSplacg;em la peaks at wavelength of wavelength at which the curve peak and T is
Amax T = constant
yhere constant = 0.2898 x 102mk

-

T= constant
_ Amax.
qutting values
T= 0.2898 x 10 mk

0.5 % 10°m
[T=0.5796 x 10‘k = 5796k = 5800k]

7. ¢ A 50 keV X-ray is scattered through an angle of 90°.
Compton scattering?

What is the enargy of the X-ray after

Given:
Angle 8 = 90°
Rest mass of electron m, = 9.11 x 10%Kg
Speed of light C =3 x 10* ms™
Energy of photon E = hf = 50KeV

. To Find: )
' Energy after scattering E = hf =7
- Solution:
By Compton’s scattering formula we have
11 h
e f-i--r—n:(‘:z(l —cos 0)

Dividing equation on both sides by (h), we get

__1__._1_+—-—161(1—c050)—-———) (i)

he' hf md
the rest mass energy is Eo = Am,C?

By Einstein famous mass encrgy relationship,

Eo= Afnocz
mC2 =9.102 x 107 kg x (3 10* ms™)
mC? = 8.1918 x 10™)


https://v3.camscanner.com/user/download

umsgmummnm

344 -
81918 x 10°)

2

in glocmon volis  mC T T -

mC = 0511 x 10°eV

m,C?= 0.511MeV

m.C = $11KeV
Pucting values in equation (i), we get

P |
Rt~ SOKeV © S11KeV U

i . 1 1
Sin cos 90° = 0 pr = Sopev * ST1Kev U — 0

- c0s90°)

[hf* =455 KeV]
The remaning energy SOKeV - 45.5KeV = 4.5KceV is carried by clegtronamits kinetic energy.

10. Caiculate the wavelength of de Broglie waves associated with electrons accelerated through s
potential diference of 200V.

Given:

Potential difference Av = 200v

Rest mass of electronm = 9.11 x 107" kg

Charge on electrong = 1.602 x 107" ( ,_

Plank's constant h = 6.626 x 10 Js '
To Find:

De Broglie wavelength i =
Solution:

h

A = pm—— (i)
Vevem

661&]0_ -
rt; Jll()xlﬂ'"x‘}])lu
= (868 x10°"m

= 0868 A
An electron is accelerated through a potential difference of 50V.Calculate its de W

lecl&m\. -
Given: |
Potgntial difference AV = 50V , i
Rest thass of electronm = 9.11 x 10”" kg
Charge on clectron q = 1,602 x IU Y
Plank's constant b = 6.626 x 107 Js

O A —,

- —————-

11.

To Find: :
De- Broglic wavelength 4 = 7 |
Solution: i
e — (i) {

. 2Vem i
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gehol ar’s Federal PHYSICS - XII (Subjective)
— .

345
3 6.63 x 10~ ’
: \/2 x50x 1.6 x10™"x9.1x 10~
A= 174%x107"%m
A= 1.74x A

— i
72 The speed of an electron is measured to be 5x10°m/s to an accuracy of 0.003%. Find the
uncertainty in determining the position of this electron.

J—
. Given: -
Speed v=5x 107 ms™ + 0.003%

Mass of electron m = 9.11 x 107! kg

Planck’s constant h = 6.626 x10 Js
To Find:

Uncertainty in position Ax = ?
Solution: _
In fractional uncertainty the speed ‘v’ of electron is

V=5 x 107 met o 0:003 5] 301 02 s’

v=5x10" ms! 0.15ms™
Thus the fractional uncertainty Av the speed ‘v’ is Av = 0.1 ms”
By Heisgnberg uncertainty principle we have

Ax AP, =h-

h
B = AP,

— h .
Ax = — Since Apx = mAv

_ L 6626 x 10*Js
9.11 x 10’ kg x 0.15ms™

[Ax =4.85 x 10~ m]

Result: The fractional value given for the accuracy of the electron’s speed can be interpreted as the fractional
uncertainty in its momentum. This uncertainty corresponds to a minimum uncertainty in the electron’s position
through the uncertainty principle.

13.  The life time of an electron in an exited state is about 10~°s. What is its uncertainty in energy .
during this time? ’

AX

Given:
Uncertainty in time At = 10%s
' Plank’s constant h = 6.626 x 10> Js
To Find:
Uncertainty in energy AE =7
Solution:

By Heisenberg uncertainty principle we have
AE At=h

_h

AE = AL

Putting values:

_6.626 x 10 Js
AE = 10”%s

[AE = 6.626 x 10'2°ﬂ
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ap—r \"h
- "__._.:1.
s v Tey £
As =2
I
> - \“
2 Ty 8
} A
s = Jl-—

< g
e 1
~=1-7.
Vv 4-1
=1
"-: .:
C 4
'."- .
. ~
"‘-.. - -
~
Ten oy ms-
y =1 @
Taking square root of both sudes

Vv =0.886C

2 An electron has mass 3 3 Me during motion. Find K.E of electron.
-

Ans, KE=mc"-mg”

—

- 8 Two metals A and B have work functions 2eV and 4eV res ectively. Whi
i c ve lower
threshold wavelength for photoelectric effect? i d h metal ha =
Ans.  Work function of metal A '

= X,
YA = =Zev
Ao

Work function of metal B

ke
& kr dev
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1 347
As Pa e
As 032 Qa
Therefore metal B has shorter :
<A, threshold wavelength of incident photon then metal A
~when light from a lam
b_— " P falls on a wooden table, no photoelectrons are emitted from it Why?
. The work function of wood 1s greater than th S——
/ ejected from the wood. _ at of energy of the mc1dcpt photon so electrons cannot be

—
If the frequenc "
5. change?q y of incident light on the cathode of photocell is doubled, how will the following

(i) K.E of ejected electrons
(i)  Photoelectric current
(iii)  stopping potential

Ans. If frequency of incident light is doubled then

(i) K.E of ejected electron will be greater than twice.
(i)  The current will not change

(iii)  The stopping potential will also be greater than twice, because it depends on K.E.

£ What are dimensions of Plank's constant h?
Ans. E=hf
E
of

dimension of energy are E = [ML?T?)
dimension of frequency f = [T™)
Dimension of h
ML’T?
n- B
h = [ML?T )

Calculate the Compton's wavelength for electron and a proton.

F

Ans, Al =

m,C

(i) For electron: Putting m, = 9.11 x 107" kg,
6.63x 107

9.11x 107" x 3x 10"

(it) For proton: Putting m, = 1.67 x 1072 ke,
6.63 x 107

6.67 x 10727 x 3x 10

What is a positron?

So AL = =243 x 10" m

So A\ = =331 x lO'"’m

i

>
=
o

An anti-particle of electron is called Positron. Positron has the same S F oy vy
carriers positive charge. S - ut it
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‘Unit 18 [Dawn of the Modern PL‘)E |
ly in moving system or m
348 really passes more slowly Onpy
9 Does the dilation means that time | _ —
" geems to pass more slowly? T
Ans. According to time dilation formula
. ]
t= 7
1-— |
& ' lowly for relativistic mqy:
: i ses more slowly motj,,
This result shows that the time dilation means that time really pas \TL
l have exactly the same energy. Which bean
10. A beam of red light and a beam of blue light hav : : '
contains the greater number of photons? —
Ans. . Asenergy of sing!e photon is
E=hf
For a photons, energy is _
E =nhf c=fA
E = hhc . . andf=2%
A . : 7
; EA
or =
he -
As red and blue have the same energies, so E, h and c have constant values, thu
n = constant x A :
or neh .
That relation shows that greater wavelength will have a large number of photons. .
As wavelength of red-light is greater than that of blue light (i.e., Ared > Apie), so beam of red light will
contain a greater number of photons,
1. WiH bright light eject more electrons from a metal surface than dimmar light of the same colour?
ns.  Yes, as in photoelectric effect, the number of photoelectrons emitted from the surface of metal js directly

proportional to the intensity of light. therefore, bright light being more intense wil] emit more electrons
from a metal surface than the dimmer light of same color. :

0000 OEOGO ..
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a,/m’ﬁndrde the correct option, ' Total Marks: 30
: The speed of cathode rays is , , ' » (1x10=10)
(A) equal to the speed of ligh - | .
| (C) less than the speed of light' _ (B) greater than the speed of lighl
A photon of wavelength _ - (D) none of these
2 8th 900 nm . ]
(A)5.53x10 kg B) 0":"“’“ like 2 particle of mass . .
;,  The resolution of 50 kv electron m?cm = (C) 2.46x107 kg (D) 1.84x10™ kg
(A) 0.2to 0.5 Hm (B) 0 5 ©1 :::)pe 18 _ _
R (C)0.510 1 . D) 0.2
g  For 007nﬁncment of electron in a box of radius 10~ the el - -
(A) 10" m/scc | m, thee estron speed should be .
(C) be zero | | (B) should be greater than speed of light
) (D) equal to speed of light :
s The ene rad e i . p . ,
5 (A) Karlr—g'yw ] ,la:ed is directly proportional to fourth power of Kelvin’s temperature is
cin-s law (B) Reylrigh Jeans law . (C) Stephens law (D) Planck’s law
6. For an electron, the rest mass energy is: -
(A)0.411Mev . (B) 0.511MeV " (C)0611MeV. (D) 0.711MeV
7. When platinum is heated, it becomes orange is '
(A) 500°C (B) 900°C - (©)1100°C (D) 1300°C
8. Compton shift in wave length (AA ) is zero, when scattered angle of photon is | :
(A) 90° (B) 180° L) 0 - (D) 45°
9 The converse of pair production ® & . ,
(A) Hertz efTect (B) Compton effect (C) black body (D) annihilation of matter
10.  The condition hf>2 m,c’ refers to . | :
(A) Compton effect (B) pair production (C) photoelectric effect(D) annihilation of matter
Q.No.2 Write Short Answers any SIX of the following questions. : (6x2=12)

If the speed of light were infinite, what would the cquationé of special theory of relativity reduce to?
What happens to total radiation from a black body if its absolute temperature is doubled?
When ultraviolet light falls on a certain dyés, visible light is emitted. Why does this not happen when infrared light

falls on these dyes?

4. Can pair production take place in vacuum? Explain. | . t |

S If electrons behaved only like particles, what pattern would you expect on the scicen after the <icctrons pass
through the double slit? ,

6. What is the difference between photoelectric effect and compton’s effect

7. Whatis photo cell, give some of its uses. i 7

8. What advantages an electron microscope has over an optical microscope? -

Q.No.aExtensiVe Question. - -

(5+3=§)

Q. (a) Explain intensity distribution diagram of black body radi

ation.

(b) An electron is placed in a box about the size of an atom that is about 1 x 10"°m. What is the velovity of the ¢d,

oYoololelolo
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Unit 18 [Dawn of the Modern thc‘]

RS TTTSelf-Assessment Paper 2 ¢

Total Mal’ks: 2
: - 1 \
Q.No.1 Encircle the correct option. . : { x%
1. Rest mass of photon is : . ‘ .
% I.67>$]0'27k8 B 9.1x10™ kg | (C) infinite (D) zero
If an object moves with speed of light, its mass will be . o
& (A;;cer (B) maximum ' (C) infinity ' (D) minimum
3. Photon ‘A”has twice the encrgy to that of photon ‘B’ the ratio of momentum of ‘A’ to that of *B"js
ORL ®hH 2 ©e SR o i
4. Radiations emitted by 2 human body at normal temperature (370C) lies in
(A) X - rays region (B) visible region (C) infrared region (D) ultraviolet region
5. In photoelectric effect, which factor increases by increasing the intensity of incident photon?
(A) kinetic energy of electrons (B) stopping potential _ -
(C) work function \ : (D) number of emitted electrons
6. Every particle has corresponding antiparticle with ‘ '
(A) same mass (B) different mass
(C) opposite charge - (D)same mass and opposite charge
% Which phenomenon proves the particle nature of electromagnetic waves? :
(A) diffraction (B) polarization (C) interference (D) photoelectric effect
8. At what speed would the mass of an electron become double of its rest mass? '
(A)0.5c (B)0.707¢ - (C)0.866 ¢ (D)0.99 ¢
9, A resolution of .......... is possible with a S0kV electron microscope. &
(a) 0.2t0 0.5um . (b)0.2t0 0.5nm (c)0.5t0 1 nm (d)0.5t0 1pm
10. O received Nobel Prize for the development of quantum mechanics
(a) Einstein (b) Heisenberg (¢) G.P Thomson (d) Louis de Broglie
(6 x 2=12)

Q.No.2 Write Short Answers any SIX of the following questions.

Since mass is a form of energy, can we conclude that a compressed spring has more mass than the same spring

when it is not compressed?

Give the postulates of special theory of relativity.

A solid is heated and begins to glow, why does it first appears red?

Why we don’t observe the compton’s effect with visible light?

Write down the pririciple of complementarty to describe the nature of light?

Is it possible to creite a single electron from energy? Example .
Does the brightness of a beam of light primarily depend o n the frequency of photons or on the number of

pﬁotons? :
What the two main frontiers of modem physics?

No.3Extensive Questions.

(a) Explain Davison-Germer experiment.
(b) At what is faction of the speed of li

ght must a particle move so that kinetic energy is one half times its res!

OOOEEEE

energy?
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